Center for American Progress

Warming Seas, Falling Fortunes

Stories of Fishermen on the Front Lines of Climate Change

By Avery Siciliano, Alexandra Carter, Shiva Polefka, and Michael Conathan September 2018




Center for American Progress

=

Warming Seas,
Falling Fortunes

Stories of Fishermen on the
Front Lines of Climate Change

By Avery Siciliano, Alexandra Carter, Shiva Polefka,
and Michael Conathan September 2018



Contents

1

19

22

23

24

Introduction and summary

The science of climate change in the ocean:
Why the stakes are so high

How climate change is affecting U.S. fisheries

Policy recommendations

Conclusion

Acknowledgments and About the authors

Endnotes



Introduction and summary

In 2017, Maine’s seafood harvesters landed more than $569 million in seafood,’ sustain-
ing the unique generations-old culture that distinguishes the Maine coast. Lobsters—
worth more than $430 million—accounted for nearly 80 percent by value of that haul.?
Since 2004, the waters of the Gulf of Maine have warmed faster than nearly any other
body of water on Earth,’ creating ideal temperatures for lobsters and leading to a popula-
tion boom.* Yet, amid the good fortune of this near-record haul—the fourth-highest in
Maine history—the state’s lobstermen are far from jubilant as they watch ocean tempera-

tures continue to climb and the lobsters continue their northward shift.®

The worry for many is that the waters of the Gulf of Maine may become too warm
to support lobsters. Dave Cousens, a former president of the Maine Lobstermen’s
Association, told The New York Times, “Climate change really helped us for the last 20

»6

years. Climate change is going to kill us, in probably the next 30.

Many marine species are temperature-sensitive. As the oceans warm, fish populations
have been observed shifting poleward” or to deeper water, in search of the cooler tempera-
tures to which they are adapted.® More than two-thirds of marine species in the waters off
the Northeast United States coastline are fleeing their traditional habitats in search of their
preferred water temperatures.’ These shifts in fish and shellfish distribution in turn can
cause ecological disruptions as predators become separated from their prey and the timing
of seasonal migrations change.'® These shifts also cause economic disruptions as fish and
shellfish stocks decline or migrate away from traditional fishing grounds. Fish and shellfish
once caught in large numbers in certain locations are now scarce in those same places. The
timing of fishing seasons and of migrations has shifted as well,'" and increasingly more

warm-water fish species are showing up on lines and in nets at higher latitudes."

Globally, scientists estimate that the fishing industry will lose approximately $10
billion in annual revenue by 2050 due to the expected ocean temperature increases
under “business-as-usual” emissions trends."* In North America, scientists esti-
mate that high greenhouse-gas emissions scenarios will cause 448 of 686 key North
American marine species to migrate as far as 1,000 km, or roughly 540 nautical

miles, from their traditional habitats in the next 100 years.'*
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The stakes for America’s fishing communities—and for the U.S. economy broadly—
are high. Commercial and recreational fisheries together supported 1.6 million jobs in
2015 and generated $207.6 billion in sales, $62.4 billion in income, and $96.6 billion

in value-added impacts."

Many fishermen understand the negative consequences of climate change on their
livelihoods. In 2014, the Center for American Progress led a survey asking commercial
fishermen in New England about their perspectives on the changes occurring on the
water. CAP found that “6S percent of fishermen surveyed believe climate change could
leave them ‘unable to profit” and ultimately ‘forced out’ of their fishery,”' leaving them
with no option but to switch to a new target species or a different profession entirely.
According to the survey, “More than 80 percent of those who have noticed a warm-
ing trend attribute it to climate change.” The concerns of fishermen, combined with
the clear scientific evidence, have prompted many regional fishery managers to begin
contemplating how to incorporate climate change into fisheries management in a way
that upholds the stringent standards of the Magnuson-Stevens Fishery Conservation
and Management Act (MSA)."

The Magnuson-Stevens Fishery

Conservation and Management Act

The MSA, the main fisheries management law in the United States, has propelled the
country to become an international leader in sustainable fisheries management. It was
originally passed in 1976 to protect American fishing rights within 200 miles of the coast,
now known as the exclusive economic zone. Since passage, the MSA has been reautho-
rized to further protect and sustain American fishing interests by sustainably managing the
nation’s fishery resources through science-based management and conservation.

Scientific and economic evidence characterizing the impacts of climate change abound
and provide a clear call to action. But perhaps more compelling are the stories of the
men and women of today’s U.S. recreational and commercial fishing industries who
are being harmed by changes carbon pollution has caused in the oceans. Hearing from
American fishermen not only improves understanding of the changes occurring in
marine fisheries but also highlights the extent to which coastal communities” econo-

mies and social cohesion are dependent on American fisheries.'®
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The science of climate change in
the ocean: Why the stakes are so high

For the third year in a row, 2016 set a record as the hottest year ever measured by
scientists,'” part of a clear, worldwide warming trend.* Yet, even as atmospheric warm-
ing causes dramatic impacts such as the rapid retreat of Arctic sea ice*' and super-
charged hurricanes,* scientists have found that 93 percent of the excess heat trapped
by human-made carbon pollution has been absorbed by the ocean.”® Global warming

means ocean warming.

The same carbon pollution responsible for warming is also driving chemical change in
the oceans, in a process commonly known as ocean acidification.”* Ocean waters have
absorbed nearly half of all anthropogenic carbon dioxide emissions—those caused by
humans and human behavior—in the 19th and 20th centuries,*> and when seawater
absorbs carbon dioxide, it becomes increasingly corrosive. The shells and skeletons of
many ocean organisms are made of calcium carbonate, which literally dissolves under
high-enough concentrations of acidified seawater.? Carbon pollution’s effect on ocean
chemistry also threatens fisheries that depend on calcified species such as urchin,
oysters,”” and scallops,®® or on fish that prey heavily on such calcifiers, such as some
salmon. Additionally, some fisheries depend on calcifiers such as coral for fish habitat

and are thus adversely affected by ocean acidification.”

In a comprehensive survey published in the summer of 2018, scientists writing for the
United Nations’ Food and Agriculture Organization (FAO) succinctly summarized

the effects of climate change on fisheries:

Driven by greenhouse gas emission from human activities, the ocean is getting warmer,
more acidic, and its oxygen content is declining; these changes cause large-scale changes
in marine biodiversity. The changes in ocean conditions are expected to continue to alter
patterns of global marine primary productivity and biodiversity, with consequences for

the potential fisheries catches, impacting food security in the twenty-first century.

The projected decrease in maximum catch potential may be driven by the direct
effect of warming on fish physiology, by a decrease in their food (phytoplankton
and zooplankton), and/or loss of habitat.°
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FIGURE 1
Ocean heat content and atmospheric CO2 rise in tandem over time
Atmospheric CO2 levels and global ocean heat content measurements, 1958 to 2015
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Source: Atmospheric CO2: National Oceanic and Atmospheric Administration Earth System Research Laboratory, "Trends in Atmospheric Carbon
Dioxide: Mauna Loa CO2 annual mean data," available at https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html (last accessed August 2018);
NOAA ocean heat content: U.S. Environmental Protection Agency, "Climate Change Indicators: Ocean Heat," available at https://www.epa.gov/-
climate-indicators/climate-change-indicators-ocean-heat (last accessed August 2018); National Oceanic and Atmospheric Administration Earth
System Research Laboratory, "Trends in Atmospheric Carbon Dioxide: Recent Monthly Average Mauna Loa CO2, available at www.esrl.noaa.gov-
/gmd/ccgg/trends/ (last accessed August 2018); University of California, San Diego, Scripps Institution of Oceanography, "Carbon Dioxide
Measurements," available at scrippsco2.ucsd.edu/ (last accessed August 2018).

The bottom line, they concluded, is that “increasing carbon emissions are likely to
reduce global fisheries catch potential” by as much as 25.2 percent by 2100, under

business-as-usual emissions trends.!

Climate change-driven extreme weather events and sea level rise also put the physi-
cal infrastructure of coastal communities at greater risk.* Seafood production and
distribution relies on coastal ports, reliable power sources, and infrastructure, all of
which are easily compromised by severe storms and coastal flooding. For example,

in 2017, Billy Kelly, executive director of the Florida Keys Commercial Fishermen’s
Association, estimated that Hurricane Irma destroyed or scattered more than 40
percent of the spiny lobster traps in Monroe County waters just one month into the
season,* devastating a $50 million industry relying on what is regularly the most valu-

able commercial species in the Florida Keys.**
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How climate change
is affecting U.S. fisheries

From the lobstermen of Florida to crabbers in Alaska, fishing communities depend
on their local marine ecosystems. However, because climate change is not uniform or
linear, the continued release of anthropogenic carbon will affect each local region dif-
terently. This report shares some of the localized effects of global climate change that

American fisheries experience today.

Florida

With 1,350 miles of saltwater coastline, commercial
and recreational marine fishing is a big business in
Florida.?* In 2015, Florida’s commercial and recre-
ational marine fishing industry supported 176,000 jobs
and generated $28.7 billion dollars in sales, ranking

as the third-highest state in employment impacts

and second-highest state in sales, income, and value-

added impacts. Florida leads the nation in recreational

angler trips, recreational fishing jobs, and local taxes

generated by sportfishing.* In saltwater-fishing license fees alone, Florida generates Ayoung boy enjoys the Florida
11 . Fish and Wildlife C ti
$26.8 million dollars, 46 percent of which come from out-of-state fishermen.” Yet, o o Kidls Saltare

Fishing Clinic on April 12,2014,
in Pensacola, Florida.
Florida fish stocks that support this key economic sector. PHOTO: FLICKR/FLORIDA FISH AND WILDLIFE

warming waters and more frequent extreme weather events are already damaging the

Nationally, fish stocks are managed on a regional basis, with quotas set by regional
fishery management councils and state agencies based on historical catches and regular
scientific assessments of the number of adult and juvenile fish present. As ocean tem-
peratures skyrocket, heat-sensitive fish and other marine life are moving to more com-
fortable waters. By moving away from the habitats and fishing grounds on which those
historical records are based,*® climate change is causing a mismatch between where fish
actually are and where they are allowed to be caught, leading to severe economic hard-

ship for fishermen and the businesses and communities they support.
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TABLE 1
Economic impacts of commercial and recreational fisheries in Florida, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 79,714 3,319,369,000 17,713,169,000 5,931,263,000
Recreational 96,801 2,620,297,000 10,967,678,000 6,611,445,000
Total 176,515 5,939,666,000 28,680,847,000 12,542,708,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

“Cobia are very much a migratory fish, and their migratory patterns from Texas and
Florida are both about six weeks off,” said Brandon Shuler, a professor at the University
of South Florida and an avid recreational fisherman. “There are some regions in the
United States where the fishing season is historically open during a certain period of
time, and now, the fish aren’t coming until after the season is over,” Shuler said.*” Reports
of declining cobia catches along the Florida Panhandle prompted the Florida Fish and
Wildlife Conversation Commission (FEWCC) to reduce the number of cobia that
fishermen can catch in the northern Gulf of Mexico.** Meanwhile, further south, cobia
catches have been plentiful. WUFT News reported FFWCC Commission Chairman
Brian Yablonski wondering, “Is it possible that all the Panhandle fish [those that typically
migrate up into the Panhandle] have gone to Central Florida and are just hanging out

there? It sounds like we have an abundance in one area and a dearth of fish in the other*

The science underlying why cobia are showing up in different areas of the Gulf of
Mexico could be related to the warming water temperatures in the Gulf: In the winter
0f 2016, ocean temperatures in the Gulf of Mexico did not dip lower than 73 degrees
Fahrenheit. Cobia are known to prefer warm water temperatures above 68 degrees
Fahrenheit and to migrate north in the summer months, possibly to stay in their
preferred water temperatures.* The warm water temperatures in the Gulf could be

contributing to cobia population migration changes.

