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Over-application of herbicides on farm fields can result

in excess toxins and nutrients reaching the waterways.
Photograph by Jane Hawkey, IAN Image Library (www.ian.
umces.edu/imagelibrary/).

Figure 8.1. Pesticides detected in
surface water and ground water in

the Delmarva Peninsula, 1999-2001
(modified from Denver and others,
2004). Synthetic organic pesticides,
along with certain degradation
products, have been widely detected

in ground water and streams in the Bay
watershed. Pesticide occurrence is
closely tied with nutrient land practices
on agricultural and urban lands, so
there is potential to better integrate
management actions to reduce both
nutrients and contaminants to the Bay.
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therefore, in streams during base-flow periods, however. Diazinon concentrations decreased 39 percent between
1998 and 2004 in Accotink Creek, in an urban area near Washington, D.C., coincident with reductions in
diazinon use (fig. 8.2) (Phillips and others, 2007). No trends were apparent, however, between 1993 and 2002 in
concentrations of several commonly used herbicides (atrazine, metolachlor, prometon, and simazine) or desethy-
latrazine in ground water in agricultural areas of the Great Valley underlain by carbonate bedrock (Debrewer and
others, 2007), which indicates that usage of these compounds did not change significantly during the corre-
sponding ground-water recharge period. The implication of these findings is that there will be varying lag times
between management practices to reduce pesticides and improvements in water quality. For pesticides in the
dissolved phase that are transported in runoff directly from a field to a stream, a very short response time between
management actions and water-quality improvements may be expected. There will be a longer response time

if the compound has been transported through ground water. Pesticides associated with sediment will have the
longest lag time between management actions and improvements in water quality.

In addition to pesticides, pharmaceuticals, hormones, and other organic wastewater compounds, are also of
concern in the Bay watershed and the Nation. The USGS conducted a national study of emerging contaminants
that included sites in the Bay watershed (Kolpin and others, 2002). During the study, samples were analyzed
for 95 different emerging contaminants, including human and veterinary drugs, hormones, detergents, disinfec-
tants, insecticides, and fire retardants. At least one of these contaminants was found in 80 percent of the Nation’s
streams, with mixtures of the chemicals occurring at 75 percent of the sites. The most common groups detected
were steroids, nonprescription drugs, and insect repellent. Only 14 compounds have human or ecological health
criteria, and measured levels rarely exceeded any of the standards or criteria. However, little is known about the
majority of the compounds or their mixtures.

The USGS also published results of a study on pharmaceutical compounds having antibiotic resistance to
bacteria and their relation to nutrient cycling in sediments (Simon, 2005). The antibiotic oxytetracycline (OTC)
was found in bottom sediments in two streams that were studied on the Eastern Shore of the Chesapeake Bay.
OTC can produce changes in antibiotic resistance of indigenous bacteria and change the reaction rates of nitrate
oxidation by soil and sediment bacteria. These results indicate that OTC in sediments decreases the ability of
bacteria to alter nitrogen and phosphorous, which could result in increased loads of nutrients being delivered to
the estuary.

Studies have recently begun to document the potential relation between emerging contaminants and the
disruption of the endocrine system of fish in parts of the Bay watershed. Reconnaissance sampling for emerging
contaminants at several sites in the West Virginia part of the Potomac River Basin detected antibiotics in
municipal wastewater, aquaculture, and poultry-processing effluent (Chambers and Leiker, 2006). The highest
number and the greatest concentrations were found in municipal effluent. Previous results from USGS sampling
of the Potomac Basin by the NAWQA Program detected chlordane, DDT, and PCBs in streambed sediment and
aquatic tissues (Ator and others, 1998). Sediment from over one-half of the sites contained concentrations that
may pose adverse effects on aquatic life. There is a limited amount of information on these contaminants in the
Bay watershed and their impact on the stream ecosystems and fish populations, however. Therefore, the USGS
is beginning a more extensive study of the issue in the Bay watershed. More information can be found in the
chapter on fish health.
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Chapter 9: Contaminant Exposure and Impacts on Waterbirds

and Selected Wildlife

By Barnett A. Rattner

he impact of selected contaminants on waterbirds and wildlife in the Chesapeake Bay ecosystem has

been addressed with USGS studies and use of ecotoxicological information for wildlife that has been
extracted from the Contaminant Exposure and Effects—Terrestrial Vertebrates (CEE-TV) database (Rattner and
others, 2005). Currently, the CEE-TV database contains 839 data records (representing about 9,500 individuals)
for the Chesapeake Bay region, with sample-collection dates ranging from 1966 to 2005. Contaminant exposure
and effects data are available for 109 species of terrestrial vertebrates, with the majority of records from birds
(79 percent) and mammals (12 percent). Exposure and effects data are available on 92 unique contaminants, with
most information focused on legacy organochlorine contaminants (including DDT, chlordane, endrin, dieldrin,
and polychlorinated biphenyls, or PCBs) and heavy metals (including lead, mercury, cadmium, and chromium).

