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PRESIDENT’S MESSAGE

Claire Bleser, AWRA 2022 President

HAPPY SPRING!
As I look out my window, I realize it is time to

have two Spring Specialty Conferences. On April 25–27,

shift from winter explorations to spring fun. Here in

the AWRA Future Risk Committee and the Alabama

Minnesota, we enjoy our lakes all year round. My family

Water Institute in Tuscaloosa are hosting the conference

and I go ice fishing as soon as the ice is thick enough to

"Water Risk under a Rapidly Changing World – Evaluation

walk on. We have our favorite fishing spots, like “Big Fish

& Adaptation.” The program for the conference is truly

Bay.” No need to Google it—yes, it is a real place with

spectacular. Plus, this event is a particularly special

big fish, but it is our made-up name. When spring comes

because it is our first in-person conference in two years.

around, it is time to pack away the ice fishing gear and

As an organization that has spent the past five decades

get the boat ready for our first outing on the lake, even if

creating community, conversation, and connection, we

it is in the 40s.

feel real joy at bringing people together again.

Now, if you had asked me to do this over 22 years

Next is our biennial Geospatial Water Technology

ago, I probably would have panicked. I grew up in the

Conference (GWTC) on May 9–12 in Austin, Texas. This

Paris region, where we got barely any snow, let alone

conference was formerly known as the GIS Conference

the bone-chilling temperatures we get in Minnesota. My

but had a name change in 2020. AWRA has been hosting

first time exploring a lake was driving over ice on Lake of

this conference for more than 20 years for the GIS

the Woods in a pickup truck (with lots of heating packs in

community.

my boots and gloves) getting ready to core lake bottoms

We are especially grateful to be meeting in person, as

miles away from shore—not terrifying at all. And what

the pandemic has not been kind to the GWTC Planning

did I discover? Exploring lakes is fun! Each lake is unique,

Committee! Because this conference is held only in the

and we love them for all the recreational value, calming

even years, our last gathering was in March 2018. In

scenery, and natural habitats for the living ecosystem

March 2020, owing to the pandemic, AWRA made the

they provide. They can be small, large, deep, or shallow—

decision to postpone the conference and held it virtually

each has its challenges that we need to understand.

in August 2020. The conference was slated to be held

This issue of Water Resources IMPACT is a sampler of

in March 2022, but the pandemic intervened again. Our

the work water practitioners from across the United

scheduled hotel canceled eight weeks before the event

States are doing on lakes. You will read about the

as a result of legal obligations, with COVID-19 and state

challenges of managing a new lake, programs instilling

health agencies occupying the hotel. Once again, AWRA

stewardship, the impacts of climate change on pluvial

and the GWTC Planning Committee did a hard pivot by

and mountain lakes, the mysteries of vanishing lakes,

finding a new hotel and creating a new program.The new

and the Great Lakes.

program has just been announced, and registration is
open, so be sure to register.

Finally, spring is a busy season for AWRA. This year we
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AWRA 2022 ANNUAL WATER
RESOURCES CONFERENCE
I look forward to welcoming you to the beautiful State of Washington for the AWRA
2022 Annual Water Resources Conference. After two years of seeing each other on
screens, we are more than ready to meet IN PERSON again. And what better place to
gather with old friends and colleagues, make new connections, share knowledge and
experiences, have meaningful conversations, and go on actual field trips than right
here on the banks of Lake Washington with a towering view of Mt. Rainier. Don’t
forget to register for the Conference and get excited … this will be an event to
remember! – Rabia Ahmed, Planning Committee Co-Chair

This conference is one of the most diverse and inclusive
conferences in water resources management. AWRA provides you
with innovative, practical, and applied water resource
management solutions, management techniques, and current
research. Plus, you get the opportunity to make long lasting
connections with a diverse group of water resource professionals.
Attendees can expect to hear:
lessons learned from the implementation of multidisciplinary
projects,
best practices discovered in the design and application of
water resource management,
implications of water policy decisions, and
research into current and emerging issues.

Learn more: awra.org/2022AnnualConference
*Gateway members are not eligible for
discounted registration rates.

NOVEMBER 7-9, 2022
HYATT REGENCY LAKE
WASHINGTON
RENTON, WA

DEADLINES:
May 16 - Call for
Abstract Due
September 7 - Super
Saver Registration
Rate Ends
AWRA Members receive
discounts*

Sign up to get AWRA
Updates!
#AWRA2022
WWW.AWRA.ORG

FEATURE

In the Front Door and Out the Back Door:
Getting to Know North America’s Great Lakes
Michael E. Campana

The Erie Canal not only transformed New York City into the country’s premier port, but also stimulated the rise of a chain of upstate New York cities, including
Buffalo, Rochester, and Syracuse (shown here in 1906). Source: Adobe Stock.

LIKE ANY KID GROWING UP IN NEW YORK, I WAS FAMILIAR
with the Erie Canal from a young age. We learned all
about the canal, which was built between 1821 and
1825 to connect the Hudson River with Lake Erie, in our
fourth-grade state history class. The proposed canal
would bypass Niagara Falls, finally allowing ships to
pass from Lake Ontario to Lake Erie.
At the time of its construction, many were
unconvinced that the canal was a prudent investment
for the state. Some went so to far as to dub it ”Clinton's
Folly” or “DeWitt's Ditch” to mock Governor DeWitt
Clinton, who had lobbied hard for its construction.
In retrospect “DeWitt's Delight” might be a more
appropriate nickname. When completed, the Erie Canal
became the front door to the North American Great
Lake. Stretching 363 miles, it was the second-longest

canal on Earth and was instrumental in turning New York
City an international port.
Though I grew up intimately familiar with the idea of
the Erie Canal, I would not see the real thing until 2015—
and then by accident. I was driving east on Interstate
90 to meet friends at the Baseball Hall of Fame in
Cooperstown, New York. Shortly after turning south onto
a state highway, I noticed a sign: “Erie Canal.” As a water
scientist, I could not resist stopping for a look. I pulled
over and walked along the canal, amazed to be standing
at the front door to the Great Lakes after 60 years of
hearing about it. The experience piqued my curiosity
about the Great Lakes, the so-called Mediterranean Sea
of North America.
As I headed home from Cooperstown, I decided to
drive along Lake Erie and then take a detour into Canada
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gestured toward Lake Erie. They
could keep Lake Erie, I said—Lake
Ontario had better water! They
feigned sadness, then waved me
through, cautioning me in jest
that they would check any water
bottles on my way back across
the border.
As I reflected on this
experience, I realized that though
the Great Lakes loom large both
literally and figuratively, the
average North American likely
knows relatively little about
them. And misconceptions about
these lakes abound. It is time we
looked past the “front door” of
the Great Lakes and got to know
them better.

Peeking through the Front Door
Until my 2015 whirlwind tour
of Lakes Erie and Ontario, my
closest connection to the Great
Eight U.S. states—known as the Club of Eight—as well as Quebec and Ontario lie in the Great Lakes
Lakes was my scolding those who
watershed. Source: Courtesy of U.S. Army Corps of Engineers, Detroit District.
claim that they hold about 20%
to see Lake Ontario. When I mentioned to the Canadian
of Earth’s freshwater. That is a
immigration officials that I was a water scientist, they
common misconception. It is half true, with an important
qualification. The Great Lakes do, in fact, hold around
jokingly warned me not to take their water as they

There's an Annual Membership Waiting for
You...
4 Individual Memberships
Student = $39 | Gateway = $89
Professional = $179 | Premier = $849

2 Corporate Memberships
Silver Partner = $549
Gold Partner = $2,499

AWRA is the association home for water resources experts,
professionals, and students nationwide.

www.awra.org / jointoday
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20% of the Earth’s liquid surface freshwater. But most
of Earth’s freshwater is underground (around 30%) or
locked up as ice in glaciers and icecaps (about 69%).
Even at 20%, the Great Lakes do not make up the
largest body of fresh liquid surface water by volume.
That honor belongs to Siberia's Lake Baikal, which holds
more water than all five Great Lakes combined. At about
5,670 cubic miles, Lake Baikal inches ahead of the Great
Lakes by a few hundred cubic miles. Lake Baikal is also
much deeper than the Great Lakes. At its deepest, Lake
Baikal is over a mile deep, while the deepest point of the
Great Lakes, in Lake Superior, reaches only 1,333 feet
deep.
The Great Lakes outdo Lake Baikal in at least one
respect. They have a total water surface area nearly eight
times greater than that of Lake Baikal—94,250 square
miles compared with Lake Baikal’s 12,248 square miles.
In fact, Lake Superior alone—at 31,700 square miles—
trumps Lake Baikal in terms of surface area.

The ability of ocean-going vessels to cross into the
Great Lakes was a boon to trade, naturally. But as with all
monuments to progress, it had a downside as well. Cargo
was not the only thing that large ships would haul from
the Atlantic to the Great Lakes—they also brought with
them pernicious invasive species such as sea lampreys,
zebra mussels, and quagga mussels.
Where there is a front door, there’s probably a back
door. In the case of the Great Lakes, the back door is
the Chicago Sanitary and Ship Canal. The city of Chicago
opened the canal in 1900 through a triumph of technical
prowess: engineers managed to reverse the flow of
the Chicago River so that it traveled away from Lake
Michigan and into the Mississippi Basin. But once again,
as with the opening of the St. Lawrence Seaway, such an
impressive feat was not without drawbacks. That bit of
engineering legerdemain kept the city’s sewage out of its
drinking water supply—polluting the Mississippi Basin
instead.

Great Lakes system profile. Lake Erie is shallow and has the smallest volume by far. Lakes Michigan and Huron have the same surface elevations and behave as
a single lake. Note that Niagara Falls separates Lakes Erie and Ontario. Source: U.S. Army Corps of Engineers, Detroit District.

Replacing the Front Door and Opening a Back Door

Water for the West?

The Erie Canal was the first front door to the Great
Lakes and lasted for well over 100 years. In many ways,
however, it was not very effective. Ocean-going ships, for
instance, were too large for it to handle. To address this
issue, Canadians and Americans teamed up to replace
the front door. In 1954, they began construction on a
larger canal, the St. Lawrence Seaway. Finished in 1959,
the seaway was large enough to accommodate ships
over 700 feet long.