But cobia is not the only commercially important species that has fled its typical habitat
for more comfortable waters. Terry Gibson, a former charter fisherman and lifelong
recreational angler, explained the importance of the king mackerel to anglers who travel
across the nation to fish in Florida water. Gibson and others have noticed a shift over
the past five years in the area that South Atlantic king mackerel and Gulf of Mexico king
mackerel populations meet to mix. “I can show you my logs and my depth finder that
[the water is] 2 or 3 degrees warmer almost all the time,” said Gibson, who believes cli-

mate change is playing a large role in the shifts of king mackerel populations.*
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Gibson’s story matches the available science. Gulf of Mexico king mackerel are known
to follow a similar pattern to that of cobia, spending summers in the northern part

of the Gulf of Mexico and migrating south in the fall. At the same time, a separate
Atlantic population of king mackerel also migrates south in the fall, and the two dis-
tinct groups eventually mix along the southeast coast of Florida. * Recently, however,
scientists have shown that the mixing zone of the two populations of king mackerel
had shifted to the south side of the Florida Keys, because the water is colder there.*

Fishermen have also noticed distinct changes to the sailfish migration, which have
affected sailfish tournaments, jobs, and tourism revenue on the southeast coast of
Florida. Thanks to catch-and-release fishing and a ban that prohibited destructive
longlining in the straits of Florida, sailfish in the Jupiter area are one of the few popula-
tions that is not overfished.* “Since 2003, you could almost guarantee a catch for a
customer, and odds are you would probably would catch four or five [sailfish]. The
colder it is, the better it is for this fishery, so you would go during nor’easter fronts,”
Gibson said. “Today, the cold fronts are fewer and farther between, and we advertise
like crazy when it does happen—really impacts local economy and the local sailfish

tournaments.”*’

Captain Randolph “Bouncer” Smith, a charter boat captain based out of Miami Beach,

Florida, recounted similar stories of his 50 years in the charter industry:

In the 1970s [and as recently as 2005 ] in November and December you would have
great sailfishing, and in January and February, everyone would jump out of their skin
when there was a cold front. You would see 20 sailfish fighting over your bait. Now
you don't see those waves of sailfish, because it's 80 degrees in winter. And it has a big
impact. You used to see 30 charter boats, and every boat would be fishing two half-
day trips through Easter. Now, with the lack of fish and warmer water, there might be
five boats out of 40 in Miami who are able to fish.*®

The sailfish, he noted, are now being seen off the coast of South Carolina and in areas

where there are no established fishing tournaments or charter fishery clientele. Smith
described how there are now many days in the winter where his customers have noth-
ing to catch—hurting both his marketing ability and bottom line.

The same is true for Florida’s iconic tarpon fishery. Like sailfish, warmer water means
that the tarpons’ migration patterns have shifted. Smith said that for him, the impacts

have been substantial. “I'm forfeiting as many as 20 tarpon trips a month in the winter
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due to warmer weather. I had a guy who only worked nights for me, and now, he can’t
make a living on tarpon, because I can’t guarantee [customers] we will catch fish. That
guy literally went from a dependable income to scrounging,” Smith said.* He believes

the fish are comfortable staying north, because the water has gotten warmer.

The Mid-Atlantic

Along the Mid-Atlantic coast, commercial and recreational fishing represents an
important economic driver. In 2015, the New Jersey fishing industry supported 47,633
jobs and generated $7.8 billion in sales; New York supported 47,720 jobs and gener-
ated $6.2 billion in sales; and Virginia supported 21,844 jobs and generated $1.6
billion dollars in sales.*® Yet, the fishing industries in all three states are under threat

as researchers have found marine species to be shifting an average of 0.7 of a degree of

latitude, or roughly 50 miles, north and 1S5 meters deeper in the water.*!

Fishermen along the Mid-Atlantic states are noticing similar shifts in the distribution

of marine fisheries as ocean temperatures in the Atlantic continue to warm.

TABLE 2
Economic impacts of commercial and recreational fisheries in New Jersey, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 31,537 1,272,691,000 5,968,691,000 2,102,337,000
Recreational 16,096 785,623,000 1,838,756,000 1,225,361,000
Total 47,633 2,058,314,000 7,807,447,000 3,327,698,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Charles Witek, an attorney and avid saltwater angler, described his experience:
“Summer flounder off the coast of New York are having poor spawning seasons; every-
one is switching to black sea bass, which have become more abundant due to warming
waters. I never caught a black sea bass in Long Island Sound, in all 27 summers that I

lived in Connecticut. Now, they are an important part of the regional fishery.>
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TABLE 3
Economic impacts of commercial and recreational fisheries in New York, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 39,876 1,152,780,000 5,374,448,000 1,904,988,000
Recreational 7,844 376,697,000 873,940,000 586,816,000
Total 47,720 1,529,477,000 6,248,388,000 2,491,804,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, “Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series” (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Dolphinfish, commonly known as mahi-mahi, are a tropical fish traditionally caught
between Florida and North Carolina. Now, they are increasingly found in the waters off
New York, New Jersey, and Rhode Island.** Witek said, “When I started fishing offshore
in the early ‘80s, once in a while, someone got a dolphin[fish], but only when the warm
canyon water came inshore. But they were targets of opportunity. ... Now, I go out look-
ing for dolphin([fish], and so do a lot of people. My wife and I go out and we catch all that
we want. A friend of mine is a charter boat captain and is always talking about how he
has dolphin[fish] on top chasing bait.” Scientific research on the species supports Witek’s
observations, indicating that the wide-ranging species exhibits significant sensitivity to
sea surface temperature and is caught recreationally only in waters warmer than 66.2

degrees Fahrenheit, while catch rates peak at 80.6 degrees Fahrenheit.**

TABLE 4
Economic impacts of commercial and recreational fisheries in Virginia, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 16,581 406,602,000 1,169,888,000 565,803,000
Recreational 5,263 212,751,000 520,947,000 336,868,000
Total 21,844 619,353,000 1,690,835,000 902,671,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Fishermen are also reporting noticing more of what they term “funny fish,”* or unusual
species showing up in their waters. “You can cast a net under lights in Virginia and catch
Gulf shrimp—not grass shrimp, Gulf shrimp. The guys that are running oyster aquacul-
ture, it's becoming common to see Nassau grouper juveniles in the cage—you see it, and

you think you're the only one. Two weeks later, someone else has got one too,” explained
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Tony Friedrich, former executive director for Maryland’s Coastal Conservation
Association and an avid recreational fisherman in Maryland. He added, “I know it’s hard
to believe, but adult tarpon are becoming frequent summer visitors to the southern
Delmarva Peninsula.”*® Witek also mentioned that “funny fish” are becoming the norm.
“Juvenile red drum, croakers, 90-pound cobia have all been caught in New York and

shouldn’t be this far north. We are starting to see more tropical fish on a regular basis”*’

These changes in the distribution of marine fisheries along the Atlantic coast, as well

as changes throughout all U.S. waters, are compiled in the OceanAdapt portal, devel-
oped by Malin Pinsky’s research lab at Rutgers University and the National Oceanic

and Atmospheric Administration (NOAA). It illustrates the same trends that are being
projected by climate models. The waters along the Northeast are predicted to increase
between 1.8 degrees and 2.7 degrees Fahrenheit over the next S0 years. As waters warm,
and poleward environments become more hospitable for tropical species, fishermen will
continue to see more and more of these “funny fish.”** Changes in forage fish abun-
dance, habitat loss, and other changes to food web dynamics due to warming waters and

changes in ocean chemistry may also contribute to shifts in marine species.”

New England: Maine and Massachusetts

The New England cod fishery is among the most historic American fisheries and one
of the most troublesome. Decades of intense fishing pressure and overfishing caused

the cod populations of the Northeast to almost disappear entirely.

The troubling reality of New England’s cod population

Cod has been a major economic industry for New England over the past 400 years. As
fishing technology advanced, New England cod was fished extensively. Fishery managers
have tried many different tactics to help the overfished cod populations recover, including
using quotas, employing various mesh size restrictions, and closing areas to fishing. After
MSA reauthorizations improved fishery management, the declining Atlantic cod numbers
seemed to stabilize, but now the warming waters in the Gulf of Maine are threatening the
recovery of the population.®® Strict management plans and catch limits slowly helped the
stock recover, but cod populations in New England remain low.6’ Research now suggests
that climate change, specifically ocean warming in the Gulf of Maine, has hindered the cod
population’s ability to rebuild.®
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The Gulf of Maine has experienced a warming trend of
0.03 degrees Fahrenheit per year since 1982, and the
Gulf’s sea surface temperature is warming 99 percent
faster than the rest of the global ocean. Warm water hin-
ders the ability of some fish to spawn® and has also been

linked to smaller body size.5*

The lobster industry is among those in trouble. Lobster
were once plentiful in southern New England but

have largely disappeared from those rapidly warming
waters over the past 10 years. Instead, the perfect water
temperature for lobsters is now found off the coast of
Maine, leading to a boom in Maine’s lobster profits.
Between 2005 and 2014, Maine lobstermen earned an
average of $321 million per year in revenue® and sup-
ported more than 4,000 harvesting jobs in Maine since
2013.% But fishermen are wary of the longevity of this
success if the growing rate of carbon emissions is not
addressed.®” “Lobsters have become our only major

fishery,” said Richard Nelson, a commercial lobsterman

in Friendship, Maine. “And it’s gotten to a bad point,
because we have become so dependent on a single spe-

cies and yet know so little about the impacts of warming and ocean acidification.”® Jack Percy and Richard Gilmore
sort their catch off of Phippsburg,
Maine, 2007.