Concentrations of p,p’-DDE (a metabolite of DDT that caused eggshell thinning and decimated populations
of fish-eating birds) and other organochlorine pesticides and metabolites have declined since they were banned in
the 1970s, whereas PCB values in eggs seem to have remained unchanged (fig. 9.1). One recent USGS study of
ospreys documented their reproduction in the most highly polluted parts of the Bay (Rattner and others, 2004).
In 2000 and 2001, a “sample egg” was collected from many osprey nests in or near the CBP “toxic regions of
concern” (Baltimore Harbor, Anacostia River, Elizabeth River), and the fate of eggs remaining in each nest was
monitored. Concentrations of organochlorine pesticides, total PCBs, and arylhydrocarbon receptor-active PCB
congeners were often greater in sample eggs from regions of concern compared to the reference area (South,
West, and Rhode Rivers). Productivity of ospreys in or near Baltimore Harbor and the Anacostia River was
marginal (observed success less than 1 fledgling/active nest) for sustaining local populations. In addition, tumors
in bullhead catfish have been found in these very same regions (Pickney, Harshberger, May, and Reichert 2004;
Pickney, Harshberger, May, and Melancon, 2004). Overall, management actions in the 1970s and 1980s restrict-
ing the use of chlorinated compounds and some metals have had several results for wildlife. Decreased use of
chlorinated pesticides contributed to improved conditions and population recovery of many fish-eating birds.
Populations of many species, including the bald eagle, have rebounded to numbers observed before the advent
and use of organochlorine pesticides. However, concentrations of other contaminants such as PCBs in wildlife
appear unchanged and remain a concern.

Several emerging contaminants are being detected in Chesapeake Bay wildlife, but the associated threat
to wildlife is not known at this time. Environmental concentrations of polybrominated diphenyl ether (PBDE)
flame retardants (commonly used in polymers, textiles, and electronics) are increasing; on a global basis, some
of the highest levels in bird eggs have been found in ospreys nesting in the Chesapeake (Hale and others, 2004).
Since little is known about the toxicity thresholds of PBDEs in wildlife, it is difficult to predict the hazards they
pose to biota in the Bay. USGS studies have been initiated to determine potential embryo-toxicity of these flame
retardants using wild bird eggs. Other compounds of contemporary interest include alkylphenol, ethoxylate, and
perfluorinated surfactants, pharmaceuticals, and personal care products. Finally, rising mercury concentrations
in the environment and widespread fish consumption advisories are of national concern (U.S. Geological Survey,
2006). Although fish consumption advisories due to mercury contamination are widespread, adverse effects have
not been documented in wildlife associated with the estuary. Data from the CEE-TV database show that mercury
concentrations in bird eggs, and in livers and kidneys of terrestrial vertebrates collected in the Chesapeake estu-
ary, are generally well below known adverse effect levels.
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Osprey nest atop channel marker in the Tred Avon River in
Easton, Maryland. Photograph by Jane Hawkey, IAN Image
Library (www.ian.umces.edu/imagelibrary/).













Figure 12.2. Conceptual

Elevated diagram of processes
Atm‘gg;er'c affecting wetland
Disturbance loss. Multiple factors

(herbivory, fire, storms, human impacts)

influence marsh loss,
including grazing of
vegetation by muskrat
Plant Growth/Turnover and nutria, altered
Flooding Depth/Duration flooding and salinity
patterns, annual
prescribed burning of
vegetation, and the
rate of sea-level rise.
Biomass Accumulation Managers need to
Eutrophication Nutrients identify which factors
are occurring, including
Decomposition continued sea-level
rise, at a site to plan
for successful wetland
restoration.

