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“someone else”, may appear to be the most obvious sign of the Bay’s
health. As that child matures and learns more about the Bay, he or
she may come to realize that the major pollution threat to the Bay is
actually an overenrichment with nutrients and some concern for toxic
compounds in localized areas. As an adolescent in the Bay region,
he or she is exposed to many of the pleasures of the Bay such as
steamed crabs, boating, fishing and birding to name just a few.

These experiences further shape our perceptions of what is important
about the state of the Bay.

As that adolescent matures into the workforce, new realities emerge.
Many professions depend directly upon the Bay, such as the seafood
industry or those that thrive from the numerous recreational pursuits
afforded by a healthy Bay. Other professions, and the multitudes of
people themselves, are actually perceived as threats to the Bay
because of the forests that must be cleared for factories, farm fields
and housing, and because of the chemicals that they spew into the
environment. Before long it becomes obvious that we are all respon-
sible in some ways for the Bay’s problems and that we need to make
tough choices to restore the health of what we perceive to be impor-
tant components of the state of the Bay.

In the sequence of chapters in this report, an attempt is made to
capture the major elements of the Bay’s health that reflect the current
perceptions of scientists, managers and citizens as to what consti-
tutes the state of the Bay. It contains many of the traditional mea-
sures that have been used in the past such as the harvests of seafood,
the quality of its waters and the amounts of pollution reaching the
Bay. These are all critical measures that we must continue to
monitor. But there are new or enhanced measures that reflect a
broadening of approaches to restoring the Bay. In this report, there
is more attention devoted to the state of the watershed where our
activities affect the amounts of pollution reaching the Bay via its
tributaries. There is also more information about the intermediate
linkages between pollution or water quality and our very visible
living resources such as fish, shellfish and waterfowl. These link-
ages include submerged aquatic vegetation, microscopic plankton
and small organisms that dwell in the Bay’s bottom muds. These
biological communities form the base of the food web and must be
healthy to support the more visible living resources that we wish to
see in greater abundance.

We conclude this report with a chapter on citizen involvement in
measuring the state of the Bay. Government agencies cannot afford
to assess conditions everywhere in the Bay and its watershed;
concerned citizens can provide the additional help needed to plug
gaps in our geographic coverage. Invoivement of citizens in assess-
ing the Bay’s health also serves to broaden participation in the Bay
cleanup and increase awareness about what all of us can do to
restore the Bay.

Undoubtedly, our perceptions of the Bay will continue to evolve in
the future. The widening circle of influences impinging upon the
Bay will probably make us look harder at the “airshed”, that
geographic region from which air pollutants reaching the Bay
watershed are released. We may also be more concerned about the
influence of ocean currents which can bring pollutants from
throughout the eastern coast of our country into the Bay. The
migratory nature of fish species which constitute important Bay
resources also link our restoration efforts with those of other east
coast states. And, within the Bay’s watershed itself, we are likely to
challenge ourselves over and over again concerning the degree to
which we can restore the Bay, given the continuing increases in
population and demands for its resources.

We cannot return the Bay to a pristine state, nor will we ever have
the uninhabited expanses that many of our parents and grandparents
knew. We will probably never go back to the days when we could
harvest oysters by the tens of millions of bushels nor to the days
when we could catch as many forty-pound rockfish as our boat
could hold. Those days are gone forever. But, we can have rela-
tively clean water and large, protected areas of marsh and shoreline.
We can have viable fish and bird populations, although never the
“limitless” stocks of fish for all to harvest. And we can have
protections and institutions in place to ensure that a “clean” and
“healthy” Bay will be here for our children and grandchildren.

THE FINDINGS
In the chapters that follow, you will learn, in some detail, about

various parts of the Bay ecosystem that constitute the state of the
Bay. The following is a preview of what you will find:
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the Bay’s watershed, show that both point and nonpoint source
pollution abatement programs are working.

* Nutrient levels in the waters of the Bay and its tributaries are
responding io ihe irends seen in ihe inpuis of nuirients from waste-
water and the Bay’s rivers. Many regions are showing declines in
phosphorus levels. Nitrogen levels are no longer increasing in most
areas. Despite these promising trends, oxygen levels are still low
enough to cause severe impacts or stressful conditions in the
mainstem of the Bay and several larger tributaries.

« Potentially toxic contaminants stored in the Bay’s bottom sedi-
ments from years of pollution only reach levels of concern in a few
localized areas that have intensive industrial activity and high
population densities. The inputs of many of these pollutants have
already been reduced but additional measures are being studied to
reduce any possible toxic impacts.

- Submerged aquatic vegetation, a critical habitat for fish, crabs,
waterfowl and their food, have increased 75 percent since 1978 in
response to improving water quality. These increases bring us to
about 64 percent of the initial restoration goal. Additional improve-
ments in water quality will be needed to sustain the resurgence in
SAV.

« Important biological communities in the Bay, such as plankton
and bottom-dwelling organisms, reveal underlying concerns in the
food web that sustain some of the more visible Bay species.

« Due to improved reproduction and better control of the harvest,
striped bass, or rockfish, have made a remarkable recovery over the
past decade.

« American shad, which spawn in the Bay’s tributaries, have
suffered huge population declines over the past century due to
overharvesting, blockage of migration routes by dams and habitat
degradation. Controls on the harvest and providing fish passages at
numerous blockage points have led to modest increases in the
numbers of fish returning to spawn. These management measures
along with stocking and habitat restoration are expected to yield
increases in the American shad and similar fish species.

* Prospects for the Bay’s oyster populations remain poor. Overhar-
vesting, habitat loss and diseases have all conspired over the years
to severely deplete the stocks. New management efforts have been
developed to improve this situation.

» The blue crab is currently the most important commercial and
recreational fishery in the Bay. With increasing fishing pressures
and relatively low harvests in recent years, there is growing concern
for the health of the stocks. Both Maryland and Virginia have
recently implemented new regulations on commercial and recre-
ational crabbers to protect this important resource.

+ The Bay’s waterfowl consists of numerous species including some
that are non-native. In general, the native species are undergoing a
long-term decline in abundance. It is hoped that improvements in
habitat, including submerged aquatic vegetation, will help to reverse
this decline.

The findings contained within this report allow for much optimism
but also warn that we are far from declaring victory in our fight to
save the Bay. They show that the Bay is an interconnected system
where activities on the land set off a chain of events that ultimately
yields degraded conditions in the water and declines in living
resources. They show that these conditions, which have resulted
from almost 300 years of abuse, are reversible. The lessons we
learn from these findings, and our willingness to act on them, will
determine the state of the Bay that we leave to future generations.
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Forests

When the cnlonicte firet arrived nn the charec of the Checanealke
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they found a vast forest covering over 95% of the watershed.
These forests served as a continuous living filter and regulator of
the Bay’s environment. As the land was settled, the pace of forest
clearing accelerated. By the mid-1800s, over half of the forest land
had been converted to other uses.

