





How are the populations of Lake

Champlain's

changing?

Greater numbers of larger and healthier sport fish have been
caught in recent years on Lake Champlain, compared to

the 1980s and ’90s, and there has been a reduction in the
frequency of sea lamprey wounds. Atlantic salmon runs in Lake
Champlain tributaries continue fo increase each year. Weigh-
ins at bass tournaments for several years have demonstrated a
strong and healthy bass fishery in the Lake.

80 species of fish and is known

particularly for its salmonid,
bass, and walleye fisheries. Fishing
tournaments on Lake Champlain
have increased in number and
popularity, ranging from local fish-
ing club tournaments and derbies to
professional fishing competitions.
Anglers visiting Lake Champlain

I ake Champlain is home to over

come from all over the country to
participate in these competitions
and to enjoy fishing on the Lake.
Although solid ice coverage across
the Lake is now less frequent than
in previous decades, winter weather
always brings ice to the bays and
near-shore areas that are more
protected from the wind, providing
good ice fishing.

—

Anglers of all ages are enjoying a thriving sport fishery on Lake Champlain.

Non-native fish species in Lake
Champlain have increased in num-
ber over the last decade, and include
alewife, tench, white perch and rudd,
as well as some of the more popular
introduced species such as rainbow
and brown trout. Some of these spe-
cies (alewife in particular) are prob-
lematic, outcompeting native forage
fish that have traditionally comprised
the diet of fishes higher up the food
chain, including our most popular
sport fishes. As trout and salmon
start to rely more on alewife as a food
source, they ingest greater quantities
of the enzyme thiaminase, which has
been shown in other lakes to cause a
thiamine deficiency in eggs and fry,
known as Early Mortality Syndrome.
Since the arrival of alewife in Lake

Champlain, salmonid eggs from the
Lake that are used for rearing hatch-
ery fish are checked annually for
possible thiamine deficiency and are
treated with a thiamine supplement.
Several species of fish continue
to be stocked regularly into Lake
Champlain, including lake trout and
Atlantic salmon. This fish cultivation
and stocking program is especially
important because natural lake trout
and Atlantic salmon do not currently
have enough reproductive success
to sustain their Lake Champlain
populations. Researchers are in-
vestigating causes of poor survival
of young salmonids, and are moni-
toring movement of these species
throughout the Lake to better inform
restoration efforts.

Cormorants on Lake Champlain

Double-crested cormorants are a colonial native water bird species consid-
ered by many to be a nuisance on Lake Champlain. Their population was
heavily depleted nationwide in the mid-1900s by DDT and habitat loss, but
has bounced back in recent decades as a result of the expansion of the cat-
fish farming industry in the southeastern United States and federal regula-
tions enacted in 1972 to protect migratory species.

Public perception of the cormorant population is that it is too high in Lake
Champlain and other regions, despite a lack of scientific research demon-
strating significant aquatic ecosystem impacts. Many anglers on Lake Cham-
plain are concerned that cormorants are depleting the yellow perch popula-
tion, although there have not been any studies documenting these effects.
However, the cormorant population on Lake Champlain has caused exten-
sive defoliation on several islands where they breed, which has reduced the
nesting habitat for other birds like the common tern, black-crowned night
heron, cattle egret, great egret, snowy egret, and great blue heron.

Cormorant populations have been managed by the state fish and wildlife
agencies and the US Fish and Wildlife Service for many years, in collabora-
tion with non-government organizations such as The Nature Conservancy
and Audubon. Control efforts on Lake Champlain have historically con-
sisted of shooting and hazing adults, and oiling eggs to reduce breeding
success. A Lake Champlain colonial nesting bird management plan is being
developed to help guide management of cormorants on Lake Champlain.



What is the impact of

trout and salmon?

on

The impact of sea lamprey on trout and salmon populations in
Lake Champlain has diminished in the last ten years. The sea
lamprey control program has effectively reduced sea lamprey
wounding of Atlantic salmon to near target levels consistently

since 2010.

to determine whether parasitic

sea lamprey are a native nui-
sance or invasive nuisance species
but, in either case, overall manage-
ment of sea lamprey is not likely to
change. There is strong evidence and
broad agreement that the parasitic sea
lamprey has had a significant negative
impact on salmon and trout. Fortu-
nately, sea lamprey management has
been very effective (Figure 16).

In its parasitic phase, the sea
lamprey attaches its mouth to its
prey and feeds on the blood and
body fluids of its host. However,
before it reaches this phase in its
life cycle, the sea lamprey lives in
streams as a larval filter feeder for
about four years. It is in this earlier
phase of its life cycle that sea lam-
prey are most vulnerable to control
measures.