Sea-Level Rise Salinity

Sedimentation/Erosion/Subsidence Soil Elevation

of the important processes controlling and limiting habitat quality in these reconstructed wetlands. At Kingman
and Kenilworth marshes, studies showed there is a large, functionally diverse seed bank of wetland species in
the Anacostia River available to colonize dredged sediment deposits (Neff and Baldwin, 2005). The combination
of natural colonization and vegetative planting efforts facilitated rapid development of vegetated marsh habitats
wherever restored soil elevations were suitable (Hammerschlag and others, 2006). However, marsh establish-
ment at several sites was affected by grazing from an overabundance of resident Canada geese. USGS scientists
also found geese herbivory to be an important factor in the decline of wild rice along the tidal Patuxent River
(Haramis and Kearns, 2007). Removal of geese by hunting, and efforts to protect and re-establish rice by fencing
and planting, led to successful restoration of this marsh type. The results imply that tidal wetland creation from
dredged sediments is an effective method for restoring wetland habitats when the proper intertidal soil elevations
are established and maintained and herbivory is managed. The results also imply the presence of an existing
seedbank may enhance the success of wetland restoration.

USGS studied the correlation between wetland restoration and changes in bird populations at Poplar
Island, which eroded to less than 5 acres in 1996, and is undergoing wetland restoration that will include 550
or more acres of constructed tidal wetlands, creeks, ponds, and mudflats. USGS found that the restored habitat
is attracting desired common terns, least terns, snowy egrets, cattle egrets, American black ducks, and osprey
(Erwin and others, 2003). This site is the only nesting area for common terns in the Maryland part of the Bay
and thus, is critical to species survival in Maryland. However, constructed upland habitats also attract undesirable
bird species such as gulls and great horned owls and mammal predators (red foxes) that harass or prey upon the
desired bird species.

USGS studies showed the diversity of coastal and nontidal wetlands are affected by multiple factors. Graz-
ing by exotic species such as resident Canada geese at Anacostia River marshes (see above) can prohibit plant
development and change vegetation composition. Exotic colonizers, such as Phragmites, can out-compete native
vegetation and cause a loss in diversity and in habitat value and function. USGS studies of native and invasive
varieties of Phragmites reveal that the invasive variety can grow in saltwater concentrations at which the native
varieties cannot survive. They also produce more shoots per gram of rhizome tissue and have a higher relative
growth rate than the native varieties (Vasquez and others, 2005). These findings imply that the diversity of a tidal
wetland will depend on controlling competition and predation from non-desired species, which also attempt to
colonize restored and native wetlands.



In forested wetlands, patterns of plant zonation and diversity are strongly influenced by physical conditions,
such as flooding patterns related to variations in river flows and local geomorphology (such as hydrogeomorphol-
ogy). Nontidal riparian and flood-plain wetland communities are typically highly diverse areas in the landscape,
but the reasons for this are poorly understood. Although plant diversity and composition can be attributed in part
to hydrologic conditions (such as seasonal flooding patterns), recent USGS investigations reveal that hydro-
logic conditions alone do not describe forested wetland plant patterns (Alexander-Augustine and Hupp, 2002).
Plant diversity is strongly impacted by hydroperiod (the period during which wetlands are flooded), micro-scale
changes in relief, and upstream-downstream position within the stream corridor. More importantly, however, the
influence of hydrogeomorphology on species richness varies with spatial scale. Species richness was described
by hydrogeomorphic variables (downstream position, river discharge, stream power, and topographic relief) at the
plot scale (400 square miles). Tree diversity was best explained at the site scale (1 hectare), and hydrogeomorphic
variables were best explained at the watershed scale (Alexander-Augustine and Hupp, 2002). Thus, a combina-
tion of spatial, hydrologic, and geomorphic conditions explains plant diversity patterns in forested wetlands.
These findings imply that the diversity of a tidal and forested wetland will depend on controlling competition and
predation from non-desired species, which also attempt to colonize a restored wetland. Resource managers need
to understand these conditions when developing management plans for riverine wetlands.
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Chapter 13: Factors Affecting Fish Health

By Vicki S. Blazer, Christopher A. Ottinger, and Christine L. Densmore

he CBP has a restoration goal in the Chesapeake 2000 agreement to “restore, enhance, and protect

finfish, shellfish, and other resources, their habitats and ecological relationships to sustain all fisheries
and provide for a balanced ecosystem.” To address this restoration goal, the USGS had a science goal to “address
the factors affecting the health of fish, wildlife, and their habitats.” This chapter summarizes USGS findings
about fish health in the Bay and its watershed; the following chapter presents findings on waterbird populations.
The USGS addressed four primary topics related to fish health including (1) menhaden and ulcerative lesions,
(2) striped bass and mycobacteria, (3) tributary health assessments, and (4) intersex conditions in the Potomac.
Multi-species management plans are being prepared by the National Oceanic and Atmospheric Administration
(NOAA) and state partners for menhaden and striped bass as part of the CBP restoration goal for fisheries.