Forests have recovered somewhat from their historic lows, but only
about 60% of the watershed is forested today. From 1980 to 1990,
forests were lost at a rate as high as 300 acres per day.

As the natural land cover for most of the Bay’s watershed, forests
provide a physical and biological system that supports a clean and
productive Bay. Scientific findings clearly show that forests are the
most beneficial land cover for maintaining clean water. While it is
difficult to predict exactly how much forest we can afford to lose
without diminishing the watershed’s role in maintaining the Bay’s
health, we are near or exceeding the threshold in many areas of the
watershed.

Some tributary basins of the Bay have lost over 85% of their forests
while others have experienced little or no loss. For example, while
forest acreage is expected to decrease in Virginia and Maryland,

« Filter nutrients and sediment

 Capture rainfall and regulate streamflow

» Moderate stream and air temperature

* Stabilize erodible soils

» Create and maintain fish and wildlife habitat
* Preserve biodiversity

forest land in the Pennsylvania portion of the watershed is projected
to remain stable or increase slightly. The location and distribution of
these forests, however, may be as critical as the total acreage. The
fragmentation of forests into small isolated parcels is especially
common in urban landscapes.

Thousands of miles of streams have been left unprotected by the
stripping away of their natural riparian (streamside) forest. Ripar-
ian forests are critically important to the delicate balance and health
of the Chesapeake Bay ecosystem. The trees filter sediments and
nutrients from runoff and their roots stabilize the shoreline and
reduce erosion. Lower nutrient levels minimize the incidence of
algal blooms — large areas of dense phytoplankton which consume
substantial quantities of life-supporting dissolved oxygen as they
decompose. By shading the water, riparian forests also reduce
summer water temperatures and increase dissolved oxygen levels.
Riparian forests provide habitat and food for wildlife both on the
land and in the water.

Tony Allred
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Wetlands

For years, wetlands were considered mosquito-infested wastelands
best suited for dumping and filling. Wetland ecosystems, such as
bogs, marshes and swamps, however, are now recognized as some of
the most ecologically important areas in the world. A wetland is
generally defined as an area where saturation of the soil with water
is the dominant factor determining plant, animal, and soil composi-
tion. Typically, these lands are transitional areas between terrestrial
and aquatic systems. Due to this relationship with both land and
water, wetlands provide critical food and habitat for a wide variety
of fish and wildlife. Many fish and shellfish rely on tidal wetlands
at some point in their life cycle. Tidal wetlands also calm wave
action and prevent shoreline erosion. Non-tidal wetlands, such as
bogs, swamps, flooded forests, and riparian wetlands, provide
habitat for wildlife and migrating waterfowl. They also provide a
natural buffering capacity to watersheds by retaining stormwater
runoff and capturing pollutants such as sediments, nutrients, and
toxicants, all of which pose a serious threat to the health of the
Chesapeake Bay.

Based on data collected by the U.S. Fish and Wildlife Service, the
Bay’s watershed lost about 2.5 percent of its wetlands between 1982
and 1989. Out of the approximately 1.7 million acres of wetlands
surveyed in 1982, a net loss of about 20,000 acres occurred during
the seven-year period, primarily through filling, draining or conver-
sion to open water. This acreage equals about half the size of the
District of Columbia. Pennsylvania, however, experienced a net
gain in wetlands acreage.

Three basic changes in wetland acreage were observed during the
study period. “Destroyed” refers to those areas previously classified
as wetland that are no longer wetland, either due to filling to create
upland or conversion to open water, such as a reservoir. “Created”
refers to wetlands created from either an upland site or open water.

“Transformed” wetlands are those that changed wetland type. For
instance, a shrub wetland can change to a forest wetland through
succession from smaller, younger trees to larger, more mature
forests. This change would appear as a loss for shrub wetlands and
a gain for forested wetlands. These changes are combined to obtain
a net change of wetland acreage and type. For all wetland types, the
losses were partially offset by gains in acreage due to the conversion
or natural growth of other wetland types, but the data presented here
illustrate net changes in acreage.

The four most common types of wetlands in the Bay watershed are
salt and brackish tidal wetlands, freshwater marshes, nontidal shrub
wetlands, and nontidal forested wetlands. Net losses of about 500
acres of salt and brackish tidal wetlands, 4,000 acres of freshwater
marsh, and 1,000 acres of shrub wetlands occurred during the study
period. Much of the salt and brackish tidal marsh loss occurred via

Net Wetland Loss in the Bay Watershed
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A net loss of about 19,500 acres of wetlands occurred in the Bay water-
shed between 1982 and 1989. Although each wetland type gained and lost
acreage, the net change for each type was a loss.

Source: Recent Wetland Status and Trends in the Chesapeake Watershed; 1982-1989
(U.S. Fish and Wildlife Service, 1994)
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Population Growth and Wastewater Discharges

10

Population growth is the single most important factor underlying the
various stresses on the Bay ecosystem. In 1950, the Bay’s water-
shed contained 8.4 million residents. By 1990, this figure had
grown to 14.7 million and, by 2020, there will be an estimated 17.4
million people living in the watershed. Most of the growth is taking
place in Maryland and Virginia. An expanding population relies on
highways and automobiles, increasing both the number of cars on
the road and the miles driven. In Fairfax County, Virginia, for
example, the population has risen 31 percent since 1975 and the
autos required to transport these people to new employment centers
increased 89 percent over the same period.

The growing population requires land for homes, transportation,
shops, jobs, and recreation. Forests and other land of environmental
significance are often converted to meet these needs. Without
careful planning, growth causes adverse environmental impacts that
will diminish the quality of life of the human population as well as
the living resources of the Bay and its tributaries. Population
growth also has the potential to negate any progress in Bay improve-
ments, overwhelming past and current efforts. Consequently,
growth should be managed in ways that will minimize its adverse
environmental impacts.

Along with changes in land use, population growth also results in
higher flows from wastewater treatment plants. The volume of
discharge by wastewater treatment plants in the Bay watershed has
increased with the general population trend. After the passage of the
Clean Water Act of 1972, which established the Federal Construc-
tion Grants Program to build, expand, and upgrade wastewater
treatment plants, each treatment plant was able to serve a larger
population. With an increased number of conversions from septic
systems to sewerage, the amount of wastewater discharged per
facility also increased. Thus, the rate of increase in wastewater flow
surpassed that of the population during the 1970s. Other factors
which possibly contributed to increases in wastewater flow include
rising industrial flows, water seeping from aging pipes, and an
increase in per capita water use due to a rising standard of living.

