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4.1 KEY MESSAGES

1. As climate change worsens, 92 bird species of Vermont, including the iconic common
loon and hermit thrush, are expected to disappear from the landscape within the next
25 years.

2. Increasing warming trends are expected to result in an increase in white-tailed deer
population and a mirrored decrease in moose population, which may have long-term
impacts on Vermont's forest composition. Managing social systems (e.g. hunting) to
account for changing public tolerance and demand for deer may provide one avenue to
minimize this risk if undertaken proactively.

3. As warming trends reduce the severity of winters, the subsequent warming waters will
have adverse effects on lake and river systems, including increased risk for harmful

algal blooms (HABs) and reduced overall biodiversity and health in lake ecosystems.

4.2 BACKGROUND

Anthropogenic climate change has had a warming influence on the planet since the 1750s that
has resulted in increased global mean temperature. As a result, Earth has seen shifts in annual
precipitation, average seasonality, and a host of other changes. These shifts affect the
environment in several ways, and the complex interactions that occur can often seem opaque.
This is especially true when considering how climate change may affect organisms other than
humans. Without proper monitoring and study of organisms, it is difficult to parse out the full
effect that climate change may have on different species, as well as the full impact that policy
plans or management strategies may have as a proactive plan to buffer those shifts. Current
research is attempting to address these issues, and many important interactions have been
documented and observed to link climate change to organism behavior and survival. A few of

these interactions are listed below as they are often important indicators for fish and wildlife.
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4.2.1 Annual Precipitation and Rainfall Events

Reports and monitoring efforts across Vermont have recorded ever-increasing levels of
precipitation annually since the early 1900s, with average annual precipitation across all
seasons seeing significant positive trends. Since 1960, summer precipitation in Vermont has
seen the fastest increase with 0.5 inches per decade, winter and fall each with 0.3 inches per
decade, and spring with 0.2 inches per decade (see Climate Change in Vermont chapter). This
impacts a variety of aquatic and terrestrial organisms that rely on Vermont's riverine and lake

systems for shelter, reproductive cycles, and resources.

4.2.2 Increasing Annual Mean Temperature and Winter/Spring Seasonality
Based on current climate projections, winter temperatures will gradually increase, reducing
winter severity and shortening the winter season itself. This will have a negative effect on the
total ice cover of water bodies. Changes in winter seasonality have also resulted in shifts in
animal community structures to more warm-adapted species. Vermont’s annual average
temperature has increased by almost 2°F since 1900, but winter temperatures have increased
2.5 times faster than annual temperatures over the last 60 years (see Climate Change in

Vermont chapter).

4.2.3 Land-Use Changes

As organisms are intrinsically tied to their habitat, anthropogenic climate change through
urbanization, forest clearings, and reforestation post-agricultural abandonment has a direct
effect on their overall fitness and ability to survive in their natural habitats. Increasing
urbanization in montane areas and undeveloped land leads to issues of habitat loss and
habitat fragmentation, both of which heavily impact biodiversity and ecological processes
within a given ecosystem. This applies to both terrestrial and aquatic species, with road and

dam infrastructures resulting in a variety of consequences for vulnerable species.
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4.2.4 Phenological Interactions

In response to large-scale warming of their environments, many organisms are forced to shift
their distributions and seasonal interactions, such as phenological events of flowering,
breeding, migrating, or growing. Vermont is already experiencing increased temperatures, with
average winter temperatures increasing 3.08°F since the 1960s (see Climate Change in
Vermont chapter). Historical observations show the freeze-free period (number of consecutive
days with minimum temperature above 28°F) has increased by 9.0 days per decade since the
1990s (see Climate Change in Vermont chapter). Increases in winter temperature and overall
reduction in winter severity can lead to dramatic shifts in seasonality, which can be a
considerable obstacle for wildlife with life histories that closely follow local climate patterns.
Issues with phenological interactions may occur in species with narrow breeding times or
migration patterns, as they are often reliant on complex interactions with organisms from
other trophic levels in order to function properly. Migratory birds rely on booms in insect
populations during the spring to recover from the physical strains of traveling and to support
reproductive strategies. When the timing of insect emergence does not coincide with the
arrival of migratory birds, this can often lead to phenological mismatch, where those birds are
unable to take full advantage of the insect boom and may starve or fail to reproduce. As such,

birds, insects, and fish are often susceptible to shifts in phenology.

4.3 INSECTS: POLLINATORS AND FOREST PESTS

Insects are often overlooked when studying climate change, whether that is due to the
difficulties in gathering appropriate data on such small organisms, or preconceptions that
insects play less of a role or are less valuable compared to larger, more charismatic species
like birds and larger ungulates (Polgar et al., 2013). In fact, insects can provide a variety of
ecosystem functions that largely go unnoticed by humans. Gardens and fields are heavily
reliant on pollinators to initiate the growth of flowers and fruit-bearing plants, and caterpillars
are the primary source of food for migratory birds recovering after their long flights. Insects
are also extremely responsive to changes in their environment, and climate change effects

have drastic impacts on their survival. In order to fully capture the extent of climate change, it
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is important to acknowledge the widespread effects that it will have and how it might affect

humans.

4.3.1 Pollinators: Bees

Worldwide, bees are considered one of the most important pollinators, as they provide crucial
pollination to fruit-bearing plants and flowers, and have an immense impact on agriculture and
food systems. Within Vermont, close to 275 species of bees have been found, with most of
them “solitary bees” that do not have colonies like honey bees but still serve as pollinators.
These native bees are often more valuable as pollinators compared to the more well-known
honey bee due to their wider visitation range and pollination activity. Their contribution has

widespread effects on wildlife that rely on fruits, such as turkey, moose, and deer.

Concerns for bees stem from recent reports of commercial honey bee colony collapses.
Current studies in Vermont have corroborated many of the indications by population trends:
that pollinators are declining nationwide and are at risk of disappearing. A bumble bee survey
conducted in 2012 found that of the 17 major bumble bee species commonly found in
Vermont, 4 were not detected and 4 showed significant declines (Richardson et al., 2017). One
major factor for these declines is anthropogenic impacts on bee species, especially

agriculture.