In 1997, USGS scientists were asked to assist in research directed toward understanding the causes of the
high incidence of skin lesions and kills of Atlantic menhaden in a number of Chesapeake Bay tributaries. Men-
haden are both ecologically critical and commercially valuable species. The lesions and fish kills were thought
to be associated with the presence of Pfiesteria, which is believed to produce a toxin that affects fish as well as
humans. However, the chronic nature of the lesions (fig. 13.1A) and the consistent presence of an invasive fungal
pathogen (fig. 13.1B) raised many questions as to the actual cause of these lesions and the associated environ-
mental stressors (Blazer and others, 1999).

Figure 13.1. Photographs
of (A) ulcerative mycosis

of menhaden, and (B)
microscopic appearance of
ulcers illustrating the invasive
fungal hyphae and chronic
inflammatory response
within muscle tissue,
underlying skin. The USGS
and collaborators determined
lesions on menhaden were
caused by a fungal pathogen
Aphanomyces invadans.

Itis now recognized that

A. invadansis a serious
pathogen of both estuarine
and freshwater fishes
worldwide.




Figure 13.2. Photograph of
mycobacteriosis lesions in striped
bass (courtesy of Maryland
Department of Natural Resources).
The USGS and collaborators
identified the cause of skin lesions in
striped bass to be mycobacteriosis,
which are species of bacteria

that can impact both marine

and freshwater fish. Improving
environmental conditions in the
Bay could improve the ability of
striped bass to resist the impact of
mycobacteriosis.

Research conducted by USGS scientists and collaborators resulted in the isolation and identification of the
fungal pathogen Aphanomyces invadans, based on morphology, temperature and salinity growth characteristics,
infectivity, and DNA sequence. Using the polymerase chain reaction (PCR) method, the same organism was
found in menhaden with lesions from Delaware to South Carolina, and in similar lesions in selected freshwa-
ter fish species in Georgia and Louisiana (Blazer and others, 2002). Once isolated, the infectivity and relation
of A. invadans to the skin ulcers of menhaden were investigated. Using injection of the infective zoospores, a
dose-response in ulcer development and mortality was shown, with only about 10 spores needed to cause death
in 50 percent of exposed menhaden (LD, ). Injection of as few as one zoospore was sufficient to induce lesions
in 31 percent of the fish (Kiryu and others, 2003). Experiments using bath exposure to the infective zoospores
indicated that a low percentage of unstressed menhaden developed ulcers; however, stressed (net-handled) and
traumatized menhaden had significantly higher mortality and incidence of ulcerative lesions (Kiryu and others,
2002, 2003). These findings suggest that a high incidence of menhaden with lesions in the wild may be a result
of environmental factors that favor the proliferation of the pathogen, as well as damage the skin and/or cause
immunosuppression.

Many factors, including water-quality parameters (temperature, dissolved oxygen, salinity, and nutrients),
contaminants, toxins including algal toxins such as Pfiesteria, and other infectious agents may play a role in
predisposing menhaden to A. invadans infections (Blazer and others, 1999; Reimschuessel and others, 2003). It
is now recognized that A. invadans is serious pathogen of both estuarine and freshwater fishes worldwide. USGS
scientists have worked with international colleagues to reexamine causal factors, describe a case definition, and
attempt to standardize nomenclature for a number of syndromes associated with this pathogen (Baldock and oth-
ers, 2005), as well as review existing knowledge (Blazer and others, 2005). The USGS findings imply that under-
standing the multiple factors that contribute to the occurrence of pathogens affecting fish will allow for more
comprehensive multi-species ecosystem management plans to be developed to protect and restore fisheries in the
Bay. The USGS findings also suggest that improving environmental conditions for menhaden, such as improved
dissolved oxygen and lower contaminant concentrations, will make them less susceptible to A. invadans infec-
tions and other toxic algae.