PHOTO: FLICKR/MIKE TIMBERLAKE

Nelson has been in the lobster fishery for more than 30 years. He also participated

in Maine’s Ocean Acidification Commission, a multistakeholder group that formed
in 2014 to assess the state of the scientific research on acidification, as well as the
impact that acidification is having on commercially important species. “So far, what
we know is that [the lobster] are affected by multiple stressors, such as warming

and acidification together, a combination that has shown changes in respiration and
swimming rates. We also see this same warming, when joined with nutrient runoff,
helps create coastal acidification and also aggravates toxic algal blooms,” Nelson said.

“People have to pay attention to the whole thing.””’

Lobsters aren’t the only species affected by climate change in Maine. Bill Mook, owner
of Mook Sea Farm, one of the largest oyster producers in Maine, started noticing that

his oyster larvae were experiencing disruptions and abnormal development. When this
began affecting his business, his team started to treat the seawater used in their hatcher-
ies to make it less acidic. Mook’s efforts worked, and his oysters grew properly with this

treatment. He believes ocean acidification was to blame for the development problems.
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From 2003 through 2014, the Atlantic Ocean absorbed more than twice as much carbon
dioxide than it did from 1989 through 2003, which has led to a measurable drop in pH.”

Mook also thinks that freshwater runoff is further reducing the pH of ocean water,
making it harder for his oysters to grow. Northeast climate models predict an increase
in annual average rainfall as climate change intensifies.”” This pattern of increased
freshwater runoft is even changing the color of the water in the Gulf of Maine. William
“Barney” Balch at the Bigelow Laboratory for Ocean Sciences has been sampling
waters from the Gulf of Maine for more than 18 years and found that the fresh water’s
yellow color competes with phytoplankton for the wavelengths they need for pho-
tosynthesis—ultimately impeding their ability to nourish themselves.” Through his
research and analysis, Balch has showed a potential fivefold decrease in primary pro-
ductivity in the Gulf of Maine over the past decade.” Reduced primary productivity
could adversely affect fish and shellfish populations throughout the region.”

Mook also has to deal with additional food safety concerns linked to the warming
climate. He said, “Warming waters also require additional steps to ensure our oysters
are safe to eat, because pathogenic strains of the bacteria—Vibrio parahaemolyti-
cus’®—are more abundant. If oysters sit on the deck of the boat and are not immedi-
ately cooled down, the bacteria can multiply rapidly and cause people to get sick. This
never used to be a concern.””” For Mook, this is problematic, because occurrences of
illness are much more likely to occur in oysters grown in higher-temperature water.”
In response, oyster growers and the Maine Department of Marine Resources have

worked together to establish regulations aimed at maintaining safe-to-eat oysters.”

Meanwhile, in southern New England, fishermen are catching more black sea bass than
they are legally allowed to land. Historically, states from Rhode Island to Maine have a
much lower quota for black sea bass, since this species is normally found off the coast
of North Carolina. Recently, though, black sea bass have been moving north in relation
to the changing climate.* This presents a management problem as North Carolina fish-
ing vessels are forced to travel farther distances for their catch, while fishermen in the

northern states are forced to throw the fish back overboard.
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Alaska

Alaskan commercial fisheries generated more than a
third of the total national landings revenue, with $1.7
billion in 2015.*' Together, the commercial and rec-
reational saltwater-fishing industry supported 58,848
jobs and generated more than $S billion in sales.®
Many Alaskan fishermen come from multigeneration

fishing families that rely on key species such as pollock,

crab, and salmon to make their living.

Fishermen across the state have started noticing differences in the salmon runs, one of Commercial salmon fishermen
the most important commercial and recreational fisheries in Alaska. Heather Hardcastle, ﬁ‘l’;ﬁ‘,”zg?;f"' Bay, Alaska, on
who has been fishing with her husband Kirk Hardcastle for more than 30 years, has POt RAGIERSTOR

seen a decline. She said, “The last five years in the state of Alaska, we're seeing what we

attribute to climate change, both marked differences in some salmon runs and marked

differences in the size of salmon. Our salmon are smaller and smaller across the board

and river by river, salmon are disappearing.”®* Her husband added, “This is the first year

in southeast Alaska that it’s been this pronounced on the Taku River and the Stikine

River. The amount of king salmon that were counted going up river were 7,000. It [the

salmon run] was forecast to be 19,000 [salmon], which is already so much lower than

30,000, which has been the average. It’s the first year that the government actually shut

down king [salmon] fishing in southeast Alaska—including sport fishing, subsistence,

and commercial. And this is happening across all rivers across the state.”**

In addition to changes in the size and prevalence of king salmon, the sockeye
salmon-run timings have changed. Heather said, “The bulk of the run seems to be
shifting and has been getting later. Others are also experiencing later shifts. With
sockeye salmon, there are eight distinct runs of sockeye, and you can tell the dif-
ference in the fish because they look physically different, because they spawn in
different parts.”®> She noted that her family and other fishermen have seen shifts

in all eight runs and in the timing of their returns. Heather has been working in

the salmon industry her whole life and entered the fishery to help her father. She
mentioned that he often talks of how they could time the particular sockeye salmon
run down to the minute, “but now they are coming two, three weeks later,” she said.
The Hardcastles” experiences are consistent with current scientific opinion that a
changing climate, specifically higher temperatures, will affect salmon-run timing,

individual fish size, and population survival.’
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TABLE 5
Economic impacts of commercial and recreational fisheries in Alaska, 2015

Income impacts Sales impacts Value-added
Number of jobs (dollars) (dollars) impacts (dollars)
Commercial 53,441 1,877,131,000 4,420,929,000 2,354,239,000
Recreational 5,407 223,110,000 618,859,000 361,951,000
Total 58,848 2,100,241,000 5,039,788,000 2,716,190,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Hannah Heimbuch, a fellow salmon fisherman in Alaska, echoed the Hardcastles’
concerns. She said that “it’s a big deal when you have guys that have fished for 70
years” and now they are totally changing their fishing practices “based on the tem-

perature of the water”’

While there is likely a variety of causes for the changes fishermen are seeing in the
salmon fisheries, anthropogenic climate change and warming temperatures are certainly
having an impact. 2016 was the first time in the historical record that no community in
Alaska reached a low of -50 degrees Fahrenheit.*® And according to the National Climate
Assessment, over the past 60 years, Alaska has warmed more than twice as fast as the rest
of the country.* Average annual temperatures have increased by 3 degrees Fahrenheit,
and winters have increased by 6 degrees. Meteorologists in southeast Alaska are now pre-
dicting greater levels of precipitation, particularly rainfall, over the next decade. For the
Hardcastles and other salmon fishermen in the area, this also means a greater freshwater
lens, or the amount of freshwater floating on top of the saltwater in the rivers. “All the rain
has caused the coho [salmon] to swim really deep, and the nets only go down 30 feet. So,

we are literally missing the coho,” Heather Hardcastle said.”

Ocean acidification is also affecting Alaskan fisheries. Heimbuch said that part of her job
has been to talk to people about acidification. “People [are] open to it,” she said. People
are “thinking about, ‘How do I make investments and build a business to support my
family?’ ... It's crazy for us not to [ be] making plans to adapt to ocean acidification.”
However, she stopped short of supporting looser regulations: “I don’t necessarily want
to do that, because I think strict regulations protect our fisheries.” For Heimbuch, the
bigger concern is the pteropods that will be affected by ocean acidification. Pteropods
are tiny swimming snails that are a key component of the salmon’s diet”" and are thought
to be particularly vulnerable to ocean acidification because of the composition of their
thin, delicate shells.”” “Salmon are tightly tied into a complex food web. Pteropods will
be impacted by acidification, and we don’t understand how that will shake up the food
chain. A change in acidity can also impact the neurological ability of finfish,” and my
concern will be that we will see big changes in behavior**
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In addition to salmon, the crab industry in Alaska is also experiencing the effects of
climate change and acidification. Tyson Fick, the executive director of the Alaska Bering
Sea Crabbers, described the difficulties the red crab population is expected to have over
the next 20 years due to ocean acidification. “Last year was the highest temperature ever
recorded in the Bering Sea,” Fick noted. “It’s funny, because some people could make an
argument about warming being caused by natural cycles, but that argument has no place
when it comes to acidification, because it’s chemistry. There’s only one place it comes

from and there is zero room for debate that it comes from carbon emissions.”*

Fick explained that there will be winners and losers when it comes to ocean acidification
and crab fishermen. He pointed out that golden king crab are more tolerant to lower pH
water, while others, such as red king crab, can’t tolerate a lower pH. Fick said some fishery
managers believe warm water forced the red king crab to gather together in certain colder
areas, which he called “areas of prime conditions.” He added, “And they were easy to find,
and everyone fished on top of them.” Since the crabs were forced into relatively small
areas of cold water, crab catches were record-breaking, despite evidence that their popu-
lations had not increased. Frick said, “You look at last year, and the red king crab [har-
vest] was the highest you have ever seen. Survey results show low abundance, particularly
low recruitment. So, what is that?”*° In the rest of the Bering Sea, according to Fick, crabs
were very rare. This type of climate change-driven clustering can eventually lead to poor
long-term outcomes, as it gives the impression there are more crabs than there actually

are, making it difficult to set sustainable quotas.

West Coast: California, Oregon, Washington

In the fall of 2013, NOAA detected a large mass of
unusually warm water in the northeast Pacific Ocean.
The warm water mass, later nicknamed “the blob,”
was an average of 5.4 degrees Fahrenheit warmer than
typical conditions, but NOAA scientists found some
isolated areas that were up to 10.8 degrees Fahrenheit

warmer.” The blob was also persistent, lasting about

three years,” and partially created by anthropogenic
greenhouse gas emissions.” It eventually disappeared

on its own, but the ramifications remain; the blob provided a glimpse into what the A Dungeness crabber pulls
live crabs from a holding
tank in Newport, Oregon,
on September 21, 2010.

