III. Water and Sediments
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About the Watershed:

Instructional Framework

I. The History of the Chesapeake Bay and its Watershed

A.
Study of the interaction of the Chesapeake Bay watershed, past and present, helps humans to better understand ecological systems and the effects of human activities on those systems.

B.
The Chesapeake Bay watershed has social and political values.

1.
Historically, the Chesapeake Bay watershed has affected the development, movement, and size of human societies. Early settlements were founded on large, navigable rivers. 

2.
Questions and issues about the Chesapeake Bay watershed have influenced alliances and conflicts between and within communities, societies, and states.

a.
Chesapeake 2000 Agreement 

b.
Virginia/Maryland Potomac Agreement 

C.
The Chesapeake Bay watershed issues can affect national, regional, and local activities. 

Resources

Bay Plain and Piedmont: A Landscape History of the Chesapeake Heartland from 1.3 Billions Years Ago to 2000. Chesapeake Bay Program. <http://www.chesapeakebay.net/pubs/gateways/plainandpiedmont/HF-WHOLE%20BOOK.pdf>.

A Capsule History of the Chesapeake Bay. Kent Mountford. Chesapeake Bay Program. <http://www.chesapeakebay.net/hist1.htm>.
Chesapeake 2000 Agreement. Chesapeake Bay Program. <http://www.chesapeakebay.net/c2k.htm>.
Chesapeake Bay Assessment and Program Initiatives. Virginia Department of Environmental Quality. <http://www.deq.state.va.us/wqa/pdf/305b/threefive.pdf>.

Chesapeake Bay History. Chesapeake Bay Program. <http://www.chesapeakebay.net/info/history.cfm>. (Includes African-American history in the Bay region.)
“Colonial Period: Exploration of the Chesapeake Bay.” The Mariners Museum. <http://www.mariner.org/chesapeakebay/colonial/col007.html>.
 “Virginia-Maryland Boundary.” Virginia Places. <http://www.virginiaplaces.org/boundaries/mdboundary.html>.
II. Geology of the Chesapeake Bay Watershed

A.
Geologists divide the land into regions that are similar in topography and geology, two factors that affect the types of soils, flora, fauna, stream patterns, climate, and even land use.

B.
Five different physiographic provinces compose the Bay watershed, and each makes its own contribution to the state of the Bay.

1.
While often considered mountainous, the Appalachian region is actually an elevated plateau that has been heavily cut by rivers. Around 280 million years ago, the region was a marshy sea filled with horsetail ferns. As the landscape changed, these ferns were compressed and now form the coal seams that run throughout the mountains. Not surprisingly, coal mining was a major industry in this area. The Appalachian Plateau has many forests and, of all the provinces in the Chesapeake Bay watershed, gets the greatest amount of rainfall each year.

2.
The Ridge and Valley province is formed by a band of mountains and high plateaus that are slightly lower in elevation than the Appalachian region. Sedimentary rocks underlay the changing topography. The deep limestone soils make this region extremely fertile for farm fields and add to the buffering capacity of local waterways.

3.
The Blue Ridge region consists of a narrow line of low mountains with ancient hard rocks, making it the most rugged of the provinces. Throughout the Blue Ridge there is a variety of soils and vegetation. 

4.
The Piedmont is a rolling, hilly terrain dotted with many dairy farms. The Piedmont’s fertile, yet erodable, soil overlays hard and resistant crystalline rocks. The type of rock under the soil can subdivide the Plateau. In the eastern part of the Piedmont are highly metamorphosed sedimentary rocks and igneous rocks of volcanic origin; in the western part are moderately to slightly metamorphosed igneous rocks.

5.
The youngest land of all forms the Coastal Plain. Its generally flat surface makes flooding a recurring problem. Vegetation is primarily oak-associated, and the soil is composed of weak sands and clays. To the west of the Bay and before the Fall Line, the Plain is higher in elevation than on the eastern shore of the Bay, which results in the distinction between the Upper Coastal Plain in the west and the Lower Coastal Plain in the east.

C.
There are processes and forces that cause the earth to change.

1.
The water cycle causes watersheds to form through many years of water running over the land.

2.
Weathering and erosion are processes that cause watersheds to change.

3.
Scientists are studying the influence of the Chesapeake Bay bolide on the geological and hydrological processes of the coastal plain.