Striped bass are a highly prized sport and commercial fish in the Chesapeake Bay and along the eastern
coast of the United States. They are also one of the five targeted species for which the CBP partners are develop-
ing Ecosystem-Based Fisheries Management Plans. The striped bass population has increased in the Bay after
a moratorium helped provide relief from overfishing. In the late 1990s, however, fishermen and field biologists
began to report a high incidence of emaciated striped bass, many with skin lesions (fig. 13.2). The USGS and
collaborators identified the cause of the skin lesions to be mycobacteriosis, which are species of bacteria that can
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USGS investigator processing fish for health evaluations. Fish are bled, organs cultured for
bacteria and viruses, and pieces of tissue removed and fixed for microscopic evaluation.
(Photograph by U.S. Geological Survey.)

impact both marine and freshwater fish. A variety of previously described species of mycobacteria have been
isolated from diseased Chesapeake Bay striped bass (Rhodes and others, 2004, 2005); some of these are potential
human pathogens (Ottinger and others, 2005). The bacteria affects relatively high numbers of striped bass caught
in the Chesapeake Bay with external lesions observed in up to 28 percent of bass caught and internal lesions in
more than 62 percent (Ottinger and others, 2005). The multiple factors that promote the presence of mycobacteria
and lower the resistance of striped bass to the bacteria are still not well understood. In 2006, the USGS co-hosted
a workshop with NOAA to summarize the state of the knowledge and prioritize next steps to address the issue
(Ottinger and Jacobs, 2006). The USGS and NOAA findings imply that the resistance of striped bass populations
to disease appears to have been lowered due to multiple environmental conditions including low dissolved oxy-
gen, contaminant concentrations, and improper diet. Improving these environmental conditions in the Bay could
improve the ability of striped bass to resist the impact of mycobacteria.

Given the problems with lesions in key fish species of the Chesapeake Bay, the USGS conducted tributary
health assessments from 1998 to 2003 to better understand fish health in the Bay and its tributaries. The assess-
ments included developing new methods to document fish health and to use the information to compare the
“health” of various tributaries. White perch were selected as a sentinel species because they are less migratory
than menhaden or striped bass. Several methods to assess fish health were enhanced (Blazer, 2000; Smith and
others, 2002), while new methods were developed (including cellular and subcellular assays) to better identify
immunosuppression (Gauthier and others, 2003; Harms and others 2000; Iwanowicz and others, 2004). Find-
ings from the assessments showed that the suppression of the white perch’s immune system occurred in several
tributaries and increased from the spring to the summer. The immunosuppression that occurred in the sum-
mer coincided with the finding of lesioned menhaden in the same tributaries (Harms, Ottinger, and Kennedy-
Stoskopf, 2000). The new techniques that USGS developed for fish-health assessments could be adopted by



resource management agencies to provide a more thorough understanding of the health of fisheries in the Bay.
The National Ocean Service (NOS) of NOAA is implementing these methods in a program to monitor fish health
in Chesapeake Bay tributaries.

Since 2002, USGS has been involved with numerous cooperators in examining potential causes for skin
lesions and kills of various fish species in the watershed, particularly smallmouth bass and redbreast sunfish. The
presence of various pathogens, including multiple bacteria, fungi, and parasites, indicated these fishes suffer from
immunosuppression. During more comprehensive fish-health assessments, the presence of testicular oocytes, a
form of intersex, was noted in the male bass. As previously stated, the CBP has a restoration goal “to achieve and
maintain the water quality necessary to support the aquatic living resources of the Bay and its tributaries and to
protect human health.” The toxic reduction strategy requires information on (1) the sources and occurrences of
contaminants, and (2) the potential for contaminants to adversely impact aquatic-dependent wildlife. Reproduc-
tive abnormalities in fishes have been strongly linked with a variety of contaminants that have endocrine-mod-
ulating activity. Intersex, specifically testicular oocytes, has been linked to exposure to estrogenic compounds,
which also have immunomodulatory activity. A preliminary assessment of the occurrence of testicular oocytes
in smallmouth bass indicates that (1) it is widespread within the Potomac drainage, and (2) the prevalence and
severity may increase as human population and agricultural intensity increase. Further research is underway to
assess causes of intersex and fish kills in the watershed, document the spatial distribution, and compare species
and life stages to determine the population effects.