The sea lamprey control pro-
gram on Lake Champlain uses sev-
eral strategies to reduce the number
of larval sea lamprey in streams.
Methods to control and reduce sea

F ishery biologists continue to try

lamprey populations in the Lake’s
tributaries include the use of barri-
ers to spawning habitat, spawning
traps, and pesticides applied at stra-
tegic times and places. Highly spe-
cialized pesticides (“lampricides”)
have been used to control larval sea
lamprey before they transform into
their parasitic phase and migrate
to the Lake to prey on trout and
salmon.

A partnership among the US
FWS, the Province of Québec, and
local residents developed an innova-
tive new method for controlling sea
lamprey. In 2014, a seasonal spawn-
ing barrier was constructed on Mor-
pion Stream, a tributary to the Pike
River in the Missisquoi River basin
in Québec, with funds provided by
the US FWS and the Great Lakes
Fishery Commission. The temporary
barrier is installed early each spring
and removed in early summer, to
prevent sea lamprey from migrating
up the Morpion Stream to spawn-
ing habitat. The design allows other
fishes to continue their migration,

and eliminates the need for chemi-
cal control of this tributary for sea
lamprey.

As with most pesticides, there
are non-target impacts from the use
of lampricides. Some endangered
or threatened species, including
lake sturgeon, channel and Eastern
sand darters, stonecats, mudpup-
pies, mussels, and a native lam-
prey species also are susceptible to
lampricide treatments. The US FWS
is required to ensure that there will
be a minimal effect on populations
of non-target species, particularly
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for those that are threatened or en-
dangered. Human health risks also
are minimized as much as possible.
Residents within the treatment
areas are notified before lampricide
treatments occur and are provided
with drinking water when necessary.
Recreation advisories are posted in
the affected areas for the duration of
potential effect on water supplies.
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What new aquatic invasive species
have populated the Lake?

Spiny waterflea (SWF), the most recent aquatic invasive species
to arrive in the Lake, was detected in late summer 2014. It is
thought to be the only new invader since variable-leaved milfoil
was found in southern Lake Champlain in 2009.

s of 2014, Lake Champlain is
Ahome to 50 known non-native

and invasive species (Figure
17). Aquatic invasive species (AIS)
are non-native species that cause
harm to the aquatic environment,
economy, or human health. AIS
include aquatic plants, animals, and
pathogens, and they may be trans-
ported intentionally or unintention-
ally to the Basin mostly by people.
Once AIS are introduced to Lake
Champlain they are very difficult to

manage and have the potential to
spread to other water bodies.

Spiny waterflea (SWF), a small
invasive crustacean (not an actual
flea) was detected in Lake Champlain
by the LCBP Long Term Biological
Water Quality Monitoring Program
in August 2014 and spread through-
out much of the Lake by September.
Native to northern Europe and Asia,
spiny waterflea hitchhiked in ballast
water to the Great Lakes in the 1980s
and has recently spread to inland

Spiny waterfleas are not harmful to humans, but have altered the food web of lakes in the

region.
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Figure 17 | Aquatic non-native and invasive species arrivals in

Lake Champlain

lakes in the Adirondacks (Figure 18).
Spiny waterflea have long barbed
tails that make up 70% of their body
length and can get caught in the
stomachs of fish that eat them. This
species is a visual predator and feeds
on zooplankton and smaller crusta-
ceans such as Daphnia; changes in
the food web of other northeastern
lakes have been documented after

SWF introduction. They prefer cold,
deep water and are a nuisance to
anglers because they can accumulate
on downriggers and foul fishing lines
and other fishing gear. Researchers
are carefully gathering data to evalu-
ate their effect on Lake Champlain.
The discovery of the spiny water-
flea in Lake Champlain prompted
the Lake Champlain Basin Aquatic
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Figure 18 | Spiny waterflea movement to Lake Champlain

Invasive Species Rapid Response
Task Force to evaluate the new infes-
tation. The task force is an appointed
group of Lake Champlain Basin
experts from New York, Vermont,
and Québec that is dedicated to re-
sponding quickly to any new invasive
species in the Basin.