Peoples of the hotter, drier Western United States
have often looked with jealousy at the Great Lakes
region. Years ago I saw an apt cartoon: a group of
Westerners, including a skier, a cowboy, and a man in
a sombrero, are using straws to suck the lakes dry. The
perception on the part of Westerners: all that water is
just sitting there, not being put to any real use.
At times, this perception has become politicized. In
2007, a field of Democratic candidates were jockeying to
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the object of political
replace President George
and economic interest.
W. Bush—among them
Cargo was not the only thing that large
Indeed, long before the
Bill Richardson, former
Erie Canal opened a
governor of New Mexico.
ships would haul from the Atlantic to
front door for the lakes,
Referring to the “Club of
the Great Lakes—they also brought
he explains, George
Eight” (those states that
Washington envisioned a
are in the Great Lakes
with them pernicious invasive species.
way to connect the lakes
Watershed), Richardson
with the East Coast, lest
commented that “states
the settlers out West
like Wisconsin are awash
lose touch with the East
in water.” The outcry from
Coast elite and align themselves more closely with
Wisconsin, Minnesota, Michigan, Illinois, Indiana, Ohio,
Canada or Spain.
Pennsylvania, and New York could be heard as far as the
The environmental implications of achieving this
American Southwest.
connection would not have been clear in Washington’s
Richardson realized his gaffe, but it was too late to
day. But while the social and political realities have
prevent the eight Great Lakes governors from expediting
changed, the environmental impact of connecting the
efforts to protect their water from other regions that
Great Lakes with the Atlantic Ocean remains. The St.
might wish to take advantage of it. If the Great Lakes
Lawrence Seaway is still a vector of invasive species. But
already had a front door and a back door, they would
there are other threats as well: Think toxic algal blooms
soon also have a legal barrier to block thirsty neighbors
in shallow western Lake Erie. Nutrient-laden runoff,
and their large containers from absconding with water
invasive mussels, and microcystis. Dredging woes.
from the Club’s backyard pool.
Climate change wreaking havoc with lake levels, lakefront
In early 2007, Club of Eight governors signed the
property, and shipping. Thirsty Westerners reaching for
Great Lakes Compact, an interstate agreement allowing
their 1,500-mile straws.
the states to forbid the export of water outside the
As of 2019, Egan argued that it was time for the Great
basin. The Compact was approved by Congress, signed
Lakes to close both their doors and reinforce their legal
by President Bush, and became law on December 7,
protections. Today, the challenges faced by the Great
2008. The Canadian provinces of Ontario and Quebec
Lakes remain much the same, and I suspect Egan’s
also agreed to adhere to the Compact as foreign
opinion on the matter has remained unchanged as well.
entities. With such measures in place, it is doubtful that
There is hope for the future of the Great Lakes. But this
the Great Lakes will open a door to the American West
hope hinges on education. Community members, policy
any time soon.
makers, and business people must understand the very
Closing Time?
real threats the lakes face if they hope to protect and
This brief tour of the Great Lakes—the front door,
promote the lakes’ health for future generations. As Egan
the back door, the nosy neighbors—would scarcely have
suggests, the biggest threat to the life of the Great Lakes
been possible without the work of Dan Egan, the former
may be not water profiteers or invasive mussels, but
Great Lakes beat reporter for the Milwaukee Journal
ignorance.
Sentinel who is now at the University of Wisconsin–
Milwaukee. In 2017 Egan wrote an award-winning book,
The Death and Life of the Great Lakes, which I reviewed
here (Water Resources IMPACT, 21 (1), 2019).
Egan opened my eyes to the wonder of the Great
Michael E. Campana (Michael.Campana@oregonstate.
Lakes, which he depicts as a huge river that flows slowly
edu), a.k.a. Aquadoc, is AWRA's technical director and
downhill from Lake Superior, through the other lakes,
editor-in-chief of Water Resources IMPACT. He also
and ultimately to the Atlantic Ocean. But the story of
teaches, advises students, investigates managed aquifer
the Great Lakes is not only one of wonder, as Egan
recharge (MAR), and holds forth on assorted water and
explains. The lakes are also under threat and have been
environmental issues as a professor at Oregon State
for some time.
University. He blogs daily at www.waterwired.org and
According to Egan, the Great Lakes have long been
tweets excessively @WaterWired.

■

8 | VOLUME 24 • NUMBER 2		

Water Resources IMPACT

2022 Awards &
Scholarship
Program

NOMINATIONS &
APPLICATIONS
ACCEPTED
MARCH 1 - MAY 2
LAURA NORMAN

Individuals and organizations
have an opportunity to
nominate candidates across
different categories each
spring, with awards presented
during AWRA’s Annual Water
Resources Conference.

Undergraduate and graduate
students are welcome to apply
for The Richard A. Herbert
Memorial Scholarships. AWRA
student membership is required.

Winners will be announced in May 2022!

Learn more and submit your application
online at www.awra.org

FEATURE

“A Pretty Good Lake”: Community Stewardship
of Lake Champlain
Kris Stepenuck
COMMUNITIES CHANGE, NATIONS RISE AND FALL, BUT
the need to care for water resources remains. For some
11,000 years—since long before Europeans and others
arrived in North America—the indigenous Abenaki
people have lived along the shores of the lake they call
“Pitawbagw.” This ancient name is roughly translated as
“waters between,” denoting the lake’s place in the daily life
of the Abenaki and its role as a natural boundary between
them and their Iroquois neighbors. For millennia, the
Abenaki have traveled and fished on its waters and served
as stewards of its watershed. Today Pitawbagw is more
commonly known as Lake Champlain, a name that serves
as testament to its place within the history of European
colonization and the displacement of indigenous peoples.
Pitawbagw was renamed in 1609, when the French

colonist and founder of Quebec, Samuel de Champlain,
explored the area, claiming it for France. Through all these
political and social transformations, the health of the lake
and its watershed have remained linked to the well-being
and livelihood of the surrounding communities.
Today, the staff of the Lake Champlain Sea Grant
works to promote the health of the lake and surrounding
watershed through a variety of community-facing
initiatives. Central to their efforts are educational
programs and support for volunteer projects that
promote stewardship activities by all who live, work, and
play in the Lake Champlain Basin. In doing so, the Lake
Champlain Sea Grant helps protect water quality as well
as the local economies that dependent upon it.

Individual actions are essential to promoting the health of Lake Champlain and the surrounding communities. Source: Kris Stepenuck.
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Champlain is vulnerable to an unusually large range of
pollutants from runoff, drainage, precipitation, and other
Although Lake Champlain no longer marks the border
nonpoint sources.
of Abenaki and Iroquois territories, it still serves as a
Educators from the Lake Champlain Sea Grant thus
boundary. Today, it lies between Vermont and New York
place a heavy emphasis on implementing actions on
and, additionally, forms about 6 miles of the border
that land that can help to minimize nonpoint source
between the United States and the Canadian province
of Quebec. It is 120 miles long and 12 miles wide at its
pollution to the lake. A critical educational message in
widest point, reaches a maximum depth of 400 feet, and
the watershed: what happens on the land has strong
boasts 587 miles of shoreline—no mere puddle. Indeed,
potential to impact water quality.
Lake Champlain was briefly assigned the status of a Great Promoting Responsible Stewardship
Lake in March 1998. Because its designation as a “Great
The Lake Champlain Sea Grant pursues these goals
Lake” lasted only a matter of weeks, people often joke
through a variety of targeted educational programs
that Lake
Champlain is
just “pretty
good.”
But legally
recognized
or not, Lake
Champlain
does in fact
lie within the
Laurentian
Great Lakes
Basin. Like
Lakes Huron,
Ontario,
Michigan,
Erie, and
Superior,
Lake
Champlain
drains to
the Atlantic
Ocean
via the St.
Lawrence
Students test dissolved oxygen alongside a forested stream. Since 2002 the Watershed Alliance has brought together college interns and
Seaway. Lake
local high school students to help monitor the health of Lake Champlain’s watershed. Source: Ashley Eaton.
Champlain,
however,
that encourage everyday actions to improve water
first drains north to the Richelieu River in Quebec.
quality. The oldest of these programs, a youth education
While draining to the north makes Lake Champlain
program called Watershed
somewhat unusual, it is by
Alliance, began in 2002 and
no means its only notable
is supported in partnership
characteristic. Also noteworthy
with the University of Vermont
is the sheer size of its
A critical educational message
Extension. Undergraduate
watershed size compared with
in the watershed: what happens
interns from the University of
the lake itself. It has a large
Vermont, SUNY-Plattsburgh,
land-to-water ratio of about
on the land has strong potential
and other basin colleges
19 to 1 (the Great Lakes have
are hired and trained to
ratios of roughly 1.5 or 2 to
to impact water quality.
guide middle and high
1). As a result, compared with
school students in collecting
other similarly sized lakes, Lake

Unusual Challenges for an Unusual Watershed
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chemical, physical, and
Vermont Lay Monitoring
Program, a volunteer program
biological stream-monitoring
The tools developed by the
established in 1979 that
data at sites near participating
Lake
Champlain
Sea
Grant
are
monitors more than 100
schools. In the last 10 years
inland lakes and 40 Lake
alone (including a hiatus of
tailored to the unique features
Champlain sites.
in-person programs during
The tools developed by the
the COVID-19 pandemic), Lake
of the watershed—but they are
Lake
Champlain Sea Grant are
Champlain Sea Grant staff and
of
clear
value
to
other
lakes
tailored to the unique features
interns have helped more than
of the watershed—but they
7,500 youth monitor streams
and water bodies as well.
are of clear value to other
within the watershed. The
lakes and water bodies as
Watershed Alliance has also
well. These include
offered over 3,600 students
•
a product application rate calculator for winter
and 200 members of the public the chance to directly
maintenance professionals based on New
assess Lake Champlain’s health aboard the University of
Hampshire’s Green SnowPro program;
Vermont research vessel, the Melosira.
•
a short film to share Abenaki ways of knowing water;
In addition to educational programs, the Lake
•
a short video to help homeowners understand the
Champlain Sea Grant works directly with a variety of
water quality benefits of raising their lawnmower
government and private entities to promote stewardship
blades to about 8 centimeters;
•
a smartphone app developed by the San Francisco
of the watershed. The Sea Grant staff work with
Bay Estuary Partnership that recreational boaters can
municipal and private winter maintenance contractors
use to identify the nearest marina sewage pumpout
to reduce use of salt during winter maintenance, real
facility, its costs, and its opening hours;
estate professionals to enhance home buyer and seller
•
a stormwater education and stewardship curriculum
knowledge of septic system maintenance requirements,
for upper elementary, middle, and high school
and recreational boaters to find and use available
students;
sewage pumpout facilities. Lake Champlain Sea Grant
•
a watershed explorer challenge booklet designed
also recently partnered with the Vermont Department
for use by youth and their families with minimal
of Environmental Conservation to cosponsor the
equipment and no Internet access;

AWRA student memberships are for full-time
undergraduate and graduate students studying in a
variety of programs related to water resources.
Annual dues of $39 give you access to discounted rates on events, free
webinars, a professional mentor network, a career center, and the
opportunity to connect with one of 22 university chapters.

www.awra.org/jointoday
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•
•

a series of educational videos about lake challenges
and processes; and
a rain garden manual for homeowners.