Fish kill in Choptank River, suspected to be from toxic algal bloom entrapped in floating seagrass mat.
Photograph by Adrian Jones, IAN Image Library (www.ian.umces.edu/imagelibrary/).
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Chapter 14: Changes in Food and Habitats of Waterbirds

By Matthew C. Perry

he Chesapeake Bay is an important area for waterbirds because it is located in the Atlantic Flyway.

The Bay winters over one million ducks, geese, and swans annually, provides stopover habitat to
thousands of migrating marsh, shore, and wading birds, and maintains substantial breeding populations of
colonial waterbird species. While migratory bird protection is not one of the goals in Chesapeake 2000, the DOI
has the responsibility to restore populations under the North American Waterfowl Management Plan. The USGS
supported the DOI management need through studies addressing the factors affecting waterbird populations and
their habitats. The synthesis of USGS findings is focused on loss of food sources and alteration of habitat for
waterbird populations.

During 2001-06, USGS focused on the factors affecting the declines in sea duck populations, which are a
group of ducks not frequently seen by the public due to the fact that they feed in deep water in the Bay. USGS
findings indicate that these declines could be from changes in diversity and abundance of shellfish and other
benthic foods (Kidwell and Perry, 2005; Perry and others, 2005; Niven and others, 2005). The declines of food
sources, such as mussels and other invertebrates, and changes in foodweb and habitat relations (fig. 14.1) have
possibly contributed to the declines in sea ducks. The findings imply that the collapse of the once vast native
oyster population has possibly had a major impact on sea ducks by removing mussels and other invertebrates
associated with the oyster bars. Decline in these communities represents a major loss in foods and foraging habi-
tat available to a variety of waterbirds. The findings imply that if oyster populations and other invertebrates are
restored in the Bay, populations of waterbirds that depend on them as a food source could also increase.

Food sources and habitats of waterbirds also are affected by exotic and invasive species. The exotic
mute swan has increased its population size in Chesapeake Bay (Maryland and Virginia) to approximately
4,500 since 1962, when five swans were released in the Bay (Perry, 2004). The Bay population of mute swans
now represents 30 percent of the total Atlantic Flyway population (12,600), and had a phenomenal increase of
1,200 percent from 1986 to 1999. Unlike the tundra swans that migrate to the Bay for the winter, the mute swan
is a year-round resident. There are concerns about their impact on nesting native waterbirds and the consumption
of SAV. Although data on the consumption of SAV by nesting mute swans and their offspring during the spring
and summer are limited, USGS studies of their food habits show that mute swans rely heavily on SAV during
these months (Perry and others, 2004). It has been reported that a mute swan can consume about 8 pounds of
SAV per day, raising concerns among resource managers (Perry and others, 2004).

While concern grows over the increasing number of exotic mute swans on the Chesapeake Bay, less atten-
tion seems to be given to the highly familiar and native Canada goose, which has developed unprecedented
non-migratory, or resident, populations over time. Although nuisance flocks of Canada geese have been well
developed at city parks, athletic fields, and golf courses over the past three decades, recent expansion of popula-
tions to an estimated one million birds in the Atlantic Flyway, and to over 500,000 in Maryland, carries a threat
of broader ecological consequences. USGS findings revealed that herbivory by invasive resident Canada geese
has led to a major decline of wild rice in tidal marshes of the Patuxent River and probably in other areas (Hara-
mis and Kearns, 2004). Wild rice is a critical fall resource to a variety of migrating wetland birds, especially
sora rails, and rails have declined in abundance with loss of these habitats. Chesapeake Bay historically provided
valuable habitat for wintering rails and several species have supported hunting seasons. These findings imply that
better understanding of factors affecting food sources and habitat of waterbirds will give managers more reliable
information to manage and regulate waterbird populations. Monitoring the effectiveness of management plans
of bird populations that are considered invasive or problematic (such as mute swans and resident geese) will be
needed to determine if strategies need to be revised.
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Figure 14.1. Generalized food web for some of the major waterbirds that frequent the Chesapeake Bay

(modified from Perry and others, 2005). Food sources and habitats of waterbirds are affected by multiple factors,

including exotic and invasive species. A better understanding of these factors will provide managers with
stronger information to manage and regulate populations.
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Collection of benthic samples which are used to help determine food sources for sea ducks in
Chesapeake Bay. (Photograph courtesy of Matthew Perry, U.S. Geological Survey.)
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Birds on the water at Blackwater National Wildlife Refuge. Photograph by Heather Lane, IAN Image Library
(www.ian.umces.edu/imagelibrary/).
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