The task force reviewed the
technical feasibility of steps to
prevent the spiny waterflea from
spreading from Lake Champlain
to other inland water bodies in the
Basin. Although there are no known
methods to control or eradicate
spiny waterfleas once they have been
detected in a water body, vigorous

efforts to contain and prevent the
species spread within the watershed
are underway. Lake Champlain
researchers were surprised at the
apparent rate of population growth
and spread when, by September
2014, they were detected at multiple
lake stations in large numbers.
Research shows that the most
effective way to prevent the spread of
all life stages of the spiny waterflea

is to dry your boat, trailer, and
equipment (including fishing line and
anchors) completely, after boating in
a body of water infested with spiny
waterfleas and before launching in a
different body of water.

UNIVERSITY OF FLORIDA

LAKE GEORGE ASSOCIATION

Hydrilla, quagga mussel, round goby, and Asian clam (clockwise from top left) are the most

threatening invasive species "on the doorstep" of Lake Champlain.

W YOU can do

Clean: Inspect and remove plants, animals, and mud from gear and equip-
ment, including waders, ropes, anchors, and fishing gear before leaving water
access area.

Drain: Remove all water from your boat, motor, bilge, live well, and bait
containers before leaving water access area.

Dry: Keep your boat and trailer in the sun for at least five days or wash with
hot water or a car wash if you use it sooner.

Don’t Dump Bait: Never release unwanted aquatic bait, dead or alive, into
any water body.

Be Species Smart: Use only non-invasive plants and animals in gardens,
ornamental ponds, and aquaria. Never release unwanted plants or animals
into the wild.

LCBP

USFWS



What aquatic invasive species
outside the Basin pose a threat?

The invasive plant hydrilla (found in Cayuga Lake and the
Erie Canal), quagga mussels (found in the Great Lakes and
the Erie Canal), round goby (found in the Erie Canal and the
St. Lawrence and Richelieu rivers), and the Asian clam (found
in Lake George and the Champlain Canal) are four of the
most threatening invasive species “on the doorstep” of Lake

Champlain.

pathogens can move across the

landscape and enter Lake Cham-
plain in a number of ways. Primary
pathways include aquarium plant
and pet dumping, water garden
escape (especially during significant
tropical storms like Irene), hitch-
hiking on boats, trailers, and other
recreational equipment, live bait
release, intentional stocking, and ca-
nal passage. Other waterways in the
region surrounding Lake Champlain
are home to many potential invaders
(Figure 19).

Hydrilla is a submerged aquatic
invasive plant that grows prolifi-
cally in dense mats and is consid-
ered more invasive than Eurasian
water milfoil, a well-known and
established invasive species in Lake
Champlain. Hydrilla is believed to be
native to Korea, but has now be-
come established in the Cayuga Lake
Inlet and Erie Canal in New York,

I nvasive plants, animals, and

threatening to spread towards Lake
Champlain.

Quagga mussels are an aquatic
invasive mollusk, first discovered
in Lake Erie in 1991, where they are
thought to have arrived in ballast
water from the Ukraine. The quagga
mussel has been referred to as the
evil twin of the zebra mussel be-
cause it is able to reproduce more
prolifically and is adapted to live in
deeper water. The species was most
likely spread overland by hitchhik-
ing on vessels and equipment. It has
caused billions of dollars in damage
to aquaducts, hydroelectric dams,
and irrigation systems in other parts
of the country. Quagga mussels are
now present in the Erie Canal and
expanding their range eastward,
toward Lake Champlain. They have
been intercepted by the boat launch
steward program on Lake George.
If quagga mussels arrive in Lake
Champlain, they could threaten the

accessibility of deep-water historic
shipwrecks that have escaped zebra
mussel damage, as well as compete
with zebra mussels and native mus-
sels in shallow water.

Round goby are small invasive
fish that have spread through
the dumping of bait buckets and
passage through canals, after their
introduction to the Great Lakes
from ballast water in the St. Clair
River in 1990. Round goby are
aggressive eaters that consume the
eggs of native fish species and sport
fish. The species is presently found
both in the Erie Canal and in the
Richelieu River.

The numbers show the total non-native
and invasive species known to occur in
each waterway as of June 2015.

Lake Huron

GREAT LAKES: 184

ST. LAWRENCE RIVER: 87

Asian clams are present in
the Champlain Canal and in Lake
George, New York, both of which are
connected to Lake Champlain. Asian
clams are small bivalves with dis-
tinctive ridges on their shells. Asian
clams are hermaphrodites, so it only
takes one clam for reproduction to
occur. They are filter feeders that foul
water intake pipes and irrigation sys-
tems. They reproduce prolifically and
displace native species. Asian clams
have been successfully overwintering
in the cold waters of Lake George.
After they die, their shells may per-
sist for years, providing a growing
substrate for zebra mussels.