These wastewaters contain the nutrients phosphorus and nitrogen.
Excessive quantities of these nutrients are the primary pollution
threat affecting Bay waters. The Federal Construction Grants
Program provided improved treatment at municipal plants to remove
phosphorus, resulting in a sharp decline in phosphorus discharges
between 1970 and 1980. These reductions have continued since
1980 with additional treatment plant upgrades and the implementa-
tion of phosphorus bans which prohibit the use of this nutrient in

Watershed Population and Wastewater Flow
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Between 1950 and 2020, population in the Bay watershed is expected to
more than double. As population increases, the amount of municipal
wastewater generated and discharged also increases. These wastewaters
contain the nutrients phosphorus and nitrogen which fuel algal growth
and result in lower dissolved oxygen levels. Increased funding for
upgrading wastewater treatment plants in the 1970s, followed by a
greater number of conversions from septic systems to sewerage, resulted
in a higher rate of increase in wastewater flow than in population.
Source: Chesapeake Bay Program
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Rivers and the Bay

12

The quality of river water entering the Chesapeake Bay from the
surrounding non-tidal tributaries is an important factor in the water
and habitat quality of the estuary. Point and nonpoint source
pollution control measures have been, and will continue to be,
applied in the basins discharging to the Bay. To evaluate the effec-
tiveness of such measures, the River Input Monitoring Program was
established as a cooperative effort by the U.S. Geological Survey,
Maryland Department of the Environment, the Virginia Department
of Environmental Quality, and the Washington Metropolitan Council
of Governments. In Pennsylvania, additional data are supplied by
the Susquehanna River Basin Commission’s Surface Water Monitor-

ing Program.

Nutrients, sediments, and flow are monitored as part of these
programs during both base flow and storm flow conditions on the
Bay’s major rivers. Monitoring programs, designed to assess trends
in pollutant concentrations and loads, began in 1984 in Maryland,
1985 in Pennsylvania, and 1988 in Virginia. Historic data, collected
since 1970 and 1978 in Virginia and Maryland, respectively, were
also used to interpret trends as part of these programs. The goal of
the trend analyses is to establish a link between nutrient loadings at
the monitoring stations and the nutrient reduction strategies. The
most recent results are presented here for total nitrogen, total
phosphorus, and suspended sediment concentrations in each of the

rivers.

The Susquehanna River, which drains 27,100 square miles, is the
Bay’s largest tributary. It alone contributes 47 percent of the Bay’s
river flow and is monitored at its mouth in Maryland, and at five
sites in Pennsylvania. The northernmost Susquehanna site captures
the inflow from New York. Two mid-basin sites monitor the main
stem and the River’s West Branch. One lower basin site monitors
contributions from upstream of the three major hydroelectric power
pools, which act as major sediment sinks. The other lower basin
site, the Conestoga River, is the largest contributor of nutrients and
sediment to the Susquehanna River, per square mile of watershed.

ATy A A tallifs . fatio o) 8 Lug i) CIC Aol Yy L0 D wR 22

1985 and 1993 in Pennsylvania and for the periods 1978 to 1993,
and 1984 to 1993 at the site near the mouth in Maryland. In Penn-
sylvania, decreasing trends in total nitrogen were found in the
northern to middle reaches of the Susquehanna and Conestoga
rivers. Decreasing trends in total phosphorus and suspended sedi-
ment were observed in the lower Susquehanna River. At the mouth,
total nitrogen concentrations showed an increasing trend over the
entire 1978 to 1993 period, but the concentrations appeared to level
off between 1984 and 1993. Total phosphorus and sediment concen-
trations decreased over the 16-year period.

Trends for the m_l_moui_.wv.»::m River waterched were analvzed between

In addition to the mouth of the Susquehanna, Maryland monitors
three other rivers for their inputs to the Bay. The monitoring site on

I VRt TR i Mo 4L R I
the Potomac, the second iargest i

ay irioutary, COveErs the Q_E:umn
coming from 11,800 square miles in Maryland, Virginia, Pennsylva-
nia, West Virginia, and the District of Columbia, and contributes 16
percent of the total fresh water to the Bay. The Patuxent River
drains only 348 square miles above the monitoring site. The water-
shed is rapidly becoming urbanized, however, and is the focus of a
specific nutrient control strategy developed cooperatively by state
and local governments. The Choptank River has the smallest of the
four drainage areas, 113 square miles, and is typical of many basins
on the Eastern Shore or eastern Coastal Plain Province.

Trend analysis was performed for the periods 1978 to 1993 and
1984 to 1993. The results of the analysis indicate some trends occur
at each river for some constituents. Total nitrogen concentrations
showed an increasing trend in the Potomac and Choptank rivers over
the entire 1978 to 1993 period, but the concentrations appeared to
level off between 1984 and 1993. The Patuxent River has shown a
significant decline in nitrogen over both periods. Total phosphorus
concentrations decreased in the Potomac and Patuxent over the 16-
year period and these trends continued in the more recent period.
The Potomac River showed decreases in suspended sediment over
both periods, while the Patuxent showed decreases only since 1984.
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Overall Nutrient Sources and Reduction Goals

14

The nuirients niirogen and phosphorus are the most significant and
widespread pollution threat to the Chesapeake Bay. These nutrients
fuel algal blooms which cloud the water and ultimately result in low
levels of the oxygen required by all the Bay’s living resources.
Virtually all individuals and industries in the watershed, and some
even beyond the watershed, contribute the nutrients that ultimately
reach the Bay. Therefore, all of us must cooperate to reduce
nutrient pollution.

In 1987, the Chesapeake Bay Agreement was updated to include
specific nutrient reduction goals and time lines for the implementa-
tion of nutrient control strategies. One of the key goals of this new
agreement was a 40 percent reduction of nutrient pollution entering
the Bay by the year 2000.

Using mathematical models, managers and scientists determined the
expected range of dissolved oxygen concentrations in the Bay’s
bottom waters. At one extreme, without nutrient reductions, condi-
tions would worsen considerably by the year 2000. At the other
extreme, the dissolved oxygen levels present when John Smith first
explored the Bay 350 years ago were much better than they are
today. The managers and scientists determined that the 40 percent
nutrient reduction goal would provide significant improvements in
water and habitat quality and would also be close to the best achiev-
able, given present population levels and available technology.

