water temperatures in the bay also rose about 1.4 to 2 degrees Fahrenheit from the 1950s to 2000.!!

At the same time, average sea levels in the Chesapeake Bay have been rising. Many places along the bay have seen a one-foot
increase in relative sea-level rise over the 20th century, six inches due to global warming and another six inches due to naturally-
subsiding coastal lands—a factor that places the Chesapeake Bay region at particular risk. Already, many of the bay’s coastal
marshes and small islands have been inundated. At least 13 islands in the bay have disappeared entirely, and many more are at

risk of being lost soon.'?

Failure to Combat Global Warming Means Even Greater Changes in
the Decades to Come

As global warming pollution continues, these trends will worsen. Air temperatures in the Chesapeake Bay region will continue
to increase, as much as 4 to 14 degrees Fahrenheit by the end of the century. '* Waters in the bay will also continue to warm, with
direct implications for aquatic plants and animals.

Recent studies also point to a greater likelihood of increased precipitation in the Chesapeake Bay region. By the end of the 21st

century, the region could see an 8 to 15 percent increase in average precipitation compared to 2000.'* In particular, climate models

suggest that winter and spring precipitation will increase.”” Because the extent of summertime plankton blooms and stratification
is partly determined by runoff
into the bay during winter and
spring, increases in precipita-
tion during these seasons could
be especially problematic.'®

In addition, relative sea-level
rise in the Chesapeake Bay
region could reach 17 to

28 inches above 1990 levels

by 2095."7 This increase is
significantly greater than the
global average sea-level rise
of 7 to 23 inches projected

by the Intergovernmental
Panel on Climate Change
(IPCC)—again due to land
subsidence.!® If the melting of
the Antarctic and Greenland
ice sheets accelerates during
the coming decades, as new
studies suggest, sea-level rise in

the Chesapeake Bay could be
19
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considerably greater.
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Ill. A TRIPLE THREAT TO WATERFOWL HUNTING
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The Chesapeake Bay has long
been one of the most important areas
in North America for wintering wa-
terfowl and has a tradition of excellent
waterfow] hunting. The nation’s larg-
est collection of wooden duck decoys is
housed at the Havre de Grace Decoy
Museum, while the annual Waterfowl
Festival in Easton attracts thousands of
waterfow! enthusiasts from across the
country.

Unfortunately, it has become clear that
global warming poses a triple threat to
waterfow] hunting in the Chesapeake
Bay region. First, the breeding grounds
for many of the bay’s wintering ducks,
the Prairie Pothole Region in the upper
Great Plains, is expected to become
much drier and produce fewer ducks
because of global warming. Second,
some migrating waterfowl are already
stopping in ice-free areas farther north
and west as winters become warmer,
and the trend is expected to continue.
Finally, waterfowl that do migrate all
the way to Chesapeake Bay are likely
to find a loss of shallow-water winter-
ing habitat as sea levels increase.

With the impacts of global warming
already affecting the bay, waterfowl
hunters can’t afford to wait to take
actions that would slow the detrimen-
tal impacts of climate change. Quality
days in the marshes and fields across
the bay are already declining, jeop-
ardizing the Chesapeake’s long-term
waterfowl heritage.

Declines in Prairie Pot-

hole Wetlands

Global warming in regions far from
the Chesapeake Bay will also affect the
bay’s wintering waterfowl populations.
The Prairie Pothole Region of south-
central Canada and the north-central
United States, so-called for its abun-
dance of small and shallow pothole-like
wetlands, is the single most important
breeding ground for North America’s
migratory ducks. About 50 percent of
the nation’s annual duck production is
from the Prairie Potholes, which is espe-
cially important for mallards, gadwall,
blue-winged teal, northern pintails, can-
vasbacks, and redheads. The majority
of canvasbacks wintering in Chesapeake
Bay are produced in the Prairie Potholes
(see Box 2).

As the climate warms and evaporation
and transpiration by plants increase,
Prairie Pothole wetlands are expected to
either dry up or remain wet for shorter
periods, making them less suitable for
duck breeding. Average March-to-May
temperatures in the region increased in
the latter half of the 20th century, and
continued warming would be expected
to raise evaporation rates and reduce soil
moisture by 25 percent by the middle

to the end of this century, particularly

in summer months.”” Models of future
drought conditions in the region due to
global warming indicate declines of up
to 91 percent of Prairie Pothole wet-
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lands by the 2080s, which could lead to
a reduction of as much as 69 percent in
the population of ducks breeding in the
Prairie Potholes.”!

Short-Stopping: Where
Have All the Ducks
Gone?

Milder winters are already hurting
waterfowl hunting as waterfow! delay
migration due to the later onset of fall,
or stop short of their usual wintering
grounds when they find suitable winter-
ing areas farther north. Lakes and rivers
throughout the northern hemisphere
are now freezing an average of six days
later than they did 100 years ago.??

And in some areas, lakes that tended

to freeze completely in the winter now
often remain at least partially open. For
example, from 1850-1949, Lake Cham-
plain completely froze over 95 percent
of the time. But, from 1950 to 1999 Lake
Champlain froze over only 54 percent of
the time. As global warming continues,
lakes will increasingly freeze later or not
at all some winters.

During mild winters, waterfowl do not
need to migrate as far south or as early
as usual because they can find open wa-
ter much more readily in more north-
erly areas. There are many reported
incidents of this so-called short-stopping.
For example, in the unusually mild
winter of 2005-2006, Canada geese were
observed for the first time spending the
winter as far north as Prince Edward
Island, on the Atlantic coast north

of Nova Scotia. Tundra swans have
wintered on open rivers in Canada and

canvasbacks are also short-stopping due
to milder weather (see Box 2).

As this trend continues, waterfowl
enthusiasts in the Chesapeake Bay and
other places in the southern parts of

the country can expect poorer hunting
seasons. Delayed migration of waterfowl
brought on by warming winters may
force government officials to delay the
opening of the annual waterfowl season.

Even then, waterfowl hunters in the
marshes will likely see fewer and fewer

ducks.