D.
Bay shores have undergone constant modification by erosion, transport, and deposition of sediments. 

1.
Erosion is the wearing away or disintegration of earth material (soil and rocks) by the physical force of moving wind and water. As water or wind moves across the earth’s surface, particles are loosened and become mobile.

2.
The amount and speed (velocity) of the water influences the rate of erosion. The faster and larger amounts of water mean greater and faster erosion.

3.
Erosion begins the process of sediment transport.

4.
Vegetation, such as trees and grass, limit the amount of erosion that takes place. 

5.
Sediments are loose particles of clay, silt, sand, and other substances suspended in the water. Sediment eventually settles to the bottom (deposition) after it has been transported through a water body. 

6.
During the process of erosion and sedimentation, areas of strong relief, like peninsulas and headlands, are eroded and smoothed by currents and tides, and the materials are deposited in other parts of the Bay. Sediments may be deposited in channels. 

7.
Sediments, carried by the river currents, also are left at the margins of the Bay and major tributaries, resulting in broad, flat deposits of mud and silt.

Resources

“The Chesapeake Bay Bolide Impact: A New View of Coastal Plain Evolution.” U.S. Geological Survey. <http://marine.usgs.gov/fact-sheets/fs49-98/>.

The Chesapeake Bay Bolide: Modern Consequences of an Ancient Cataclysm. U.S. Geological Survey. <http://woodshole.er.usgs.gov/epubs/bolide/>.

Color Landform Atlas of the United States: Virginia. Johns Hopkins University Applied Physics Laboratory. <http://fermi.jhuapl.edu/states/va_0.html>.
Geology of the Chesapeake. Chesapeake Bay Program. <http://www.chesapeakebay.net/ecointr.htm>.
The Geology of Virginia. College of William and Mary. <http://web.wm.edu/geology/virginia/>.
Virginia Places: The Natural Setting. <http://www.virginiaplaces.org/>.

III. Water and Sediments 

A.
Composition and balance are important factors in the chemistry of water.

1.
Dissolved gases

a.
Oxygen available to organisms in water bodies is known as dissolved oxygen.

b.
Dissolved oxygen in water bodies comes from the atmosphere and photosynthesis.

c.
Dissolved oxygen is used by organisms to breathe and is also used in the decaying process of organic material.

d.
Generally, levels of dissolved oxygen remain constant in a water column for a stream. However, in estuaries, lakes, and ponds, dissolved oxygen levels usually decrease with depth.

e.
The amount of dissolved oxygen available to organisms is dependent upon the temperature: cold water can hold more dissolved oxygen than warm water.

2.
Nutrients

a.
Of the many nutrient elements in nature, the most common and important are nitrogen and phosphorus.

b.
Nutrients are essential for plant growth.

c.
Both phosphorus and nitrogen are essential nutrients for the plants and animals that make up the aquatic food web. Because phosphorus is the nutrient in short supply in most fresh waters, even a modest increase in phosphorus can, under the right conditions, set off a whole chain of undesirable events in a stream, including accelerated plant growth, algae blooms, low dissolved oxygen, and the death of certain fish, invertebrates, and other aquatic animals.

d.
Nutrients can come from precipitation, sewage discharges, other organic material, or poor management of fertilizers.

e.
Excessive nutrients in a waterway can be damaging by causing excessive plant growth. The decaying process of the plant material utilizes precious dissolved oxygen and can cause raised water temperatures.

3.
Toxic chemicals

a.
Soil and water contain a wide variety of toxic chemicals, such as inorganic salts, trace elements, and heavy metals. Chemicals used in pesticides and herbicides are examples.

b.
Toxic chemicals are harmful to organisms that come into contact with the toxin. Toxic chemicals can cause lesions, interrupt the reproductive system, or even kill organisms.