Agricultural practices can disrupt bee populations on multiple different scales, from habitat
degradation, farm management practices, pathogens, and climate change. Bee communities
are heavily influenced by the surrounding landscape and the management practices employed
there. Intensive farm management practices can often intensify the negative effects of
landscape simplification (Nicholson et al., 2017). Less intensively managed farms had more

instances of bee visitations and more diverse communities of bee species.

On a larger scale, climate change is also having adverse effects on bees. Warming
temperature trends are predicted to affect bees through phenological mismatch. As the
warming seasons result in earlier spring times, there may be a disconnect that occurs between

the bees and the plants, as the bees may become active later in the season compared to the
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plants they would have visited (Memmott et al., 2007). Figure 4-1 highlights the impact that

warmer temperatures under climate change may have on phenological mismatching.

Figure 4-1: Phenological mismatch diagram (Gerard et al., 2020)

4.3.2 Forest Pests

While insects often provide beneficial ecosystem functions, there are of course examples of
insects that are seen as destructive or detrimental to an ecosystem'’s health. These are
important to acknowledge so that forest managers can proactively develop plans and

practices to address these problems.
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Hemlock woolly adelgid (HWA) and spruce budworm are seen as forest pests by wildlife and
forest managers, especially given the invasive nature of the hemlock woolly adelgid. They are
particularly destructive in North America as they have no natural predators or checks to keep

them from running rampant.

HWA is a forest pest that feeds solely on the sap of hemlock and spruce trees. Without the
presence of predators, they are able to quickly expand and severely hamper the hemlock tree
population. Not only that, but the HWA is also able to actively feed and develop during winter,
which is not common for insects. This acts as a double-edged sword, as they are extremely
susceptible to extreme weather events and winter temperatures. As such, overwintering
mortality due to minimum winter temperatures is the main factor in determining HWA density
and spread. Observations in Vermont indicate that average winter temperatures are warming
0.5°F per decade for the last three decades and that the number of very cold winter days
(maximum temperature below 0°F) has been decreasing 3 days per decade since the 1990s
(see Climate Change in Vermont chapter). These trends suggest winter survival of the HWA
may increase along with increases in population growth rates towards northeastern edges of

Eastern Hemlock trees (McAvoy et al., 2017).

Vermont is committed to studying the spread and distribution of invasive forest pests, with
monitoring programs for a variety of the most common invasives and implementation of
management strategies. Organizations such as Vermont Invasives provide valuable
information to the public about aquatic and terrestrial invasive species while also giving
community members the opportunity to participate through citizen science—contributing

information and reporting sightings of invasives themselves.

4.4.1 Background
Birds represent a critical source of biodiversity in Vermont and provide a number of

ecological functions that affect humans. Not only are birds a source of entertainment for
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birdwatchers, but as seed-dispersers and agents of natural pest control, they are vital to the
ecosystem. When thinking about climate change impacts on birds, a critical issue is the
impact it may have on phenological timing. This is especially true for migratory birds. Breeding
migratory birds must have precise timing of their arrival to spring feeding grounds, as
individuals arriving too early may be risking disadvantageous conditions or a constrained
amount of food resources, while those arriving too late face difficulties in finding accessible
mates or suitable breeding territories. To properly match their migration to environmental
conditions, birds often synchronize their timing based on environmental cues like temperature
and photoperiod. Figures 4-3 and 4-4 highlight this relationship, illustrating a tightly-knit
association between arrival date of migrating birds and the trajectory of seasonal

temperatures per year.

Researchers at the Vermont Center for Ecostudies have tracked an alarming trend of declining
aerial insectivore bird species. They have noted a 2.5% annual decrease in bird counts in their
study sites, equating to a 45% drop in their relative abundance over 25 years (Figure 4-2). With
such a massive drop in abundance in a relatively diverse guild, it is likely that these declines
represent broadscale changes—whether that be to insect phenology, pesticide use, or loss of

insect habitats—and resultant declines in aerial insectivore abundance (Faccio et al. 2017).
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Figure 4-2: Aerial insectivore relative abundance per year measured in Vermont (Forest Bird Monitoring
Project)

Figure 4-3: Phenological response and trajectory of temperature and arrival date for red-eyed vireo
(Hurlbert doi:10.1371/journal.pone.0031662.9004)
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Figure 4-4: Phenological response and trajectory of temperature and arrival date for scarlet
tanager (Hurlbert doi:10.1371/journal.pone.0031662.9004)

4.4.2 Seasonality

Increases in the average spring temperature in Vermont (+0.3°F since the 1990s) can have big
impacts on plants. Changes in spring seasonality can jump-start the spring growing season,
with a wide variability in how species have reacted to this change in timing in Vermont
(Hurlbert and Liang, 2012). This variability can lead to phenological mismatch, where the
phenological timings of interacting species shift at different rates. In migrating birds, this
asynchrony can result in widespread starvation and decreased fitness of species if they
migrate at a time when their food sources are either not available due to growth patterns, or
have already emerged and were eaten by other bird consumers that had migrated at the
correct time. Figures 4-3 and 4-4 highlight this pattern, illustrating how closely the arrival dates

of different bird species coincide with the temperature, and how variable the timing can be.

Fish and Wildlife in Vermont Vermont Climate Assessment, 2021 10



Although many migratory songbirds are at risk of starvation and loss of breeding habitats due
to warming temperature trends, there are cases of birds that could benefit from extended
breeding seasons. Birds with the ability to lay multiple broods, such as the black-throated blue
warbler, can sometimes utilize the extended breeding season for population growth and
recruitment (Townsend et al, 2013). Yet nothing is straightforward—the black-throated blue
warbler may be hindered by loss of hobblebush habitat that is maintained by browsing moose

which are declining.

Vermont's winters are warming rapidly, with drastic changes to the structure of winter bird
communities. As bird populations respond to warming climates through slow poleward
migrations, overwintering bird communities are populated by increasing numbers of warm-
adapted species across North America (Prince and Zuckerberg, 2015). This raises concerns of

how this shift in community structure may impact the environment and landscape over time.