Mathematical modeling of the Chesapeake Bay system has also
shown that the individual tributaries have varying impacts on the low
dissolved oxygen problem of the main Bay. This modeling indicated
that the Potomac River and the tributaries to the north dominate
status of the main Bay’s dissolved oxygen. The tributaries to the
south of the Potomac, conversely, have a minimal impact on the
main Bay dissolved oxygen. Consequently, the nutrient reduction
goals for the lower Bay tributaries are regarded as “interim.”
Specific nutrient reduction goals for each of the lower tributaries are
being developed to meet the requirements of the plants and animals
in each tributary. Those lower tributary goals are being developed

Overall Watershed Nutrient Sources

NITROGEN

Agriculture
39%

Atmosphere

11%

Point Source
23% Development
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When accounting for all the nutrients that enter the Bay, the two largest
contributors of both nitrogen and phosphorus are agriculture and point
sources, based on 1985 estimates. Forests are a natural source of nutri-
ents. Atmospheric nutrient pollution that falls directly on the water is
displayed as a separate category and accounts for 11 percent of the total
nitrogen load. Atmeospheric nitrogen also falls on the land and accounts
for an additional 16 percent of the total nitrogen load, but is included as
part of the forest, agriculture, and developed land sources.

Source: Chesapeake Bay Program
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Nutrient Enrichment and Habitat Quality

16

To many people, the phrase “cleaning up the Chesapeake Bay”
means increasing the amount of good water in the Bay. Good water
contains enough dissolved oxygen and is sufficiently clear to
support the tremendous variety of aquatic life found in the Bay.

In many areas of the Bay and for much of the year, however, the
quality of the water is not sufficient to support the Bay’s

living resources.

In the warmer months, large portions of Chesapeake Bay contain
little or nodissolved oxygen. Low oxygen conditions may cause
the eggs and larvae of fish to die. The growth and reproduction
of oysters, clams, and other bottom-dwelling animals are impaired.
Adutlt fish find their habitat reduced and their feeding inhibited.

Many areas of the Bay also have cloudy water from an overgrowth
of algae or too much sediment in the water. These turbid waters
block the sunlight needed to support the growth and survival of Bay
grasses, also known as submerged aquatic vegetation (SAV). Without
SAV, critical habitat for fish and crabs is lost. Although there has
been a resurgence of SAV in some areas of the Bay, most areas still
do not support abundant populations as they once did.

The main causes of the Bay’s poor water quality and aquatic

habitat loss are elevated levels of two nutrients, nitrogen and
phosphorus. Both are natural fertilizers found in animal wastes,
soil, and even the atmosphere. These nutrients have always

existed in the Bay, but not at the present excessive concentrations.
When the Bay was surrounded primarily by forest and wetlands,
very little nitrogen and phosphorus ran off the land into the water.
Most of it was absorbed or held in place by the natural vegetation.
Today, much of the forests and wetlands has been replaced by farms,
cities, and suburbs.

As the use of the land has changed and the watershed’s population
has grown, the amount of nutrients entering the Bay’s waters has
increased tremendously. The excess phosphorus and nitrogen feed
an abundant growth of algae which clouds the water and blocks the
sunlight needed by Bay grasses. When the algae die, they sink and

decompose, using up the dissolved oxygen in the water. As the
water becomes depleted of oxygen, those species that can move
must leave and compete for food and space in the remaining areas
that can sustain them. Animals that can’t move may die.

One of the main goals of the Chesapeake Bay restoration is to
reduce the profound impacts of excess nutrients on the Bay. To

this end, the Chesapeake Bay Program jurisdictions have agreed to
reduce nitrogen and phosphorus pollution reaching the Bay in 1985
by 40 percent by the year 2000. A reduction goal of 40 percent was
chosen because that level of nutrient reduction would result in
significant improvements in the Bay’s dissolved oxygen levels and in
the habitat for SAV. It is also a realistic goal given present popula-
tion levels and available nutrient reduction technologies.

Since the 40 percent nutrient reduction goal was established,
significant progress has been made in lowering the amounts, or
loads, of nutrients entering the Bay. Examples of this progress
are provided in the previous sections on wastewater discharge and
the inputs from the Bay’s rivers. Much of the progress has been
made in controlling phosphorus, especially from wastewater
treatment plants. However, controls of nitrogen and nonpoint
sources in general are also starting to yield results. As nutrient
loads have changed, water quality in the Bay has responded.

For example, nitrogen concentrations in the water appear to be
declining in some areas, especially Maryland’s upper western

shore, the Patuxent River, and the James River in Virginia. Many
of these reductions have occurred in areas that, relative to other Bay
waters, are severely impacted by nutrient overenrichment. The
reductions in most areas are due to a combination of improved
wastewater treatment and nonpoint source controls.

In all areas of the Bay and its tributaries, phosphorus concentrations
are either declining or have remained stable since1984. Phosphate
detergent bans in Pennsylvania, Virginia, Maryland, and the District
of Columbia between 1986 and 1988, along with numerous waste-
water treatment plant upgrades, have played a significant role in
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Algae and Dissolved Oxygen Status

Chlorophyll

Bottom Dissolved Oxygen
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salinity. A five level scale was used with *
among the highest al
required to m:n
among the hig

eake Bay for algae (measured as chlorophyll) and dissolved oxygen. Algae levels were evaluated by comparing areas of similar
GOOD?” areas having the lowest algae concentrations and best water quality. Areas shaded as “SEVERELY IMPACTED” have
m_»o concentrations in the Bay and the worst water quality. Dissolved oxygen levels in bottom waters were evaluated relative to target concentrations
port the growth, reproduction, and survival of the Bay’s fish, shellfish, and botiom dwelling organisms. A three level scale was used with “GOOD?” areas having
est bottom dissolved oxygen concentrations and “SEVERELY IMPACTED” areas having among the lowest dissolved oxygen concentrations.

Sources: Maryland Department of the Environment, Virginia Department of Environmental Quality and District of Columbia Department of Consumer and Regulatory Affairs
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Sediment Contaminants
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Emran than in the water. Zo::o::m toxic substances in the sedi-
ment is an efficient method of determining contamination levels in
the Bay and identifying areas that may require further evaluation of
potential contaminant problems.

Several monitoring programs have collected data on sediment
concentrations of all the major types of potentially toxic contami-
nants in Chesapeake Bay. The risk to aquatic life posed by the
sediment concentrations of two important classes of contaminants —
trace metals and PAHs — is discussed below. For most areas of the
Bay, these two classes of compounds are most likely to present
significant risks to Bay life.

The concentration in the sediment at which a contaminant becomes
toxic depends on the species and life stages of the organisms present,
as well as the physical and chemical characteristics of the sediment
and overlying waters. Due to the difficulties in determining toxic
concentrations of trace metals and PAHs, no applicable state or
federal regulatory criteria exist to determine “acceptable” sediment
concentrations of these substances.

Informal guidelines based on many field and laboratory studies have
been developed, however. These guidelines consist of estimates of
the sediment concentration above which adverse effects to aquatic
organisms are likely to occur for each contaminant. These critical
concentrations are called Probable Effects Levels (PELs). Sediment
concentrations of a contaminant that exceed its PEL pose a consider-
able risk of adverse effects to aquatic organisms, although such
effects are not always observed.