PHOTO: FLICKR/KOOCHEEKOO

ocean will look like if climate change is not controlled.'®
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Impacts of 2015 harmful algal bloom M
A widespread harmful algal bloom harmed wildlife % Muis6i3
from the Mexican to the Canadian border J
2015 & razor clams
May 7 Quinault Indian Nation razor clam x » Seattle
harvest closure (WA) - ’
3 o We:
May 8 Commercial, tribal, recreational ,4 ]  Long Beach B
razor clam harvest closure (WA) 1 1 1 efstoria (oysters, clams)
® Seaside
May 9 Razor clam harvest closure 1 1 1
(northern OR) &
May 14 Statewide razor clam closure (OR) ® Newport Dungeness
May 15 Shellfish harvest closure ! < Hop
(British Columbia, Canada)
L 1 ® Coos Bay
June T Anchovy, sardine fishery closure (CA)
June 5 Dungeness crab fishery closure (WA) Rock crabs
July 3 Anchovy, sardine, mussle, o
and clam closures expanded anchovy
to southern CA
November 3 Dungeness crab and rock crab dolphins/
4 h porpoises
warning for recreational
harvest (CA)
November 6 Commercial rock crab fishery ! harbor seals
closed (CA)
November 11 Dungeness crab and rock crab sea lions/
recreational and commercial fur seals
fishery closure (CA) Kl ’4
November 23 Delayed opening of
’ whales
commercial Dungeness crab S
fishery (WA, OR, CA) DomoicAcd |
2016 ] : detected [
February 16 CA seeks federal disaster ‘ a_/-San Luis Obispo A
declaration for commercial % Bants Barbara Wl voisorng |
crab fishery }
® Los Angeles
Source: Ryan M. McCabe and others, "An unprecedented coastwide toxic algal bloom linked to
anomalous ocean conditions, Geophysical Research Letters 43 (19) (2016): 10,366-13,376, available
at https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL070023. o o San Diego

The blob caused or contributed to multiple unusual harmful events from Alaska to
California during the three years it persisted, including increased mortality of sea

lions,'*! fin whales, humpback whales,'” and seabirds,'®

as well as an unprecedented
harmful algal bloom (HAB).!* HABs can be particularly harmful, since certain types
of algae produce domoic acid, a potent neurotoxin. As filter-feeding organisms eat the
algae, they also accumulate domoic acid, which is passed up the food chain and can

poison marine mammals and people.'®
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FIGURE 3
The Pacific blob

A historical marine heat wave throughout the Pac

Sea surface temperature anomalies in August 2015
compared with historical averages of 1985-2012

Source: National Oceanic Atmospheric Administration, "NOAAView Data Exploration Tool: Ocean Temperature
Departure," available at https://www.nnvl.noaa.gov/view/globaldata html#SSTA (last accessed August 2018).

In 2015, dangerous levels of domoic acid present in shellfish caused the regulatory
agencies of Washington, Oregon, and California to close multiple commercial and
recreational fisheries. The 2015 Dungeness crab closure cost the fishery an estimated
$100 million when compared with the average value of the previous five years.'* Parts
of the Dungeness crab fishery eventually opened but too late to be sold during the win-
ter holidays, which are the traditional peak market season for Dungeness. Additionally,

197 effect, buyers

after national media publicized the HAB and subsequent “toxic cra
continued to shy away from West Coast crab and seafoods, further depressing earn-
ings. According to Barbara Emley, an experienced crab and salmon fisherman and
fishery representative on multiple West Coast fishery and ocean management councils,

this was the first full-season closure of Dungeness.

TABLE 6
Economic impacts of commercial and recreational fisheries in California, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 113,896 4,530,035,000 21,314,558,000 7,552,746,000
Recreational 16,451 797,296,000 2,079,006,000 1,271,261,000
Total 130,347 5,327,331,000 23,393,564,000 8,824,007,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Correction, September 26, 2018: This figure originally incorrectly stated the economic impact of California’s fishing industry on the state’s jobs,
incomes, and sales. These numbers have been corrected.
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TABLE 7
Economic impacts of commercial and recreational fisheries in Oregon, 2015

Number Income impacts Sales impacts Value-added

of jobs (dollars) (dollars) impacts (dollars)
Commercial 13,624 355,933,000 1,057,899,000 503,606,000
Recreational 3,185 138,900,000 313,559,000 202,277,000
Total 16,809 494,833,000 1,371,458,000 705,883,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Correction, September 26, 2018: This figure originally incorrectly stated the economic impact of Oregon’s fishing industry on the state’s jobs,
incomes, and sales. These numbers have been corrected.

Fishermen and crabbers along the Pacific Coast are still suffering. A federal disaster was
declared in nine West Coast Dungeness crab and salmon fisheries for the 2015-2016
season.'” On February 9, 2018, Congress approved $200 million in federal aid'® for
fisheries affected by disasters in 2015—many of which, such as the HABs and hurricanes
Harvey, Irma, and Maria, climate change either created or made worse. However, even

this aid will not be able to make West Coast fishermen and fishing communities whole.

TABLE 8
Economic impacts of commercial and recreational fisheries
in Washington, 2015
Number Income impacts Sales impacts Value-added
of jobs (dollars) (dollars) impacts (dollars)
Commercial 50,859 1,818,420,000 6,855,269,000 2,778,187,000
Recreational 6,499 297,032,000 774,736,000 482,748,000
Total 57,358 2,115,452,000 7,630,005,000 3,260,935,000

Source: National Oceanic and Atmospheric Administration Office of Science and Technology, Fisheries Economics of the United States, 2015:
Economics and Sociocultural Status and Trends Series (U.S. Department of Commerce, 2017), https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index.

Correction, September 26, 2018: This figure originally incorrectly stated the economic impact of Washington’s fishing industry on the state’s jobs,
incomes, and sales. These numbers have been corrected.

Emley fears that the future of West Coast fisheries is uncertain. Looking back on her
30 years in West Coast fisheries, she said, “I think were in trouble.”''° She said that
most West Coast fishermen believe the blob will be back and that limited income
potential and increasing uncertainty are preventing younger people from working in
fisheries. Historically, West Coast fishermen were used to planning around the natural
warm waters caused by the climatic pattern El Nino and would plan to catch different
species that year. But, she said, the blob was different. No one had experience plan-
ning for an event like that. “This was toxic,” Emley said. “I don’t think humans can do

anything [about the blob] besides reducing [our] climate change impacts.”
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Policy recommendations

The overarching solution to the present and worsening impacts of climate change on
American fisheries is an aggressive cap on carbon emissions and a drawdown of carbon
pollution. The consequences of continued emissions—and opportunities of a cap—
are profound. By 2095, under a business-as-usual scenario without climate change
mitigation, the FAO projected that fisheries’ worldwide catch would decline by as
much as 25.2 percent from 2000 levels."! However, if by 2095 the global community
can negotiate a “strong mitigation”''* scenario in which global warming is limited to
the 3.6 degrees Fahrenheit target established in the Paris agreement, global catch will
only decline by 2.8 percent to 4.3 percent. In other words, there are dire worldwide
consequences of failing to reduce emissions—and enormous environmental and eco-

nomic upsides for strong action.'”?

The backbone of U.S. marine fisheries management, the U.S. Regional Fishery
Management Councils system, is partially based on oceanographic features and his-
torical fish species distribution patterns. As this report documents, these patterns are
now being scrambled by ocean warming and the resulting fish migrations. Sooner or
later, regional councils, boundaries, and quota allocations will all need to be reformed

to account for this and other climate change-driven shifts in stocks.

Investing political capital, funding, and effort today will produce great benefits for

the resource managers, fishermen, and coastal communities of tomorrow. The time to
prepare for the intensifying impacts of climate change on American fisheries is now.
The goal—shared widely across the nation’s coastlines—is to ensure that the immense

economic and cultural contributions of fishing can continue for generations to come.

The following four areas, ranging from broad federal action to local efforts, are options

for both long- and near-term action:
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Sustain and expand funding for NOAA

NOAA maintains essential programming in fisheries management, stock assessments,
and the research and monitoring that underpin scientific understanding of the climate
and oceans. This makes NOAA—with its unique range and depth of capabilities and
expertise—the single most important government asset in managing the effects of
climate change on American fisheries. For example, in 2015, the National Marine
Fisheries Service (NOAA Fisheries) finalized its Fisheries Climate Science Strategy
action plan aimed at the overarching goal “to increase the production, delivery, and
use of the climate-related information required to fulfill NOAA Fisheries mandates.”'"*
Subsequently, the regional fishery management councils each undertook development
of geographically specialized regional action plans to guide implementation of the
strategy’s key recommendations in their specific geography.''* In other words, federal
and regional fishery managers are already engaged in critical planning efforts and the
development of institutional capacity to increase the resiliency of American fisheries

in the face of worsening climate change impacts.

However, these efforts require ongoing federal leadership and material support to
continue. In addition, executing the needed reforms and research projects identified
by the regional action plans will require funding from federal appropriators. Congress
has been supportive of NOAA, declining to enact the drastic cuts proposed in Trump
administration’s first two federal budget proposals.''® Continued support for NOAA
and its critical line offices, including the NOAA Fisheries; the National Ocean Service;
the Office of Oceanic and Atmospheric Research; and the National Environmental
Satellite, Data, and Information Service, will be needed to ensure that fishing commu-

nities and managers have the information they need to plan for an altered future.

Support targeted research

In addition to sustaining general support for NOAA, appropriators and agency leader-
ship must also spearhead new, targeted scientific research initiatives to better understand
the dynamics, trends, and implications of the impacts of climate change on fisheries.
Independent, systematic, and robust research, whether conducted by federal scientists,
regional councils, or academic or nonprofit research institutions, will be essential to
ensuring that fishing quotas and other regulations match emerging ecological reali-

ties. For example, researchers have shown that the New England Fishery Management
Council could better ensure sustainable cod fishing and population recovery in the Gulf

of Maine by accounting for water temperature when setting quotas.""’”

Similar work across the nation’s coasts can help ensure that fishermen’s livelihoods and

fishing communities are sustained throughout the century ahead.
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Provide leadership to prepare for necessary climate-driven reforms

to federal fisheries management

Because species migrations will occur across the state and regional boundaries that delin-
eate fisheries management, federal leadership will be essential to evolving the current
system to account for these profound changes in a fair and durable way. This will include
convening fishermen; industry representatives; state, local, and tribal government lead-
ers; scientists; and other stakeholders from multiple regions, as well as establishing new,
high-level fora for communication and problem-solving across large areas. While there
are a variety of tools available, such as creating allocation mechanisms based on distribu-
tion of the stock in a particular year or adjusting fishing practices and gear, these changes
will need significant stakeholder buy-in to be beneficial and effective. It is critical that fed-
eral leadership start and continue these conversations before current fisheries manage-

ment falls even further out of alignment with biological reality.

Prepare and support fishermen and fishing communities

State and federal policymakers should also prepare to provide financial and insti-
tutional support for coastal communities and fishermen affected by shifting stocks,
both to mitigate the economic distress of short-term fluctuations in fish availability
and to help fishermen structurally adapt to new ecological realities in their traditional
fishing grounds. This could include aid in transitioning to new gear and new fisher-

ies; resources to support training opportunities and workshops; and small-business
grants and loans for new ocean-based enterprises such as aquaculture. Other tools that
encourage permitting flexibility, such as permit banks and catch pools, could be benefi-
cial, as well as efforts to improve flexibility in the supply chain to ensure a reasonable

alignment among fishermen, processors, and wholesalers."®
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Conclusion

Fishermen across the country are suffering from and struggling to adapt to the effects
of climate change. While some members of Congress still debate the mere existence
of climate change,'" fishing communities are forced to seek emergency disaster relief
funds in the Pacific, change their business practices in New England, and target new

species up and down the Atlantic seaboard.