4.
Acidity and alkalinity

a.
The term pH is used to indicate the alkalinity or acidity of a substance as ranked on a scale from 1.0 to 14.0. Water’s acidity increases as the pH gets lower. Alkalinity is a measure of the capacity of water to neutralize acids.

b.
Many chemical and biological processes take place in the water. For example, different organisms flourish within different ranges of pH. 

c.
The majority of aquatic animals prefer a range of 6.5–8.0. If pH falls outside this range, it reduces the diversity in the stream because it stresses the physiological systems of most organisms and can decrease reproduction. 

d.
Low pH can also allow toxic elements and compounds to become mobile and “available” for uptake by aquatic plants and animals.

e.
Measuring alkalinity is important in determining a stream’s ability to neutralize acidic pollution from rainfall or wastewater. It is one of the best measures of the sensitivity of the waterway to acid inputs.

B.
Turbidity is a measure of water clarity, or how much the material suspended in water decreases the passage of light through the water. 

1.
Composition

a.
Dissolved solids usually consist of calcium, chlorides, nitrate, phosphorus, iron, sulfur, and other ions.

b.
Suspended solids include silt and clay particles, plankton, algae, fine organic debris, and other particulate matter.

c.
Buoyant and semi-buoyant litter, such as drink cans, plastic six-pack rings, and empty ice bags, can decrease the passage of light through water.

2.
Effects

a.
The concentration of total dissolved solids affects the water balance in the cells of aquatic organisms, influencing their ability to keep position in the water column. Depending on the concentration of dissolved solids, an organism might float up or sink down to a depth to which it is not adapted.

b.
Suspended solids may have traces of pesticides or herbicides attached to the particles. These pesticides and herbicides may be toxic substances for organisms that come into contact with them.

c.
Suspended sediments may also clog the gills of the aquatic animals such as fish and stonefly larvae that use gills to obtain oxygen from the water.

d.
Total solids may affect water clarity, reducing the passage of light through water. This phenomenon can slow photosynthesis in plants living in the water.

e.
Total solids may also affect the temperature of the water, elevating the temperature. The presence of total solids may also lower the water’s freezing point.

f.
Total solids—and suspended sediments specifically—may clog the physical components of a stream and change the natural channel of the stream.

C.
Salinity is a physical property of water.

1.
Like the ocean, some streams, lakes, and estuaries have dissolved salts in the water. These waters are called saline or brackish waters.

2.
The closer to the ocean, the greater the concentration of salt in the water. This area is known as the “salt wedge” because of the shape assumed by the volume of denser salt water as the fresh water moves over it.

3.
The amount of dissolved salts (or salinity) affects the ability of organisms to live and reproduce in water. Some organisms may not be able to tolerate certain levels of dissolved salts.

D.
The rates of biological and chemical processes depend on temperature.

1.
Organisms require certain water temperatures to live and reproduce.

2.
Certain organisms, such as trout and stonefly larvae, require colder waters found in headwater or first and second order streams.

3.
Temperature affects the oxygen content of the water (oxygen levels become lower as temperature increases); the rate of photosynthesis by aquatic plants; the metabolic rates of aquatic organisms; and the sensitivity of organisms to toxic wastes, parasites, and diseases.

4.
If water temperatures get very high or very low, organisms react by moving to waters with more suitable water temperatures, going into a state of dormancy (such as hibernation), or in extreme cases, dying.
5.
Causes of temperature change include weather, removal of shading stream-bank vegetation, impoundments (a body of water confined by a barrier, such as a dam), discharge of cooling water, urban storm water, and groundwater inflows to the stream.

Resources

“Studying the Effect of pH on Aquatic Organisms.” Water on the Web. Natural Resources Research Institute. University of Minnesota Duluth. <http://wow.nrri.umn.edu/wow/student/ph/study.html>. 

“Water and Sediments.” Chesapeake Bay: Introduction to the Ecosystem. Chesapeake Bay Program. <http://www.chesapeakebay.net/info/ecointr3.cfm>.
Water Science for Schools. U.S. Geological Survey. <http://ga.water.usgs.gov/edu/>. 

IV. Elements of a Watershed

A.
General information about watersheds

1.
A watershed is an area of land that drains into a water body such as a river, lake, or bay. Watershed boundaries are defined geographically as a ridge or line of highest elevation towards areas of lower elevation; the stream or lake is where the surface and subsurface waters collect and flow towards the watershed outlet.