Habitat Loss

Challenged by declining wetlands
for breeding and short-stopping as
winters become milder, waterfowl that
do reach the Chesapeake Bay face a con-

“I have hunted all over Chesapeake Bay during the last 20 years, and the num-
ber of quality hunting days has declined steadily. The biggest factor has been the
weather. It simply doesn’t get as cold, as early, as often in the bay. Large numbers
of mallards and black ducks that we would typically get into around Thanksgiv-
ing aren’t showing up in the Chesapeake until Christmas, if even then. And the
last couple years we are lucky if the canvasbacks come at all. Weather drives duck
hunting, and with more and more fall and winter days in the 70 degree range,

more and more waterfowlers are hanging up their waders and calls. This threat-
ens the future of waterfowling in the bay....”

Steve Huettner

Past President, Maryland Sportsman’s Association
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tinuing loss of habitat that is expected
to worsen with global warming.
Sea-level rise will inundate coastal
marshes, while both sea-level rise
and warmer waters will place added
strain on submerged aquatic vegeta-
tion, a critical food source for many
ducks and geese. In addition, higher
average air temperatures will likely
encourage the expansion of invasive
species, such as habitat-destroying
nutria.

Of great concern is sea-level rise.
Because coastal lands in the bay are
subsiding, relative sea-level rise is
occurring much faster than in other
regions, with vast expanses of the
bay’s coastal marshes being inun-
dated. While marshes may be able to
accommodate moderate changes in
sea level through natural sedimenta-
tion and marsh accretion (the build-
up of organic matter), studies have
shown that the rates of sedimentation
and accretion for most Chesapeake
Bay marshes are failing to keep pace
with the rate of sea-level rise.” This
disparity is expected to worsen as the
rate of sea-level rise accelerates with
global warming.

Furthermore, as sea-level rise floods
low-lying areas, the introduction of
miles of seawalls, bulkheads, and
other armoring of coastlines pre-
cludes the natural creation of new
coastal habitat. With an 18-to-24-
inch rise in relative sea level, well
within the projections for the 21st
century, it is not far-fetched to envi-
sion the bay being surrounded not by
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beaches and marshes, but by bulkeads
and seawalls. #*

Sea-level rise also is expected to have a
direct impact on the distribution and
composition of secagrass by increasing
the water depth and thereby reducing
the sunlight that seagrass needs for pho-
tosynthesis.”> Seagrasses, or submerged
aquatic vegetation, are a critical resource
that provide food and habitat for a wide
range of bay species, including crabs,
fish, and waterfowl. Seagrasses also
protect shorelines from erosion, remove
nutrients from the water, and trap
sediments that cloud bay waters. Rapid
sca-level rise would undermine the
current efforts to restore seagrass beds
throughout much of bay, which would
have a significant impact on species

that depend on the seagrasses for food,
including redheads, northern pintails,

American wigeon, American black
ducks, ruddy ducks, and canvasbacks.

Higher water temperatures, mean-
while, have contributed to the decline
of eelgrass in the bay over the past ten
years.”® Eelgrass, which is the primary
nursery habitat for juvenile blue crabs,
grows best in areas of cool water with
high salinity. Too-warm water over an
extended period kills eelgrass, espe-
cially in combination with turbidity and
low-light conditions. Although eelgrass
beds can often recover when conditions
become more favorable, scientists are
concerned that the trend toward more
heat waves in the region will signifi-
cantly reduce eelgrass coverage in the
bay, where it is near the southern end of
its range.

Furthermore, warmer conditions are
likely to allow invasive species to become
a greater presence in the bay area, poten-
tially harming native species by out-
competing them for habitat and food.
One invasive species that could benefit
from warmer winters in the region is
the South American nutria, a highly
destructive rodent that was introduced
into Maryland’s Eastern Shore in 1943 to
support the fur trade.”’ Foraging nutria
have caused significant local damage

to marshes in the region, including
destroying more than 7,000 acres in
Blackwater National Wildlife Refuge.
The nutria has been limited in its north-
ward range due to intolerance for harsh
winter conditions. But as winters in the
region become milder, conditions will

be more favorable for nutria to move
northward.*
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BOX 2.
SURVEY OF CANVASBACK POPULATION LEVELS
Cdﬂl/&l&b&ld{S IN UPPER MIDWEST BREEDING GROUNDS AND
CHESAPEAKE BAY WINTERING AREAS

The largest of the diving ducks, the canvas-
back is popular among waterfow! hunters. While 1,200,000
overall canvasback populations for the past 50
years have been stable, the number of wintering
canvasbacks in the Chesapeake Bay has declined 800,000 4
from a high of nearly a quarter million birds in 600,000 |
the mid-20th century to an average of just over
30,000 birds in the last five years (see figure to

1,000,000 -

400,000 -

the right). 200,000 4

0 T T T T T
Long-term observations indicate that canvasbacks 1954 1964 1974 1984 1994 2004
have virtually abandoned the bay due to a loss of 2%00%7*  Number of Canvasbacks in Chesapeake Bay
submerged aquatic vegetation. The loss of this 200,000 |

essential vegetation is associated with water deg-
radation, including nutrient over-loading from run-
off, which leads to algal blooms and less sunlight. 100,000 |

150,000

50,000 -

Short-stopping due to milder winters is also a
factor in the decline of the canvasbacks, many 0 ‘ ‘ ‘ ‘ ‘
of which migrate from their breeding ground in b o o o o o

the Prairie Potholes through the Great Lakes to the Chesapeake Bay. In the spring of 2007, the number of breeding
canvasbacks was the highest ever reported in the annual Waterfowl Breeding Population Survey.2” But only six months
earlier, a record-low 13,800 canvasbacks were observed in Chesapeake Bay in the January 2007 Mid-winter Waterfowl
Survey.28 The “missing” canvasbacks were observed in unusually high numbers in the Great Lakes, which remained
largely unfrozen in the winter of 2006-7 due to the unusually mild and late winter.