While these sediment quality guidelines have many shortcomings,
the PELSs are probably the best benchmarks available, and were used
to evaluate, in a general way, the significance of sediment concentra-
tions of contaminants in different areas of the Chesapeake Bay. For
each contaminant found at an average concentration above its PEL,
two points were added to an area’s score. One point was assigned
for each contaminant found at an average concentration approaching
the PEL (i.e., greater than 80 percent of the PEL). For each area,
the scores for each contaminant were added, and areas with similar
total scores were placed in the same category.

High levels of sediment contamination are restricted to the Elizabeth
River, Baltimore Harbor area (Patapsco and Back rivers), and the
Anacostia River. Sediment contaminant concentrations in these
areas were generally much higher than those found elsewhere in the
Bay. Each of these areas had several contaminants at concentra-
tions above their PELs, thus, this contamination poses a significant
risk to aquatic organisms in these areas. The Chesapeake Bay
Program has designated the Baltimore Harbor, Elizabeth River, and
Anacostia River as “Regions of Concern”, and the District of
Columbia, Maryland and Virginia are developing “Action Plans” to
address toxic pollution problems in each location.

Trace metals such as arsenic, cadmium, and lead are naturally present
in the earth’s crust and their presence in the sediment does not necessar-
ily indicate contamination from human activities. Many of these metals
are essential to some organisms in minute quantities, but if present in
sufficiently high concentrations, they become toxic.

Like PCBs and many pesticides, PAHs are organic compounds. They are
released to the environment primarily through the burning of fossil fuels,
although spills of petroleam compounds may also cause environmental
contamination. Due to the widespread use of fossil fuels, PAHs are now
ubiquitous in the environment. Many individual compounds in this class
have been monitored in Chesapeake Bay.
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Submerged Aquatic Vegetation
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Over the last 30 to 40 years, many Chesapeake Bay plant and
animal populations have been depleted by overharvesting, deteriora-
tion of water quality, habitat destruction, disease, and meteorologi-
cal changes. One such valuable resource, submerged aquatic
vegetation (SAV), historically covered vast areas of the Bay’s
shallow waters and nurtured a rich variety of Bay life. During the
late 1960s and early 1970s, however, Bay SAV populations experi-
enced a dramatic decline due to increased nutrient and sediment
pollution from development of the surrounding watershed. This
decline galvanized commitment to a Baywide policy and implemen-
tation plan that is used by managers and scientists in SAV assess-
ment, protection, education, and research actions to ensure the
restoration of these plants.

The strong link between water quality and SAV distribution and
abundance makes SAV plant communities good barometers of
Chesapeake Bay health. Significant progress has been made in
defining water quality requirements for SAV in the Bay. Those
requirements emphasize good water clarity and low levels of
suspended sediment, nutrients, and algae. The Chesapeake Execu-
tive Council used this new information about SAV in 1993 to
establish an SAV restoration goal of 114,000 acres Baywide. At
current rates of recovery, this goal should be achieved by the year
2005. At atechnical level, targets have also been proposed for SAV
bed density and species diversity.

In Chesapeake Bay, SAV monitoring is necessary to evaluate the
success of restoration and protection efforts. Since 1978, the
Virginia Institute of Marine Science has monitored SAV using black
and white aerial photography. The information derived from the
aerial survey is confirmed using ground survey data collected by
state, federal, and local agencies and organizations. From 1978 to
1993, the total abundance of SAV in the Bay and its tidal tributaries
increased by 75 percent, from 41,748 acres to 73,092 acres. The
most visible increases in SAV have been in the Susquehanna Flats,
the Potomac River, Tangier Sound, the Virginia eastern and western
shores, and Mobjack Bay.

Patterns of change in SAV populations throughout the Bay are -
complex, varying both in space and time. This complexity is due to
the diversity of the Bay’s major watersheds, varied water quality
conditions, and differences in the biology of the SAV species in
different regions of the Bay.

Between 1978 and 1993, the largest expansion of SAV occurred in
the lower mainstem Bay, where SAV declines during the 1970s had
been relatively small and where water quality conditions were good
enough to allow healthy growth. The SAV beds remaining in these
areas after the Baywide decline may have contributed to a pool of
propagules (seeds or fragments of vegetation capable of forming new
plants) that repopulated unvegetated areas.

The rapid spread of SAV in the tidal fresh Potomac River, following
major water quality improvements in the 1970s and 1980s, has
resulted in the highest levels of abundance of SAV in the river since
the early 1900s. The exotic species Hydrilla was the dominant plant
contributing to this rapid spread. Many native species, however, also
increased during this period.

The Water Quality/SAYV Linkage

NUTRIENT SEDIMENT
POLLUTION POLLUTION
Nutrients cause Algae and sediment in
algae to grow to water column block
abnormally (Chirimgy | Settment light needed by SAV

high levels

Clear water is a critical water quality requirement for SAV. Water
clarity is diminished by particles such as algae and suspended sediments.
Excessive amounts of nutrients contribute to an overabundance of algae
in the water column and on SAYV leaf surfaces, both of which prevent
sunlight from reaching the vegetation.
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Baywide SAV Status and Trends

Achievement of Bay SAV Habitat Requirements
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Trends in SAV Status in SAV |
W Increasing Trends Percentages indicate progress toward initial
£ Decreasing Trends restoration goal for each Bay segment.
[0 No Trend Baywide, 64% of the initial goal has been
met.
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Legend Water Quality Habitat Requirements
O All ._EE?» requirements Kd= light penetration
achieved TSS= total suspended solids

CHLA= algae (chlorophyll a)
DIN= dissolved inorganic nitrogen
DIP= dissolved inorganic phosphorus

£3 One habitat requirement
not achieved

B Two or more habitat

requirements not achieved

Each segment of the Bay has been evaluated for its status and trends in
SAV. This figure shows the 1993 percentage of the initial goal, which calls
for restoring SAV to areas having vegetation at any time after 1970. Those
segments with no percentages had little o no SAV and therefore had zero
percent achievement of initial goal. Shading of each segment represents the
SAV coverage trends since 1978.

Source: Chesapeake Bay Program

For any type of SAV to grow and survive, water quality must be within
the environmental tolerances of that species. Five important water
quality parameters, listed in the legend, are critical in defining
acceptable SAV habitat conditions, and each has been assigned an
acceptable threshold value. Chronically exceeding the value of ene or
more critical parameter can potentially lead to the loss of SAV in an area.
The map depicts three levels of habitat quality and those water quality
requirements that were not being met, in 1991.