2.
Watersheds can be small or large, and most are interconnected, working together as a system. 

3.
A watershed system eventually drains into the ultimate water bodies—the oceans.

4.
Every place on the earth is a part of a watershed.

5.
There are many living and non-living things in watersheds.

6.
Watersheds are constantly changing.

7.
Much of Virginia lies within the Chesapeake Bay watershed, which also includes parts of Delaware, Maryland, New York, Pennsylvania, and West Virginia, as well as the District of Columbia.

B.
Chesapeake Bay

1.
Like other bays, the Chesapeake Bay is a body of water partly enclosed by land, but having a wide outlet to the sea.

2.
About half of the Chesapeake Bay’s water comes from the Atlantic Ocean. The rest comes from approximately 150 rivers and streams in the Bay’s watershed, with 50% of its freshwater coming from the Susquehanna River. 

3.
The Bay is about 200 miles long and ranges from 3.4 miles to 35 miles in width.

4.
More than 3,600 species of plants, fish, and animals live in the Bay, and 29 species of waterfowl make their home there. The Bay also serves as a major stopping place for one million waterfowl each winter.

5.
The Bay’s Eastern Shore is a critical resting stop for migratory songbirds and raptors.

C.
Rivers

1.
A river is a large natural stream of water emptying into an ocean, lake, or other body of water, and usually fed along its course by converging tributaries.

2.
Some major rivers in the Chesapeake Bay watershed are the James, the York, the Rappahannock, the Potomac, the Patuxent, and the Susquehanna.

D.
Streams

1.
A stream is a body of water flowing in a natural channel and containing water at least part of the year.

2.
Some Virginia streams in the Chesapeake Bay watershed are Bull Run, Cat Point Creek, and Craig Creek. 

E.
Ground water

1.
Ground water is water that flows or seeps downward and saturates soil or rock, supplying springs and wells.

2.
Ground water is stored underground in rock crevices and in the pores of geologic materials that make up the Earth’s crust.

F.
Wetlands

1.
A wetland is a lowland habitat, such as a marsh, swamp, or bog, that has periodically waterlogged soils or is covered with a shallow layer of water resulting in reduced soil conditions yet still permits standing vegetation.

G.
Estuaries

1.
An estuary is a place where fresh and salt water mix; it is a place where a river enters an ocean.

2.
Examples of estuaries are a salt marsh and a bay, such as the Chesapeake Bay.

3.
The Chesapeake Bay is an estuary because it opens to the Atlantic Ocean near Norfolk, Virginia.

4.
Of the 130 estuaries in the United States, the Chesapeake Bay is the largest.

H.
Ponds

1.
A pond is a body of water smaller than a lake.

2.
Closed ponds are created when rainwater gathers in large puddles (vernal pools).

3.
Open ponds may be formed by a beaver dam or by a human-constructed dam. 

Resources

American Rivers. <http://www.amrivers.org/>.
 “Characteristics of Good Watersheds.” Rivers Online. <http://rol.freenet.columbus.oh.us/1goodsheds.html>.
A Chesapeake Bay Primer. Bay Link. <http://www.baylink.org/fieldtrips/primer.html>.
Habitats. Chesapeake Bay Program. <http://www.chesapeakebay.net/habitats.htm>.

Surf Your Watershed. U.S. Environmental Protection Agency. <http://www.epa.gov/surf>.
V. The Chesapeake Bay Watershed as an Ecological System

A.
Each watershed has characteristic life forms.

1.
The environment created and shaped by natural forces and modified by humans determines what life forms can occupy a watershed.

2.
Each species occupies a niche within the range of environments in which the species is found.

3.
All life forms show adaptations to the environments in which they live.

B.
All living elements of an ecological system are interdependent.

1.
Plants and animals in ecological systems live in a web of interdependence in which each species contributes to the functioning of the overall system.

2.
Food webs, energy chains, and the water cycle illustrate the interrelationships of all living things.

3.
In a healthy, functioning ecosystem, life forms and environmental factors interact to keep the Chesapeake Bay watershed populations in a long‑term dynamic equilibrium with each other and with their habitats.