4.4.3 Habitats and Range Shifts

Researchers are observing a trend in poleward migrations of birds due to warming
temperatures and landscape changes that could have drastic consequences for threatened
species. In Vermont, the most well-known example is the Bicknell’s thrush (Catharus bicknelli),
a migratory bird with heavily restricted ranges that is one of the region’s highest conservation
priorities. As it only lives in mountainous habitats at high elevations with dense balsam firs, it
is particularly vulnerable, and bioclimatic models predict over 50% of its suitable habitat will be
lost by 2050 (Cadieux et al., 2019). Not only are warming climates pushing montane spruce
forests towards extinction (see Climate Change in Forests chapter), but anthropogenic
impacts such as ski areas, towers, and turbines have also resulted in habitat fragmentation in

its regular breeding grounds (Hill and Lloyd, 2017).
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Figure 4-5. Estimated population density of Bicknell’s thrush in 2016 (left panel) and its uncertainty
(right panel). (Hill and Lloyd, 2017)

Wetland habitats are some of the best environments for water birds, as they provide shelter for
breeding, nesting, and rearing of young, along with easy access to water and food. Many birds
have adapted to these habitats and are reliant on the quality of the wetlands, such as the
grebes. Vermont's primary wetland habitat is the Lake Champlain Basin, encompassing more
than 300,000 acres of wetlands and home to a diverse population of waterfowl (USGS
Wetlands as Bird Habitat). Wetland habitats for birds are being impacted by Harmful Algal
Blooms and the effects of warming waters on freshwater plants and animals that birds depend

on.
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4.4.4 Notable Species in Vermont

The National Audubon Society conducted a comprehensive study of future range suitability for
North American bird species. The full study can be accessed in an interactive online format via
their Survival By Degrees website. For Vermont, under a Representative Concentration
Pathway (RCP) 8.5 Climate Scenario with an overall increase of 3.0°C, 94 bird species were
identified as moderately to highly vulnerable to climate change, resulting in loss of suitable
habitat ranges. Here, we highlight four bird species because of their importance in Vermont
and potential climate-related declines: hermit thrush, golden-winged warbler, common loon,

American bittern, and pied-billed grebe.

Hermit Thrush

The state bird of Vermont, the hermit thrush (Catharus guttatus) is a small migratory bird that
winters in the US. With a wide geographic range, current climate projections predict an overall
73 percent loss in current summer range by 2080, along with a large-scale shift northwards
(Glennon et al., 2019). The hermit thrush’s unique overwintering range makes it more

vulnerable to shifts in winter seasonality.
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Figure 4-6. Future suitability ranges of the hermit thrush under the RCP 8.5 climate scenario.
Note: High suitability values represent the areas most likely to sustain populations of that bird species. Sustainability

ranges were developed through a combination of climate data and environmental data, including vegetation type,
terrain ruggedness, and anthropogenic land-use. (Bateman et al., 2020)
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Golden-Winged Warbler

The golden-winged warbler (Vermivora chrysoptera) is an interesting bird as an early
successional species, requiring habitats with shrubs, sparse trees, and grass understories (see
Climate Change in Forests chapter). As a result of increased human development and
successive stages towards more forested areas, many of its ranges have been lost, and
populations have dwindled. Currently, Vermont is the only New England state that hosts a
population of golden-winged warblers (REF Audubon Center). Due to its specific habitat
requirements, the golden-winged warbler can find some suitable habitats within Vermont at
this point, but it is predicted that by 2055 much of the suitable ranges in the northeast will
shift northwards (Figure 4-7).
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Figure 4-7. Future suitability ranges of the golden-winged warbler under the RCP 8.5 climate scenario.
Note: High suitability values represent the areas most likely to sustain populations of that bird species. Sustainability

ranges were developed through a combination of climate data and environmental data, including vegetation type,
terrain ruggedness, and anthropogenic land-use. (Bateman et al., 2020)
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Common Loon

As one of four species of loon in North America, and the only breeding species in Vermont, the
common loon (Gavia immer) is an iconic species in Vermont. It is often used as an indicator for
lake health due to its reliance on available lake habitats and water levels. It shares much of its
territory with humans, as nests will often be built along the shoreline of lakes and ponds
during the nesting seasons, and so it is particularly susceptible to human interference and to
water quality. Bianchini et al. (2020) found that anthropogenic effects on water bodies can
have negative effects on reproductive success and population declines in the common loon,
and cites acid rain and lake acidity as one of the key stressors. This demonstrates the
intersectionality between wildlife and their environment, and highlights the importance of
maintaining water quality and pH levels for wildlife health. Today, the common loon does have
suitable ranges in Vermont's lakes and ponds, but under RCP 8.5 may have very few suitable

areas by 2050 due to a combination of water quality and annual temperature changes.

Fish and Wildlife in Vermont Vermont Climate Assessment, 2021 17



Figure 4-8. Suitability Ranges of the common loon under the RCP 8.5 climate projections.
Note: High suitability values represent the areas most likely to sustain populations of that bird species. Sustainability

ranges were developed through a combination of climate data and environmental data, including vegetation type,
terrain ruggedness, and anthropogenic land-use. (Bateman et al., 2020)
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American Bittern

A medium-sized, solitary heron, the American bittern is a common sight in freshwater marshes
and wetlands, often hunting for fish and aquatic life in the shallow water. Its main nesting and
foraging grounds are marshes and reedy lakes during both summer and winter, and
occasionally it may feed in dry grass fields. On a national scale, the American bittern has
experienced serious declines in the Southern portions of its breeding ranges, largely due to
loss of available habitats and its reliance on large marshes. In Vermont, the American bittern
has its suitable ranges located near water bodies such as lakes and ponds, much like the
common loon. By 2085, under the RCP 8.5 scenario, its available ranges in the New England
area will see an overall shift northwards as annual temperatures and seasonality shifts (Figure

4-9)
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Figure 4-9. Suitability ranges of the American bittern under the RCP 8.5 climate projections.
Note: High suitability values represent the areas most likely to sustain populations of that bird species. Sustainability

ranges were developed through a combination of climate data and environmental data, including vegetation type,
terrain ruggedness, and anthropogenic land-use. (Bateman et al., 2020)
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Pied-Billed Grebe

The pied-billed grebe is a common bird species found in temperate climates in North America
in ponds, lakes, and marshes. Their diet consists of insects, fish, and other aquatic life. As they
are reliant on water bodies and appropriate marsh habitats, pied-billed grebe in Vermont are
most often seen around Lake Champlain and similar water bodies. Under the RCP 8.5 climate
scenario, available suitable habitat for the pied-billed grebe is expected to decrease over time
due to a variety of factors, including invasive aquatic plants and degradation of existing
aquatic ecosystems. By 2085, they may be largely limited to lowland areas and the Champlain