In 2015, NOAA Fisheries determined that commercial fishing supported 164,047 jobs
in harvesting and 200,919 jobs in seafood processing. In the same year, recreational
fishing trips supported 66,858 jobs.'** This means the long-term economic success of
nearly half a million fishing jobs depends on healthy coastal and marine environments.
In other words, the economic vitality of the fishing industry and of coastal communi-

ties as a whole requires ecological vitality.

Americans cannot afford for NOAA, the fisheries management councils, and other
resource managers to simply acknowledge climate change and then continue on with
business as usual. The continuance of the $208 billion in sales that fishing annually
contributes to the national economy,'*' the historic fishing culture of working water-
fronts, and the health of the coastal marine environment depend on bold leadership

and immediate action.

Climate change is no longer a distant threat. Climate change is here, it is happening
now, and unless there is decisive global action soon, it will likely become far worse.
To preserve the economic, cultural, and environmental resources so necessary to
U.S. coastlines, American fisheries management policy must keep pace with the
changing conditions described in this report by those who know the coastal environ-
ment best: the fishermen who have labored for generations harvesting and steward-

ing American fisheries.

22 Center for American Progress |



Acknowledgments

The authors would like to thank the fishermen who generously shared their time and
thoughts: Barbara Emley, Tyson Fick, Tony Friedrich, Terry Gibson, Heather and
Kirk Hardcastle, Hannah Heimbuch, Bill Mook, Richard Nelson, Brandon Shuler,
Randolph “Bouncer” Smith, and Charles Witek. We also thank Malin Pinsky, Rebecca
Asch, and Miriam Goldstein for their helpful comments.

About the authors

Avery Siciliano is a former research associate for the Ocean Policy program at the
Center for American Progress and is currently a program integrity specialist at Best
Aquaculture Practices.

Alexandra Carter is a research associate for Ocean Policy Program at the Center.

Shiva Polefka is the former associate director of Ocean Policy at the Center.

Michael Conathan is the former director of Ocean Policy at the Center. He is currently
executive director of the High Seas Initiative at the Aspen Institute.

23 Center for American Progress |



Endnotes

N

w

N

v

(o)}

~N

oo}

O

24

Maine Department of Marine Resources, “Preliminary 2017
Commercial Maine Landings By Ex-vessel Value” available
at https://www.maine.gov/dmr/commercial-fishing/land-
ings/documents/2017ValueBySpecies.Pie.Graph.pdf (last
accessed September 2018).

Ibid.

Andrew J. Pershing and others, “Slow adaptation in the
face of rapid warming leads to collapse of the Gulf of
Maine cod fishery,” Science 350 (6262) (2015): 809-812,
available at http://science.sciencemag.org/content/
early/2015/10/28/science.aac9819.

Arnault Le Bris and others, “Climate vulnerability

and resilience in the most valuable North American
fishery” Proceedings of the National Academy of Sci-
ences of the United States of America 115 (8) (2018):
1831-1836, available at http://www.pnas.org/content/
early/2018/01/12/1711122115.short.

Malin L. Pinsky and others, “Marine Taxa Track Local Climate
Velocities,” Science 341 (6151) (2013): 1239-1242, available
at http://science.sciencemag.org/content/341/6151/1239.

Livia Albeck-Ripka, “Climate Change Brought a Lobster
Boom. Now It Could Cause a Bust,” The New York Times,
June 21, 2018, available at https://www.nytimes.
com/2018/06/21/climate/maine-lobsters.html.

Pinsky and others, “Marine Taxa Track Local Climate
Velocities."

Kristin M. Kleisner and others, “The Effects of Sub-Regional
Climate Velocity on the Distribution and Spatial Extent

of Marine Species Assemblages,’ PLOS ONE 11 (2) (2016):
1-21, available at http://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0149220.

Ibid.; Janet A. Nye and others, “Changing spatial distribu-
tion of fish stocks in relation to climate and population size
on the Northeast United States continental shelf;’ Marine
Ecology Progress Series 393 (2009): 111-129, available at
https://www.int-res.com/abstracts/meps/v393/p111-129/.

Rebecca G. Asch, “Climate change and decadal shifts in

the phenology of larval fishes in the California Current
ecosystem,’ Proceedings of the National Academy of Sciences
of the United States of America 112 (30) (2015), available at
http://www.pnas.org/content/112/30/E4065.

Ibid.

William W. L. Cheung, Reg Watson, and Daniel Pauly, “Sig-
nature of ocean warming in global fisheries catch,” Nature
497 (7449) (2013): 365-368, available at https://www.
nature.com/articles/nature12156.

Vicky W. L. Lam and others, “Projected change in global
fisheries revenues under climate change,” Nature 6 (2016):
1-8, available at https://www.nature.com/articles/
srep32607.

James W. Morley and others, “Projecting shifts in thermal
habitat for 686 species on the North American continental
shelf” PLOS ONE 13 (5) (2018), available at https://doi.
org/10.1371/journal.pone.0196127.

National Oceanic and Atmospheric Administration National
Marine Fisheries Service, Fisheries Economics of the United
States Report, 2015 (U.S. Department of Commerce, 2017),
available at https://www.fisheries.noaa.gov/resource/docu-
ment/fisheries-economics-united-states-report-2015.

Center for American Progress |

2

2

2

16 Michael Conathan, “Fishermen’s Views of a Changing
Ocean” (Washington: Center for American Progress, 2015),
available at https://www.americanprogress.org/issues/
green/reports/2015/01/15/104573/fishermens-views-of-a-
changing-ocean/.

17 Mid-Atlantic Fishery Management Council, “East Coast Cli-
mate Change and Fisheries Governance Workshop” (2014),
available at http://www.mafmc.org/council-events/2014/
east-coast-climate-change-and-fisheries-governance-
workshop; North Pacific Fishery Management Council,
“Ecosystem Research Workshop,” February 20, 2018,
available at https://www.npfmc.org/ecosystem-research-
workshop-2/; National Oceanic and Atmospheric Adminis-
tration Fisheries Southeast Fisheries Science Center,“2017
Gulf of Mexico Climate Vulnerability Assessment: GMFMC
Meeting” (2016), available at http://archive.gulfcouncil.org/
council_meetings/BriefingMaterials/BB-10-2016/A%20
-%208%20CVA_GMFMC_Oct2016.pdf; South Atlantic Fish-
ery Management Council, “Fishery Ecosystem Plan II: South
Atlantic Climate Variability and Fisheries” (2018)," available
at http://safmc.net/uncategorized/fepii-south-atlantic-cli-
mate-variability-and-fisheries-march-2018/; Pacific Fishery
Management Council, “Fishery Ecosystem Plan Initiatives:
Climate and Communities Initiative,” available at https://
www.pcouncil.org/ecosystem-based-management/fish-
ery-ecosystem-plan-initiatives/climate-and-communities-
initiative/ (last accessed May 2018).

18 Authors’ note: This report features the experiences of
fishermen throughout the country who have stewarded
American waters for decades, as well as their assessment
of how climate change is now affecting their lives and
communities. The authors conducted all interviews with
local fishery experts from 2017 to 2018.

19 NASA Goddard Institute for Space Studies, “GISS Surface
Temperature Analysis, Analysis Graphs and Plots,” available
at https://data.giss.nasa.gov/gistemp/graphs/ (last ac-
cessed August 2018).

20 Intergovernmental Panel on Climate Change, “Climate

Change 2013: The Physical Science Basis” (2013), available
at https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/
WG1AR5_Frontmatter_FINAL.pdf.

Dirk Notz and Julienne Stroeve, “Observed Arctic sea-ice
loss directly follows anthropogenic CO2 emission,” Science
354 (6313) (2016): 747-750, available at http://science.
sciencemag.org/content/354/6313/747.

N

P.J. Webster and others, “Changes in Tropical Cyclone Num-
ber, Duration, and Intensity in a Warming Environment,’
Science 309 (5742): 1844-1846, available at http://science.
sciencemag.org/content/309/5742/1844.

23 Monika Rhein and others, “Observations: Ocean.”In

Thomas F. Stockers and others, eds., Climate Change 2013:
The Physical Science Basis (Cambridge, United Kingdom:
Cambridge University Press, 2013), available at http://
www.climatechange2013.org/images/report/WG1AR5_
Chapter03_FINAL.pdf.

24 Scott C. Doney and others, “Ocean Acidification: The Other

CO2 Problem,” Annual Review of Marine Science 1 (2009):
169-192, available at https://www.annualreviews.org/doi/
full/10.1146/annurev.marine.010908.163834.

v

Christopher L. Sabine and others, “The Oceanic Sink for
Anthropogenic CO,," Science 305 (5682) (2004): 367-371,
available at https://www.pmel.noaa.gov/pubs/outstand/
sabi2683/sabi2683.shtml.