As winters become even milder due to global warming, canvasbacks may have little reason to migrate to the bay and
could winter primarily in the Great Lakes instead.
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IV. “GONE FISHING" OR FISHING GONE?

The Chesapeake Bay has been known historically for both its commercial fisheries and outstanding sport fishing. In recent

decades, the bay’s fishing reputation has been marred by declining catches and intermittent bans on rockfish, blue crabs, oysters, and

other species. Contributing factors to these problems include over-fishing, excessive nutrients, sedimentation, disease, water pol-

lution, loss of submerged aquatic vegetation, and shoreline development. Now, on top of these factors, global warming is having a

profound effect on the entire Chesapeake Bay aquatic ecosystem by increasing water temperatures, raising sea levels, and changing

freshwater inflow. Although the bay’s complexity makes precise projections of future conditions challenging, it is certain that these

changes will affect fish populations and fishing opportunities.

BOX 3.
Rockfish

Rockfish, also known as striped bass or stripers, are a prized species
in the Chesapeake Bay and the Atlantic Ocean. The health of the bay is
critical for this species, because a majority of Atlantic Coast rockfish are
spawned in the bay and its tributaries. Since a ban on rockfish fishing in
the 1980s allowed the species to repopulate, fishing seasons have been
opened again.

In recent years, though, fishermen and scientists have observed an in-
crease in the number of malnourished and diseased rockfish. Significant
declines in menhaden, a species harvested commercially and a primary
rockfish food source, appear to be contributing to rockfish's declining
health. Another factor may be increased disease transmission as rockfish
are confined in denser populations within smaller areas to avoid hypoxic
waters.*3

Rockfish will likely be further stressed by a number of conditions associ-
ated with global warming, including warmer waters, enhanced growth of
mycobacteria, and an increase in eutrophication and hypoxic conditions.

Such hypoxic conditions also will hurt menhaden, an important prey spe-
cies for rockfish. As menhaden are forced to find new habitats to avoid
hypoxic areas, rockfish will again be affected. It is clear that maintaining
the rockfish population will require careful monitoring and management
of the entire bay ecosystem rather than a focus only on rockfish.
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Warmer Water

Anglers are well aware of the sensitivity of
fish to temperature and often refer to sea-sur-
face temperature maps to determine where a
particular species might be. As global warming
increases air temperatures, bay water tem-
perature will also rise. Assuming other habitat
conditions are suitable, higher temperatures
are expected to favor increasing populations
of such warm-water species as brown shrimp,
black drum, spotted seatrout, grouper, and
southern flounder !

On the other hand, increasing temperatures
are a threat to such species as rockfish (some-
times called “striped bass”), Atlantic sturgeon,
soft-shelled clams, and winter flounder, which
thrive in relatively cool water. As tempera-
tures increase, these species are stressed by
both increased energy needs and lower oxygen
supplies. When stressed, fish decline in overall
health and become more susceptible to disease.

Marine Diseases

Spreading

In marine ecosystems around the world,
new diseases and more frequent epidemics



have been causing mass mortality in

|
imgorta[}t marine Spfdesf ;uCh as Ccl)'mll: 1 TABLE 2. POTENTIAL IMPACTS OF GLOBAL WARMING
and marine mammals, with strong links ON CHESAPEAKE BAY FISHERIES
|
to global Warming.j2 Chesapeake Bay I
fisheries are not immune to this trend. 1 @p Potential loss of species altogether in the Chesapeake Bay
A new species of mycobacterium 1 Likely decline in species range or viability in the Chesapeake Bay
recently infected rockfish, and myco- 2 @ Likely expansion of species range or viability in the Chesapeake Bay
bacterial infections have increased in |
ther bay fish ies, includi ha-
Zene; zywizeiiif;i; ;‘}Cf;t;‘fﬂfl‘:d;‘ ! SPECIES LIKELY | CLIMATE CHANGE IMPACTS
: |
responsible, including declining water | TREND IN CHESAPEAKE BAY
quality, pollution, habitat degradation, Winter flounder Py Water temperatures could exceed
and global Warming.34 Warmer water ! habitable range.
may enhance mycobacterial growth and " Soft-shelled clam @ Water temperatures could exceed
infection, but it also stresses species that ¥ habitable range.
prefer cooler water, making them more Water temperatures could reach near
vulnerable to infection. | . the upper limit of habitable range
Rockfish .
1 and also conducive to outbreaks of
Native oysters, once estimated at only . mycobacterial infections.
about 1 percent of historic levels, have ¢ | Atlantic sturaeon Water temperatures could reach near
been devastated by the deadly oyster dis- I 9 the upper limit of habitable range.
eases MSX and Dermo. MSX appears to Declining eelgrass habitat with rising
be less active and less infectious at lower ' | Blue crab sea level and exacerbated eutrophi-
temperatures. Dermo is also limited by i cation.
colder conditions, and winter tempera- 1 | Atfantic Warmer water more conducive to
tures typically limit its range, but it had I | menhaden mycobacterial infections.
a rapid expansion of oyster infection and T T T GG ()
mortality northward up the Atlantic . Eastern oyster Dermo and MSX.
QOSStffrom Deﬁaware Bay_ d?rm% a EC" I | Brown shrimp <D Warmer water more favorable.
riod of especially warm winters startin
in 1990.35pWith Zold winters becomingg I | Southern flounder P Warmer water more favorable.
rarer as the climate warms, MSX and I | Black drum () Warmer water more favorable.
Dermo are likely to continue to flourish ¥ Grouper <D Warmer water more favorable.
as water Waf ms car hlfr lfnllthe springand 1 | gpotted seatrout L Warmer water more favorable.
stays warm later in the fall. I
I Note: These probable effects were identified based on available information, but significant
changes in key parameters such as temperature and salinity are likely to have wide-ranging
Dead ZOHCS to EXp and ! unpredictable effects on life cycles and food webs.
|

Eutrophication is a major problem,
if not the major problem, for fish in the
Chesapeake Bay, and it is likely to be ex-
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acerbated by global warming. Eutrophication is caused by an increase in nutrients, including nitrogen and phosphorus, in coastal
waters. This leads to excessive phytoplankton growth that contributes to a depletion of oxygen in affected waters. Large areas of
oxygen-depleted water can lead to significant fish kills among coastal species, particularly smaller, schooling fish such as menha-

den. In August 2005, a record dead zone covered more than 40 percent of the bay.