Valley of Vermont (Figure 4-10).
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Figure 4-10. Suitability ranges of the pied-billed grebe under the RCP 8.5 climate projections.
Note: High suitability values represent the areas most likely to sustain populations of that bird species. Sustainability

ranges were developed through a combination of climate data and environmental data, including vegetation type,
terrain ruggedness, and anthropogenic land-use. (Bateman et al., 2020)
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Like birds, many bat species are aerial insectivores and face similar challenges due to climate
change. Vermont is currently home to 9 species of bats, with 3 of them being migratory tree
bats that travel to the Southern US, Central America, and South America for winter. Like birds,
phenological timing during migration and reproductive timing is critical to their success. There
have been studies done across the United States that attempt to study climate and weather
impacts on bat migrations (Luncan et al. 2013), which can provide insight as to their
conditions in Vermont. Studies done on the Indiana bat (Myotis sodalis) have found that
warming temperatures have had a prominent effect on habitat suitability, and increased
warming may lead to potential range shifts and large-scale movement patterns northward,

with the potential of new bat species roosting in Vermont (Loeb and Winters, 2012).

The main issue that bats face in Vermont at this point in time is the fallout from the arrival of
white-nose syndrome in 2006, which has resulted in the loss of more than 5.7 million bats in
the Northeastern United States. The two most common species in Vermont, the little brown
bat (Myotis lucifugus) and the northern-long-eared bat (Myotis septentrionalis), have seen a 90%
decline in population. Commonly contracted due to exposure to a fungus inside bat
hibernacula (Pseudogymnoacscus destructans), this disease results in attacks on the bare skin
of hibernating bats and can cause abnormal behavior that can result in early mortality. With
such drastic declines, Vermont is losing out on a number of critical services supplied by bats,

and an important component of the food web is also missing.

It is uncertain how the impacts of climate change will interact with that of climate change.
While microclimate conditions have been shown to affect the growth of the fungus, it is
difficult to predict how climate change and the white-nose syndrome epidemic will interact on
a large scale. Further research is required to understand the effect that rises in temperature
and variation in cave microclimate(humidity) will have on bat infection rates and mortality

(Maher et al, 2012).
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Figure 4-11. White-nose syndrome in bats has resulted in the loss of 5.7 million bats in the US

Bats provide critical ecosystem services like pollination, fruit dispersal, and arthropod control.
Due to their sensitivity to environmental stressors, they can also serve as ecological indicators
of habitat quality. With insectivorous bats occupying high trophic levels, monitoring of their
populations and health would allow researchers to identify contaminants or environmental
disturbances very easily. Dietary accumulation increases as you go up the food chain,
therefore bats would likely be able to show the consequences of pollutants in the environment
much sooner than herbivorous insects or birds (Jones et al., 2013). To prevent disease
outbreaks like white-nose syndrome from occurring, wildlife managers and researchers should
be encouraged to collect baseline population data for a variety of species, not just bats, so
that negative stressors and impacts in a population can be quickly discovered and

investigated.

4.6 LARGE UNGULATES (MOOSE AND DEER]

Though moose (Alces alces) and white-tailed deer (Odocoileus Virginianus) are both large
ungulates, their responses to climate change serve as direct points of contrast rather than

comparison. Moose are generally anticipated to become physiologically stressed in response
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to warming temperature trends and deer have clear survival advantages due to the warmer
temperature and decreased snowpack. So, while not in direct competition, their population

trends do follow opposing directions in response to warming climate patterns.

White-tailed deer distribution and abundance are heavily affected by winter severity, which is
often measured by two variables, ambient temperature and snow depth (high confidence).
Winter snow depth can affect body conditions of deer and increase movement costs, primarily
affecting maternal body condition and reducing future reproductive success. Deer are often
reported to have a thermal tolerance close to 19.4°F (-7°C), below which begins the potential
for physiological and behavioral responses. Average annual winter temperatures are trending
to be greater than this thermal tolerance and extremes are changing—extremely cold days
(max. temperature <0°F) are decreasing and warm winter days (>50°F) are increasing (see
Climate Change in Vermont chapter). More variation within the winter season could bring
unexpected physiological or behavior changes (e.g., shedding, foraging). Snow depth affects
deer but can be a problematic measurement, as snow drifts skew measurements at particular
locations or times and can lead to inconsistencies. Snowfall, while not a perfect proxy for
snow depth, is a more accurate measure of snow, and has been decreasing for the last 60
years in Vermont (see Climate Change in Vermont chapter) but is greater than when
measurements began in the 1930s. As such, the near-term outlook is that snow, and therefore
snow depth, may not change substantially in the coming decades but could be seriously
reduced beyond 50 years in the future. These winter conditions can directly affect deer
populations through survival effects, as well as indirectly by impacting reproduction and

fecundity of females (Weiskopf et al., 2019)

Substantial evidence has been collected to indicate that increasing temperature conditions
and decreased winter severity leads to increased abundance of white-tailed deer; changes in
migratory behavior; altered foraging, habitat selection, or behavior; and a potential increase in
hemorrhagic disease outbreaks (Weiskopf et al., 2019). There are complexities to this situation
that should be considered. One example is the potential loss of hemlock trees, an important

thermal shelter for deer, due to warming winters and the invasion of the HWA. These changes
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to forest composition could result in near-term difficulties for deer during this shifting

temperature regime (McClure, 1990).

Range shifts in deer may occur due to warming temperatures and as a result of climate-
induced habitat changes in the northern U.S. For example, oak species (Quercus spp.) are
predicted to increase in both range and abundance in some areas of Northern Wisconsin and
Upper Michigan, providing increased mast production that serves as high-energy food sources
for deer. This could encourage a steady shift in deer population northwards into previously
unsuitable habitats; however, deer can also browse oak heavily enough to limit the survival of
regenerating stands. There may be a cyclical dynamic between deer and oak abundance as

oak species try to shift northward.