Small Steps, Major Impact
These programs have already had a measurable
impact in the region as more individuals take concerted
action to protect the environment. For instance, a
recent evaluation showed that after participating in
Watershed Alliance–led stream-monitoring activities,
56% of schools (n = 31) had engaged in further
stewardship projects, including stream and river
cleanups, tree planting to prevent erosion, invasive
species pulls, and rain barrel installation.
The study also revealed that teachers got in on the
action. After learning about ways to reduce nonpoint
source pollution through Watershed Alliance programs,
teachers reported reducing their use of single-use
plastics, adopting recommended lawn care practices,
minimizing use of salt during winter maintenance,
changing washing habits to minimize microplastic
pollution, directing downspouts to pervious surfaces,
and installing rain barrels and rain gardens.
Efforts with government and private entities proved
fruitful as well. Follow-up evaluations showed that after
two salt reduction education sessions, municipal staff
and private contractors implemented best practices on
972 lane miles of roads. By calibrating equipment more
frequently, adding cameras to plow trucks, installing
material control spreaders, reducing the amount of
product applied to treat surfaces, and using advanced
weather forecasting, they could protect the health of
the lake while also saving time and money.
Whether known by its indigenous name or by its
newer, European appellation, Lake Champlain is both a
crucial resource and a unique challenge for the peoples
of Vermont and the Adirondack region of New York.
Through cooperation with the Lake Champlain Sea
Grant and its partners, the people and organizations
that rely on Lake Champlain have become its active,
responsible stewards. Working together, all residents of
the region can take everyday steps to ensure that this
“pretty good” lake remains great for years to come.

■

Kris Stepenuck (kstepenu@uvm.edu) is extension program
leader for Lake Champlain Sea Grant and extension
associate professor of watershed science, policy, and
education in the Rubenstein School of Environment and
Natural Resources at the University of Vermont.
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Pluvial Lakes of the Great Basin
Elaine J. Hanford

Left: Present-day Tooele City, Utah, looking south toward the Oquirrh Mountains with Interstate 80 and the Great Salt Lake in the foreground. Right: This
reconstruction shows Lake Bonneville between 19,000 and 15,000 years ago, at a highstand of 5,090 feet elevation, submerging the Tooele Valley. Source: Used
with the permission of the Tooele Transcript Bulletin.

ANYONE WHO HAS LIVED IN THE GREAT BASIN OF THE
Western United States has vivid memories of the impacts
of the Pineapple Express (a.k.a., atmospheric rivers).
Torrential rains that spawned mudslides and debris
flows or epic snowstorms that enhanced the snowpack
by tens of feet and supported skiers well into the
summer months are memorable because they bring vast
amounts of precipitation to a currently water-stressed
region. More recent headlines have bemoaned the
impacts of drought on the Great Salt Lake in Utah and
the demise of Lake Abert in south-central Oregon.
The vagaries of weather can vary from season to
season, year to year, or even decade to decade. But
geology and hydrology remind us that we must view
such conditions in the longer term, by understanding
the history of pluvial lakes in the Great Basin as climate
has fluctuated. Scientific understanding of the changes
over geologic time can help minimize unintended
consequences of human activities and support more
sustainable interactions with our environment.

The Echoes of Past Lakes
The Great Basin lies between the Sierra Nevada
and Cascade Mountains to the west and the Wasatch
Mountains to the east. The pluvial lakes in the Great
Basin date to the Pleistocene Epoch, which lasted from
roughly 2.5 million years ago until about 11,700 years

ago. The Pleistocene was characterized by a series of
Ice Ages interrupted by short warming periods known
as interglacials, when pluvial lakes periodically occupied
portions of the Great Basin. These pluvial lakes—in
contrast to, say, the Great Lakes or the ancient Lake
Agassiz—were not formed directly by glacial ice. Rather,
they were created by excessive rain (pluvia is Latin for
rain) that collected in closed basins with no drainage
outlet under temperature regimes that supported low
rates of evaporation. Successive pluvial lake formation
during interglacials tended to mask surficial evidence of
prior episodes.
The Great Basin is hydrographically closed and
encompasses smaller internally drained basins. In other
words, what precipitates in the Great Basin stays in
the Great Basin. In total, as many as 120 pluvial lakes
inundated more than 103,600 square kilometers (sq
km), which means more than 20% of the Great Basin
was flooded. It has been estimated that more than 80%
of nearly 200 drainage basins within the Great Basin
contain remnants of extensive pluvial lakes that existed
during the late Pleistocene Epoch.
The last Ice Age in North America, called the
Wisconsinan, lasted from about 75,000 to about 11,000
years ago. It featured several vast ice sheets, including
the Cordilleran Ice Sheet, covering what is today western
Canada, and the Laurentide Ice Sheet, stretching across
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Figure 1. Generalized extent of the Cordilleran and Laurentide Ice Sheets across North America during the Last Glacial Maximum. Adapted from Quora.

shifted northward, resulting in rising and fluctuating
today’s central and eastern Canada and the Great Lakes
water levels in the pluvial lakes. The lakes across the
region (Figure 1).
Great Basin did not achieve highstands all at once. Local
The continental ice sheets caused changes in the
and regional factors—including hydrogeologic setting, El
prevailing global wind patterns, influencing local and
Niño–Southern Oscillation, and convergence of moistureregional climates. Across North America, the jet stream
laden air masses—would have also influenced lake
crossed what is now the Western United States and
levels.
continued across the southern tier toward the Atlantic
To write the history of the three main pluvial
Ocean, bringing precipitation to rates that were likely
lakes in the Great Basin—Bonneville, Lahontan,
1.5 to 2.4 times greater than under modern conditions.
and Chewaucan—geologists can draw on a whole
Furthermore, about 25,000–23,000 years ago, when
range of tools. Evidence is derived from outcrops,
the Last Glacial Maximum occurred, roughly 30%
geomorphology, core samples, pollen, and isotopic
of Earth’s landmass was covered by snow and ice,
studies. Direct evidence of lake levels, changes in lake
whose reflectivity helped cool the planet. These cooler
margins, and geologic events such as catastrophic floods,
temperatures in turn significantly reduced rates of
drainage-basin changes, and isostatic rebound—that
evapotranspiration.
is, the rise in landmass after the weight of ice sheets or
In the Great Basin, the increase in precipitation and
water is removed—is combined with proxies for changes
decrease in evapotranspiration resulted in the formation
in lake level, water temperature and chemistry, and
of pluvial lakes that reached their maximum extents—
ecological conditions.
their highstands—between about 18,000 and 14,000
The resulting history provides a glimpse of the
years ago, following the Last Glacial Maximum. Lake
dramatic changes that have taken place across the Great
Bonneville and Lake Lahontan were the two largest of
Basin in the past
these pluvial lakes.
20,000 years.
As the continental ice
sheets waned following
Lake Bonneville
What precipitates in the Great Basin
the Last Glacial
At its maximum
stays in the Great Basin.
Maximum, the position
extent, Lake Bonneville
of the polar jet stream
occupied multiple
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Figure 2. Pluvial lakes of the Great Basin. Adapted from Lakeshore.

basins in central and northwestern Utah, northeastern
Nevada, and southern Idaho, including the Bonneville
Basin and the Sevier Basin. It encompassed more than
51,000 sq km and was more than 300 meters deep
at its deepest. The lake's initial rise was quite rapid,
potentially because the basin was capturing river water.
Given its large size, Lake Bonneville may have influenced
precipitation within its watershed and become partially
self-sustaining.
Three distinct shorelines reflecting the expansion and
receding of the lake over time can be traced throughout
the basin. The lake did not occupy a completely closed
basin; at times, its water overflowed into adjoining
basins.
The lake was at its highest level between 19,000
and 15,000 years ago. Catastrophic flooding of an
estimated 5,000 cubic kilometers of water into the Snake
River Basin occurred prior to 18,000 years ago. About
15,000 years ago overflow ceased, and with continued
regression, Lake Bonneville split into Lake Gunnison
in the Sevier Basin and the Gilbert-episode lake that
encompassed the modern Great Salt Lake. Isostatic

adjustment and recovery—the sinking and lifting of the
landmass—continue to influence the elevation of Lake
Bonneville’s shorelines, with maximum elevation of the
highest shoreline in the central part of the basin more
than 64 meters higher than the south and north ends.

Lake Lahontan
At its largest, Lake Lahontan covered more than
22,000 sq km in western Nevada and northeastern
California, with a maximum depth of about 270 meters
at present-day Pyramid Lake. The lake reached a brief
highstand about 15,700 years ago and had a consistent
shoreline at 1,256 meters elevation. By about 13,250
years ago, the lake had fallen to 1,206 meters, and as
the lake shrank its waters were limited primarily to the
Pyramid and Winnemucca Subbasins. Modern remnants
include Walker Lake, Pyramid Lake, and the Carson and
Humboldt Sinks. Winnemucca Lake has been dry since
the 1930s, and Honey Lake periodically dries out. The
decline of Pyramid Lake was exacerbated by diversions
of irrigation water from the Truckee River starting in
the early 1900s. A similar fate has afflicted Walker Lake
because of irrigation diversions from the Walker River.
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It has been estimated that more
than 80% of nearly 200 drainage
basins within the Great Basin
contain remnants of extensive pluvial
lakes that existed during the late
Pleistocene Epoch.
Lake Chewaucan
Lake Chewaucan occupied four subbasins in southern
Oregon: Summer Lake, Upper Chewaucan Marsh, Lower
Chewaucan Marsh, and Lake Abert. At its maximum,
the lake covered roughly 1,240 sq km with a maximum
depth of 115 meters. Sometimes the subbasin lakes were
connected, depending on the level of the lake. After an
episode of desiccation around 17,000 years ago, the lake’s
highstand occurred between 14,000 and 13,000 years
ago at an elevation of 1,356 meters. Then the lake began
to shrink. Lake Abert and Summer Lake are modern
remnants that dry up during mid- to late summer each
year. Lake Abert has become a true saline lake whose
desiccation is related to a number of factors, including
overuse and restriction of inflow by human activities.

Beginning of the End or a Short Intermission?
The warming trend and northward migration of the
jet stream began in the late Pleistocene about 21,000
years ago, followed by an abrupt change about 18,000
years ago to warmer conditions that generally persisted
until a return to cold conditions during the Younger
Dryas from 12,800 to 11,700 years ago. Since then,
warmer conditions have persisted throughout most of
the Holocene Epoch, with increased temperatures and
decreased precipitation causing pluvial lakes to become
playa lakes that appear seasonally. Human activities in
the 20th century have exacerbated this transition. Will
pluvial lakes once again return to the Great Basin with
the onset of the next Ice Age?