River flow, which carries nutrients from agricultural fields and other sources into the Chesapeake Bay, is a major factor in hy-
poxia (low oxygen) and anoxia (no oxygen) events.** Heavier precipitation flushes greater amounts of nutrients and other pollut-
ants into the bay, contributing to eutrophication and oxygen depletion.37 Heavy runoff also decreases water mixing as less dense
fresher water rides over the top of the denser saltier water, inhibiting the mixing of water and inhibiting the replenishment of
oxygen in deep waters.
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“While the rockfish fishing is better today than when I was a kid in the 1980s, I'm
growing more concerned about how good it will be for my kids. Warmer summer
water temperatures seem to be concentrating the fish in smaller and smaller areas
each year and harming their overall health. I worry about climate change’s long-

term impact on the health of the fishery.”

Christopher Conner

Director of Communications and Marketing

University of Maryland Center for Environmental Science
and an avid fisherman

Water temperatures also affect oxygen
levels because warm water holds less
dissolved oxygen than cooler water

does. For each degree Fahrenheit in
temperature increase, the water’s ability
to dissolve oxygen decreases by about 1
percent.*® Higher water temperatures
also accelerate the bacterial decay of or-
ganic matter present in the water, thereby
consuming oxygen and exacerbating

hypoxia.”

Waters without oxygen are essentially
uninhabitable for marine life. High water
temperatures and resulting loss of oxygen
were identified as the leading cause of
major fish kills among 22 coastal states
between 1980 and 1989.%° Furthermore,
higher average sea temperatures and eu-
trophication are considered to be a factor
in the growing number and severity of
harmful algal blooms, such as “red tides,”
“brown tides,” and “mahogany tides,”
throughout the nation’s coastal waters,

including the Chesapeake Bay.41

The urgent battle against bay eutrophica-
tion will become more difficult as global
warming continues. Although different
models show varying results, there is

agreement that precipitation will increase in late winter and early s.pring.42 Increases in the spring flow of the Susquehanna River

have been associated with increases in anoxia in the Chesapeake Bay during the summer.

Drowning our Fishing Heritage

Coastal wetlands of the Chesapeake Bay are already disappearing due to sea-level rise, and will continue to do so as global

warming increases. While some new wetlands are likely to be created in low-lying upland coastal zones, efforts to minimize land

loss and protect roads, buildings, and other structures will likely lead to more “armoring” of shorelines, precluding the develop-

ment of new wetlands in these areas.

Unless major efforts are implemented to ensure the development of new wetlands as the sea level rises, the loss of coastal
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wetlands will have a significant impact on bay life. Tidal wetlands serve as filters of bay waters and stabilizers of shallow water

and inter-tidal zones. Many game fish and other species depend on coastal marshes and seagrass beds for spawning, feeding, and
protection. At risk from the loss of these important coastal habitats are rockfish, flounder, bluefish, menhaden, and other species.
Wetland loss will also reduce essential habitat for important prey species, such as shrimp, crabs, and smaller fish, which would
have ripple effects throughout the bay’s food chain.

Furthermore, sea-level rise makes the coasts more vulnerable to erosion from storm surges and wave action. The depth of water
in estuaries has a significant influence on wave action during storms—the deeper the water, the larger and more destructive the
waves." This is of a special concern because hurricanes and other storms will likely be stronger in the coming decades (see Box 4).

r—_—_—_—_—_—_—_—_—_—_—1

BOX 4.
Hurricanes — A Growing Menace

Hurricanes are infrequent in the Chesapeake Bay area, but they can have major impacts on the region as
demonstrated by Hurricane Agnes (1972) and Hurricane Isabel (2003). Global warming will likely bring an increase
in hurricane intensity. So, while scientists do not expect there to be more hurricanes in the future, the hurricanes
that do form will likely be stronger.#> At the same time, sea-level rise will also lead to bigger storm surges, which do
great harm to marine life and coastal wetlands. These two factors together mean that future hurricanes that visit the
Chesapeake Bay will bring increased rainfall and flooding.

| |
| |
| |
| |
| |
| |
| |
In June 1972 the remnants of Hurricane Agnes combined with another low-pressure system, dumping heavy rains

I over Northeastern Pennsylvania. In addition to large-scale property damage, the subsequent flooding had a ma- I
| jor impact on the Chesapeake Bay ecosystem. Despite being a relatively weak hurricane, Agnes sent an enormous |
amount of freshwater into the bay. The dramatic reduction in salinity had a drastic effect on many species,*¢ and it
| was years before many marine fisheries recovered. |
| |
| |
| |
| |
| |

The extremely heavy sediment load of some 30 million tons washed into the bay by Hurricane Agnes alone was
equivalent to the sediment deposited over about seven years during normal flows.#” Many seagrass beds in the bay
were dealt a devastating blow by the sediment, which carried a heavy nutrient load, blocked out sunlight due to sus-
pended particles, and buried seagrass beds, or both.

More recently, Hurricane Isabel in 2003 also had a marked effect on the Chesapeake Bay. The relatively deeper
waters of the Chesapeake Bay, which were due in part to sea-level rise, were likely a factor in the near-record storm
surge and damaging waves that Isabel generated in the region.48

L_____________________J
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V. CHANGING THE FORECAST FOR THE CHESAPEAKE
BAY: A PLAN OF ACTION
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Even though the problems posed by global warming seem daunting, practical
solutions are available. By reducing global warming pollution while taking steps to
help wildlife cope with some of the inevitable changes, we can ensure that the Chesa-
peake Bay’s treasured natural heritage and sporting legacy will endure.