Loke
Champlain

LAKE CHAMPLAIN: 90

Lake Ontario

Lake Erie

DATA SOURCE: UVM, LCBP, Lake Champlain Sea Grant, Great Lakes Environmental Research Laboratory,
Lafontaine and Costan 2002, and Strayer 2012. Lake Champlain data current as of 2015.

Figure 19 | Non-native and aquatic invasive species threats to Lake
Champlain from connected waterways
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Boat launch stewards on Lake Champlain share the Clean, Drain, Dry message with visitors
from as far away as Texas and Colorado. Figure 20 | Lake Champlain Boat Launch Steward highlights, 2014



The Boat Launch Steward pro-
gram also provides an important
perspective on the Lake’s place in
the movement of aquatic invasive
species at regional and national
scales. Survey data reveal that boats
are trailered from as far away as
Colorado and Texas. The top ten
water bodies most recently vis-
ited are all in northeastern North
America; the Hudson River is the

MN —

water body most frequently visited
in the two weeks prior to launching
in Lake Champlain (Figure 21). The
geographic range of visitors to the
Basin, and the number of potential
invaders from a variety of ecosys-
tems, underscores the importance
and effectiveness of steward and

greeter programs.
Recent legislation and regulatory
programs have helped to make AIS

spread prevention a cornerstone

of natural resource management

in the Basin. New York now re-
quires all boats, trailers, and gear
to be cleaned and drained prior to
launching at state access points. Ad-
ditional rules prohibit sales, trans-
portation, or introduction of certain
species in New York. Similarly,
Vermont has banned the transpor-
tation of aquatic plants on boats

FL

DATA SOURCE: LCBP

interviewed by stewards.

Origin water bodies are those visited by a vessel within two weeks of entering Lake Champlain during
the 2014 Boat Launch Steward season (Memorial Day-Labor Day). Data are limited fo visitors
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Figure 21 | Origins of vessels launched into Lake Champlain, 2014

and trailers. In response to the 2009
discovery of Asian clams in Lake
George and the widespread concern
it raised, the Lake George Park Com-
mission implemented a pilot manda-
tory boat wash and decontamination
program on Lake George, the first of
its kind in New York State and in the
northeast region.

Following the discovery of Asian
clam in Lake George in 2009, a group
of partners quickly banded together
to collaboratively develop a man-
agement strategy. The strategy has
evolved to include research, monitor-
ing, and intensive efforts to control
the clams using benthic barrier mats
and other eradication methods.
Management has been very effective,
but the detection of juvenile clams

The State of New York now requires all gear

to be clean and drained prior fo launching
at state access points.



has been challenging. In the past few
years, Asian clams have spread to
several Lake George locations that
are surveyed and managed where
possible.

Lake Champlain’s water chestnut
control program is a long-standing
success story that remains dependent
on steady funding and support from
state, federal, and local partners.
Water chestnut is a floating invasive
plant that forms dense leafy mats. In
the southern end of Lake Champlain,
it limits boat traffic and recreational
use, crowds out native plants, and
creates oxygen-depleted zones
uninhabitable for fish and other
organisms. It was first documented
in southern Lake Champlain in the
1940s, and was likely introduced
through the Champlain Canal from a
water garden escape or other popula-
tion in the Hudson River.

Partners including the states of
Vermont and New York, the Prov-
ince of Québec, the Missisquoi
National Wildlife Refuge, US Army
Corps of Engineers, New York State
Canal Corporation, Lake Champlain
Basin Program, and The Nature
Conservancy work to harvest water
chestnut, mechanically and by hand,
in Lake Champlain and other inland
waters. These efforts continue to
push back the northern extent of
dense populations: from Benson in
2011 to south of the Dresden Nar-
rows in 2014 (Figure 22). Progress
also has been made in the Missis-
quoi National Wildlife Refuge where
the water chestnut population was
reduced by 96% between 2007 and
2014 by hand-pulling in shallow wa-
ters, though the Pike River popula-
tion has rebounded recently.

® Creek
Fields Bay,
Ferrisburgh
Crown
Point Water Chestnut
>25% coverage
Benson
® Landing

Little Otter

Pike River _Pike River

MNWR Hand-pulling in MNWR has
decreased water chestnut by
96% between 2007 and 2014.
Water chestnut populations in
the Pike River have rebounded
recently.

MAIN LAKE

Hand-pulling coordinated by
partners is necessary between
Little Otter Creek in Ferrisburgh
and Crown Point, NY. No water
chestnut is present in the
segment north of Ferrisburgh.