Source: Chesapeake Bay Program
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decomposition of algae from the annual spring bloom causes the
bottom waters to become hypoxic (very low dissolved oxygen levels)
or even anoxic (no dissolved oxygen) during the middle of the
summer. Consequently, the amount of suitable habitat available to
fish may be greatly reduced and bottom-dwelling organisms
(benthos) that cannot move may die. Algal blooms can also shade
the water, blocking the light needed by underwater grasses to grow
and survive. One of the primary goals of the Chesapeake Bay
restoration is to improve conditions in the Bay so that enough light
reaches underwater Bay grasses and at least some dissolved oxygen
is available in the deepest parts of the Bay throughout the year.

Because phytoplankton are a critical component of the Chesapeake
Bay ecosystem and represent the first biological response to the
Bay’s nutrient enrichment problem, they are monitored as part of the
Chesapeake Bay Water Quality Monitoring Program. Thirty-two
stations, located in the mainstem Bay and its major tributaries, are
monitored to provide managers and scientists with estimates of
phytoplankton biomass, abundance, and community composition.
Managers and scientists use this information to track changes in the
Bay’s water quality over time, test for the presence of exotic organ-
isms or toxic algae, and develop environmental indices that reflect
the relative “health” of different areas of the Bay. Results from the
phytoplankton monitoring program have been used to show the
success of Bay cleanup efforts, explain important linkages between
water quality and living resources, and provide an early warning of
potentially harmful exotic species.

In the Chesapeake Bay and its tributaries, the winter and spring
phytoplankton blooms are composed almost exclusively of non-toxic
algal species and have no direct ill effects on people or aquatic life.
However, certain species of dinoflagellates, which are uncommon in
Chesapeake Bay but common along the East Coast, can be toxic to
shellfish, fish, and even people. As a consequence, shellfish produc-
ing states such as Maryland and Virginia must monitor for the
presence of these organisms and close any shellfish harvesting areas
where dangerous levels are detected. In the Chesapeake Bay, no
shellfish producing areas have ever been closed due to the threat of
contamination by toxic algae.

Winter Phytoplankton Blooms in the Patuxent Estuary

Although the annual phytoplankton bloom is characteristically
considered a spring pienomenon in ihe Bay's saifier waiter (hence
the common phrase “spring bloom”), winter blooms also can
contribute significant amounts of phytoplankton to the Chesa-
peake Bay system. This phenomenon is especially true in the
Patuxent River Estuary, where large winter blooms of the di-
noflagellate Katodinium rotundatum have been documented
between December and March near Benedict, Maryland. The
blooms, which are often called red or mahogany tides, can last for
several months. During a bloom, the numbers of Katodinium can
reach about one hundred million cells per liter - approximately
20,000 per drop of water. Unlike the nuisance algal blooms
documented in the Upper Potomac River, blooms of Katodinium
are a vast food source for microscopic animals called zooplankton,
which in turn become food for various species of fish and fish
larvae. Low winter water temperatures prevent oxygen poor
conditions from developing during the decomposition of the bloom.

Source: Maryland Department of the Environment
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of the Chesapeake Bay ecosystem. This index also illustrates how Zooplankton Food Availability Index

zooplankton act as a critical link between water quality and living

resources. Additional zooplankton environmental indicators are Susquehanna
currently under development for use in assessing the health of the
Chesapeake Bay. .
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Sampling zooplankton on the Bay's mainstem 1EG
23 Optimal & Below Minimum
B Minimum B Poor

This map shows the overall food availability index for larval striped bass
during spring where zooplankton are monitored. The results of the index
suggest that overall densities of zooplankton are typically sub-optimal for
normal larval striped bass growth and development in all spawning
reaches except the Choptank River, where recent high striped bass
spawning success has coincided with optimal zooplankton availability.
Sources: Maryland Department of the Environment, Virginia Department

of Environmental Quality
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Benthic Community Condition
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The condition of the benthic community varies in different regions of the
Bay and the tidal portions of its tributaries. Ratings are based on average
“Restoration Goals Index” scores for summer benthic community samples
taken between 1984 and 1990. Data are aggregated by depth within
segments of the Bay.

Sources: Maryland Department of the Environment and Maryland Department of
Natural Resources; Virginia Department of Environmental Quality

how stressed and unstressed benthic communities differed in various
attributes such as the number of species, the total number and mass
of organisms, the presence of organisms in deeper layers of the
sediment, and the relative abundance of species that are tolerant of
poiiution. A benthic community is assigned a score for each of
these attributes, based on how much it differs from benthic commu-
nities typical of unpolluted areas. The scores for each of the
attributes are averaged to give an overall rating of the community’s
condition.

The adjacent map shows the varying condition of the benthic
community in different areas of the Bay and the tidal portion of its
tributaries. The mid Bay, the Patapsco River, and the lower reaches
of the Rappahannock and Potomac rivers are characterized by
severely degraded benthic communities in their deeper waters and
moderately degraded benthic communities in their shallower areas.
Moderately degraded benthic communities are found in the Back,
South, West, Rhode, and Patuxent rivers on the Bay’s western shore
and in the Chester and Nanticoke rivers and Eastern Bay on the
Eastern Shore. The upper and lower portion of the mainstem,
Tangier Sound on the Eastern Shore, the James and York rivers, and
the upper portion of the Potomac and Patuxent rivers are all charac-
terized by healthy benthic communities.

Most of the areas with severely or moderately degraded benthic
communities are located in deeper tributary channels and the deep
trench of the Bay and experience stress from low concentrations of
dissolved oxygen. Sediment concentrations of toxic substances
appear to have a secondary, but significant, influence on benthic
community condition, primarily in industrialized areas such as the
Elizabeth and Patapsco rivers.

The target of the Tributary Strategies is to improve areas with
seasonally low dissolved oxygen by reducing nutrient pollution.

The Bay Program Toxics Strategy, on the other hand, is addressing
those areas in which contaminants in the sediment may be degrading
the benthic community.
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Percent Female Striped Bass Spawning Stock Greater Than Age 8

Baywide Striped Bass Juvenile Index
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Three areas of the Chesapeake, the Choptank and Potomac rivers, and the
upper Bay are sampled annually for striped bass spawning stock composi-
tion. These data show a remarkable increase in the percentage of females
greater than age eight (generally 100 percent mature and contributing
greatly to the total egg production) over the five-year period. Presumably,
an increase in mature females will greatly increase spawning success.

Source: Maryland Department of Natural Resources

The striped bass juvenile index is a key management tool in monitoring
the return of stripers to the Bay. Designed to obtain a relative measure of
the young of the year, the index provides a general description of spawning
success. The above figure is a combined index of Virginia and Maryland
data. Higher values indicate good spawning success. The index of 1993
was the highest recorded in recent decades.