4.
Diverse plant communities tend to support diverse wildlife in the Chesapeake Bay watershed communities.

5.
Some of the plants and wildlife populations living in the Chesapeake Bay watershed exhibit cyclic patterns over time.

6.
Water is necessary for all organisms, not just those living in water.

7.
Natural laws are binding on human populations and the Chesapeake Bay watershed.

C.
Variation and change occur in all ecological systems.

1.
All forms of life are affected by changes in their environments.

2.
The numbers and species of life forms within the Chesapeake Bay watershed are not static but are constantly changing.

3.
There may be a trend of continuous replacement of one natural community of life by another.

4.
Natural events and human activities affect the rate and direction of succession.

D.
Adaptation is continuous within all ecological systems.

1.
Plants and animals are adapted to living in different parts of a watershed: forests, fields, headwater or first order streams, wetlands, ponds, lakes, rivers, salt marshes, estuaries, and oceans.

2.
Each habitat is suitable only to those life forms that have adapted, over a number of generations, to its ecological conditions.

3.
Life forms adapt to their environments in ways that enable them to survive and maintain their numbers.

4.
Species with very specific habitat requirements tend to be less able to adjust to environmental change.

5.
Isolated ecosystems such as islands may develop specialized life forms, thus making these systems more vulnerable to environmental change.

E.
Living things tend to reproduce in numbers greater than their habitat can support.

1.
A population tends to increase in size until limited by one or more factors.

2.
Various mortality factors, such as disease, predation, climatic conditions, pollution, accidents, and shortages of life’s necessities, will cause a percentage of any population to die each year.

F.
Each area of land or water, and ultimately the planet, has a carrying capacity (the maximum number of individuals that a given environment can support without having detrimental effects)  of plants and animals.

1.
Carrying capacity is determined by climatic, geological, biological, and/or behavioral factors along with human activities.

2.
Carrying capacity may vary from season to season and year to year.

3.
The numbers, health, and distribution of plants and animals within the Chesapeake Bay watershed are related to carrying capacity.

4.
The different elements within a watershed dictate the distribution of organisms within the watershed.

Resources

Bridging the Watershed. <http://www.bridgingthewatershed.org/students.html>.
Online Field Guides. eNature.com. National Wildlife Federation. <http://www.enature.com/>.
Plants and Animals. Chesapeake Bay Program. <http://www.chesapeakebay.net/baybio.htm>. 

Water Resources. U.S. Geological Survey. <http://water.usgs.gov/education.html>.
What Is a Watershed, Anyway? Chesapeake Bay Foundation. <http://www.cbf.org/site/PageServer?pagename=back_watershed>.

What’s a Watershed? Conservation Technology Information Center, Purdue University. <http://www.ctic.purdue.edu/KYW/glossary/whatisaws.html>.

VI. Conservation, Restoration, and Stewardship of the Chesapeake Bay Watershed

A.
Management of resources and environments is the application of scientific knowledge and technical skills to protect, preserve, conserve, limit, enhance, or extend the value of a natural resource, as well as to improve environmental quality.

1.
All resource and environmental management practices are limited in their scope and effectiveness.

2.
Wise resource and environmental management of the Chesapeake Bay watershed can improve the quality of life for humans and other life forms.

3.
Management practices are limited in their ability to benefit the Chesapeake Bay watershed.

4.
Philosophies, objectives, and practices of various types of resource management are sometimes incompatible with each other, thereby creating conflicts and necessitating compromises.

B.
The Chesapeake Bay watershed is one of Virginia’s basic natural resources. It is composed of air, water, minerals, soil, and plant and animal life.

1.
Nonrenewable natural resources are those which are available on a finite basis, such as minerals and fossil fuels.

2.
Renewable natural resources within the Chesapeake Bay watershed can replenish themselves independently or with human assistance.

C.
Good habitat is a key to the survival of life in the Chesapeake Bay watershed.

1.
Organisms within the Chesapeake Bay watershed are affected by changes in the quality, quantity, and distribution of habitat.

2.
Most species that are endangered or threatened became so from natural or human-caused changes in their habitat and their inability to adapt or adjust to such changes.

3.
Successful reintroduction of species into the Chesapeake Bay watershed may be possible, but only if suitable habitat is available.

D.
The Chesapeake Bay watershed resources can be managed and conserved.

1.
Humans have learned management principles by observing natural forces and events through experimentation and research.