SOUTH LAKE

Water chestnut is mechanically
harvested by VIDEC and
NYSDEC in the red-shaded area,
which has been steadily reduced
over the past decade.

Dresde;‘

1999
STATUS

No water chestnut

[€1®]®)B] present and no

management is
needed
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FAIR

DATA SOURCES: VTDEC, NYSDEC, QC MDDELCC

Figure 22 | Status of water chestnut infestations in Lake Champlain

2014

Water chestnut is
present with greater
than 25% coverage
(typically managed
by mechanical
harvesting)

Water chestnut is
present with less
than 25% coverage
(typically managed
by hand-pulling)

Water chestnut control continues to be a

success story on Lake Champlain.

MARTIN MIMEAULT



How is climate change affecting
Lake Champlain?

Mounting evidence makes clear that the Lake Champlain
Basin’s climate is changing, affecting fish, wildlife, and plant
communities, as well as human uses of the Lake. The type and
number of fish species likely will change, as aquatic invasive
species may have greater opportunity to spread. Warmer water
temperatures have the potential to increase the frequency of
blue-green algae blooms as well.

tudies in the Lake Champlain

Basin and neighboring regions

have documented climatic
trends of increasing temperature and
precipitation. Climate models predict
these changes are likely to continue
and increase in the coming decades.
Climate change has caused, and will
continue to cause, changes in the
Basin’s ecology and water quality.
Resource managers and stakeholders

recognize the need for both individuals
and communities to adapt to climate
change. Climate adaptation strategies
can help to mitigate many of the envi-
ronmental, economic, and social risks
resulting from climate change.

Climate Trends

Climate trends observed in the Lake
Champlain Basin are similar to those
observed across the northeastern

ANDREW GILBERTSON

B
Increased surface water temperatures affect native cold-water fish species.

US and eastern Canada. The average
temperature in Vermont has increased
by 2.7 °F since 1941, and the last de-
cade has been the warmest on record.
Global climate models project con-
tinued increases in air temperatures.
National and regional studies project
that average air temperatures in the
Basin may rise 3-6 °F by the middle of
the century. By the end of the century,
local temperatures may have risen by
5.5 - 8 °F, resulting in a shift to climate
conditions currently experienced in the
mid-Atlantic states (Figure 23).
Average Lake Champlain surface
water temperatures also have in-
creased in recent decades (Figure 24).
Records from the US National Weather
Service indicate that Lake Champlain

19611990 b

UPDATED
PREDICTIONS
USING 2014 DATA*
SUPPORT THESE
SCENARIOS.

J

4HIéH»EMISSIONS SCENARIO
" LOW-EMISSIONS SCENARIO
/

7

Red arrows track the shift in the Lake Champlain
Basin’s summer climate over the next 60 years if we
continue under a high-emissions scenario.

Yellow QoS track the shift under a low-emissions
scenario.

DATA SOURCE: Adapted from Union of Concerned
Scientists. *Sources include VCA, 2014; NEICA, 2014;
IPCC, 2014; NCA, 2014

Figure 23 | Lake Champlain
Basin migrating
climate

* Data are August mean lake surface temperatures in degrees
Fahrenheit.
DATA SOURCE: Smeltzer et. al., 2012

A  indicates no statistically significant trend

Figure 24 | Mean August water

surface temperature
change since 1964
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Figure 25 | Date of freeze-over on Lake Champlain, 1910-2015

has frozen over much less often in

the last 50 years than in the previ-
ous half century (Figure 25). When
freeze-over does occur, it is later in
the winter and ice melts earlier in the
spring.

Annual precipitation in the
Vermont and Québec portions of the
Basin has increased by 45.8 mm per
decade since 1941, and in New York,
precipitation has increased by an
average of 0.22% per year between
1951 and 2006. High intensity
precipitation events (greater than
one inch per day) are now more
frequent in the Basin, and the
amount of precipitation falling in the
heaviest 1% of all daily rain events
has increased by more than 70%
between 1958 and 2010.

Although precipitation remains
difficult to forecast, most studies and
models suggest that a warmer climate
will lead to wetter, more energetic
precipitation patterns in northeastern
North America. The Lake Champlain
Basin can expect more rain, especial-
ly in the winter, and will experience
more intense storm events.

Consequences of Climate
Change

More intense storms will result in
more severe flash floods in rivers and
streams. Streambank erosion and
municipal combined sewer overflows
are common hazards during flood
events, releasing sediments, nutri-
ents, and other pollutants that are
transported to the Lake.