■

Elaine J. Hanford (ejhanford@att.net) is a semi-retired
professional geologist and environmental scientist with 40
years of experience in consulting for the private and public
sectors and university teaching in geology, environmental
science, and epidemiology. Her work has been honored at
professional conferences and published in peer-reviewed
national and international journals. She compiles weekly
Geoscience, Environmental Science, and Coastal Zone
Management Bulletin Boards. Appreciation is extended to
William J. Elliott, consulting geologist, for his “red pen” and
helpful suggestions.
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Snowpack Up, Snowpack Down: What Does
Climate Change Mean for Mountain Lakes?
Steven Sadro and Adrianne P. Smits
WE OFTEN THINK OF MOUNTAIN LAKES AS BEING
protected by their remoteness, isolated in the steep and
rugged confines of their elevated terrain. It would be easy
to imagine that these are sheltered from environmental
change. But mountain regions are among the most
sensitive and rapidly changing places on the planet.
In fact, climate change is causing air temperatures in
many mountain ranges to rise at rates that are among
the highest on earth. The elevation at which snow
accumulates is shifting upward, and the proportion of
precipitation falling as rain rather than snow is increasing.
In many regions, such as the Sierra Nevada of California,
the frequency and severity of drought are increasing.
Warmer air means much more than changes in

precipitation, however. The temperatures of bodies of
water are impacted as well. And water temperature
plays a fundamental role in regulating biogeochemical
reactions that affect water quality and ecosystem function.
Warmer waters hold less dissolved oxygen, speed up
metabolic processes associated with the production
and decomposition of organic matter, and alter nutrient
cycling rates in lakes. When these lakes become warm
enough, higher temperatures can even stress or kill
organisms living in them, throwing their fragile ecosystems
completely out of balance.
Looking at the example of lakes in the Sierra Nevada,
however, we find that the story is much more complicated

Figure 1. Snowpack at Emerald Lake, April 1, 2015, and April 1, 2017, measured as snow water equivalent (SWE). Snowpack in the Sierra has historically been highly
variable, but the frequency of drought years is increasing, and snowpack is expected to decline dramatically at many elevations. Source: Kevin Skeen.
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than steadily rising water temperatures. When it comes
to the health of mountain lakes, the webs of cause and
effect are twisted and tangled by a host of variables—from
elevation, to topography, to precipitation, and beyond.
Disentangling how and why these changes affect water
temperatures in lakes is thus the first step in understanding
the implications of climate change for lake health.

Untangling the Web
Emerald Lake, located in the Tokopah Basin of
California’s Sequoia National Park, is the subject of
one of the longest-running lake-watershed studies in
North America. Since the early 1980s, University of
California Researchers have measured both air and water
temperatures, as well as the amount of snow deposited
during the winter—ongoing research that is now led by

Sierra Nevada winter snowpack can vary wildly from year
to year (Figure 1). These differences affect the heat content
of lakes by regulating how long lakes are covered by snow
and ice, the volume of cold inflowing meltwaters, and the
length of the ice-free season over which they can warm. In
Emerald Lake, this means we can use the spring snowpack
to predict the summer lake temperature with a great deal
of confidence (Figure 2).
This gives us a powerful management tool for
understanding how lakes might warm in a future where
snow is less abundant—but only for a single lake. Even
within the same region, climate signals may vary from lake
to lake. To extend the reach of this management tool, we
need to calibrate our understanding of how snowpack
affects lake temperature across a broader suite of lakes.

Figure 2. Interannual variability in snowpack (a) regulates the volume of cold inflowing meltwaters (b) and the duration of ice-cover (c) on Emerald Lake, ultimately
regulating how warm the lake gets in the summer (d). Source: Adapted from Sadro et al. 2019; Sadro et al. 2018; and Smits et al. 2020.

Sadro and the Ecosystem Ecology and Limnology Lab at UC
Davis. We might expect to find lake water temperatures
steadily climbing alongside air temperatures. But that is
not exactly what has happened. Despite rapidly warming
air temperatures over the last 40 years, the water
temperatures of Emerald Lake have been highly variable.
In other words, we find another tangle in the web of cause
and effect. To untangle it, we must understand how snow
and ice shape the lakes of the Sierra Nevada.
Measured as snow water equivalent (which reflects the
water content, depth, and density of snow), the size of the

Tangled Web, Orderly Network
The problems posed by climate change are global, but
the expressions of these problems are local. If we want
to predict the consequences of warmer winters, smaller
snowpacks, and shorter periods of ice cover on lakes at
regional scales, we must understand how lake responses
to climate change are mediated by local factors. How an
individual lake responds to any given drought year may
depend in part on catchment-level variability in factors
such as land cover or topographic relief. There may be
deeper snowpack on north-facing slopes or less sunshine
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Figure 3. Data from the California Mountain Lake Network is used to develop a predictive understanding of how regional changes in climate are affecting individual
lakes. Factors such as lake size (a) and snowpack (b) affect winter water temperatures, while elevation plays an important role in the duration of ice cover on lakes
(c). Source: Adapted from Smits et al. 2021.

reaching lakes in steep catchments. Local-scale variability
in factors such as lake size or depth may further influence
the accumulation of snow on lakes or the rate at which lake
ice breaks up in the spring. To understand this, we must
replace the tangled web of local variables with an orderly
and comprehensible network—a collection of lakes that we
can study, contrast, and compare.
To that end we established and instrumented the
California Mountain Lake Network, a group of lakes
spanning relevant environmental gradients scattered
throughout the mountains of California. Each lake within
the network is outfitted with an array of sensors located
throughout the water column. With these instruments in
place, we can measure changes in temperature, dissolved
oxygen, and light.

Although only a few years of data have been collected
thus far, we already have made some promising findings.
Among these, we have seen that lake size and elevation
are among the most important factors governing lake
responses to climate (Figure 3). Elevation is the most
important landscape factor mediating climate response
because of its role in regulating winter snow accumulation.
Snowpack size is the most significant determinant of how
early lakes become free of winter snow and ice, and the
cumulative duration of winter ice cover was most strongly
influenced by snowpack size and winter air temperature
across the lakes in our network. Lake size is important
because it impacts both the timing of ice formation in the
autumn and break-up in the spring. Small and shallow
lakes were more sensitive to climate signals than large,
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deep ones. Taken together, this data will help us make
predictions about the effects of climate on mountain lakes.
And as we collect more and more lake-climate year data,
the strength of the predictive power of this model will grow.

Understanding Our Warmer, Drier Future
The lakes of the California Mountain Lake Network
represent only one small piece of the larger picture, of
course. There are tens to hundreds of thousands of lakes,
like those nestled high in the Sierra Nevada, located at
latitudes or elevations that result in the formation of lake
ice during winter. And all across the world, climate change
is impacting the duration and regularity of ice cover for
these lakes.
In the Sierra Nevada, high variability in snowpack and
intermittent wet years have buffered many lakes from
the effects of a warming climate. But such protections are
likely to be short lived. In the drier and warmer climate of
the future, the absence of snowpack will mean autumn
and spring weather conditions will play an increasingly
important role in regulating lake temperatures. Water
temperatures within Sierran lakes will begin matching
regional warming trends in air temperatures.
Owing to the complex variables that impact their
responses to climate change, not all mountain lakes will be
affected in the same way or to the same degree. Smaller
lakes at lower elevations will be more sensitive, warming
at faster rates. This, in turn, can increase algal production
and increase biomass across the food web. Lakes at higher
elevations—especially those in steep, shady catchments
where snow and ice persist longer into the summer—are
likely to warm at a slower rate, as long as winter snow
continues to accumulate.
The variability of mountain ecosystems makes them a
challenge for scientists. It also makes them a promising
resource. With their steep climatic gradients, variable
topography, and high density of diverse shapes and sizes
of lakes, mountain ecosystems provide a natural laboratory
for scientists to disentangle the complex interactions that
shape lake response to climate change in the mountains
and beyond.
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Steven Sadro (ssadro@ucdavis.edu) is an associate professor
at the University of California, Davis, in the Department of
Environmental Science and Policy and a principal investigator
at the Tahoe Environmental Research Center. He has been
studying the limnology of mountain lakes in the Sierra Nevada
for nearly 20 years.
Adrianne Smits (asmits@ucdavis.edu) is a project scientist in
the Department of Environmental Science and Policy at the
University of California, Davis, where for the last five years she
has been studying the effects of climate change on thermal
regimes and carbon cycling in mountain lakes.
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Now You See It, Now You Don’t: The
Mysterious Vanishing Lakes
Lisa Beutler

One way to lose a lake: Oregon’s Lost Lake vanishes through a lava tube on a predictable schedule. Source: Joshua Rainey, Adobe Stock.

JUST A FEW MILES FROM THE SEASIDE TOWN OF
Ballycastle in Ireland sits Lake Loughareema, except for
the days it doesn’t. Called the Vanishing Lake, its name
comes from the Gaelic loch an rith amach, which loosely
means “the lake that runs away.”
Surrounded by a blanket bog, a type of peatland
usually found in cool, damp, oceanic climates, the lake is
often shrouded in fog. The seemingly random schedule
of the lake has created a local ritual where travelers on
route A2 (the coast road) guess about its status (dry or
wet) as they approach it on the roadway. Such an eerie
setting also spawns more than a few tall tales, legends,
and even ghost stories.
A continent away, near Tallahassee, Florida, Lake
Jackson gained notoriety after a pair of skeletons were