In Vermont, hunting has always been a major component of human interaction with the
landscape. Annual harvests are tracked by the Vermont Fish and Wildlife Department. Deer
harvests across Vermont have been steadily increasing in the more northern region of
Vermont in the past few decades (Figure 4-11), although this could reflect either a change in
population or in hunter effort. Figures 4-12 and 4-13 represent mean deer harvests by town per
decade in a southern and northern county, respectively, illustrating an overarching pattern
where deer harvests are observed in increasing numbers northwards over time. Wildlife
managers should take these shifts into account when developing landscape management
plans, as well as the predicted boom in deer population as ambient winter temperature
increases per year. Increased hunting interest or success rates and higher bag limits are major
reasons for these observed spikes in harvest, which serve an important role in controlling the

population of deer and moose.
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Figure 4-12. Annual deer harvests by towns in Vermont from 1970-2015. (VT Fish and Wildlife
Department, 2020).
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Figure 4-13. Mean deer harvests by town per decade in southern VT's Windham County (VT Fish and
Wildlife Department, 2020).

Figure 4-14. Mean deer harvests by town per decade in northern VT's Orleans County (VT Fish and
Wildlife Department, 2020).
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CASE STUDY: DEER HUNTING AS A SOCIAL-ECOLOGICAL CLIMATE CHALLENGE

Objective & Approach

Deer hunting may be the most recognizable expression of Vermont's hunting culture (Boglioli,
2009), making it a useful case to investigate possible ecological and social impacts of climate
change on hunting in the Green Mountain State. This subsection uses a nexus approach,
which is helpful for looking at data and trends from many fields (Liu et al., 2018). Here, we
examine the outlook for deer hunting in Vermont under climate change through the lenses of
wildlife population health and social demand, supported by links to three other chapters of the
Vermont Climate Assessment. This analysis integrates a high-confidence ecological
assessment with two less-certain social scenarios to highlight risks and opportunities for

wildlife management.

Box 1: Key Messages

Ecological conditions under climate change will favor increased deer populations in
Vermont causing undesirable damages to forests (high confidence), but the social
prognosis for hunting as a culturally important practice for recreation, food, and deer

management is uncertain (medium confidence).

Ecological and Social Assessments

Accounting for climate change, the ecological prognosis in Vermont for white-tailed deer, a
widely-sought game species, is promising (VT Fish and Wildlife Department 2020). Vermont's
deer population is broadly healthy, with substantial local variation that requires active
management to balance. Even-aged forests provide limited habitat in the more remote

portions of the state and support fewer deer than historical precedent, while some agricultural
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areas attract an overabundance of deer resulting in competition that reduces individual fitness
and leads to overbrowse in regenerating forests (VT Fish and Wildlife Department 2020). In the
coming centuries, forest community structure is likely to shift towards transitional hardwood
species like red oak and shagbark hickory (see Climate Change in Forests chapter), providing
more abundant forage for deer (Rodenhouse et al., 2009; Blossey et al., 2019). Shorter term
changes in forest structure, such as the continued decline of eastern hemlock by the end of
the century (see Climate Change in Forests chapter), may introduce stress if not immediately
congruent with decreased winter intensity, but may also result in increased early successional
habitat that favors deer (Fortin, personal communication, 2021). Potential urban and peri-
urban development (see Community Development chapter) is unlikely to pose a threat to the

species, which is relatively tolerant of development (Gaughan and Destefano, 2005).

Anticipating that deer populations in Vermont will grow in the coming decades, the ecological
need for increased deer harvest to maintain healthy population sizes, limit overbrowse of
regenerating forests, and minimize human-deer conflict will also likely rise (Fish and Wildlife,
2020). It is less certain if the social demand for hunting will match the ecological need for
harvest. Key to this balance are several concurrent factors that, while not directly linked to
climate change, may affect the social demand, or tolerance, for deer hunting in Vermont.
Nationally, an aging participant base, urbanization, and changing wildlife values are associated
with declining per-capita hunter participation since the mid twentieth century (Manfredo et al.,
2020; Winkler and Warnke, 2013). Vermont exhibits each of these trends, albeit with anecdotal
evidence of less severe declines in demand for, and tolerance of, hunting. Hunting license
sales have fallen from over 100,000 in the early 1980s to just over 50,000 in 2016. However,
sales increased during the pandemic—even controlling for new data collected by the state on
multi-year license holders (Figure 4-14). Likewise, while a plurality of Vermonters hold
“mutualist” wildlife values not commonly associated with support for hunting (Figure 4-15 for
trend and definition), public support for deer hunting in Vermont remains high (VT Fish and

Wildlife Department, 2020; Boglioli, 2009).
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Figure 4-15: Sales of resident hunting and combined fishing-hunting licenses. Note: Records for people
using lifetime and permanent licenses have only been available since 2017 (VT Fish and Wildlife
Department, 2021b)

Urbanization also affects hunter participation. Urban and suburban development may increase
due to Vermont's recent trends in parcelization (Fidel and McCarthy, 2018), and desirability to
non-residents for second homes and outdoor amenities (See Community Development).
Changing demographics and land uses could fuel further value change in the Vermont
population. Well-established research on wildlife values suggests that urbanization correlates
with value shifts away from the “traditionalist” values held by a plurality of Vermont hunters
(Dietsch et al., 2018; Manfredo et al., 2020). However, measures of public values and attitudes
around wildlife that represent more diverse traditions than those shown in Figure 4-16 are
gaining traction in research and practice (e.g. Himes and Muraca, 2018). Future wildlife
management in Vermont that recognizes diverse values and attitudes will be especially
important for honoring the longstanding wildlife practices—including deer hunting—of the
Abenaki (Wiseman, 2001 p. 42-43; 56). In addition, alongside increased land development,
there is a current trend of decreasing public access to private lands, rigorously documented in

Eastern states (Jagnow et al., 2006; Snyder et al., 2008; Walberg et al., 2018) but only
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anecdotally described in Vermont to date. Increased limits on public access to private land
would further challenge hunting and other outdoor pursuits (see Recreation and Tourism
chapter). In a worst-case scenario, hunter decline and decreased land access, driven by social
value change and shifting land-ownership patterns and norms, would result in hunting
becoming a less effective approach to balancing Vermont's growing deer population—creating

a social and ecological challenge for wildlife managers.