2.
Conservation and restoration of the Chesapeake Bay watershed involves sustainable use and protection.

3.
The diversity and numbers of species present in the Chesapeake Bay watershed often reflect the effect of humans on habitat.

4.
Habitat management is one way to help threatened or endangered species.

5.
Management of one species will affect other species in a community.

E.
Chesapeake Bay watershed conservation and restoration practices depend on a knowledge of natural laws and the application of knowledge from many disciplines.

1.
Systematic inventory of species populations is an important practice to determine the health of the Chesapeake Bay watershed.

2.
Scientific knowledge of all aspects of the Chesapeake Bay watershed, including biological and chemical aspects, is growing.

3.
Regulated harvests of some species occur in the Chesapeake Bay and its watershed.

4.
Regulations are necessary for species conservation and restoration but cannot substitute for a healthy habitat or maintain a species whose numbers and habitat have been depleted or destroyed through over-harvesting.

5.
Some species in the Chesapeake Bay watershed are not native but have been introduced to the area they presently occupy. Such introductions create changes ranging from beneficial to harmful.

6.
Adding members to a community or subtracting members from it affects other members of the community.

7.
Education, protection, monitoring, and habitat restoration are considered to be the most beneficial long-range management techniques for the Chesapeake Bay watershed.

8.
Chesapeake Bay watershed programs are based on both biological and socio‑political considerations.

F.
In the United States, the Chesapeake Bay watershed is considered by many to be a public resource. Ownership of land or water alone does not secure ownership of the Chesapeake Bay watershed.

1.
Primary responsibility for most of the Chesapeake Bay watershed conservation and restoration programs is delegated to governmental agencies.

2.
States are generally considered to have a greater responsibility for Chesapeake Bay watershed conservation and restoration programs than the federal government.

3.
Private organizations, industrial interests, and individual citizens also conduct Chesapeake Bay watershed conservation and restoration activities.

4.
Privately owned lands continue to provide significant amounts of habitat.

5.
Agencies related to Chesapeake Bay watershed conservation and restoration employ persons with a variety of training, including scientific and vocational. 

6.
Citizens can become involved in the management of the Chesapeake Bay watershed, habitat, and environment by direct participation in the political process or through local, regional, state, or national efforts.

Resources

Chesapeake Bay Restoration. Chesapeake Bay Program. <http://www.chesapeakebay.net/restrtn.htm>.

Getting to Know Your Local Watershed: A Guide for Watershed Partnerships. Conservation Technology Information Center, Purdue University. <http://www.ctic.purdue.edu/KYW/Brochures/GetToKnow.html>.
Save the Bay. Chesapeake Bay Foundation. <http://www.cbf.org/site/PageServer/>.

Virginia Department of Environmental Quality.<http://www.deq.state.va.us/>. 

VII.
Chesapeake Bay Watershed Issues and Trends: Alternatives and Consequences

A.
Human impacts on the Chesapeake Bay watershed are increasing.

1.
Human intervention in the environment continues to change plant and animal distribution, diversity, and abundance.

2.
Increasing human populations and technologies often require space and activities that are detrimental to a variety of life forms.

3.
Loss and degradation of habitat is considered to be one of the greatest problems facing the Chesapeake Bay watershed today.

4.
Human activities can accelerate or slow the rate of degradation of the Chesapeake Bay watershed.

B.
Issues involving the Chesapeake Bay watershed and its habitat are a product of social and cultural trends.

1.
Modernization continues to separate people from direct contact with the natural world. This affects their actions and attitudes toward the Chesapeake Bay watershed.

2.
Economic trends, plus increased human population and mobility, have important influences on the Chesapeake Bay watershed.

3.
The location of streams, rivers, lakes, estuaries, oceans, and flood plains influences where people live.

4.
Recreational trends affect the Chesapeake Bay watershed.

5.
Some outdoor activities are increasing the pressures on the Chesapeake Bay watershed.

6.
Political trends affect the Chesapeake Bay watershed and other natural resources.

C.
Current issues and trends about the Chesapeake Bay watershed are complex and involve alternatives and consequences.

1.
Public interest and involvement in the preservation of the Chesapeake Bay watershed continue to grow.

2.
Many issues concerning the Chesapeake Bay watershed involve conflicts among different interest groups.

3.
Chesapeake Bay watershed interest groups are making increasing use of the judicial, legislative, and regulatory systems in furthering their objectives.