found on the dry lakebed in the summer of 2021. The
Seminoles called the lake Okeeheepkee, meaning
“disappearing waters.” Unlike Loughareema, Lake
Jackson, when it sticks around, lies near a large urban
area and can be even seen from the deck of the Florida
State Capitol. Internationally known for sport fishing
and trophy largemouth bass, the lake generates several
million dollars from tourism annually. Together, Lake
Jackson and two nearby lakes create such a valuable
ecosystem that the state of Florida designated the
area the Lake Jackson Aquatic Preserve in 1973 to help
maintain the biological resources of the water bodies in
their essentially natural condition.
More than 4,000 kilometers to the northwest,
Oregon’s Lost Lake also performs a seasonal
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disappearing act. Locals
outlying Cretaceous Ulster
know the spot, just off a
White Limestone, but
What exactly was going on at
low, flat stretch of Highway
basalt is seen outcropping
Loughareema?
The
bigger
mystery,
20 near Santiam Pass in
within 10 meters. Plus,
the Willamette National
there is no reliable formula
we soon learned, is not why
Forest. The forest, covered
to predict the wet/dry
with Douglas fir, hosts more
cycle. At one point during
the water disappears but why
than 300 species of fish and
the 1800s, the lake was dry
the water stays.
wildlife, including steelhead,
so long that the locals built
bass, Chinook and kokanee
a roadway right through it.
salmon, and many kinds of
The road was short-lived:
trout. Oregonian travel advisor Jim Scott claims there are
crossings were treacherous, as the route was frequently
14 “Lost Lakes” in his home state, but none of the other
under water, sometimes for weeks on end. These same
13 lakes up and disappear.
dangerous conditions led to the demise of a few notable
While the landscapes they cover differ dramatically,
townspeople, the most famous being one Colonel John
the three terminus lakes share two prominent features:
Magee McNeille (see “Ghosts, Ghouls, and Crimes of the
First, they all seemingly disappear overnight. Second, like
Lakes,” for more about the colonel).
the refrain from a children’s folk song, they all have holes
Paul Wilson, a British Geological Survey expert in the
in the bottom.
distribution and movement of water within rocks, hopes
to unravel a few mysteries of the lake mechanics through
Releasing Our Inner Limnologists
I first learned of Lake Loughareema from The Vanishing a two-part study now underway. Wilson explains, “The
first uses a camera to take time-lapse images of the lake,
Lake, a beautifully illustrated children’s book penned by
hopefully capturing it filling and emptying; the second will
Paddy Donnelly. Read aloud to me by an eight-year-old
use water-level loggers at various locations to measure
named Hannah, it retells a mystery of the elusive Irish
the rate that the lake is filling and emptying.”
lake.
While the study results will put to rest some of the
Seasonal ponds aren’t unusual in our home state of
lake’s geological mysteries, it’s unlikely to diminish the
California, but Loughareema is altogether different. The
power of its ghosts and ghouls.
region experiences an annual average of 191 rain days.
Even the driest month—June—typically has 12–13 days of A Sinking Feeling at Okeeheepkee
rain. Moreover, the lake has three streams flowing in, but
Lake Jackson is situated in the heart of Florida’s
none out.
water-riddled sinkhole country, a terrain technically
The Vanishing Lake left a few unanswered questions,
known as karst. The lake is a closed system, fed only by
so Hannah and I wondered, what exactly was going on at
rainfall. It was commonly believed that it dried up about
Loughareema? The bigger mystery, we soon learned, is
every decade or two—for instance, the lake dried up
not why the water disappears but why the water stays.
in 1999 and then briefly in 2012. Then in 2021, the lake
disappeared three separate times.
For Peat’s Sake, Loughareema
State scientists explain that the lake bottom becomes
Geologists believe Lake Loughareema’s bog mosses
exposed during extensive local droughts with no
and unique geology hold the key to its secrets. Under
particular timetable. Water leaves via evaporation,
damp conditions, bog mosses and plants slowly break
evapotranspiration from emergent aquatic plants,
down to form a peat layer. The lake’s leaky chalk bed
and seepage into hundreds of small limestone paleoand sinkhole often become jammed with peat, especially
sinks and two named sinks: the Porter and Lime Sinks.
during heavy rain. According to the prevailing theory,
Sinkholes in the region are also known to activate owing
there may be a tipping point, when water in the lake
to changes in groundwater levels. From Lake Jackson,
reaches enough volume to cause weight and pressure
the water flows into the Florida Aquifer and is thought to
to blow out the peat plugs. This drains the water into
reemerge up to 30 miles away.
an underground system that reemerges a little over 1.5
The drainage system isn’t well understood, and both
miles away, at a spring that drains into the Carey River.
imaging and dye studies are underway to shed light on
The structure of the underground system is so unusual
the water’s movement. Because the aquifer is the major
that Loughareema has been voted number 14 of the top
source of local drinking water, the public needed many
100 geological sites in the British Isles.
assurances about the safety of the dye study. In a good
The Loughareema drainage has baffled scientists
Irish coincidence, the dye is the same as that used by the
for years. The Geological Survey of Northern Ireland
notes that, in theory, the sinkhole should have formed in
City of Chicago to turn its river green for St. Patrick’s Day.
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Children’s Corner: Book Reviews
Lisa Beutler
If you’ve spent time in a household with any
eight-year-olds, there’s a good chance you’ve done
some bedtime reading. Multiple studies validate the
benefits of reading aloud with children, particularly
in an engaging manner. When done consistently, it
supports the relationship between child and parent
and can promote a love of reading. Moreover, good
children’s stories can build an understanding of
the world, social skills, and coping strategies that
research suggests extends into the teen years. A 2019
study found that the children regularly read to in the
first 5 years are exposed to 1.4 million more words
than children without the experience.
Beyond the general benefits of reading, reading
about nature generates even more rewards. In a
2020 study, researchers found “that the kids who saw
themselves connected to nature were more likely
to act sustainably.” They were also more likely to be
concerned about the environment and nature and
more likely to say they were happy.
If reading with the younger set is in your future,
or you just need a thoughtful gift, following are two
delightful books for your consideration. Both are
beautifully illustrated and fun stories. One of the
books, The Vanishing Lake, was the inspiration for
“Now You See It, Now You Don’t: The Mysterious
Vanishing Lakes."

The Vanishing Lake, written and beautifully
illustrated by Paddy Donnelly, was first read to me
out loud by an eight-year-old named Hannah. The
sweet story features Meara and her Granddad.
Granddad, Like many of the elders in my own rural
hometown, enjoys sharing the wonders of the

natural world sprinkled with a few spun yarns. He
especially enjoys answering answers about what is
happening at the elusive Lake Loughareema. Meara,
with an appropriate dose of skepticism, begins her
own investigation into the cause of the disappearing
water. The book ends with the two sharing a special
afternoon when the lake appears to reveal its secret.
Donnelly’s debut as the author-illustrator of this
lovely picture book earned him a Gold Medal in
the Independent Publisher Book Awards of 2021. It
also offered Donnelly, a native son of Ballycastle, a
chance to share his love of nature, animals, and the
storytelling for which his island is famous. Written
for an audience of children in kindergarten through
third grade, it is a more than satisfying story for any
listener.

There's a Hole in the Log on the Bottom of the
Lake, by Loren Long, reimagines a classic children’s
song through a frog who lives in a log on the bottom
of a lake, as well as to a fly on the frog, a gnat on the
fly, and a fish that happens upon them all. To add to
the fun, author-illustrator Loren Long adds a turtle
and snail, who contribute their own comic relief. The
story, translated to sheet music and appended in the
book, mirrors the verses of the song it is based on.
Long, an award-winning illustrator drawn to
a richly hued style of painting harkening back
to the 1920s and 30s and the Works Progress
Administration (WPA) muralists, loves to tell a story.
In this book, shades of green give depth and texture
to the underwater scene. The style of illustration
is particularly suitable for reading aloud to a small
group where the reader shares the pictures.

While the periodic draining of the lakebed creates
not among them. But that doesn’t explain the skeletons
found in June 2021. For more about that see that, see
a healthier ecosystem, rotting vegetation and dead
"Ghosts, Ghouls, and Crimes of the Lakes."
fish create unpleasant smells. This, coupled with the
economic benefits of a wet lake, led some locals to try
Lost Lake, Right on Schedule
to slow the drainage. One legend claims that during a
While water levels in Oregon's Lost Lake change
prolonged dry spell, nearby residents dumped truckloads significantly over the seasons, most times of the year
of debris, including large appliances and even an old
the lake is a popular fishing location and mapped as a
school bus, into the
landmark. The annual
sinkholes, to no avail.
disappearing act was said
Lake Jackson gained notoriety after a
Scientists are skeptical
to cause endless trouble
about the bus claim. While
for early settlers and
pair of skeletons were found on the
a variety of questionable
explorers attempting to
items have been found
use the lake as a reference
dry lakebed in the summer of 2021.
around the holes, a bus was
point as they crossed over
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the Santiam Pass during key parts of the year.
Today, unlike its sister disappearing lakes, Lost Lake
follows a schedule that is well known to locals. While its
water continuously leaks slowly through one of the lava
tubes common to the region, the surrounding forest
receives a large amount of precipitation each year, much
of it as snow. It’s only in late spring and summer that
the water exiting the lake exceeds the water entering.
As the lake lowers, it becomes possible to view the
water plunging into a gaping lava tube seven feet in
diameter. This phenomenon itself is a local attraction.
Volcanologists explain the lava tubes formed when
flowing lava hardened near the surface but continued to
flow downhill closer to the still-hot interior. As the interior
lava flowed out before hardening, it left behind tunnellike structures. The event creating the Lost Lake area
likely occurred sometime around 1000 BCE. The tube
underlying Lost Lake may have surfaced immediately
following the eruption, or erosion may have opened or
enlarged it.
As with Okeeheepkee, locals have tried to slow the
drainage by depositing large objects in the lake. At
one point they brought in equipment to try to make

the lake deeper and prolong the fishing season. The
Forest Service takes a dim view of these inventive
strategies. According to Jude McHugh, spokeswoman
with the Willamette National Forest, “If anyone was ever
successful at plugging it—which we’re not sure they could
do—it would just result in the lake flooding, and the road;
it’s an important part of how the road was designed.”

More Vanishing in Store?
Given the various studies underway, we will continue
to learn more about the vanishing lakes. Meanwhile,
given the circumstances in which the lakes gain water
and the lake bottoms release water, it’s reasonable to
believe that climate change may impact their future.
The dramatic appearance, then disappearance, of Lake
Jackson three times in 2021 seems to confirm that.
Meanwhile, may the lakes continue to capture our
imaginations and lead no future traveler off their path.

■

Lisa Beutler (lisa.beutler@stantec.com), an AWRA past
president, is an executive facilitator at Stantec, working on
an extensive water management portfolio.

2022 SPRING CONFERENCE WORKSHOP
Sunday, April 24, 2022 | 8:30 AM - 12:30 PM CT
WATER CONFLICT MANAGEMENT AND
TRANSFORMATION
Instructors:
David Blodgett, Hydro Informatics Specialist, USGS
Marc Weber, Geographer, Environmental Protection Agency
"Water Conflict Management & Transformation”
offers an opportunity for water resources
professionals regardless of background to learn
about current and leading-edge ways to work
effectively in contentious water situations.

REGISTER

SOON!

Limited to 30
Attendees!

Get details: bit.ly/3Fwhcow
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Draining a Lake to Save It: Improving Water
Quality in the Land of 10,000 Lakes
Erica Sniegowski

A barge conducting an alum treatment on Normandale Lake in 2019. Source: NMCWD.