Figure 4-16: Vermonters' wildlife values based on a representative survey of 678 respondents. (Dietsch
etal., 2018)

Alternatively, recent trends suggest a different plausible future scenario rooted in the widely-
documented potential of major social and ecological upheavals to reshape human
relationships with the environment and natural resources (Marshall et al., 2005; Tidball,
2012). The COVID-19 pandemic drove an increase in hunting participation, as both license
sales and enrollment in hunter education courses (now available online) exceeded
benchmarks from recent years (Figure 4-14; Meier, personal communication, 2021). Recent
research into the pandemic’s impacts on outdoor activities and values from nature confirms
these recent trends, suggesting that Vermonters are relying on nature to cope with crises
(Morse et al., 2020)—and that the pandemic may have created new opportunities for outdoor

experiences like hunting (see Box 1). While the pandemic is an imperfect proxy for the
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sustained social changes brought by climate change, it does illustrate the possibility of
resurgent social demand for hunting, consistent with the literature of nature engagement in
response to upheaval (Tidball, 2012). Maintaining this momentum as the pandemic recedes,
and nurturing it in the face of future upheavals, will require a multi-pronged effort tapping into
both traditional and emerging veins of public support for, and interest in, hunting. The Vermont
Land Trust's efforts to include access for hunting on conservation easements and Vermont
Fish and Wildlife's “Wild Kitchen” programming, which connects diverse hunting and locavore
communities, are examples of two such initiatives (VT Fish and Wildlife Department, 2021a;
Slayton, 2019). Emerging research suggests pathways to augment this work. Future efforts
could engage with rapidly emerging affinity groups in the hunting community—through
organizations like Hunters of Color, Artemis Sportswomen, and Backcountry Hunters and
Anglers—and university students to connect new hunters with land and resources and could
continue to tie into Vermont's strong local food ethic to appeal to these stakeholders (Vayer et
al., 2021). With proactive engagement, a best-case scenario could match a growing deer

population with sustained or increased social demand for hunting.

Box 2: New Hunters, the Pandemic, and Cultural Relevance
“I grew up accompanying my dad hunting occasionally, but lost that connection when he
died when | was twenty. | have been interested for a number of years, especially thinking
about connection to land and the animals we eat, but felt there were just enough barriers
to keep me from getting (re)started. This past fall was when | first started hunting in
earnest. Thinking about it, a number of things coincided at the right time to make it
possible for me to get over the hump. Crossbows being allowed for all hunters, hunters
safety courses being online, having access to land, having lots of time because of the
pandemic, and having friends to help me get through the myriad questions one needs
answered to just get started. Certainly, | don't think | would be hunting if not for the

pandemic. | ended up spending a good part of last year in a rural place and with lots of
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time on my hands, and so was able to give foraging, fishing, and hunting the many
hundreds of hours needed to start. During deer season in October and November, | felt |
was able to catch up on the many hours of 'five years hunting with a dad' that some

hunters are lucky to receive.”

-Kristian Brevik (33), Burlington Vermont

Synthesis

This case study finds potential to meet the ecological challenge of an expanding deer herd
under climate change with increased hunter participation. However, this best case outcome is
not set in stone. Active effort will likely be required to support and sustain any new social
demand for hunting that arises in response to future crises. Absent a proactive approach to
both the ecological challenges facing—and social dimension affecting—Vermont's deer herd
and hunting culture, a misalignment between deer population and social demand for hunting
could occur if value change and shifting patterns of land ownership and access are
exacerbated by climate change. With this in mind, sustaining deer hunting in Vermont during
an era of climate change will require collaborative engagement from ecologists, social

scientists, community planners, and a wide variety of stakeholders.
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4.1 AQUATIC SPECIES

As global mean temperature continues to increase annually, subsequent warming of water
bodies will also have a profound impact on the ecosystem. As aquatic species are exposed to
new thermal habitats, community structures and trait distributions may see radical reshuffling

as organisms respond to warming climates.

4.7.1 Riverine and Stream Ecosystems

Warming climate trends will have a variety of effects on physical aspects of riverine systems,
with major consequences to organisms living in the system (Ficke et al., 2007). Increased
water temperature reduces the amount of available oxygen in the system, potentially leading
to the creation of hypoxic/anoxic zones where there is very little oxygen in the water, often
causing health issues and mortality in aquatic species living there. Common fish species such
as trout and salmon, and warm-water fish like smallmouth bass rely on groundwater
discharges for cooler refuges during summer seasons. These refugia will decrease in
availability as groundwater temperature is expected to increase over time (Ficke et al.,

2007). Rivers will also see changes to the timing and amount of precipitation seen throughout
the year. Warming temperatures will likely lead to reduced snowpack—decreasing spring flows
and negatively affecting fish species. Increased temperature may also lead to increased
toxicity of pollutants in the system, as common pollutants such as heavy metals and

organophosphates become more toxic with rising temperatures.

Within riverine systems, many species of freshwater fish are expected to migrate due to shifts
in water temperature. These migrations will result in compositional shifts and loss of
ecosystem services, as freshwater fish communities shift from cold-water species to more
warm-water species. Fluctuations in ambient water temperature may also result in shifts in
seasonal flow and potential changes to growth rates of aquatic species (Xu et al., 2010).
Biswas et al. found that freshwater lake communities in Ontario, Canada, are predicted to see
an increase in species richness of 60-81% due to this migration, but a subsequent decline in

functional diversity. Jones et al. also made similar predictions, finding that in the US on a
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national level, current climate projections and increased air temperature will lead to increased
water temperature, rendering some fish habitats unsuitable for native species. As cold-water
fish species such as trout are more susceptible to changes in thermal habitats, the loss of
available cold-water fish habitats may result in considerable economic loss. This would have
dramatic impacts on the present distribution of sport and commercially valuable fish and

cause considerable losses in commercial and recreational fisheries.