4.
Among consumptive groups, conflicts often involve how and when the species and other resources of the Chesapeake Bay watershed are used.

5.
Recent concerns are that policies are influenced by funding sources rather than by a wider constituency.

6.
Various groups interested in the Chesapeake Bay watershed represent a wide range of philosophies and ethics concerned with how best to ensure its long-range health and viability.

7.
Questions exist concerning efforts to save endangered species for their present and future scientific, biological, aesthetic, economic, social, and intrinsic values.

D.
The value placed on the Chesapeake Bay watershed is commonly an issue in resource management decisions, because value is often intangible and varies from person to person.

E.
Watersheds are influenced by both natural and human effects.

1.
Both natural and human effects can change watershed systems. Examples are forest fires, plowed fields, timber harvest, beaver dams, man-made dams, urbanization, and flooding.

2.
A healthy system with limited human activity will be able to compensate for any change in the watershed and return to equilibrium.

3.
A watershed system that has had extensive human activity and modifications within the watershed will not be able to compensate adequately for any changes within the watershed system. The watershed will not be able to return to a normal watershed system. 

Resources

Bay Pollutants. Chesapeake Bay Program. <http://www.chesapeakebay.net/stressor1.htm>.

Chesapeake Bay Commission. <http://www.chesbay.state.va.us/>.

Chesapeake Bay: A WorldWeb Travel Guide. <http://www.chesapeakebay.worldweb.com/>.

ChesSIE: Chesapeake Science on the Internet for Educators. Virginia Institute of Marine Science and Chesapeake Bay Program. <http://www.bayeducation.net/>.

How to Get Involved. Chesapeake Bay Program. <http://www.chesapeakebay.net/involved.htm>.
Land and People. Chesapeake Bay Program. <http://www.chesapeakebay.net/land.htm>.
New Monitoring Technologies. Chesapeake Bay Program. <http://mddnr.chesapeakebay.net/newtech/index.html>.
Online Guide to the Best of Chesapeake Bay Country. Northern Neck Tourism Council. <http://www.northernneck.org/>.

Recreation: Explore Virginia. Virginia Naturally. Virginia Resource-Use Education Council and Virginia Department of Education. <http://www.vanaturally.com/recreation.html>.

Virginia Chesapeake Bay Local Assistance Department. <http://www.cblad.state.va.us/>.

Virginia’s Natural Resources Education Guide. Virginia Naturally. Virginia Resource-Use Education Council and Virginia Department of Education. <http://www.vanaturally.com/guide.html>.

VIII. Careers for Water Enthusiasts

A.
Students interested in the watershed may wish to investigate the wide variety of careers related to conservation and restoration of watersheds and water resources. Teachers may wish to highlight a few such careers, including some that require college preparation and some that do not.

1.
Some careers require a bachelor’s degree or higher. A few examples include coastal engineer, marine architect, environmental lobbyist, research biologist, environmental lawyer, marine science librarian, marine science writer, naturalist, aquatic veterinarian, underwater archeologist, and underwater filmmaker.

2.
Some jobs may not require a college degree for entry. A few examples include shipbuilder, marine engine mechanic, seafood processor, marine supply store worker, graphic illustrator for marine publications, lifeguard, port authority worker, computer technician, fishing boat operator, tour boat operator, diver, and aquaculture manager.

B.
Many government agencies, including the military, have positions for those who have interest and training in water-related fields. Some examples are park and forest services, environmental agencies, river authorities, agricultural extension services, planning and land use officials, the U.S. Army Corps of Engineers, the U.S. Coast Guard, the U.S. Navy, the U.S. Merchant Marine, and the U.S. Air Force Air Weather Service.

C. 
Conservation and restoration groups are another source of employment or volunteer work for those with education and skill in public relations, grant writing, fund-raising, public speaking, teaching, writing, graphic design, Web design, event planning, and similar areas.

Resources

“Careers, Internships, and Scholarships.” U.S. Environmental Protection Agency. <http://www.epa.gov/students/careers.htm>.

Marinecareers.net. Sea Grant. <http://www.marinecareers.net/>.
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