MINNESOTA IS KNOWN AS THE LAND OF 10,000 LAKES.
To be clear, it has a few more lakes than that. According to
John Downing, director of Minnesota Sea Grant, Minnesota
boasts a whopping 14,380 lakes. The Nine Mile Creek
Watershed District (NMCWD) created one of those lakes
in the late 1970s. What could this new lake do that 14,379
other lakes could not? In fact, Normandale Lake had a
highly specific function: it was created to help control
flooding in a southwestern suburb of Minneapolis.
As the years went by Normandale Lake would become
much more than a flood control project, evolving into a
recreational amenity in the heart of a vibrant business and
residential area. Today, the lake is surrounded by parkland.
It has walking and biking trails, along with a community
bandshell. But it does not meet all state water quality

standards for shallow lakes. In addition, an invasive aquatic
plant known as curly-leaf pondweed entered the lake’s
ecosystem, choking out native plant species and releasing
phosphorus into the water. This led the NMCWD to partner
with the city of Bloomington to tackle these problems head
on. Together, they are incorporating adaptive management
decision-making approaches to develop and implement a
phased, multiyear effort to improve the water quality and
the ecological health of the lake.

Fulfilling a Lake’s Potential
NMCWD is a public entity that works to protect and
restore the water and natural resources in the land area
draining to Nine Mile Creek. When the district was formed
in 1959, the NMCWD focused on flooding. The watershed
was not fully developed at that point, but the NMCWD
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and engineers from a
A Phased Approach to
Lake Health
local engineering firm,
Healthy shallow lakes tend to have
The purpose of
Barr Engineering, had a
clear water and abundant aquatic
draining Normandale Lake
vision. They planned for a
of water, and allowing
fully urbanized land area
plant
growth.
A
shallow
lake
with
the lake to sit empty over
and anticipated flooding
the winter of 2018–2019,
that would occur due to
clear water and few plants is nearly
increased runoff from
was to freeze the lakeimpossible
to
attain.
impervious surfaces.
bottom sediments, killing
Normandale Lake was
the turions (reproductive
structure) of the curlyone of several flood
leaf pondweed and interrupting the plant’s reproductive
control projects that NMCWD implemented as part of
cycle. Curly-leaf pondweed in lakes is problematic because
its “plan for the orderly handling of future floods so as
of its unusual growth and die-off pattern. It starts a new
to prevent undue damage to property,” according to its
growth cycle in the fall and can continue growing under the
1961 planning document. In the late 1970s, the NMCWD
ice. This allows it to outcompete native aquatic plants that
oversaw the construction of Normandale Lake where
are just starting to grow in the spring. Additionally, curlyNine Mile Creek ran through a natural marsh. Today, this
leaf pondweed dies off in mid-summer, releasing a pulse
116-acre shallow lake (with an average depth of three
of phosphorus that can contribute to lake algae blooms.
feet) receives water from more than 21,000 acres of land
This summer die-off and decay can also lead to low oxygen
across six suburban cities.
conditions in a lake, creating unfavorable conditions for
In the intervening years Normandale Lake has been an
effective flood control measure for the watershed.
In 2016, however, a survey of area residents
revealed that most did not feel the lake’s water
quality supported a full array of recreational uses.
Additionally, respondents expressed concerns about
the lake’s odor, appearance, and aquatic vegetation.
There were issues below the lake’s surface as well.
Water quality monitoring showed that although the
lake generally meets chlorophyll a and Secchi depth
standards for shallow lakes, it frequently exceeds
phosphorus standards (>60 µg/L).
To address the lake’s water quality and citizen
concerns, NMCWD worked with the city, the U.S.
Army Corps of Engineers, and other state entities
to develop management strategies to improve the
water quality and overall health of the lake. As part
of this process, NMCWD’s engineering firm prepared
a report that assessed the feasibility of actions
for improving the water quality of Normandale
Lake using water quality monitoring and detailed
modeling of complex lake processes. The report
recommended focusing on reducing curly-leaf
pondweed (an aggressive aquatic invasive species
from Eurasia) and internal phosphorus loading (the
release of phosphorus from lake-bottom sediments).
It wasn’t possible to deal with all these challenges
at once. So the NMCWD and its collaborators
initiated a phased project to implement management
strategies over the course of several years. The first
phase of the project, initiated in the fall of 2018, was
the most dramatic: a lake drawdown to control the
In September 2018 Normandale Lake was drained to reduce the amount of curly-leaf
overgrowth of curly-leaf pondweed.
pondweed, an aggressive invasive species. Source: NMCWD.
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term goals for Normandale Lake.
Beyond addressing internal phosphorus loading
and invasive aquatic plants, NMCWD is implementing
programs and projects to address phosphorus loading
from the lake’s contributing watershed. This work
includes implementing standards and rules for new
development and redevelopment through stormwater
management projects and watershed district-led
creek restorations throughout the Normandale Lake
watershed. Additionally, NMCWD found that the
lake is nitrogen limited at times. It is beginning to
explore nitrogen reduction strategies that will involve
collaboration with other community organizations
to determine potential upstream sources and
implementation of education and outreach and
incentive programs. Low dissolved oxygen in the lake
is also being evaluated, along with future actions that
may need to be taken to address this issue.

Navigating Public Expectations

Normandale Lake in August 2021, with aquatic vegetation. Source: NMCWD.

recreation and aquatic life. Reducing the level of curlyleaf pondweed is vital to protect and improve the lake’s
native aquatic plants, which play a crucial role in removing
phosphorus from the lake water.
In 2020 and 2021 the drawdown was followed by
herbicide treatments to combat the remaining curly-leaf
pondweed in the lake. The tentative plan is for five years of
herbicide treatments following the drawdown. However,
annual surveys of aquatic plants and turions allow NMCWD
to evaluate ongoing results, assess progress, and determine
the need to continue with additional herbicide treatments.
Another phase of the project was an alum treatment
conducted in 2019 to reduce internal phosphorus loading.
This treatment works by applying a buffered solution of
aluminum sulfate to the water. Phosphorus is ultimately
bound and made unavailable for processes like algae
growth.
By continuing to monitor water quality and the health of
the aquatic plants in the lake, NMCWD can evaluate results
of the management actions, assess progress on meeting
project goals, and determine next steps for the project. This
adaptive management approach allows NMCWD to respond
to changing conditions while remaining mindful of the long-

Public concern about Normandale Lake, along
with the high visibility of the lake drawdown, led
NMCWD to conduct significant outreach before
and during implementation of the phased projects.
A clear challenge throughout the project has been
navigating public expectations of what exactly a
healthy shallow lake is. Healthy, shallow lakes tend
to have clear water and abundant aquatic plant
growth. When they are unhealthy, shallow lakes often
have murky, algae-dominated water with little vegetation.
A shallow lake with clear water and few plants is nearly
impossible to attain. But none of this is obvious to people
unfamiliar with water management and the science of lake
health. Despite NMCWD’s efforts, some residents remain
concerned about the presence of aquatic vegetation in
the lake. Consequently, NMCWD continues to reach out to
area residents to educate them and address their concerns
about the lake’s health. The future success of the project
requires clear communication of what residents can
expect as, one step at a time, Normandale Lake becomes a
healthier and more resilient ecosystem.

■

Erica Sniegowski (esniegowski@ninemilecreek.org) serves
as the program and project manager for the Nine Mile
Creek Watershed District (NMCWD). She has been involved
in the water resources field for more than ten years.
Erica earned her M.S. in water resources science from
the University of Minnesota and her B.S. in biology from
Iowa State University. At the NMCWD, she implements
the education and grant programs and oversees
projects, including the Normandale Lake Water Quality
Improvement Project. To learn more about this project, go
to www.ninemilecreek.org/normandale.
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AWRA PARTNER MEMBERS
Partnership is an integral part of our organization and field. AWRA is truly grateful for the
continued support of our Partner Members. Please take a moment to visit their websites
and become familiar with what each is doing to further water resources management.

GOLD PARTNERS

SILVER PARTNERS

FEATURE

Ghosts, Ghouls, and Crimes of the Lakes
Lisa Beutler

A campfire along the shore of Lake Superior, said to be one of the 14 most haunted water bodies in the world. Source: Wirepec, Adobe Stock.

MANY A LAKE IS SAID TO BE HAUNTED, FREQUENTED BY
ghouls, the scene of a crime, or some combination of
the three. Scary lake stories, often grounded in slivers
of truth, offer important lessons. They warn of danger,
urge us to stay close to our communities, and allow us to
confront, even for a moment, our greatest fears.
Two in five Americans say they believe ghosts, and
one in five says they’ve seen one. We love to be scared.
As proof, Wisconsin-based artist and professor Geo
Rutherford (@geodesaurus) boasts well over a million
followers for her “Spooky Lakes” Tik Tok series. She’s
featured more than 60 lakes and their odd, disgusting,
mysterious, frightening, and deadly attributes. Among
her stories is one about the Great Lakes Graveyard, also
know as Lake Superior, named by Reader’s Digest as one

of the 14 most haunted water bodies in the world.
As Gordon Lightfoot penned, “The lake, it is said,
never gives up her dead,” and the song verse is literal.
The frigid water of Lake Superior is too cold for the
bacteria that make a body’s internal organs bloat during
decomposition. The bloating is what causes bodies to
float to the surface. In deep, cold lakes, sunken bodies
remain sunk.
Lightfoot’s eerie lyric captures the story of 29 men
that perished on the SS Edmund Fitzgerald on November
10, 1975. The ship, originally commissioned by a life
insurance company as a business venture, was named
for the company’s president. When her keel was laid
on August 7, 1957, she became the biggest vessel on
the lake, a title she held until 1971. The Great Lakes
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The Wreck of the Edmund Fitzgerald
Controversy
The SS Edmund Fitzgerald’s final voyage was
chronicled by another ship, the Arthur M. Anderson,
which traveled 10–15 miles behind and maintained
radio contact. Conditions were bad—winds gusted to
50 knots and seas were 12–16 feet—but both captains
had often piloted their vessels in similar conditions.
At 1530 hours on November 10, Captain Cooper from
the Anderson received a radio call that the Fitzgerald
had been damaged. Captain McSorley of the Fitzgerald
was asking the Anderson, “Will you stay by me till I get
to Whitefish?” Captain Cooper replied yes and asked if
they had the pumps going. “Yes, both of them,” replied
McSorley.
Then conditions got worse, with wind steady at 58
knots, gusts to 70 knots, and seas of 18–25 feet.
At around 1855 hours, Cooper and the men in the
Anderson’s pilothouse felt a “bump.” The ship lurched
as a monstrous wave engulfed the vessel, driving the
bow of the Anderson down into the lake.
“Then the Anderson just raised up and shook
herself off of all that water—barrooff—just like a big
dog. Another wave just like the first one or bigger hit
us again. I watched those two waves head down the
lake towards the Fitzgerald,” said Captain Cooper.
At around 1915 hours the Anderson could no longer
locate the Fitzgerald by radar or reach it by radio. The
Anderson called the Coast Guard to report that the
Fitzgerald was in trouble and request help, but it was
the Anderson that was first on the scene. In the rough