Effectively managing the land in the face of global warming is a major challenge

for the next decade and beyond. Across the Chesapeake Bay region, officials have
recognized the importance of protecting wetlands, forests, and other natural habitats
from encroaching urban development and better managing already-developed and
agricultural lands. Sound land use is one of the primary goals of the Chesapeake 2000
Bay Agreement. However, failure to explicitly consider global warming as part of
these efforts will make it much more difficulg, if not impossible, to meet conservation
goals.

The time for action is now, because many of the decisions we make today—from
where and how we build our homes, businesses, and highways, to how much and
what kinds of energy we use—will have a significant impact on the Chesapeake Bay
and its fish and wildlife for decades to come.

Policy makers in Washington, along with the governments and citizens of Maryland
and Virginia, can play a critical role in advancing meaningful solutions to change
the forecast for the Chesapeake Bay. This section makes recommendations in seven
broad areas to accomplish that.

1. Reduce Global Warming Pollution and Provide
New Funding for Wildlife

To help fish and wildlife in the Chesapeake Bay, we need a two-pronged ap-
proach. First, we must curb global warming pollution, thereby limiting the magni-
tude of changes to the climate and ecosystems. Reducing global warming pollution at
a rate of 2 percent per year from current levels will significantly improve the forecast
for fish and wildlife (see Box 5). This will require action by the federal government,
as well as states, localities, and individuals.

But, even if we successfully reduce global warming pollution, fish and wildlife in
the bay will inevitably face some impacts of global warming. There will still be some
warming over the next century from greenhouse gases that are already in the atmo-
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sphere and those that we will continue to emit while transitioning to new energy
sources. New and enhanced restoration and adaptation strategies will be needed.
To develop those effectively, fish and wildlife agencies must be given a permanent,

stable, and new funding source.

For years, sportsmen have helped sustain fish and wildlife populations through the
purchase of licenses and permits, as well as special excise taxes on hunting and fish-
ing equipment. The U.S. Congress has provided some additional funding for state
fish and wildlife agencies ($61 million in 2005), but it is far short of what is needed to
sustain fish and wildlife populations affected by global warming.

Programs to reduce global warming pollution should be designed to provide funds
to sustain wildlife habitat and populations during the period when global warming
threatens these critical resources. The leading proposals in Congress for controlling
global warming pollution create a new system of permits for major emitters, often
referred to as a “cap-and-trade” system. Under such a proposal, the government
would auction off annual permits that allow industry to emit a certain amount of
carbon dioxide and other greenhouse gases. At the end of the year, each industrial
source would be required to hold permits to cover its emissions for the year. As such
a system is put in place, it is critical that a portion of proceeds from the auction of
emission permits be set aside to fund conservation of fish and wildlife.

Such a cap-and-trade system for regulating global warming pollution can provide a
double benefit for fish and wildlife. It will help reduce the impacts of global warm-
ing and it will provide new funding for resource managers to help fish and wildlife
cope with those climate changes that are inevitable. In an added benefit for the
Chesapeake Bay, many of the measures that reduce global warming pollution will
also reduce nitrogen emissions that are ultimately deposited in the bay.

Dedicated conservation funding will be crucial to help states develop strategies for
protecting fish and wildlife from global warming, integrate fish and wildlife adapta-
tion strategies into existing resource management plans, and carry out conservation
actions. Indeed this funding could help support many of the activities recommended
in this report.

Federal actions:
*  The U.S. Congress and the administration should place mandatory
limits on the nation’s global warming pollution to ensure we meet the

necessary target of 80 percent reduction by 2050.

*  The U.S. Congress and the administration should pass a nationwide

Avoiding the

Worst-case Scenario

As many as one-third of I
species worldwide are at risk |
of extinction if global tem-
peratures reach more than |
2 to 3 degrees Fahrenheit I
above present levels.>2 These
extinctions will be accom- |
panied by major changes in
the structure and function |
of ecosystems. The only way I
to keep temperatures from
increasing more than 2 de- I
grees Fahrenheit in the next
century is to begin taking |
steps immediately to reduce
global warming pollution. I

I
I
I
|
I
I

To have a reasonable chance
of staying below 2 degrees of
warming, greenhouse gases
in the atmosphere need to
stay below about 400-450
parts per million of carbon
dioxide equivalent.3 To

meet this goal, the United
States must reduce current
carbon dioxide and other
greenhouse gas emissions by
about 80 percent by 2050.54
Experts have concluded that
this target is achievable with
technologies either available
or under development.
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cap-and-trade bill to reduce global warming pollution, with roughly 10 percent of the revenue (from an auction of
100 percent of the permits) allocated for fish and wildlife conservation. The funding should supplement, not sup-
plant, existing budgets for natural resource management, recognizing the new threat to fish and wildlife posed by
global warming.

Maryland has taken some important steps to address global warming pollution. It joined the northeastern states’ Regional-
Greenhouse Gas Initiative, with a commitment to reduce carbon dioxide emissions from the state’s utility companies by about 10
percent from current levels by 2019. It passed a renewable energy standard, which requires electric utilities to generate 7.5 percent
of their electricity from renewable sources like solar, wind, and biomass by 2019. Recently, Maryland adopted a requirement to
reduce carbon dioxide emissions from new cars sold in the state, and adopted more stringent efficiency standards for new appli-
ances.” While much progress has been made in Maryland, more needs to be done. Virginia lawmakers have yet to act.

State Actions

*  Maryland and Virginia should adopt a stringent carbon dioxide reduction goal of 2 percent per year, or 20 percent
per decade, to achieve the necessary 80 percent reduction target by 2050.

*  Maryland should strengthen its renewable energy standard to require utilities to generate at least 20 percent of elec-
tricity from renewable sources by 2020. Virginia should adopt a similar standard.
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*  Maryland should adopt more stringent building codes for government-owned buildings to require all new and
renovated buildings to be carbon neutral by 2030. Virginia should adopt a similar standard.

*  Virginia should adopt a “clean cars” bill and join the 10-state Regional Greenhouse Gas Initiative to work with
neighboring states to achieve reduction in carbon dioxide emissions from power plants.