Fish Passage and Ecological Connectivity

Similar to terrestrial animals, fish are heavily reliant on their physical landscape and
connectivity in order to migrate, move through different environments at different life stages,
and take advantage of multiple habitat types. Habitat fragmentation is a key issue that has
widespread impacts on fish, such as salmonids like the Eastern brook trout, and overall
aquatic diversity (Hudy et al., 2008). Infrastructure such as roads and dams have severely
hampered the mobility of aquatic species, and current road-stream crossing designs have
proven ineffective in most cases. Heller (2007) has demonstrated that in many water bodies of
the US, over half to two thirds of current road-stream crossings serve as a form of barrier for
fish migrating and for fish seeking cold refugia during hot spells. During flooding and storm
events, road-stream crossings and culverts are particularly susceptible to damming as the
floodwater may exceed capacity and clog it with debris and sediment. Climate change is
already affecting not only water temperatures but also frequency of abnormal weather events
such as heavy rainfall events (see Climate Change in Vermont chapter) and increased stream-
flows (see Water Resources chapter). As Vermont's annual precipitation has been increasing
by 7.5 inches since the 1900s, precipitation across all seasons is expected to increase and put
strain on the infrastructure, creating more issues for wildlife expected to utilize them (see

Climate Change in Vermont chapter).

Brook Trout

Brook trout (Salvelinus fontinalis), Vermont's state fish, are an important component of
Vermont's aquatic fisheries—they make up a large portion of Vermont's cold-water fishery
resources, along with brown and rainbow trout. Together these three species are the most

popular fish for open water anglers (Responsive Management 2021); although Vermont
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anglers have reported less time is spent on brook trout fishing than in previous decades,
declining from 79% of anglers in 1990, to 67% in 2010 and a statistically significant decrease

to 58% in 2020 (Responsive Management 2021).

Brook trout provide a clear example of how climate change may affect aquatic species as a
whole. Like many other fish, they are known to be stenothermal, and are unable to tolerate
anything beyond a small range of temperatures. As such, they require cold streams (often
below 20°C) for their optimal habitat. Due to global temperature increases, brook trout are
expected to experience range contractions, severely limiting their ability to reproduce and
inhabit stream ecosystems. Based on current warming scenarios, a warming of 3.8°C is
predicted to result in a reduction of 89% to thermally-suitable habitats for brook trout in North
Carolina and other Southeastern portions of North America. In Southern Ontario, Canada, a
study of two headwater streams found that a 4.1°C increase in summer air temperature could

reduce thermally suitable habitats by 42% and 30% respectively (Meisner, 1990).
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Figure 4-17. Current distribution of Vermont's wild brook trout and conserved lands/waterways.
Wilderness Brook Trout. (n.d.). VT Fish and Wildlife Department. Retrieved July 29, 2021, from
https://vtfishandwildlife.com/wilderness-brook-trout

4.7.2 Lake Systems

Climate Change impacts on algal blooms (HABs)

Lake ecosystems are an attractive environment for both humans and wildlife, with many of
Vermont's lakes serving important biological functions for nesting birds and aquatic species
that live there, as well as offering recreational and economic benefits for humans. The
projected changes to water and air temperature raise concerns about the general health of the
lake ecosystem and possible consequences that wildlife and landscape managers should be

aware of.
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One of the main climate change concerns is eutrophication and the health of water bodies in
Vermont. Eutrophication is the process where water bodies become heavily enriched with
nutrients (e.g., nitrogen, phosphorus) that feed plant and algae material in the water. The
nutrients typically come from human activities, such as excess urban and agricultural runoff.
The enrichment of nutrients causes increased macrophyte and algal growth. Increases in
macrophytes can stimulate algal blooms that lay on the water surface, blocking sunlight and
limiting the growth potential of underwater plants while also being a nuisance for many lake-
goers. Once these algal blooms die, they are decomposed by bacteria that use up the available
dissolved oxygen within the water. This leads to more hypoxic and anoxic zones where
dissolved oxygen levels are so low and unsuitable for fish habitability that it can even lead to
mortality (with large incidents of mortality known as fish kills). In temperate lakes, this shift
towards eutrophic systems can often result in the extirpation of economically important
species such as salmonids in favor of small species like cyprinids and gizzard shad. (Jones et
al., 2013). These have little to no economic value from a fisheries perspective, and would want

to be avoided at all cost by fishery managers.

Climate change is predicted to play a larger role over time as increased temperatures will
result in lower stream flows—increasing residence times of water and reducing the flushing of
nutrients from the water, which increases trophic statuses. This uptick in nutrients and
minerals often leads to the presence of algal blooms; these blooms are not only a visible

nuisance for humans, but can also result in harmful ecological effects.
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Figure 4-18. Example of a fish kill due to eutrophication creating an anoxic habitat. What causes fish
kills? (n.d.). USGS. Retrieved July 29, 2021, from https://www.usgs.gov/special-topic/water-science-
school/science/water-ga-what-causes-fish-kills?qt-science_center_objects=0#qt-
science_center_objects

4.7.3 Vernal Pools and Amphibians

Scattered across Vermont's forested landscape are thousands of vernal pools—small, isolated
depressions that fill with spring rains and snow melt, but dry by late summer. Created by
glaciation more than 10,000 years ago during the Pleistocene era, these ephemeral wetlands
provide critical breeding habitat for several amphibians and support an abundant and diverse
invertebrate community, many of which would become locally extirpated without vernal pools.
Although seemingly small and insignificant at first glance, vernal pools are keystone
ecosystems that significantly influence the surrounding forest by “exporting” large amounts of
biomass (in the form of post-metamorphic amphibians) from the aquatic system to the
terrestrial environment. However, climate change could have profound effects on vernal pool

functions, the impacts of which would undoubtedly extend into the surrounding landscape.

Hydroperiod (the length of time a pool contains water) is the most important abiotic factor
affecting the composition and productivity of vernal pool-dependent wildlife (Semlitsch et al.,
1996). Annual variation in hydroperiod is directly related to year-to-year changes in weather
patterns, especially precipitation, as well as pool size and depth (Winter et al., 2001). A pool

must hold water for at least three months following ice-out in order to support successful
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breeding of wood frog (Lithobates sylvaticus) and four months to support successful breeding
of mole salamanders (Ambystoma spp.) (Brooks, 2004). At the same time, a pool must dry
occasionally to exclude fish populations that could predate on these larval amphibians that
evolved in fishless environments. Under current climate change scenarios of earlier and
stronger evapotranspiration during the growing season, combined with frequent droughts and
shifts in the timing of precipitation, it is likely that many pools will dry earlier and remain dry
longer, resulting in an increase in the frequency of pool-breeding amphibian reproductive
failures. While these species are well-adapted to a “boom-bust” cycle of recruitment, where
partial or complete reproductive failures are offset by large cohorts in “boom” years, an

increase in the frequency of “bust” years could limit the viability of many populations.