By the end of the century, the region can expect more winter rain and less snow.

What YOU can do

Plant Buffers: Volunteer to help plant trees and shrubs along waterways
with a local watershed group. Roots will hold the soil and help protect habitat
and water quality downstream.

Plant Native: Native trees, shrubs, flowers, and ground covers flourish
with less water, fertilizer, and pest control measures. Native plants also atfract
wildlife including birds and pollinating insects.

Get Pervious: Replace pavement with porous surfaces like gravel, bricks, or
pervious paving. Porous surfaces reduce storm water runoff and allow pollut-
ants to be absorbed and filtered.

Be a Citizen Scientist: Anyone can volunteer to help scientists with their
research. There are citizen-sourced projects that observe and monitor water
quality, weather, wildlife, invasive species, and much more.

Join In: Join a lake or river organization. You can help clean up your water-
shed and advocate for public policies that will protect it.

JUSTIN BEVINS




Increased nutrient levels com-
bined with longer periods of warmer
surface water temperatures may
intensify potentially toxic algae
blooms. Algae blooms degrade water
quality and reduce dissolved oxygen
in the water, depriving fish and other
aquatic life of oxygen. Toxic algae
blooms also threaten human and
animal health and impair recreation
where they occur.

Increased surface water tempera-
tures also affect Lake Champlain’s
capacity to support native cold-water
fish species such as salmon and trout
and cool-water fishes like walleye and
northern pike. Warmer water may
also alter spawning times, potentially
harming the reproductive success
of cool-water fishes in Lake Cham-
plain. Simultaneously, populations
of warm-water fish species like bass
and invasive white perch are likely to
increase.

Biological diversity also is af-
fected by floodwaters, which increase
opportunities for invasive species
to spread to new areas. More winter

precipitation falling as rain, rather
than snow, will alter the natural fluc-
tuations of the water levels of shal-
low areas and wetlands that support
spring spawning of some fish and
provide habitat to many amphibians.

Climate Adaptation

Policy makers and resource manag-
ers are working to adapt to climate
change by increasing the resilience
of natural and human systems in

the wake of intense weather events.
Strategies and measures that improve
the ability of these systems to absorb
the impacts of severe events, and
quickly recover in their aftermath,
are necessary to minimize the effects
of climate change.

Floodplain planning and mitiga-
tion of storm water runoff, using
best management practices, will help
to prevent or minimize erosion and
water quality degradation. Prevent-
ing new invasive species from be-
coming established in the Basin is a
long-term strategy to reduce climate
change impacts.

Weather, Climate, and Climate Change

Some people wonder what scientists mean by “global warming,” when winter
in the Lake Champlain Basin often still includes long periods of bitter low
temperatures, blustery wind, snow, and ice. The temperature, wind, and pre-
cipitation observed during any particular storm event are the key components
of weather—the atmospheric conditions at a point in time. An average of
temperatures, wind, and precipitation over several decades presents a weather
pattern over time, and this pattern is known as climate. The term “climate
change” refers to a long-term shift in weather patterns at a regional scale.
When changes in climate across the globe are considered collectively, the
global trend is towards warmer conditions. Local weather conditions may not
seem particularly unusual, but global atmospheric patterns drive local weather
conditions. As temperatures increase, so do the energy and moisture contained
in the atmosphere, which lead to more severe local weather at times.

-20%

DECREASE IN VT
SINCE 1940

LESS LAKE ICE COVER
AND EARLIER ICE-OUT

+20-31%

PROJECTED

INCREASE

spring is 2-3 days earlier, fall is 2-3 day

TEMPERATURE

Multiple studies, from local to
international, project

increasing temperatures in the

Lake Champlain Basin

12

DAYS OVER 90°

days in
2050

9 days in 2015*

PROJECTED BY
MID-CENTURY

SNOWFALL

LESS SNOW AND
MORE WINTER RAIN IS
PROJECTED.

NOTE: Freezing Days are below 32

°F/0 °C. Days above 90 °F=32.2 °C;
*Average days above 90 °F for period of
1981-2014.

DATA SOURCES: VCA, 2014; Stager &
Thill, 2010; Guilbert et al., 2014; IPCC,
2014; NCA, 2014; NEICA, NWS, 2015;
2007; TNC Climate Wizard, 2014.
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How has flooding affected the region?

future floods?