2. Expand State Wildlife Action Plans to Address Global Warming

In 2000, the U.S. Congress charged each state and territory with developing a wildlife conservation strategy. These Wildlife
Action Plans identify at-risk species and habitats and outline the actions necessary to protect them, ultimately leading to cost-ef-
fective, proactive conservation strategies. To date, few of the plans include specific strategies to help wildlife cope with climate
change.

Congress provided funding for creating and implementing these plans through the State and Tribal Wildlife Grants Program.
Funds appropriated under this program are allocated according to a formula based on each state’s size and human population.
The average grant in 2007 was just over $1 million.

The Virginia Wildlife Action Plan mentions global warming as a threat to wildlife. Specifically, the plan lists the Blue Ridge
Mountains and the biologically diverse Northern Ridge and Valley regions as particularly susceptible to change brought on by cli-
mate change. Several rare species and habitat types would likely be lost, including high-elevation forests, home to the endangered
Carolina Northern Flying Squirrel. The current Virginia plan calls for more research, but does not include specific conservation
actions that address global warming.

The Maryland Wildlife Action Plan, formally known as the Maryland Wildlife Diversity Conservation Plan, lists global warm-
ing and sea-level rise as statewide threats to wildlife. In particular, sea-level rise has contributed to the decline of the extremely
rare type of floodplain forest, called a sea-level fen; the plan calls for restoring these wetlands by reintroducing northern conifers
to the landscape and protecting them from ditching, draining, and water withdrawal. The Maryland plan also identifies sea-level
rise as a threat to several types of coastal habitats: beaches, dunes, mudflats, and coastal plain freshwater streams. The plan calls
for conserving these habitats by protecting and restoring riparian buffers, improving storm-water management systems, develop-
ing shoreline erosion control practices, and restoring native dune vegetation.

Maryland has taken an important first step to better account for global warming in its wildlife action plan. In April 2007, Gover-

nor O’Malley created the Governor’s Climate Change Commission, charged with developing a strategy to reduce the sources and
impacts of global warming. The Adaptation and Response Working Group of the Commission is developing state-based adapta-
tion measures, with an initial focus on sea-level rise. Maryland could be one of the first states in the nation to develop a state-based
adaptation plan.

State actions:

* In Maryland, continue efforts through the Governor’s Climate Change Commission to develop a wildlife adaptation
strategy that identifies fish, wildlife, and habitats threatened by climate change and outlines actions to protect them.
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* In Virginia, develop a wildlife adaptation strategy that identifies fish, wildlife, and habitats threatened by climate
change and outlines actions to protect them.

* In both states, incorporate adaptation measures related to climate change in the State Wildlife Action Plan.

3. Expand State-Based Funding for Maryland and Virginia Conservation Ac-
tivities

Despite more than three decades of conservation and restoration activities, the Chesapeake Bay ecosystem is still stressed
due to pollution, over-fishing, and coastal development. Moving ahead, global warming could significantly alter the bay’s habi-

BOX 6.
Blue Crab

Crabbing is a popular recreational activity and the Chesapeake Bay's single largest commercial fishery, with
more than 50 percent of the nation’s annual blue crab harvest coming from the bay.*?

As with other species, determining how climate
change will impact the blue crab population is

a complex puzzle. Because blue crab growth is
inhibited by cold winter weather in the Chesapeake
Bay region—forcing crabs to burrow in the bay's
mud until warmer weather returns—warmer winters
could actually extend the growing season and lead
to population increases.>©

But, other global warming factors are likely to
inhibit the blue crab population in the bay. For
example, eelgrass, which provides juvenile blue
crabs with important habitat, would face significant
danger if water temperatures exceed its tolerance
levels.® Without suitable nursery habitat, the Ches-
apeake Bay blue crab population would be expected to decline even in the face of more favorable warmer winters.

As global warming affects the Chesapeake Bay ecosystem it will be important that the blue crab population be
carefully studied and harvest levels adjusted as conditions dictate.
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tats, further disrupting its ability to support the fish and wildlife for which it is best

known.

Reducing environmental stressors like nutrient overload, habitat loss, and fragmen-
tation will make the system healthier and help wildlife survive the impacts of global
warming. At the same time, new efforts are required to specifically address the habi-
tat changes that global warming is likely to bring. These new activities will require
new funding.

Conservation activities in both Maryland and Virginia are supported by a combi-
nation of special revenues—mostly from the sale of hunting and fishing licenses

and taxes on sales of watercraft and equipment used in hunting and fishing—state
general fund appropriations, and federal support. However, the funds available to
the Maryland and Virginia agencies that handle conservation, fisheries, environment,
and planning are insufficient to meet the current conservation challenges, much less
the new challenges posed by global warming.

Furthermore agencies in both states face budgetary uncertainty from year to year. It
is not uncommon that the special revenues supposedly dedicated for fish and wildlife
conservation are redirected to other unrelated efforts. In Maryland, for example,
funds dedicated for land acquisition in Program Open Space have often been
redirected to other uses, hampering the eftectiveness of the program. Such funding
uncertainty will constrain agencies from pursuing new programs to address global
warming.

Finally, the states should provide more accountability for their conservation spend-
ing to assure the public that such spending is effective. To that end, Maryland has
recently begun the BayStat initiative to track Chesapeake Bay restoration activities.”®

BayStat will help ensure that existing and new funding is well spent.
State actions:

* Legislatures in Virginia and Maryland should ensure that conservation
agencies receive adequate, dedicated funding each year to meet existing
conservation goals and to address the new challenge of global warming.
The legislatures also should reduce reliance on the annual appropria-
tions process and provide more long-term budgeting certainty.
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4. Adapt Waterfowl and Fish Management Prac-

tices

Waterfowl and fish migration patterns are shifting, and populations are chang-
ing in response to global warming, affecting which species frequent the Chesapeake
Bay and when they are present. Indeed, global warming will have broad, intercon-
nected impacts on entire marine ecosystems. Effective management will mean
addressing the health of the habitat as a whole, rather than one species at a time. Yet,
most fisheries management plans focus on single-species management and do not
consider the inter-related impacts of climate change. An ecosystem management
approach would be more effective and allow for better consideration of long-term
changes such as those brought on by global warming.