seas the crew retrieved two Fitzgerald lifeboats and
saw debris, but no men.
To this day, the cause of the sinking remains
in dispute. The Coast Guard found the cause of
the sinking could not be conclusively determined.
It maintained, however, that “the most probable
cause of the sinking of the SS Edmund Fitzgerald from
massive flooding of the cargo hold through ineffective
hatch closures as boarding seas rolled along the spar
deck.” The Coast Guard finding essentially placed
the blame for the disaster on the Fitzgerald’s crew by
suggesting they had failed to properly close the hatch
covers.
The finding enraged the Lake Carrier’s Association,
which vigorously disputed the claim. They believed
instead that the Fitzgerald had likely picked up hull
damage in choppy water when it passed over the
Six Fathom Shoal Area—as observed during Captain
Cooper’s monitoring of the ship’s route and validated
by the known damage to the ship before it was
consumed by the overtopping waves. Some believe
McSorley knew the ship was going down and had
hoped the Anderson would arrive in time for a rescue.
An examination of the upside-down Fitzgerald at
535 feet below the surface of the lake shows damage
to the bow consistent with the building waves that
submerged but did not sink the Anderson. The true
cause, or causes, of the wreck may never be known.

Shipwreck Historical Society claims the story of her wreck
is surpassed in books, film, and media only by that of the
Titanic.
In 1985, a decade after the SS Edmund Fitzgerald
sank, the alarmed crew of a commercial vessel spotted
it sailing on the lake’s surface. At the time, reasonable
explanations involving mist and a lighthouse were
offered, but local lore holds that the Edmund Fitzgerald
will sail on as a ghost ship
until its controversies are
resolved (see sidebar).

Bodies of the Kamloops
Shipwreck
Rutherford’s series
featured a different ship,
the Kamloops, a steel freight

ship, that set sail on Lake Superior with a load of farm
equipment bound for Canada in early December 1927.
It was lost in a furious blizzard. After a weeklong search
for the missing vessel, the ship’s 22 crew members were
presumed dead. Six months later a local fisherman
happened upon nine bodies attired in life vests stenciled
with “KAMLOOPS.” Many think the crew likely froze
trying to swim from the point of the wreck, or died later,
succumbing to the harsh
conditions after having
made it to shore on Isle
As Gordon Lightfoot penned, “The
Royale.
Along the same lines,
lake, it is said, never gives up her
another legend claims
dead,” and the song verse is literal.
one of the Kamloops
stewardesses, Alice
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Bettridge, made it in her lifeboat to Isle Royale. Facing
dire conditions, she’s said to have written a message,
placed it in a bottle, and launched it into the water,
hoping that someone on the Canadian shore might find
it and come to the rescue. As the story goes, a year later,
far too late to help, the bottle was found by a trapper
along the Agawa River. But Alice had already foreseen
her future. The note read, “I am the last one left alive,
freezing and starving to death on Isle Royale. I just want
mom and dad to know my fate.”
Tellers of the Kamloops story say the captain stayed at
the helm and went down with his ship. In fact, thanks to
the cold water, the ship’s cargo is said to be in excellent
condition, and multiple credible reports claim a crew
member is floating in the wreck’s engine room. Called
“Old Whitey” for its white waxy appearance, the corpse
is described in a way that adds to the story’s validity.
Submerged bodies acquire this appearance from
adipocere, a wax-like organic substance also known
as corpse or grave wax. Formed by the breakdown of
fat in tissue, such as body fat in corpses, it replaces
normal putrefaction with a permanent firm cast of the
substance. The formation begins within a month of death
and, in the absence of air, can persist for centuries.
Old Whitey is said to have given more than one diver
a fright, but official records do not acknowledge a body.
Still, Old Whitey fans claim it can be seen at the twominute mark of diving footage posted on YouTube in
2014. The ship sits below 280 feet of water, not far from
the Isle Royale shore, and is accessible to only the most
experienced divers—those who don't mind a dangerous,
dark dive in frigid water. At least one diver has perished
in an attempt to visit the watery grave.

The Impatient Colonel of Lake Loughareema
On a late September day in 1898, storms had filled
Ireland’s Lake Loughareema to the brim. Because the
lake comes and goes on an unknown schedule, a road
runs right through the middle of it. That fateful day,
one Colonel John Magee McNeille was determined to
catch the 3 p.m. train from the town. Although there
were other less watery routes, the fastest, he believed,
was through the lake, and he persuaded his coachman
to drive a covered carriage, drawn by two horses, into
the basin. Loughareema, even when full, is shallow,
but midway into the crossing, water began to lap at the
horses’ bellies, and one became skittish, refusing to go
further. The coachman cracked a whip. The horse reared
up, turned, capsized the coach, and drowned them all in
the frigid water.
To this day it’s said that in the right conditions a
phantom carriage can be seen crossing the lake. Others
have seen a military man traversing on horseback. Lake
visitors, even those unfamiliar with the story, have also
reported hearing a strange clip-clop sound, like thesound
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The Value of
Haunted Hydrology
Every good camper knows that telling ghost
stories at a lake is as important as building the
campfire and making the s’mores. And many
a lake is blessed with the legend of wayward
teenagers meeting an untimely end during an
unsanctioned visit to a remote shoreline.
But is there a point to haunted hydrology
beyond instilling fear? University of Southern
California anthropology professor Tok
Thompson says there is. Thompson teaches a
class on ghost stories and believes that "if there
wasn't value in them, people wouldn't keep
telling them.”
In an interview on National Public Radio,
Thompson explains that ghost stories deal with
a lot of issues—“not just whether or not one
believes in ghosts, but also questions of the
past that haunt us, perhaps past injustices that
haven't been taken care of.” He illustrates the
point with examples of ghost stories related to
slavery and indigenous people.
Paul Patterson, a Saint Joseph’s University
associate professor of English, agrees and
notes that scary stories have been told across
cultures for millennia. He writes, “We see a
lot of these stories start to emerge in ancient
Roman writings. In the first century, they wrote
letters recounting ghost stories they claimed to
have witnessed—chains rattling, haunted house
type stories.” He explains, “The ghosts are
never really harming anyone, but they’re always
showing up. A lot of the time, the hauntings are
because the person was never properly buried.
It’s tied to respecting the dead.”
For Adam Booth, a professional storyteller
and expert in Appalachian folklore and legends,
the tales serve a loftier purpose. In a 2021
Sierra Club interview, he says, “Ghost stories
give us a sense of survival, an understanding
about how we might survive in situations that
are uncertain.” They can even, he says, help us
prepare psychologically for bumps along the
road of our own life journeys.
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It seemed like a perfect
day for a spin in a fourTellers of the Kamloops story say
wheeler over a newly
dried portion of the lake.
the captain stayed at the helm and
Then, about 2 p.m., things
went down with his ship. In fact,
got very exciting. The
rider encountered human
multiple credible reports claim
remains in the muck.
a crew member is floating in the
Sheriff’s reports
describe the remains
It’s Probably Haunted
wreck’s engine room.
as lying about 80 yards
The residents of New
from a boat ramp, in
Hampshire’s Francestown
what normally would
call it like they see it. Two miles east of town sits Haunted
have been six feet of water. No one knew how many
Lake. Some say its name recalls a catastrophic fire that
victims were involved or if foul play was a factor. Law
charred everything in its path, leaving a strange and
enforcement took no chances, making the lakebed
disturbing landscape that spooked the Native People
became a crime scene and drawing the attention of lake
and later the European surveyors who encountered it.
visitors and the media. Also unknown was whether the
A more contemporary theory attributes the lake’s name
highly deteriorated remains had been there for a decade
to a story from a 1753 surveyor’s diary. Penned by the
or, as Shade McMillian, Leon County Sherriff's Office
Honorable Matthew Patten, the diary describes nighttime
spokesman described it, was “something from way back
“groanings and shrieks as of a human being in distress”
in the day,” adding that those answers would require
that continued “most plaintive and affecting, till nearly
forensic analysis.
There are plenty of lake crimes, but this may be the
morning.”
Nearly 30 years later, despite the ghost stories,
only crime of its type. The two full skulls delivered to
construction of a sawmill and gristmill commenced
the lab for forensic examination were found to be more
at the lake outlet, and a body was unearthed nearly
than a century old. DNA analysis identified the remains
immediately. Most speculated that it probably belonged
as Native American, but not a lineage of local tribal
to a young hunter from an adjacent state who had
people—they belonged instead to a Midwestern tribe.
been killed by a cougar. The hunter’s partner, unable to
The skulls had not been in the water for decades but
transport the body home, buried it at the spot.
stored elsewhere.
The series of local tragedies continued for the next
It is illegal to dig up, buy, or sell human artifacts from
80 years. One boy was drowned with lilies clasped in his
Native America or federal land, and in Florida, it is illegal
hand. A similarly fated Ichabod Gray, age 55, was noted
to own human skeletons outside of an educational or
in the death notice as “deranged.”
research setting. One theory says that the holder of the
In 1860 the sawmill was abandoned, and by 1912 the
remains didn’t care to explain where they came from
neighborhood was becoming gentrified. The new crown
and decided to dispose of them clandestinely. But for all
jewel of the area was Shattuck’s Grove, advertised as a
anyone knows, an unwitting recipient of the skulls may
remarkable resort of “fishing, scenery, delightful shade,
have superstitiously delivered to them to the water to
pure air, and pleasure parties.”
avoid an unknown curse.
Today, townspeople note the spirits are quieter, and
Tell Your Story
those seeking to capitalize on the value of lakefront
You may have a lake tale of your own, but if not,
property refer to it as Scoby Pond, after the sawmill
there
are many reasons to learn more about haunted
owner. But the historic name persists, even if locals
hydrology.
In addition to adding a little spice to your
suggest that visitors seeking a fright might instead
conversations, the stories grow our understanding of
appreciate the lake for its scenery.
lakes as places and the ways human interact with them.
of horses’ hooves pulling
a wagon.
Over the years, the
town raised the road and
constructed a stone wall
on each side to prevent
another such tragedy, but
to this day the sightings
and sounds continue.