Source: Virginia Institute of Marine Science

History of Striped Bass Management in the Bay

Prompted by a long term decline in abundance of striped bass,
Federal legislation was passed in 1979 authorizing the Emergency
Striped Bass Research Study in order to gain a better under-
standing of the extent, magnitude and source of the problem. In
the early 1980s, the Atlantic States Marine Fisheries Commission
(ASMFC) prepared a coastwide management plan severely
restricting striped bass harvest along most of the Atlantic Coast.
As stocks continued to decline, the Atlantic Striped Bass Conser-
vation Act was passed by Congress in 1984, enabling Federal
imposition of striped bass fishing moratoria in states found out of
compliance with ASMFC Plan. Subsequently, recreational and
commercial fishing were suspended in Maryland, Delaware,
Virginia and the Potomac River. The Chesapeake Bay Program
developed a Striped Bass Management Plan in 1989 outlining the
necessary steps to revive and maintain the population throughout
the Bay. The Bay fishery was reopened in 1990 with limited
seasons and is closely monitored by the ASMFC.
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Fish Passage

American Shad Population Estimates for the Upper Bay
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This figure shows the progress of the Chesapeake Bay Program’s initia-
tive to provide passage for anadromous species in major tributaries of the
Bay. As of 1994, 160 river miles of nursery and spawning grounds have
been reopened with a five-year goal of 582 total miles, and a ten-year goal
of 1,357 miles.

Source: Chesapeake Bay Program

Shad captured, tagged and recaptured in the Upper Bay, allow fisheries
managers to estimate the population of mature fish returning to spawn.

A standard of a three-consecutive-year increase and a total of 500,000 fish

has been set to reopen the fishery for the species.

Source: Maryland Department of Natural Resources

1994. None of these management decisions affect the coastal
“intercept” fishery which continues to harvest the species all along
the Atlantic coast, although Maryland has proposed to end the
coastal fishery in 1995.

In 1989, the Chesapeake Bay Program established an Alosid
Fisheries Management Plan to protect, restore, and enhance Bay-
wide stocks of American shad, hickory shad, blueback herring, and
alewife. Efforts have focused on habitat restoration, restocking,
reduction of fishing effort, and stock assessment survey improve-
ment. Through these efforts, managers and researchers hope to
restore a once valuable species to its former abundance in the Bay.

£

A Denil-style fish ladder, Herring Creek, Virginia.

U.S. Fish and ildlife Service
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Maryland and Virginia Oyster Spatfall Index
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Numbers of spat, or immature oysters, are measured annually to gain
insight into the relative spawning success of the oyster. Spatare
counted and reported as the number per bushel of dredged material,
The spatfall index of 1991 was considered healthy, however, 1992 and
1993 were poor. Due to inconsistencies in the Maryland and Virginia
bushel size, the indices cannot be directly compared.

Sources: Maryland Department of Natural Resources and Virginia
Institute of Marine Science

[ 1993 Oyster Roundtable Recommendations |

* Monitor and research disease.

e Dodusca tha enraad af diceage

ARLUULL TARW VA veale VA war wees Ve

» Restore oyster habitat.

¢ Increase hatchery production of seed and larval oysters: main-
tain replenishment program.

« Establish permitting process for aquaculture demonstration
projects.

* Designate oyster recovery areas for the evaluation of rehabili-
tation methods and the ability of beds to recover under
"quarantine".

In 1989, the Chesapeake Bay Program established an oyster
management plan with the goal of conserving oyster stocks while
maintaining a viable fishery. To date, efforts include planting shell,
moving oyster seed, investigating alternative reef materials, re-
searching disease, and conducting stock assessment surveys. An
aquatic reef restoration plan is also under development to guide the
creation of new oyster bars and the restoration of existing oyster
habitat.

In the latest effort to restore oyster stocks in Maryland, 40 repre-
sentatives including watermen, academics, state officials, environ-
mentalists, and aquaculturists joined in an Oyster Roundtable to
address the oyster’s dilemma. These discussions led to the signing
of an “action plan” with several recommendations for aquaculture,
research, and the designation of special “recovery areas.” This
management plan is the first of its kind to recognize the ecological
importance of the oyster in addition to its commercial value.
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cial licenses and pot limits on recreational crabbers in 1994. Other
restrictions involving the winter dredge fishery and time constraints
are under consideration. With such actions, the states hope to

reduce fishing pressure hefore the populations are severely stressed,

avoiding the rapid declines seen in other Bay species.

A priority for improving management of the blue crab fishery is to
enhance our understanding of crab population dynamics. Knowl-
edge of both environmental and anthropogenic factors contributing
to annual fluctuations in reproductive success and population levels
is essential for effective fishery management.

Maryland and Virginia currently have summer trawl (a net towed
behind a boat) and winter dredge surveys to provide information on
recruitment, population size, mortality, migration, growth, and sex
ratios. By examining the number of crabs caught per unit effort
(i.e., per standardized sample), indices can be developed for yearly

comparison. Such indices are not affected by changes in fishin g
pressure that influence commercial harvest data.

Virginia’s Recruit Trawl Survey measures the number of recruits

(1 to 4 inch long crabs) that enter into the crab population each year.

This survey, which samples crabs between June and August, indi-
cates that the population of recruit crabs is currently at a low pwint.
In addition, the Virginia Institute of Marine Science has employed
suction techniques to sample shallow seagrass beds. The high
numbers of juveniles captured in the seagrass beds is indicative of
their importance as nursery grounds. The Maryland Summer Trawl
Survey collects crab population data from May to October. By
reporting in three crab size classes, it is possible to project the
number of small and large crabs for the following season.

The Winter Dredge Survey is also a valuable tool in the prediction
of blue crab availability for the forthcoming fishery. This survey

[__Changes in Blue Crab Regulations |

Maryland

Daily time limits - recreational and commercial.

* A cap on commercial fishing licenses.

300 per license/ 900 per boat crab pot limit.

Abolition of the non-commercial license.

1 bushel per day/ 2 per boat sport crabber catch limit.

Cull rings required in pots.

Virgini

* A sport crabbing license allowing the use of 5 crab pots.

* No license required for fishing two pots and taking one
bushel per day.

* Limited entry into the winter dredge fishery after December 1.
No new licenses issued until total number of licenses falls
below 225,

* Daily catch limit cut from 25 to 20 barrels a day for winter
dredge fishery.

* 2 5/16 -inch cull ring in upper portion of each crab pot to
allow smaller crabs to escape.

Virginia Blue Crab Recruit Trawl Survey Data

140 \\’

120 -  Original sampling gear
- B Gear with "tickler" attached
100 -

Catch per Unit Effort (tickler)
Catch per Unit Effort (no tickler)

0 mzmm? —_ __

1958 1962 1966 _wqe mw.z _3& 1982 1986 —wwc uwwa
Year

Virginia is measuring the number of “recruits” that enter the crab
population each year. Recruits are defined as crabs with a shell (cars-
pace) width between 1 and 4 inches. In 1980, a “tickler chain” was added
to the trawl, greatly increasing catch and making a comparison between
methods invalid. Data from samples collected between June and August
indicate that recruit populations are highly variable and were at a low
point in the early 1990s.