If we fail to address global warming, shifts in waterfowl and fish migration patterns
and declines in some species may also force resource managers to consider mak-

ing adjustments to hunting and fishing seasons to ensure the long-term viability of
species. The management approach will need to take into consideration year-to-year
conditions as well as longer-term climate trends. For example, the delayed migration
of waterfowl due to warming winters may force government officials to delay the
opening of the annual waterfowl season.

State and Regional Actions:

® The Atlantic States Marine Fisheries Commission, the Mid-Atlantic
Fisheries Management Council, the Virginia Marine Resources Com-
mission, the Maryland Fisheries Service, and the Chesapeake Bay
Program should move towards an ecosystem approach for managing
fisheries in Chesapeake Bay. State and regional marine fisheries man-
agement plans should consider how climate change will affect fisheries.

*  Asspecies populations shift in response to global warming, fisheries
managers should consider adjusting fishing regulations.

®  The delayed migration of waterfowl due to warming winters may force
government officials to delay the opening of the annual waterfowl hunt-
ing season.
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5. Discourage Extensive Coastal Development and Armoring of Shorelines

Sea-level rise should be a major consideration in the region’s coastal development plans. Maryland has taken an important
first step by establishing a state-wide Sea-level Rise Response Strategy, which has laid out a number of recommended actions.”

To be successful, however, actions should be coordinated throughout the region.

The best ways to improve the ability of our coasts to withstand sea-level rise are to enhance the natural defenses provided by
wetlands, barrier islands, and reefs; support the natural replenishment of sediments from rivers and beaches; and protect inland
buffers to enable habitats to migrate. Whenever possible, resource managers and land-use planners should steer away from struc-
tural approaches such as seawalls and bulkheads for coastal protection. Coastal armoring hinders the ability of habitats to migrate
inland as sea levels rise, preventing coastal wetlands from replenishing themselves through sediment buildup.

In addition, the region should discourage development in vulnerable areas. For example, both Maryland and Virginia currently
designate that new development can not take place within a 100-foot buffer surrounding ecologically critical areas. This size buf-
fer may not be sufficient as erosion and inundation rates accelerate due to sea-level rise, threatening habitats farther inland.>

Federal Actions:

*  The U.S. Congress should
reauthorize the Coastal
Zone Management Act to
require relevant state agen-
cies to consider sea-level
rise in coastal management
plans to qualify for federal
funding; prohibit federal
subsidization of infra-
structure development
and coastal armoring in
ecologically sensitive areas;
and encourage public and
private land acquisition of

coastal habitats and upland
buffers.

*  The Federal Emergency
Management Agency should
remap potential hazard areas in coastal zones to reflect anticipated sea-level rise, taking into account potential storm
surge impacts, and establish policies to reduce or eliminate federal flood insurance for new construction and rebuild-
ing in high-risk areas.
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*  The U.S. Congress should expand the Coastal Barrier Resources sys-
tem to discourage new development in areas needed to buffer natural
resources and existing development from sea-level rise. Such areas
should be denied federal subsidies such as federal flood insurance,
disaster relief, and loans for sewer, water, and highway construction.

State and Local Actions:

*  Maryland and Virginia should enact new legislation requiring local
governments to consider sea-level rise when amending their plans for
coastal land use, open space, wetland protection policies, and other
relevant activities.

*  The Virginia Marine Resources Commission and the Maryland
Department of Natural Resources in conjunction with the Maryland
Department of the Environment should develop state tidal wetlands
conservation and restoration plans that promote designation of wetland
migration corridors and remove and discourage use of hard shoreline
erosion structures in coastal marsh environments.

*  The Maryland Department of
Natural Resources should expand
Maryland’s Critical Area buf-
fer designation and the Virginia
Department of Conservation
and Recreation should expand
Virginia’s Resources Protection
Area buffer designations beyond
the current 100-foot require-
ment to accommodate impacts of
sea-level rise. States should also
expand enforcement of current
regulations and prevent any at-
tempts to weaken these provisions
in relevant legislation.

*  State and local agencies should
establish policies such as rolling
easements or mandatory setbacks
to discourage new development in
vulnerable coastal areas.
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6. Account for Global Warming in LL.and Conserva-
tion and Habitat Protection Efforts

Numerous land conservation efforts are currently underway to restore and
protect the Chesapeake Bay’s habitats and the species they support. Bay-protection
efforts have included limiting suburban sprawl, reflecting the fact that such develop-
ment contributes to habitat fragmentation and destruction, air pollution, and water
quality degradation. Many of these efforts will also make the region’s coastal wet-
lands and other natural habitats more resistant to the effects of global warming. For
example, habitat restoration and de-fragmentation along with open-space protection
will allow wildlife to move more easily to new locations as climate shifts push them
out of their current homes.

But it is also critically important for decision makers to explicitly account for global
warming as they develop strategies for land conservation, habitat protection, and
restoration. For example, while both Maryland and Virginia have a number of state-
based land conservation programs—including Maryland’s Program Open Space,
the Virginia Land Conservation Foundation, and the Virginia Outdoors Founda-
tion—neither state currently considers the impacts of global warming when assess-
ing ecologically critical habitats for possible acquisition. Nor do the states’ current
land-use planning measures adequately consider the longer-term threats from global
warming in their habitat-protection requirements. Maryland’s Green Infrastructure
criteria are a step in the right direction, but future revisions will need to consider
global warming explicitly.

Agricultural lands play an important role in providing habitat for some waterfowl
species, such as mallards and Canada geese. Accordingly, sportsmen and women
have worked closely with the agricultural community, helping pass initiatives in the
federal Farm Bill that provide incentives for wetlands and associated upland habitat
conservation (such as the Wetland Reserve Program and the Conservation Reserve
Program). Ensuring that these habitats are available is even more important as the
region continues to face added pressures on coastal wetlands, seagrass beds, and
other natural habitats due to global warming. However, the Farm Bill conservation
programs are currently under-funded. In Fiscal Year 2004, for example, three out
of every four applications to participate in Farm Bill conservation programs admin-
istered by the Natural Resources Conservation Service were rejected due to lack of
funds.” At the same time, the conservation rates paid to land owners are not always
keeping pace with increasing land values.