How can we be better prepared for

Flooding is not a new problem in the Lake Champlain
watershed, but it is happening more often and more severely.
The 2011 floods, with over 60 days of record-setting lake levels
in the spring, followed just two months later by record flash
floods from Tropical Storm Irene, left a lasting impact on both
the people and ecosystems around Lake Champlain.

bove-average snowpack

A;:oupled with heavy spring

ains in 2011 led to the most
severe flooding ever recorded on
Lake Champlain. The Lake reached
an all-time high of 103.27 feet above
mean sea level in May of 2011, and
remained well above the 100-foot
flood stage into June of that year. The
flooding damaged or destroyed more
than 3,500 homes and caused $88

million in damages in Vermont, New
York, and Québec. One of the hard-
est hit areas was along the Richelieu
River, where many residents were
evacuated for several weeks.

In August of 2011, Tropical Storm
Irene swept through the region caus-
ing four deaths in the Lake Cham-
plain Basin, heavy tributary flood-
ing, and widespread infrastructure,
property, and agricultural damages.

More intense rain storms will result in more runoff from impervious surfaces in urban areas.

LAKE CHAMPLAIN BASIN PROGRAM

Although we can’t predict when, Lake Champlain certainly will
reach flood levels again. To help prevent damage both to the
built and natural environments, some actions must be taken
before the next major flood. Reducing construction in flood-
prone areas and providing rivers with better access to their
floodplains are two important steps towards flood resilience.

cientists have studied river
S dynamics for decades to better

understand how rivers, shore-
lines, and wetlands respond to natu-
ral and human disturbances. Storms
and floods can significantly alter
and severely degrade these natural
features. Floodplains store water and
sediment at the height of the flood,
and mitigate flood impacts by slow-
ing river flow and allowing sediments
and pollutants to settle outside of the
normal river channel. When rivers
can access their natural floodplains,
as Otter Creek in the Middlebury
area did following Tropical Storm
Irene (Figure 26), it can significantly
reduce downstream flows and result-
ing damage. Removing hazards from
flood prone areas, increasing culvert
sizes to handle higher volumes of
storm water, and stabilizing erod-
ing streambanks also help to lessen
flooding impacts.

Very high lake levels due to
seasonal flooding cause inundation
of near-shore structures and roads
and degrade shoreline areas that are

ordinarily out of the reach of erosive
wave action. Maintaining forested
shoreline buffers where possible,
limiting impervious surfaces, and
making existing structures more
flood-resistant where appropriate
will reduce inundation, erosion, and
related damage to infrastructure.

Since the 2011 floods, shoreline
protection zones, floodplain hazard
areas, and development standards
have been redefined across the
region. In municipalities, post-flood
responders now have more training
and better guidelines to ensure that
emergency responses protect long-
term ecosystem health wherever
possible. The proven economic
benefits of advance floodplain pro-
tection has encouraged communities
to reconsider building in flood-
prone areas.

New data and technologies, such
as highly detailed LiDAR elevation
data, have enabled far more accu-
rate flood modeling and floodplain
mapping efforts, such as that now
being conducted Basin-wide by the



International Joint Commission.
Stream gage data, together with
improvements in weather and storm
forecasts, allow residents, emergency
responders, and resource managers
to be better informed and prepared
for the next big flood, so that both
danger and damages can be mini-
mized. Although information and
preparation gaps remain, the region
has made great strides towards flood
resilience.

Otter Creek floodplain

Lake
Champlain

Middlebury
Stream
Gage

|
5 miles

OTTER CREEK
WATERSHED

August 28, 2011:

Tropical Storm Irene

Fast, intense peak

Moderated peak
downstream

after accessing the
floodplains

Rutland

Middlebury

upstream due to lack of
accessible floodplain

Aug 2011

. USGS Stream Gage

ol
26 27 28 29 30 31 1 2 3 4 5
Sept 2011

. Accessible Floodplains

DATA SOURCE: U.S. Geological Survey,
Vermont Agency of Natural Resources, LCBP

Figure 26 | Floodplain access in Otter Creek Watershed,
Tropical Storm Irene, August 28, 2011

LCBP

Hazard Resiliency

Oil Trains: Rail lines traverse both sides of Lake Champlain, including
many miles of track just a few feet from the Lake’s edge. The trains carry
passengers, freight and, increasingly, crude oil from the Bakken shale fields.
Estimates place the rate of highly volatile crude oil passing along the mar-
gins of the Lake, much of it in DOT 111 and CTC-111A tank cars ill-suited
for this use, at up to 60 million gallons each week. Recent derailments and
catastrophic explosion disasters in other areas have generated headlines
and stories across the continent. These events highlight the need to improve
the rail system, both tracks and cars, in order to reduce the risk of derail-
ments, oil spills, and related tragic consequences.