In Vermont, the majority (90%) of pools studied were less than %-acre in size and shallower
than 2-feet in depth (Faccio et al., 2013). These small, shallow, abundant pools would be
disproportionately affected by climate-induced changes to hydroperiod, resulting in the
increased isolation of the larger, remaining pools that could serve as hydrologic refugia
(Cartwright et al. 2021). Such isolation would affect the ability of juvenile amphibians to
disperse between pools, impact genetic connectivity of populations, and limit the
recolonization of pools where breeding populations have been extirpated—all of which are

critical to the long-term viability of metapopulations.

Pool-breeding salamanders in the genus Ambystoma, including spotted, Jefferson, and blue-
spotted, are fossorial outside of the brief egg-laying period in spring. Although it would seem
that spending most of their lives underground would buffer them from the effects of climate
change, a recent study in Ontario showed that body condition of spotted salamanders declined
over a 12-year monitoring period (2008—2019) due, at least in-part, to increased summer and

autumn temperatures (Moldowan et al. 2021).

Additionally, a reduction in snowpack could lead to increased winter mortality of several
species of frogs, including wood frog, spring peeper (Pseudacris crucifer), and grey treefrog
(Hyla versicolor). All three species hibernate just below the leaf litter on the forest floor. As the

temperature drops below freezing, they flood their bloodstream with glucose—which serves as
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an antifreeze to protect their cells from damage, even while the frogs freeze solid and their
hearts stop beating. However, the glucose only provides protection down to about 20°F, so
they are completely reliant on an insulating blanket of snow to keep them alive on frigid winter

nights (O'Connor and Rittenhouse, 2016).

Building Resilience

From a landscape perspective, Vermont is particularly focused on maintaining ecological
functions and connectivity within its forests and waters, with many conservation biologists
and landscape ecologists agreeing that development of a resilient ecosystem network can
alleviate the effects of habitat fragmentation and climate change. In the face of rapid climate
change, populations of species will likely shift their geographic ranges to landscapes with the
least amount of habitat fragmentation. In order to develop a more resilient network, landscape
management strategies such as development of wildlife corridors and riparian zones near
water bodies are currently being maintained and introduced to Vermont's ecosystems
(Interview with Robert Zaino of VT Fish and Wildlife Department-Interviewed by George Ni,
11/3/2020).

4.8 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 Fourth National Climate Assessment

(USGCRP, 2018).
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Traceable Account 1.

Key Message 1: As climate change worsens, 92 bird species of Vermont, including the iconic common loon and
hermit thrush, are expected to disappear from the landscape within the next 25 years.

Description of

Evidence for climate change projections and shifts to bird species’ ranges were developed

Evidence Base by the National Audubon Society for use in Audubon'’s report Survival by Degrees: 389 Bird
Species on the Brink.

Major Possibly missing/not considering all of the possible predictors and variables that might

Uncertainties affect bird species distributions, especially specific bird species or geographic traits.

Description of
Confidence and
Likelihood

Overall, species distribution modeling coupled with the abundance of long-term monitoring
projects, field experiments, and citizen science projects have generated strong evidence
that bird species are heavily affected by climate change, and many bird species are at risk
of having their ranges shifted and endangered as a result. There is very high confidence that
shifts in global temperature and seasonality will have dramatic shifts to Vermont's bird
species, resulting in extirpation and extinction of many species.

Traceable Account 2.

Key Message 2: Increasing warming trends are expected to result in an increase in white-tailed deer population
and a mirrored decrease in moose population, which may have long-term impacts on Vermont's forest
composition. Managing social systems (e.g. hunting) to account for changing public tolerance and demand for
deer may provide one avenue to minimize this risk if undertaken proactively.

Description of
Evidence Base

Annual harvest data of moose and deer hunting in Vermont was obtained from Vermont's
Fish and Wildlife Department, with records spanning from 1900-2019. Multiple studies
across northern latitudes indicate favorable conditions for white-tailed deer under climate
change (Rodenhouse et al., 2009; Gaughan and Destefano, 2005). Nationwide and state-
specific trends show declines in hunting participation since 1980(VT Fish and Wildlife
Department, 2021b). However, public support for deer hunting in Vermont remains high
(Boglioli, 2009; VT Fish and Wildlife Department, 2020).

Major
Uncertainties

Harvest data alone is not necessarily an accurate depiction/substitute for demographic
data. There are also implicit biases to the data (Harvest data implies a human-centric bias
to the data as the occurrences/records are only the ones that were actually hunted by
humans, so actual numbers are sure to vary).

Description of
Confidence and
Likelihood

While the harvest data alone does not give sufficient evidence of climate change’s impacts
on ungulate populations, studies done across North America have found sufficient evidence
that white-tailed deer and moose populations have opposite reactions to common warming
trends, and these dynamics have long-term impacts to forest composition and structure. As
of right now there is medium confidence that white-tailed deer and moose populations have
been affected until appropriate population data has been gathered. Sufficient hunting
participation and public support for hunting are key if the practice is to remain a method for
managing Vermont's deer population.
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Traceable Account 3.

Key Message 3: As warming trends reduce the severity of winters, the subsequent warming waters will have
adverse effects on lake and river systems, including increased risk for harmful algal blooms (HABs) and reduced
overall biodiversity and health in lake ecosystems.

Description of Evidence of warming lake temperatures come from numerous studies on Lake Champlain
Evidence Base and other water bodies that have been conducted on climate change’s impacts on aquatic
ecosystems and limnology (Smetzer, 2012; Kaushal, 2012).

Major Trends and annual water temperatures of Vermont's lakes and rivers are consistent and
Uncertainties monitored through both government agencies and citizen science efforts. The full impact of
these trends on overall aquatic health is unclear, as the creation of HABs is only partially
affected by the annual water temperature.

Description of Current efforts to monitor HABs in Vermont's lakes (Lake Champlain Basin Program) are
Confidence and keeping vigilant watch and recording data. There is high confidence that warming trends
Likelihood will result in overall increases in summer surface water temperatures, as well as increased

precipitation and runoff events. According to the available research on HABs, it is possible
that HABs may increase in frequency and intensity due to the flushing of nutrients into
Vermont's waterways as well as increases in water temperature.
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