Source: Virginia Institute of Marine Science
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Waterfowl

40

it
\%%%w

goﬁ_x waterfow] were so abundant they seemed to blanket

Ww Bay. Today, their numbers are greatly reduced.

gaog deterioration of shallow water habitats and wetlands,

§9 increasing human disturbance, have reduced the
mwbmbw Bayareas to mcgon waterfowl.

oocu_
»_S__

‘waterfowl use the Bay for

: -8 astopover during migration.
m_mﬁo:o&? oEw Emo_n aco_a and wood ducks bred around the
Bay. The major importance of Chesapeake Bay to waterfowl is the
extensive wintering habitat it provides.

stable. The mute swan, a common orange-billed swan found
around the Bay in the summer, is not native to North America and
is becoming a problem in Maryland. The mute swan destroys SAV
beds, competes with native waterfowl, and destroys colonies of
nesting terns by trampling the eggs and chicks. Control of mute
swans is necessary to protect our native birds.

The Canada Goose is the most abundant species of waterfowl on
the Bay. The most attractive areas to these geese are large, open
grain fields close to water. The population of Canada geese started
increasing in the late 1960s, providing good hunting

Gaining a clear picture of the status and

Trends in Bay Waterfowl

trends of migratory birds is extremely

difficult because these birds are so
mobile and influenced by numerous

environmental conditions. Although we

focus on the Chesapeake region, Bay

. 700,000
population levels of ducks, geese, and -

swans are influenced by environmental m 600,000

conditions outside the region. For )
. O 500,000
example, canvasback numbers in any 5 s
given year may decline in the Bay § 400,000
because of drought conditions in the B 200,000 J
prairie pothole region where the ducks 9T
= 200,000

breed. The following information
considers the status and trends of certain
species, with the understanding that
conditions in the Bay may satisfy only a
portion of a species’ needs during an
annual cycle.

100,000

Diving Ducks
Dabbling Ducks

'56-'58 '59-'61'62-'64'65-"67 '68-'70'71-'73"74-'76'T7-'79'80-'82 '83-'85'86-'88 '89-'91 '92-'94

Year

Two species of swans, the tundra swan
and the mute swan, are found on the
Chesapeake Bay. Tundra swans are
native to the Bay region, but rely on

the Bay only for wintering habitat. Their
populations have remained relatively

The annual Aerial Mid-winter Waterfowl Survey is used to calculate average counts of Chesapeake Bay
waterfowl. Canada geese are most abundant, but have declined in recent years due to overharvesting and
poor reproduction. Most large groups of similar species appear stable. Declines of individual species,
however, are often masked by population changes of others in their group, as evidenced by the decline in
black ducks and the increase in mallards, both dabbling ducks.

Source: U.S. Fish and Wildlife Service
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Sea ducks in the Bay consist of all three species of scoters along
with oldsquaw and red-breasted mergansers. These deep-diving
ducks inhabit the offshore waters of the Bay and are often not
visible from land. Because they live in the vast shallow water areas
of the Bay, they are not fully accounted for by the Mid-winter
Waterfowl Survey which covers only the shorelines. Recent
surveys of the Bay’s offshore waters indicate there are over
160,000 scoters, 90,000 oldsquaw, and 45,000 red-breasted
mergansers. The surf scoter and oldsquaw are the most abundant
sea ducks in the Bay. The scoters feed primarily on small clams,
oldsquaw on a large variety of plants and invertebrates, and
mergansers on small fish.

Overall, waterfowl are declining in the Bay, with the largest declines
occurring in the Canada goose population. The black duck continues
its gradual decline, as do scoters, oldsquaw, and goldeneye.
Merganser, bufflehead, mallard, and the non-indigenous mute swan
populations are increasing.

Waterfowl numbers rise with increases in food resources, such as
SAV and shellfish. Stopping the loss and degradation of coastal
marshes, reducing disturbance, and controlling competing exotic
species will help stabilize these declining waterfow] populations.

U.S. Fish and Wildlife Service

Black Ducks
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Parameters Measured by Volunteer Monitors

Conodoquinet River,
8 rain samples

NI A

onestoga River
4 sites

Middle Rive
2 sites

Potomac River
10 sites

Patuxent Rive:
15 sites

Piankatank River
5 gites
Mattaponi River] Rappahannock
7 sites EAS.
Pamunkey River 15 sites
Eastern River
15 sites
11 sites [Elizabeth River
4 gites
LEGEND

T Temperature S Salinity ONHP ® T,D,C,P,L,S,N
D Dissolved Oxygen N Nutrients BN, IDb,C COTD.CPSV

C Water Clarity  H Herbicides
PpH V SAV

= T,D,C,P
u T.D,C,PL

The Chesapeake Bay Citizen Monitoring Program maintains 110 sites
throughout the Bay watershed that are monitored by about 150 volunteers.
To make their data useful to managers, the Bay Program has paid particu-
lar attention to data quality assurance. Most samples are collected in the
nearshore areas of Bay tributaries — where the efforts of the Bay Program
will be focusing in the near future.

Source: Alliance for the Chesapeake Bay

Examples of Other Citizen Monitoring
. Programs in the Bay Watershed

Delaware
+ Delaware Stream Watch (WQ/BIO)

District of Columbia
+ Izask Walton League of America (WQ/BIO)

Maryland
¢ Anne Arundel County Volunteer Monitoring Program (WQ)

» Audubon Naturalists Society (WQ/BIO)

¢ Chester River Association, Water Quality Monitoring Program (WQ)
* Jug Bay Marsh Monitoring Program (WQ/BIO)

¢ Maryland Save Our Streams (BIO)

 Sassafras River Community Council (WQ)

» Sawmill Creek Watershed Association (WQ)

o Upper Chesapeake Bay Volunteer Monitoring Program (WQ/TOX)

Pennsylvania
» Environmental Management Council (WQ)

¢ Alliance for Acid Rain Monitoring (ALLARM) (WQ/TOX)
» Bureau of State Parks Water Quality Monitoring (WQ/BIO)
« Codorus Monitoring Network (WQ/BIO)

» Environmental Management Council (WQ)

» Lackawanna River Watch (WQ/BIO/TOX)

» Zebra Mussel Network (BIO)

Virginia

» Chesapeake Bay National Estuarine Research Reserve System (WQ)
* Friends of the North Fork Shenandoah River (WQ/BIO)

» Friends of the Rappahannock (WQ)

o Izaak Walton League of America (WQ/BIO)

Parameters Measured
‘WQ - Water Quality
BIO - Biology

TOX - Toxicants
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