https://www.maine.gov/dmr/commercial-fishing/landings/documents/2017ValueBySpecies.Pie.Graph.pdf
https://www.maine.gov/dmr/commercial-fishing/landings/documents/2017ValueBySpecies.Pie.Graph.pdf
http://science.sciencemag.org/content/early/2015/10/28/science.aac9819
http://science.sciencemag.org/content/early/2015/10/28/science.aac9819
http://www.pnas.org/content/early/2018/01/12/1711122115.short
http://www.pnas.org/content/early/2018/01/12/1711122115.short
http://science.sciencemag.org/content/341/6151/1239
https://www.nytimes.com/2018/06/21/climate/maine-lobsters.html
https://www.nytimes.com/2018/06/21/climate/maine-lobsters.html
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0149220
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0149220
https://www.int-res.com/abstracts/meps/v393/p111-129/
http://www.pnas.org/content/112/30/E4065
https://www.nature.com/articles/nature12156
https://www.nature.com/articles/nature12156
https://www.nature.com/articles/srep32607
https://www.nature.com/articles/srep32607
https://doi.org/10.1371/journal.pone.0196127
https://doi.org/10.1371/journal.pone.0196127
https://www.fisheries.noaa.gov/resource/document/fisheries-economics-united-states-report-2015
https://www.fisheries.noaa.gov/resource/document/fisheries-economics-united-states-report-2015
https://www.americanprogress.org/issues/green/reports/2015/01/15/104573/fishermens-views-of-a-changing-ocean/
https://www.americanprogress.org/issues/green/reports/2015/01/15/104573/fishermens-views-of-a-changing-ocean/
https://www.americanprogress.org/issues/green/reports/2015/01/15/104573/fishermens-views-of-a-changing-ocean/
http://www.mafmc.org/council-events/2014/east-coast-climate-change-and-fisheries-governance-workshop
http://www.mafmc.org/council-events/2014/east-coast-climate-change-and-fisheries-governance-workshop
http://www.mafmc.org/council-events/2014/east-coast-climate-change-and-fisheries-governance-workshop
https://www.npfmc.org/ecosystem-research-workshop-2/
https://www.npfmc.org/ecosystem-research-workshop-2/
http://archive.gulfcouncil.org/council_meetings/BriefingMaterials/BB-10-2016/A%20-%208%20CVA_GMFMC_Oct2016.pdf
http://archive.gulfcouncil.org/council_meetings/BriefingMaterials/BB-10-2016/A%20-%208%20CVA_GMFMC_Oct2016.pdf
http://archive.gulfcouncil.org/council_meetings/BriefingMaterials/BB-10-2016/A%20-%208%20CVA_GMFMC_Oct2016.pdf
http://safmc.net/uncategorized/fepii-south-atlantic-climate-variability-and-fisheries-march-2018/
http://safmc.net/uncategorized/fepii-south-atlantic-climate-variability-and-fisheries-march-2018/
https://www.pcouncil.org/ecosystem-based-management/fishery-ecosystem-plan-initiatives/climate-and-communities-initiative/
https://www.pcouncil.org/ecosystem-based-management/fishery-ecosystem-plan-initiatives/climate-and-communities-initiative/
https://www.pcouncil.org/ecosystem-based-management/fishery-ecosystem-plan-initiatives/climate-and-communities-initiative/
https://www.pcouncil.org/ecosystem-based-management/fishery-ecosystem-plan-initiatives/climate-and-communities-initiative/
https://data.giss.nasa.gov/gistemp/graphs/
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Frontmatter_FINAL.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Frontmatter_FINAL.pdf
http://science.sciencemag.org/content/354/6313/747
http://science.sciencemag.org/content/354/6313/747
http://science.sciencemag.org/content/309/5742/1844
http://science.sciencemag.org/content/309/5742/1844
http://www.climatechange2013.org/images/report/WG1AR5_Chapter03_FINAL.pdf
http://www.climatechange2013.org/images/report/WG1AR5_Chapter03_FINAL.pdf
http://www.climatechange2013.org/images/report/WG1AR5_Chapter03_FINAL.pdf
https://www.annualreviews.org/doi/full/10.1146/annurev.marine.010908.163834
https://www.annualreviews.org/doi/full/10.1146/annurev.marine.010908.163834
https://www.pmel.noaa.gov/pubs/outstand/sabi2683/sabi2683.shtml
https://www.pmel.noaa.gov/pubs/outstand/sabi2683/sabi2683.shtml

[oe}

o

o

»

«

(o))

~N

26 Kristy J. Kroeker and others, “Impacts of ocean acidification

on marine organisms: quantifying sensitivities and interac-
tion with warming,” Global Change Biology 19 (6) (2013):
1884-1896, available at https://onlinelibrary.wiley.com/
doi/abs/10.1111/gcb.12179.

Alan Barton and others, “The Pacific oyster, Crassostrea
gigas, shows negative correlation to naturally elevated
carbon dioxide levels: Implications for near-term ocean
acidification effects,” Association for the Sciences of Limnol-
ogy and Oceanography 57 (3) (2012): 698-710, available at
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/
10.2012.57.3.0698.

Sarah R. Cooley and others, “An Integrated Assessment
Model for Helping the United States Sea Scallop (Placopec-
ten magellanicus) Fishery Plan Ahead for Ocean Acidifica-
tion and Warming,” PLOS ONE 10 (5) (2015): 1-27, available
at https://journals.plos.org/plosone/article?id=10.1371/
journal.pone.0124145.

Jennifer M. Sunday and others, “Ocean acidification can
mediate biodiversity shifts by changing biogenic habitat,’
Nature Climate Change 7 (2017): 81-85, available at https://
www.nature.com/articles/nclimate3161.

Food and Agriculture Organization of the United Nations,
“Impacts of climate change on fisheries and aquaculture:
Synthesis of current knowledge, adaptation and mitiga-
tion options” (2018), available at http://www.fao.org/3/
i9705en/19705EN.pdf.

Ibid.

Gordon McGranahan, Deborah Balk, and Bridget
Anderson, “The rising tide: assessing the risks of climate
change and human settlements in low elevation
coastal zones," Environment and Urbanization 19 (1)
(2007), available at http:/journals.sagepub.com/doi/
abs/10.1177/0956247807076960.

Katie Atkins, “Almost 50 percent of lobster traps lost,
misplaced during Irma,’ FLKeysNews, November 1, 2017,
available at http://www.flkeysnews.com/news/local/ar-
ticle182028936.html.

Florida Fish and Wildlife Conservation Commission, “Com-
mercial Fisheries Landings Summaries,” available at https://
public.myfwc.com/FWRI/PFDM/ReportCreator.aspx (last
accessed August 2018).

Janice Cheryl Beaver, “U.S. International Borders: Brief
Facts” (Washington: Library of Congress Congressional
Research Service, 2006), available at https://fas.org/sgp/
crs/misc/RS21729.pdf.

National Oceanic and Atmospheric Administration
National Marine Fisheries Service, Fisheries Economics of the
United States Report, 2015.

Florida Fish and Wildlife Conservation Commission, “The
Economic Impact of Saltwater Fishing in Florida,” available
at http://myfwc.com/conservation/value/saltwater-fishing/
(last accessed May 2018).

N

(o)}

o

Florida Fish and Wildlife Conservation Commission, “Co-
bia: Rachycentron canadum,” available at http://myfwc.
com/fishing/saltwater/recreational/cobia/ (last accessed
August 2018).

Personal communication from Terry Gibson, principal,
North Swell Media LLC, September to October 2017.

National Oceanic and Atmospheric Administration, “Mak-
ing Sense of Mackerel,” available at http://sero.nmfs.noaa.
gov/sustainable_fisheries/gulf_sa/cmp/documents/pdfs/
making_sense_of_mackerel_012315.pdf (last accessed
August 2018).

Ibid.

National Oceanic and Atmospheric Administration
National Marine Fisheries Service, 2017 Report to Congress
on the Status of U.S. Fisheries (U.S. Department of Com-
merce, 2017), available https://www fisheries.noaa.gov/
national/2017-report-congress-status-us-fisheries.

Personal communication from Terry Gibson, principal,
North Swell Media LLC, September to October 2017.

Personal communication from Randolph “Bouncer” Smith,
captain, Bouncer’s Dusky 33 Charters, September to
October 2017.

Ibid.

National Oceanic and Atmospheric Administration
National Marine Fisheries Service, Fisheries Economics of the
United States Report, 2015.

Rutgers School of Environmental and Biological Sciences,
“OceanAdapt,” available at http://oceanadapt.rutgers.edu/
regional_data/ (last accessed August 30, 2018).

Personal communication from Charles Witek, angler and
attorney, September to October 2017.

Clarke Canfield, Associated Press “New England sees

rise in warm-water ocean species,” Portland Press Herald,
September 26, 2013, available at https://www.pressherald.
com/2013/09/26/new-england-sees-rise-in-warm-water-
ocean-species/.

Edward R. Farrell and others, “Dolphinfish (Coryphaena
hippurus) distribution in relation to biophysical ocean
conditions in the northwest Atlantic,” Fisheries Research 151
(2014): 177-190, available at https://www.sciencedirect.
com/science/article/pii/S0165783613002920; Emigdio
Marin-Enriquez and Arturo Muhlia-Melo, “Environmental
and spatial preferences of dolphinfish (Coryphaena spp.) in
the eastern Pacific Ocean off the coast of Mexico, National
Marine Fisheries Service Fishery Bulletin, 116 (1) (2017):
9-20, available at https://www.st.nmfs.noaa.gov/spo/Fish-
Bull/1161/marin_enriquez.pdf.

Personal communication from Tony Friedrich, Former
Executive Director, Coastal Conservation Association
Maryland, September to October 2017.

56 lbid.
3

oe]

Pinsky and others, “Marine Taxa Track Local Climate

Velocities”” 57 Personal communication from Charles Witek, angler and
attorney, September to October 2017.

39 Personal communication from Brandon Shuler, professor,

University of South Florida, September to October 2017. 58 Sarah Gaichas and others, “Climate Change and Variability:

o

Florida Fish and Wildlife Conservation Commission, “FWC
approves several changes to Gulf cobia management,”’
Press release, December 7, 2017, available at http://myfwc.
com/news/news-releases/2017/december/07/cobia/.

Jim Turner, News Service of Florida, “State Weighs Concerns
About Cobia In Gulf/ WUFT News, July 10, 2017, available
at https://www.wuft.org/news/2017/07/10/state-weighs-
concerns-about-cobia-in-gulf/.

25 Center for American Progress |

A White Paper to Inform the Mid-Atlantic Fishery Manage-
ment Council on the Impact of Climate Change on Fishery
Science and Management” (Geneva: International Panel on
Climate Change, 2015), available at http://static1.square-
space.com/static/511cdc7fe4b00307a2628ac6/t/558834e8
€4b054917999f425/1434989800817/Climate+Change+an
d+VariabilityWhite+Paper_BBook_second_draft_final.pdf.