■

The Crimes of Lake Jackson

One sunny date in early June 2021, Lake Jackson,
a 4,000-acre aquatic preserve along U.S. Highway 27
north of Tallahassee, Florida, was experiencing one of its
disappearing acts. Lake water here is known to suddenly
drop as water rapidly drains into its famous sinkholes.

Lisa Beutler (lisa.beutler@stantec.com), an AWRA past
president, is an executive facilitator at Stantec, working on
an extensive water management portfolio.
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AWRA 2022 WEBINAR PROGRAM
Monthly educational webinars give you...
Cutting-edge information from recognized industry
leaders with local and national coverage stories, case
studies, and beyond.
Free registration and webinar learning center access
for AWRA members.
Convenience and ease of participating through
anytime learning with archived recordings.
Opportunity to self-report CEU/PDH/CM credits.

REGISTRATION IS OPEN!
Date & Time: April 13, 2022 | 1:00 - 2:00 PM ET
Title: Flood Mitigation in the Suburbs: Open Space and
Detention Ponds on the Florida Gulf Coast University
Campus
Speakers: Don Duke, Madison Mullen, & Kallie Unger
Date & Time: May 18, 2022 | 1:00 - 2:00 PM ET
Title: The Water Recycling Revolution
Speakers: William M. Alley and Rosemarie Alley

AWRA WEBINAR
CENTER
REGISTRATION:
Members = FREE
Non-members =
$25/each

Join today and get all
webinars for FREE!
Call for webinar
presenters and
topics! Email your
suggestions to
michael.campana@
oregonstate.edu.

WWW.AWRA.ORG
WWW.AWRA.ORG

FEATURE

No Boundaries: Wilderness Education in
Minnesota’s Boundary Waters Canoe Area
Wilderness
Maya Swope, Pete Marshall, and Alison Nyenhuis
EACH CORNER OF
THE UNITED STATES
HAS ITS own natural
beauty. Arizona has the
majesty of the Grand
Canyon. Wyoming has
breathtaking vistas of
Yellowstone National
Park. And the Midwest
is no exception.
Minnesota boasts
the Boundary Waters
Canoe Area Wilderness
(BWCAW). This
federally protected
wilderness features
more than 1 million
acres of interconnected
lakes and rivers, 1,200
canoe routes, 12
hiking trails, and 2,000
remote campsites.
Though perhaps not
a household name,
the BWCAW hosts
No Boundaries to the Boundary Waters introduces Minnesota students and their families to the lakes, rivers, and forests of
the Boundary Waters Canoe Area Wilderness (BWCAW). Here, families learn paddling skills before getting in their canoes.
approximately 150,000
Source: Alison Nyenhuis.
visitors each year,
making it the most
popular wilderness
area in the United States. Still, many Minnesotans
Wilderness Education in the Age of COVID-19
have never had the opportunity to visit. MinnesotaWhile the No Boundaries program has been a
based nonprofit Friends of the Boundary Waters
resounding success, it has not always been smooth
Wilderness aims to change that. Through a combination
sailing. The onset of the COVID-19 pandemic in 2020
of classroom education, local outdoor programming,
complicated organizers’ ability to pursue their mission
and wilderness trips, the group’s No Boundaries to the
of wilderness education. In 2020, when classroom
Boundary Waters program introduces middle and high
instruction became either partially or fully remote across
school students to the lakes, rivers, forests, and glacial
the state, Minnesota teachers worked with Friends of
lakes right in their own backyards. Reaching out to
the Boundary Waters Wilderness Education Director
diverse and underserved student populations across
Alison Nyenhuis to implement a virtual Boundary Waters
Minnesota, No Boundaries brings the wilderness to
curriculum. This collaboration between teachers and
students, and students to the wilderness.
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approach piqued students’
curiosity and prepared them
for canoeing, camping, and
other outdoor recreation
opportunities available in the
Boundary Waters.
By the spring of 2021, the
weather had warmed and
vaccines had rolled out. It
was finally time to implement
a long-awaited next step
of this program: in-person
paddle days at local lakes.
Throughout the late spring
and early summer, students
and their families joined
the Friends and partner
organizations at local lakes
to try their hand at canoeing,
portaging, and fishing. For
many program participants
from this land of 10,000 lakes,
this was their first time in
The No Boundaries to the Boundary Waters program not only provides students the information they need to
understand and appreciate the wilderness—it also teaches them skills they need to explore it. Here, students learn to
a canoe! “I loved getting to
portage a canoe. Source: Maya Swope.
paddle! Carrying a canoe was
fun, too. So nice to spend the day outside canoeing with
organizers has made the program stronger and more
family,” one student commented.
effective,
Into the Wilds
Nyenhuis explains: “During COVID, we had a chance
Finally, July and August meant that it was time for
to reflect on how we can alleviate the barriers to the
one of the program’s highlights: wilderness trips into the
Boundary Waters experience
by doing something new in
a more familiar place and
by engaging students first
in their own communities.
These events are a way to
meet students where they
are comfortable, in their own
neighborhoods, to expand
their idea of wilderness and
nature to include the parks
that are within blocks of their
communities.”
Through this remote
curriculum, students became
familiar with the BWCAW
before venturing out into it.
They examined skulls to learn
about animal adaptations,
clicked through GIS mapping
tools to learn about biomes
and wilderness, and viewed
The COVID-19 pandemic gave the Friends of the Boundary Waters a chance to design remote learning programs to
video footage of locations
teach students about the ecology of the BWCAW from their own homes by reading GIS maps, watching videos, and
throughout the BWCAW. This
examining animal skulls. Source: Ari Lindquist.
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TOUR THE NATIONAL WATER CENTER
2022 SPRING CONFERENCE FIELD TRIP
TWO TOURS: SUNDAY, APRIL 24
Tour 1A:
Tour 1B:
1:30 - 3:30 PM CT
4:00 - 6:00 PM CT
Each tour is limited to 50 attendees!

Learn more about the NWC’s programs and projects
focused on transforming our nation’s water prediction
information and services. The tour will highlight the
NWC’s current and future activities.

Read more: bit.ly/3fuJ7KU
Boundary Waters. Twenty students received scholarships
and registered for the program, but closures due to
wildfires meant that only eight students were able to
attend. “I was nervous to meet new people and I had
to get used to that all over again because of COVID. But
when I got there, I wasn't the only one. A lot of others
felt the same way,” one student said. “I ended up making
great friends that helped with my anxiety and made the
rest of my trip great. It was fun canoeing and setting up
the tents. They always teach you how to do those things
first before going on trail. I'm glad I [went on this trip] and
hope to do it again.”
By autumn, many Minnesotan students had returned
to in-person school instruction. This meant that
Nyenhuis was finally able to teach some of the classroom
activities she developed in early 2020. Drawing from
a variety of lesson plans, students could investigate
animal skulls, learn how to measure water quality, use
a map and compass, and even portage a canoe as they
learned more about the wilderness area. “I loved seeing
the excitement on my students' faces as they worked
to figure out what kind of skull they had in their hands,”
one middle school teacher noted. Altogether, Nyenhuis
interacted with 766 students from across 14 schools.
The No Boundaries program is growing rapidly, and

teachers and schools across the state have expressed
interest in partnering with the organization to bring the
Boundary Waters to the classroom. In 2022 and beyond,
Friends of the Boundary Waters will reach even more
Minnesota students and aims to cultivate relationships
and leadership opportunities for students who have
already participated in the program. “Wilderness is for
everyone,” Nyenhuis says, “and facilitating connections
to the Boundary Waters will engage and inspire a future
generation of environmental stewards.”

■

Maya Swope (maya@friends-bwca.org) is outreach and
volunteer coordinator, Pete Marshall (pete@friends-bwca.
org) is communications director, and Alison Nyenhuis
(alison@friends-bwca.org) is education director of the
Friends of the Boundary Waters Wilderness.
To learn more about this program, visit https://www.
friends-bwca.org/outdoor-education/ or contact alison@
friends-bwca.org. Funding for this project was provided
by the Minnesota Environment and Natural Resources
Trust Fund as recommended by the Legislative-Citizen
Commission on Minnesota Resources (LCCMR).
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AWRA 2022 SPRING CONFERENCE:
WATER RISK UNDER A RAPIDLY
CHANGING WORLD - EVALUATION &
ADAPTATION
This specialty conference will bring together a diverse multidisciplinary group of thought leaders and on-the-ground
implementers to disseminate, share, and learn about cuttingedge solutions aimed at evaluating future water risks and
improving human adaptation to those risks.
Topics covered will include:
actionable science,
evaluation and planning methods,
design and implementation of specific infrastructure
projects, and
design and implementation of programs and policies.
As with other AWRA conferences, the conference seeks to
present excellent networking opportunities and build an
exciting conversation around future water risks.
Learn more:
awra.org/2022SpringConference
#AWRA2022

APRIL 25-27, 2022
BRYANT CENTER AT
THE UNIVERSITY OF
ALABAMA
TUSCALOOSA, AL
IMPORTANT DATES:
April 8
Hotel room block rate
ends
April 24
Tour of the National
Water Center Field Trip
Water Conflict
Management &
Transformation
Workshop
April 25
Tuscaloosa Mayor Walt
Maddox welcomes
attendees
Save as an AWRA member!
*Gateway members not
included.

AWRA 2022 SPECIALTY CONFERENCE:
GEOSPATIAL WATER TECHNOLOGY

MAY 9-12,2022
AUSTIN, TX

GIS has come a long way, and the very term “GIS” doesn’t
mean the same thing as it did many years ago. Data, tools,
models, and good cartography are still incredibly important.
Many of us still perform much of our geospatial work on
desktop computers. But we have moved beyond desktops and
floodplain mapping to the cloud and to decision-making and
web-based applications that are integral to ecology and
society. As GIS has changed, our biennial GIS and Water
Resources conference is changing too!

NEW LOCATION!

This conference is designed around geospatial solutions to
water resources-related problems. Innovative water resources
scientists, engineers, modelers, and software designers from
public/government agencies, academia, and the private sector
convene to exchange ideas, compare challenges, and identify
solutions. If your aquatic research, management, and
conservation involves process models, geo-referenced field
data, remote sensing, or geostatistical models, then this is the
right conference for you.

APRIL 20
Hotel room block rate
ends.

Learn more:
awra.org/2022GWTC
#AWRA2022

Austin Marriott South
4415 South IH 35
Austin, TX 78744

IMPORTANT DEADLINES:
APRIL 4
Early bird registration
rate ends.

May 11
Reception honoring
David Maidment*
May 12
Symposium in Honor of
David Maidment*
Save as an AWRA member!
*Gateway members not included.