Ovutdated Infrastructure: The 2011 floods caused significant damage
to regional infrastructure and underscored the need to update aging sys-
tems. Improvements have been made to roads and bridges in flood-prone
areas by replacing washed out or badly damaged bridges and culverts with
higher capacity flood-resilient structures. However, some expensive gaps
remain in the flood-proofing of infrastructure for both public drinking water
supply and wastewater treatment facilities in the Lake Champlain Basin.
Developed areas with combined sewer overflows present a special chal-
lenge. Floodwaters in these areas sometimes exceed the capacity of storm
sewer systems and are routed to wastewater treatment facilities where it is
combined with sewage, exceeding the plant’s capacity and resulting in a
discharge of overflow into receiving waters.
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Shoreline Development: Increasing development pressures along the
shore of Lake Champlain, coupled with significant flood damage from
2011, have raised public awareness of shoreline erosion problems. Several
communities now promote more rigorous property management guidelines
to improve lakeshore conservation efforts. In the interest of improved flood
resilience, New York, Québec, and Vermont have updated shoreline devel-
opment regulations.

Sub-Lake Power Lines: Several new projects have been proposed to
bury electric power lines under Lake Champlain to connect major met-
ropolitan areas to Canadian energy hubs. One proposed line, planned

for installation in the New York waters of Lake Champlain and continuing
above-ground along the Hudson River, has received all necessary permits
and is scheduled to be in service by the autumn of 2017. Similar transmis-
sion lines are being proposed within the Vermont waters of Lake Champlain,
to carry Canadian power to the New England power grid. Assessments and
reviews of these developments tend to be conducted on a case-by-case
basis, but the cumulative ecosystem effects of numerous transmission line
projects remains undetermined.

STATE OF THE LAKE 2015
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LAKE CHAMPLAIN BASIN PROGRAM

LAKE CHAMPLAIN MARITIME MUSEUM

How do cultural heritage and recreation
to Lake Champlain?

The Champlain Valley possesses a trove of cultural and natural
treasures that require careful stewardship so that future
generations can enjoy them. The Champlain Valley National
Heritage Partnership, operated by the LCBP works to help people
better understand and appreciate these resources.

Heritage Partnership (CVNHP)

was established to preserve,
protect, and interpret the histori-
cal, cultural, and recreational re-
sources of the Champlain Valley
though partnerships in New York,
Québec and Vermont. Much has
been accomplished since the CVNHP
Management Plan was approved in
May 2011. New bike routes have been
established, the anniversaries of the
War of 1812 and the American Civil
War were commemorated, historic
artifacts conserved and interpreted,

The Champlain Valley National

several interpretive guides produced,
and dozens of new wayside exhibits
developed.

While much of the context of the
CVNHP is focused on the region’s
rich history, the future conservation
of the natural and cultural treasures
of Lake Champlain relies on today’s
youth. In recent years, the focus of
the CVNHP has been on programs
that encourage children and young
adults to better understand their
community’s cultural and natu-
ral heritage. In 2013, the CVNHP
partnered with the National Park

Children aboard a Lake Champlain longboat begin their journey down Otter Creek as part
of the Otter Creek Odyssey, a project funded by a 2014 CVNHP Local Heritage Grant.

The Island Line Trail, once the route of the Rutland Railroad, provides a spectacular way for

cyclists to experience Lake Champlain.

Service (NPS) and the Lake Cham-
plain Maritime Museum to enhance
access for underserved children to
board the replica canal schooner Lois
McClure as it traveled the intercon-
nected waterways of the heritage
area. Last year, the CVNHP awarded
11 grants for projects that involved
active participation from youth in the
research and interpretation of their
local heritage.

These grants resulted in many
noteworthy projects, including
dozens of oral history documenta-
ries made by high-school students
in Bennington County. Students in
Middlebury, Vermont, collected oral
histories from fur trappers in a proj-
ect that included the documentation
and replication of vintage trapping
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boats. Plattsburgh youth worked with
museum professionals to develop an
interpretive guide for the “Old Base.”
Readers can learn more about other
student-oriented programs on the
CVNHP Facebook page.

Projects that focus on youth
involvement will continue in 2015
with four new interpretive paddling
routes sponsored by the CVNHP. In
future years, the CVNHP will award
Local Heritage grants that encour-
age students to explore and interpret
their own communities. A generation
from now, the health and integrity of
the Champlain Valley’s natural and
cultural resources will rely on a popu-
lation that appreciates, understands
and values them.