https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.12179
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.12179
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2012.57.3.0698
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2012.57.3.0698
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124145
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124145
https://www.nature.com/articles/nclimate3161
https://www.nature.com/articles/nclimate3161
http://www.fao.org/3/i9705en/I9705EN.pdf
http://www.fao.org/3/i9705en/I9705EN.pdf
http://journals.sagepub.com/doi/abs/10.1177/0956247807076960
http://journals.sagepub.com/doi/abs/10.1177/0956247807076960
http://www.flkeysnews.com/news/local/article182028936.html
http://www.flkeysnews.com/news/local/article182028936.html
file://americanprogresscenter.org/fserv/Cap%20Users/acarter/Fisheries/Climate%20Chnage/Florida
https://public.myfwc.com/FWRI/PFDM/ReportCreator.aspx
https://public.myfwc.com/FWRI/PFDM/ReportCreator.aspx
https://fas.org/sgp/crs/misc/RS21729.pdf
https://fas.org/sgp/crs/misc/RS21729.pdf
http://myfwc.com/conservation/value/saltwater-fishing/
http://myfwc.com/news/news-releases/2017/december/07/cobia/
http://myfwc.com/news/news-releases/2017/december/07/cobia/
https://www.wuft.org/news/2017/07/10/state-weighs-concerns-about-cobia-in-gulf/
https://www.wuft.org/news/2017/07/10/state-weighs-concerns-about-cobia-in-gulf/
http://myfwc.com/fishing/saltwater/recreational/cobia/
http://myfwc.com/fishing/saltwater/recreational/cobia/
http://sero.nmfs.noaa.gov/sustainable_fisheries/gulf_sa/cmp/documents/pdfs/making_sense_of_mackerel_012315.pdf
http://sero.nmfs.noaa.gov/sustainable_fisheries/gulf_sa/cmp/documents/pdfs/making_sense_of_mackerel_012315.pdf
http://sero.nmfs.noaa.gov/sustainable_fisheries/gulf_sa/cmp/documents/pdfs/making_sense_of_mackerel_012315.pdf
file://americanprogresscenter.org/fserv/Cap%20Users/acarter/Fisheries/Climate%20Chnage/National
https://www.fisheries.noaa.gov/national/2017-report-congress-status-us-fisheries
https://www.fisheries.noaa.gov/national/2017-report-congress-status-us-fisheries
http://oceanadapt.rutgers.edu/regional_data/
http://oceanadapt.rutgers.edu/regional_data/
https://www.pressherald.com/2013/09/26/new-england-sees-rise-in-warm-water-ocean-species/
https://www.pressherald.com/2013/09/26/new-england-sees-rise-in-warm-water-ocean-species/
https://www.pressherald.com/2013/09/26/new-england-sees-rise-in-warm-water-ocean-species/
https://www.sciencedirect.com/science/article/pii/S0165783613002920
https://www.sciencedirect.com/science/article/pii/S0165783613002920
https://www.st.nmfs.noaa.gov/spo/FishBull/1161/marin_enriquez.pdf
https://www.st.nmfs.noaa.gov/spo/FishBull/1161/marin_enriquez.pdf
http://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/558834e8e4b054917999f425/1434989800817/Climate+Change+and+VariabilityWhite+Paper_BBook_second_draft_final.pdf
http://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/558834e8e4b054917999f425/1434989800817/Climate+Change+and+VariabilityWhite+Paper_BBook_second_draft_final.pdf
http://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/558834e8e4b054917999f425/1434989800817/Climate+Change+and+VariabilityWhite+Paper_BBook_second_draft_final.pdf
http://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/558834e8e4b054917999f425/1434989800817/Climate+Change+and+VariabilityWhite+Paper_BBook_second_draft_final.pdf

59

6l

o

61

62

63

6

N

65

66

6

~N

68

69

70

7

7

N

7

w

74

7

v

26

Gian-Reto Walther and others, “Ecological responses to
recent climate change,” Nature 416 (2002): 386-395, avail-
able at https://www.nature.com/articles/416389a.

Pershing and others, “Slow adaptation in the face of rapid
warming leads to collapse of the Gulf of Maine cod fishery."

Ibid.
Ibid.

Hans O. Pértner and Myron A. Peck, “Climate change
effects on fishes and fisheries: towards a cause-and-effect
understanding,” Journal of Fish Biology 77 (8) (2010):
1745-1779, available at https://www.ncbi.nlm.nih.gov/
pubmed/21078088.

William W. L. Cheung and others, “Shrinking of fishes
exacerbates impacts of global ocean changes on marine
ecosystems,’ Nature Climate Change 3 (2013): 254-258,
available at https://www.nature.com/articles/ncli-
mate1691.

Maine Department of Marine Resources, “State of Maine,
American Lobster Landings *2017 Data Preliminary*," avail-
able at http://www.maine.gov/dmr/commercial-fishing/
landings/documents/lobster.graph.pdf (last accessed May
2018).

Maine Department of Marine Resources, “2013-2017
Number of Active Commercial Harvesters in Maine," avail-
able at https://www.maine.gov/dmr/commercial-fishing/
landings/documents/13-17HarvsByFishery.graph.pdf (last
accessed September 2018).

Albeck-Ripka, “Climate Change Brought a Lobster Boom.
Now It Could Cause a Bust."

Personal communication from Richard Nelson, captain, F/V
Pescadero, September to October 2017.

State of Maine, “Commission to Study the Effects of Coastal
and Ocean Acidification and Its Existing and Potential
Effects on Species That Are Commercially Harvested and
Grown along the Maine Coast," available at https://www1.
maine.gov/legis/opla/oceanacidificationstaff.htm (last
accessed May 2018).

Personal communication from Richard Nelson, captain, F/V
Pescadero, September to October 2017.

Ryan J. Woosley, Frank J. Millero, and Rik Wanninkhof,
“Rapid anthropogenic changes in CO2 and pH in the Atlan-
tic Ocean: 2003-2014," Global Biogeochemical Cycles 30 (1)
(2016): 70-90, available at https://agupubs.onlinelibrary.
wiley.com/doi/full/10.1002/2015GB005248.

U.S. Global Change Research Program, “U.S. National
Climate Assessment: Precipitation Change” (2014), avail-
able at https://nca2014.globalchange.gov/report/our-
changing-climate/precipitation-change.

William Balch and others, “Toward a quantitative and
empirical dissolved organic carbon budget for the Gulf of
Maine, a semienclosed shelf sea,’ Global Biogeochemical
Cycles 30 (2) (2016): 268-292, available at https://agupubs.
onlinelibrary.wiley.com/doi/full/10.1002/2015GB005332.

Ibid.

Julia L. Blanchard and others, “Potential consequences of
climate change for primary production and fish produc-
tion in large marine ecosystems,” Philosophical Transactions
of the Royal Society B: Biological Sciences 367 (1605) (2012):
2979-2989, available at https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC3479740/.

Center for American Progress |

76

77

7

©

79

8l

o

8

82

83

84

85

86

87

8

o

8

O

20

9

92

Craig Baker-Austin and others, “Emerging Vibrio risk at high
latitudes in response to ocean warming,” Nature Climate
Change 3 (2013): 73-77, available at: http://www.nature.
com/articles/nclimate1628.

Personal communication from Bill Mook, owner, Mook Sea
Farm, September to October 2017.

Brett A. Froelich and Rachel T. Nobel, “Vibrio bacteria in raw
oysters: managing risks to human health,” Philosophical
Transactions of the Royal Society B: Biological Sciences 371
(1689) (2016): 20150209, available at https://www.ncbi.
nim.nih.gov/pmc/articles/PMC4760139/.

Maine Department of Marine Resources, “Chapter 15: Gen-
eral Shellfish Sanitation Requirements” (1977), available

at https://www.maine.gov/dmr/laws-regulations/regula-
tions/documents/15.pdf.

Richard J. Bell and others, “Disentangling the effects

of climate, abundance, and size on the distribution of
marine fish: an example based on four stocks from the
Northeast US shelf;" ICES Journal of Marine Science 72 (5)
(2015): 1311-1322, available at https://academic.oup.com/
icesjms/article/72/5/1311/760258.

National Oceanic and Atmospheric Administration
National Marine Fisheries Service, Fisheries Economics of the
United States Report, 2015.

Ibid.

Personal communication from Heather Hardcastle,
campaign adviser, Salmon Beyond Borders, September to
October 2017.

Personal communication from Kirk Hardcastle, September
to October 2017.

Personal communication from Heather Hardcastle,
campaign adviser, Salmon Beyond Borders, September to
October 2017.

Mason D. Bryant, “Global climate change and potential
effects on Pacific salmonids in freshwater ecosystems of
southeast Alaska,” Climate Change 95 (2009): 169-193,
available at https://www.srs.fs.usda.gov/pubs/35276.

Personal communication from Hannah Heimbuch, com-
munity fisheries organizer, Alaska Marine Conservation
Council, September to October 2017.

Matt Miller, “Alaska experiences second warmest winter in
last 90 years,” Alaska Public Media, March 31, 2016, avail-
able at https://www.alaskapublic.org/2016/03/31/alaska-
experiences-second-warmest-winter-in-last-90-years/.

U.S. Global Change Research Program, “U.S. National
Climate Assessment: Alaska” (2014) available at https://
nca2014.globalchange.gov/report/regions/alaska.

Personal communication from Heather Hardcastle,
campaign adviser, Salmon Beyond Borders, September to
October 2017.

Jennifer L. Boldt and Lewis J. Haldorson, “Seasonal and
Geographic Variation in Juvenile Pink Salmon Diets in

the Northern Gulf of Alaska and Prince William Sound,”
Transactions of the American Fisheries Society 132 (6) (2003):
1035-1052, available at https://www.tandfonline.com/doi/
abs/10.1577/T02-091.

Silke Lischka and others, “Impact of ocean acidification
and elevated temperatures on early juveniles of the

polar shelled pteropod Limacina helicina: mortality, shell
degradation, and shell growth” Biogeosciences 8 (2011):
919-932, available at https://oceanrep.geomar.de/10179/.


https://www.nature.com/articles/416389a
https://www.ncbi.nlm.nih.gov/pubmed/21078088
https://www.ncbi.nlm.nih.gov/pubmed/21078088
https://www.nature.com/articles/nclimate1691
https://www.nature.com/articles/nclimate1691
http://www.maine.gov/dmr/commercial-fishing/landings/documents/lobster.graph.pdf
http://www.maine.gov/dmr/commercial-fishing/landings/documents/lobster.graph.pdf
https://www.maine.gov/dmr/commercial-fishing/landings/documents/13-17HarvsByFishery.graph.pdf
https://www.maine.gov/dmr/commercial-fishing/landings/documents/13-17HarvsByFishery.graph.pdf
https://www1.maine.gov/legis/opla/oceanacidificationstaff.htm
https://www1.maine.gov/legis/opla/oceanacidificationstaff.htm
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GB005248
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GB005248
https://nca2014.globalchange.gov/report/our-changing-climate/precipitation-change
https://nca2014.globalchange.gov/report/our-changing-climate/precipitation-change
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GB005332
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GB005332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479740/
http://www.nature.com/articles/nclimate1628
http://www.nature.com/articles/nclimate1628
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4760139/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4760139/
https://www.maine.gov/dmr/laws-regulations/regulations/documents/15.pdf
https://www.maine.gov/dmr/laws-regulations/regulations/documents/15.pdf
https://academic.oup.com/icesjms/article/72/5/1311/760258
https://academic.oup.com/icesjms/article/72/5/1311/760258
https://www.srs.fs.usda.gov/pubs/35276
https://www.alaskapublic.org/2016/03/31/alaska-experiences-second-warmest-winter-in-last-90-years/
https://www.alaskapublic.org/2016/03/31/alaska-experiences-second-warmest-winter-in-last-90-years/
https://nca2014.globalchange.gov/report/regions/alaska
https://nca2014.globalchange.gov/report/regions/alaska
https://www.tandfonline.com/doi/abs/10.1577/T02-091
https://www.tandfonline.com/doi/abs/10.1577/T02-091
https://oceanrep.geomar.de/10179/

93 Philip L. Munday and others, “Replenishment of fish popu-
lations is threatened by ocean acidification,’ Proceedings
of the National Academy of Sciences of the United States of
America 107 (29) (2010): 12930-12934, available at https://
www.ncbi.nlm.nih.gov/pubmed/20615968.

94 Personal communication from Hannah Heimbuch, com-
munity fisheries organizer, Alaska Marine Conservation
Council, September to October 2017.