\\/)\l’ \,’AV’ \\’ \”
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Federal Actions:

*  The U.S. Congress should significantly expand funding for the conservation provisions of the Farm Bill, includ-
ing the Conservation Reserve Program, the Wetlands Reserve Program, the Conservation Security Program,
the Grasslands Reserve Program, and the Wildlife Habitat Incentives Program. These provisions should include
greater incentives for maintaining coastal and riparian buffers in response to increased runoff and sea-level rise.

State Actions:

* Land conservation agencies and foundations in Maryland and Virginia should develop improved criteria for iden-
tifying ecologically critical lands, in particular considering how sea-level rise and other climate changes will hurt
habitats, and seek opportunities to acquire or better manage these lands.

*  Maryland and Virginia should ensure that the Farm Bill conservation programs preserve existing commitments
and encourage new enrollments. This may involve adjusting the rates paid to land owners or finding efficient ways
to restore relatively small parcels, such as buffers along streams.

7. Redouble Efforts to Manage Storm-water Runoff into the Chesapeake Bay

As the region faces greater extremes in precipitation events, including heavier rainfall and the possibility of more-intense
coastal storms, improving storm-water management will be critical to meeting important goals to reduce eutrophication in the
Chesapeake Bay. This is particularly important as the region considers denser development and redevelopment projects in the
interest of smart growth.

Significant efforts are being made in the region to improve storm-water and wastewater management, including new legislation
in Maryland to develop more effective storm-water environmental site design. The state has also identified storm-water retrofits
as a priority for funding under its Green Fund proposal. Similar efforts are warranted in Virginia, where current funding for the
Virginia Water Quality Improvement Fund is inadequate.

In both states and across the region, however, storm-water managers must seriously consider the likelihood of heavier precipita-
tion and more runoff problems due to global warming. For both new developments and redevelopment projects, it is critical to
incorporate non-structural, preventive measures employed through land-use planning and educational programs, in addition to
the structural fixes, such as water treatment systems for large point sources, that have been emphasized in the past. Promoting
more flexible strategies and moving development away from sensitive areas can also help handle precipitation extremes. In addi-
tion, reducing runoff flows over impervious surfaces such as roads and parking lots can help moderate high water temperatures
in tidal creeks and marshes, a problem that is likely to be exacerbated by global warming.®

The region must also establish runoff-reduction goals that account for greater extremes than are reflected in historic trends. For
example, even where technological solutions to storm-water management are warranted (e.g., retrofitting culverts and storm
drains), it will be prudent to consider expanding the capacity today rather than being faced with having to re-invest in further
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retrofits in the coming decades. Several actions
at the federal and state levels will help improve
storm-water management in the region to
more effectively deal with the added pressures
from global warming.

Federal Actions:

¢ The U.S. Environmental Pro-
tection Agency should revise its
storm-water management rules
under the Clean Water Act to
discourage construction in or
near coastal and stream ripar-
ian buffers, wetlands, and other
sensitive areas.

State and Local Actions:

*  Virginia should develop a
dedicated funding source for
sewage and wastewater treatment
upgrades and provide sufficient
funding to the Virginia Water
Quality Improvement Fund.

*  Both Virginia and Maryland
(through its Green Fund) should
increase support of non-struc-
tural approaches to storm-water
management (i.e., preventive
measures incorporated in land-
use and development planning
rather than technological fixes
of point-source pollution) and
require consideration of greater
extremes in precipitation events
due to global warming.

*  Both Virginia and Maryland
should consider stricter storm-
water permits to steer develop-
ment away from coastal and
stream buffer areas, wetlands, and other
sensitive lands.

WWWNWFORG
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VIi. CONCLUSION

Global warming poses a significant threat to the fish and
wildlife of the Chesapeake Bay. Left unchecked, global warm-
ing will lead to rising sea levels and coastal inundation and an
increase in marine diseases and harmful algal blooms. It will
place the region’s people and wildlife at increasing risk from
catastrophic storms and other extreme events. Warmer air and
water, both locally and across the continent, will alter the com-
position of fish and wildlife species that make their home in the
bay region. These effects will fall on top of the many other prob-
lems, such as eutrophication, that continue to plague the bay.

But it is not too late to act. It will take foresight, the right
investments, and determination to reduce the risks rather than
wait for the consequences. Hunters, anglers, and all those who
cherish the beauty and recreational opportunities offered by the
Chesapeake Bay can make a difference by letting elected officials
at the federal, state, and local levels know that the time for ac-
tion is now. And, we can all make changes in our day-to-day
lives to reduce our contributions to global warming pollution
(see Box 7) and to manage properties we own to minimize the
negative impacts on fish and wildlife.

By taking action now to both restore the bay and reduce global
greenhouse gas emissions, we can change the forecast for the
Chesapeake Bay and ensure that its economic opportunities, eco-
logical benefits, and outdoor traditions will endure for genera-
tions to come.
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BOX 7.

What Can You Do to
Reduce Global Warming
Pollution?

Individuals can make an im-
portant difference in reducing global
warming pollution by changing how
we use energy in our daily activities.
There are many things you can do:

* Reduce energy consumption in
your home by purchasing more
energy-efficient lighting, such as
compact fluorescent bulbs, and
appliances with high-efficiency
Energy Star ratings.

* When purchasing a new car or
truck, buy the most fuel-efficient
model that suits your needs.

* |Install a programmable thermo-
stat and set it warmer in the sum-
mer and cooler in the winter.

e Seek ways to use electricity gen-
erated from renewable sources.

* Make sure your boat motor is
tuned up.

e Keep your vehicle's tires properly
inflated.®!

e  Work in your local community
to promote energy efficiency,
recycle waste, plant trees, plan
smart growth, or reduce traffic
congestion.
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