95 Personal communication from Tyson Fick, executive direc-
tor, Alaska Bering Sea Crabbers, September to October
2017.

96 Ibid.

97 Chelle L. Gentemann, Melanie R. Fewings, and Marisol
Garcia-Reyes, “Satellite sea surface temperatures along
the West Coast of the United States during the 2014-2016
northeast Pacific marine heat wave,’ Geophysical Research
Letters 44 (1) (2017): 312-319, available at https://agupubs.
onlinelibrary.wiley.com/doi/abs/10.1002/2016GL071039.

9

oo

National Oceanic and Atmospheric Administration,
“California Current Integrated Ecosystem Assessment
(CCIEA): California Current Ecosystem Status Report, 2018"
(2018), available at https://www.pcouncil.org/wp-content/
uploads/2018/02/F1a_NMFS_Rpt1_2018_IEA_SoCC_FI-
NAL_main_Mar2018BB.pdf.

9

O

John E. Walsh and others, “The High Latitude Marine Heat
Wave of 2016 and Its Impacts on Alaska,” Bulletin of the
American Meteorological Society 99 (1) (2018): S39-543,
available at https://journals.ametsoc.org/doi/abs/10.1175/
BAMS-D-17-0105.1.

100 Emanuele Di Lorenzo and Nathan Mantua, “Multi-year
persistence of the 2014/15 North Pacific marine heatwave,”
Nature Climate Change 6 (2016): 1042-1047, available at
https://www.nature.com/articles/nclimate3082.

101 National Oceanic and Atmospheric Administration,
“2013-2017 California Sea Lion Unusual Mortality Event
in California," available at https://www.fisheries.noaa.gov/
national/marine-life-distress/2013-2017-california-sea-
lion-unusual-mortality-event-california (last accessed July
2018).

102 Kate Savage, “Alaska and British Columbia Large Whale
Unusual Mortality Event Summary Report” (Silver Spring,
MD: National Oceanic and Atmospheric Administration
Fisheries, 2017), available at https://repository.library.noaa.
gov/view/noaa/17715.

103 Timothy Jones and others, “Massive Mortality of a
Planktivorous Seabird in Response to a Marine Heatwave,”
Geophysical Research Letters 45 (7) (2018): 3193-3202,
available at https://agupubs.onlinelibrary.wiley.com/doi/
full/10.1002/2017GL076164.

104 Ryan M. McCabe and others, “An unprecedented coastwide
toxic algal bloom linked to anomalous ocean conditions,”
Geophysical Research Letters 43 (19) (2018): 10366-10376,
available at https://agupubs.onlinelibrary.wiley.com/doi/
full/10.1002/2016GL070023.

105 National Oceanic and Atmospheric Administration
National Centers for Coastal Ocean Science, “Phytoplank-
ton Monitoring Network (PMN): Better Understanding
of Harmful Algal Blooms Through Volunteer Monitoring,’
available at https://products.coastalscience.noaa.gov/
pmn/_docs/Factsheets/Factsheet_Pseudonitzschia.pdf
(last accessed May 2018).

27 Center for American Progress |

106 National Oceanic and Atmospheric Administration
National Marine Fisheries Service, Fisheries Economics of the
United States Report, 2015.

107 Nanette Asimov and Paolo Lucchesi, “Don’t eat Dungeness
crab, California health department warns,” San Francisco
Chronicle, November 3, 2015, available at https://www.
sfchronicle.com/news/article/Don-t-eat-Dungeness-crab-
California-health-6608939.php?t=1625f598df8cb1714c&c
mpid=twitter-premium.

108 National Oceanic and Atmospheric Administration, “Com-
merce Secretary Pritzker declares fisheries disasters for
nine West Coast species.”

109 Steve Bittenbender, “Spending bill includes disaster relief
funds for Dungeness crab, salmon fisheries,” Seafood-
Source, February 9, 2018, available at https://www.
seafoodsource.com/news/supply-trade/spending-bill-
includes-disaster-relief-funds-for-dungeness-crab-salmon-
fisheries; Mary Callahan, “California’s crab fleet awaits share
of $200 million in disaster relief,’ The Press Democrat, Febru-
ary 15,2018, available at http://www.pressdemocrat.com/
news/7996795-181/californias-crab-fleet-awaits-share.

110 Personal communication from Barbara Emley, chair,
Greater Farallones National Marine Sanctuary Advisory
Council, May 16, 2018.

111 Food and Agriculture Organization of the United Nations,
“Impacts of climate change on fisheries and aquaculture.”

112 lbid.
113 lbid.

114 Karen Abrams and others, “NOAA Fisheries Climate Science
Strategy” (Silver Spring, MD: National Oceanic and Atmo-
spheric Administration National Marine Fisheries Service,
2015), available at https://www.st.nmfs.noaa.gov/Assets/
ecosystems/climate/documents/NCSS_Final.pdf.

115 National Oceanic and Atmospheric Administration
National Marine Fisheries Service, “"NOAA Fisheries Climate
Science Strategy, Regional Action Plans,” available at
https://www.st.nmfs.noaa.gov/ecosystems/climate/rap/
index (last accessed July 2018).

116 Consolidated Appropriations Act, 2017, Public Law 31, 115th
Cong, 1st sess. (May 5, 2017); Consolidated Appropriations Act,
2018, Public Law 141, 115th Cong,, 2d sess. (March 23,2018).

117 Pershing and others, “Slow adaptation in the face of rapid
warming leads to collapse of the Gulf of Maine cod fishery.”

118 Wendy E. Morrison and Valerie Termini, “A Review of
Potential Approaches for managing Marine Fisheries in a
Changing Climate” (Silver Spring, MD: National Oceanic
and Atmospheric Administration National Marine Fisheries
Service, 2018), available at https://www.fisheries.noaa.gov/
resource/research/review-potential-approaches-manag-
ing-marine-fisheries-changing-climate.

119 Eli Watkins, “GOP congressman asks if rocks are causing sea
levels to rise,” CNN, May 18, 2018, available at https://www.
cnn.com/2018/05/17/politics/mo-brooks-nasa-climate-
change/index.html.

120 National Oceanic and Atmospheric Administration
National Marine Fisheries Service, Fisheries Economics of the
United States Report, 2015.

121 Ibid.


https://www.ncbi.nlm.nih.gov/pubmed/20615968
https://www.ncbi.nlm.nih.gov/pubmed/20615968
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2016GL071039
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2016GL071039
https://www.pcouncil.org/wp-content/uploads/2018/02/F1a_NMFS_Rpt1_2018_IEA_SoCC_FINAL_main_Mar2018BB.pdf
https://www.pcouncil.org/wp-content/uploads/2018/02/F1a_NMFS_Rpt1_2018_IEA_SoCC_FINAL_main_Mar2018BB.pdf
https://www.pcouncil.org/wp-content/uploads/2018/02/F1a_NMFS_Rpt1_2018_IEA_SoCC_FINAL_main_Mar2018BB.pdf
https://journals.ametsoc.org/doi/abs/10.1175/BAMS-D-17-0105.1
https://journals.ametsoc.org/doi/abs/10.1175/BAMS-D-17-0105.1
https://www.nature.com/articles/nclimate3082
https://www.fisheries.noaa.gov/national/marine-life-distress/2013-2017-california-sea-lion-unusual-mortality-event-california
https://www.fisheries.noaa.gov/national/marine-life-distress/2013-2017-california-sea-lion-unusual-mortality-event-california
https://www.fisheries.noaa.gov/national/marine-life-distress/2013-2017-california-sea-lion-unusual-mortality-event-california
https://repository.library.noaa.gov/view/noaa/17715
https://repository.library.noaa.gov/view/noaa/17715
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL076164
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017GL076164
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL070023
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GL070023
https://products.coastalscience.noaa.gov/pmn/_docs/Factsheets/Factsheet_Pseudonitzschia.pdf
https://products.coastalscience.noaa.gov/pmn/_docs/Factsheets/Factsheet_Pseudonitzschia.pdf
https://www.seafoodsource.com/news/supply-trade/spending-bill-includes-disaster-relief-funds-for-dungeness-crab-salmon-fisheries
https://www.seafoodsource.com/news/supply-trade/spending-bill-includes-disaster-relief-funds-for-dungeness-crab-salmon-fisheries
https://www.seafoodsource.com/news/supply-trade/spending-bill-includes-disaster-relief-funds-for-dungeness-crab-salmon-fisheries
https://www.seafoodsource.com/news/supply-trade/spending-bill-includes-disaster-relief-funds-for-dungeness-crab-salmon-fisheries
http://www.pressdemocrat.com/news/7996795-181/californias-crab-fleet-awaits-share
http://www.pressdemocrat.com/news/7996795-181/californias-crab-fleet-awaits-share
https://www.st.nmfs.noaa.gov/Assets/ecosystems/climate/documents/NCSS_Final.pdf
https://www.st.nmfs.noaa.gov/Assets/ecosystems/climate/documents/NCSS_Final.pdf
https://www.st.nmfs.noaa.gov/ecosystems/climate/rap/index
https://www.st.nmfs.noaa.gov/ecosystems/climate/rap/index
https://www.fisheries.noaa.gov/resource/research/review-potential-approaches-managing-marine-fisheries-changing-climate
https://www.fisheries.noaa.gov/resource/research/review-potential-approaches-managing-marine-fisheries-changing-climate
https://www.fisheries.noaa.gov/resource/research/review-potential-approaches-managing-marine-fisheries-changing-climate
https://www.cnn.com/2018/05/17/politics/mo-brooks-nasa-climate-change/index.html
https://www.cnn.com/2018/05/17/politics/mo-brooks-nasa-climate-change/index.html
https://www.cnn.com/2018/05/17/politics/mo-brooks-nasa-climate-change/index.html

Our Mission

The Center for American
Progress is an independent,
nonpartisan policy institute
that is dedicated to improving
the lives of all Americans,
through bold, progressive
ideas, as well as strong
leadership and concerted
action. Our aim is not just to
change the conversation, but
to change the country.

Our Values

As progressives, we believe
America should be a land of
boundless opportunity, where
people can climb the ladder
of economic mobility. We
believe we owe it to future
generations to protect the
planet and promote peace
and shared global prosperity.

And we believe an effective
government can earn the
trust of the American people,
champion the common

good over narrow self-interest,
and harness the strength of
our diversity.

Our Approach

We develop new policy ideas,
challenge the media to cover
the issues that truly matter,
and shape the national debate.
With policy teams in major
issue areas, American Progress
can think creatively at the
cross-section of traditional
boundaries to develop ideas
for policymakers that lead to
real change. By employing an
extensive communications
and outreach effort that we
adapt to a rapidly changing
media landscape, we move
our ideas aggressively in the
national policy debate.

Center for American Progress

=




