Case Study: Chesapeake Bay
Focus Concept

Increases in concentrations of nutrients, such as nitrogen and phosphorous, because of human activities are a threat to aquatic ecosystems.  Runoff from farms is a major source of excess nitrogen and phosphorous.

Introduction

On April 26, 1607, four months after leaving England, three ships of the Virginia Company under the command of Captain Christopher Newport entered Chesapeake Bay.  On board the Susan Constant was John Smith, who had been arrested when the ships left the Canary Islands 13 weeks earlier.  When 20 or 30 members of the crew went ashore, Smith was not allowed to go with them.  That night Newport, as Admiral of the fleet, opened sealed boxes he had been given in England and read the names of those who were to serve on the Council of Virginia.  Among the seven names was that of John Smith.  By the middle of the next month, the explorers had selected a site on the James River near the mouth of the Chesapeake Bay for their settlement.  But it was not until May 21 that Smith was freed from imprisonment, nor until June 10 that he was sworn in as a member of the Council.
A year later, Smith’s position in the tiny colony had improved considerably.  In May 1608, he was chosen to lead a party of 14 to explore Chesapeake Bay in a clumsy, open barge.  They found woods “extreme thick, full of wolves, bears, deer and other wild beasts,” including otters, beavers, martens, wildcats, minks and fish “lying so thick with their heads above the water, as for want of nets…we attempted to catch them with a frying pan.”  When Smith was bitten by a stingray, the band returned to Jamestown on July 21.  Partially recovered a few days later, Smith set out on a second exploration of the Chesapeake to look for a route to the Pacific Ocean.  He explored much of the Bay, had numerous encounters with Indians and returned to Jamestown on September 7 without having found a route to the west.  On September 10, John Smith was elected president of the Virginia Colony.
Profile of the Bay

Chesapeake Bay is the largest estuary, a region where the mouth of a river meets the sea, in North America.  It is 300 kilometers (180 miles) long, up to 48 kilometers (30 miles) wide, covers an area of 7,000 km2 (4,400 mi2) and has an average depth of 9 meters (28 feet).  Before there was Chesapeake Bay, approximately 18,000 years ago, there was the valley of the ancient Susquehanna River.  Melting of the glacier at the end of the last Ice Age caused the sea level to rise and flood the valley, forming the Bay.  The watershed for the Bay occupies an area of 103,000 km2 (64,000 mi2) and includes parts of New York, Pennsylvania, Virginia, West Virginia, Maryland, Delaware and the District of Columbia.  Within the watershed system there are 48 major rivers with more than 100 tributaries.  The largest of the rivers is the Susquehanna, which contributes half of the water flowing into the Bay.  Most of the 16.7 million people in the watershed live within one-half mile of a stream or river that feeds into the Bay.  Land within the watershed is 60% forest, 30% agriculture and 10% suburban or urban.  Experts project that by 2000 the population will be 20% larger than in 1985 and the suburban and urban area will be 35% larger.  The Bay and its watershed are host to a rich diversity of organisms, including 300 species of fish and 2,700 species of plants.
Trouble in the Bay

Although the Jamestown settlement lasted less than 100 years, the colonists had started a process of human-induced changes in the Chesapeake region that have multiplied over the centuries.  In 1607, 95% of the watershed of the Bay was forested.  Large piles of discarded shells, known as midden heaps existed that testified the numbers of oysters in the Bay.  These middens were as large as 6 meters (20 feet) deep and covered 12 hectares (30 acres).  The waters also abounded in sturgeon, a fish rarely seen in the Bay today.  By 1675, all of Virginia’s Eastern Shore was divided into individual land holdings.  Pollen samples taken from sediments dated from 1760 contain more ragweed than oak pollen, indicating that clearing and cultivation of land adjacent to the Bay had begun.  Between 1830 and 1880, 50% of the forests in the Chesapeake Bay region were cleared for farmland.  The most significant changes began, however, during the boom in the 1950s that followed the end of World War II.  At that time, the population of the Bay watershed was 8.3 million but by 1994, it had doubled to 16.7 million.  As the population of the Bay increased, so did its environmental problems.
In 1973, Maryland Senator Charles Mathias brought the deplorable condition of the Chesapeake Bay to the attention of the public and Congress.  As a result of his efforts, Congress approved a $25 million-dollar (USD) study of the Bay by the Environmental Protection Agency (EPA).  The report of that study, which was published in 1983, pointed out that since the 1950s anadromous (live in the sea mostly but breed in fresh water) fish harvests had declined by 80%, the oyster population by 95% and submerged aquatic vegetation (SAV) by 90%.  It attributed to the deterioration of the Bay primarily due by nutrient enrichment, sedimentation and contamination with toxic substances.  Computer models show that reducing nutrient levels had the greatest potential for achieving significant improvements.  In 1987, the states bordering the Bay set a goal of reducing nutrients by 40% of the 1985 levels by the turn of the century.
The two nutrients of most concern are nitrogen and phosphorous, which are found in human and animal wastes, plants, fertilizers and other chemicals.  Point sources of nitrogen and phosphorous enter the watershed through pipes from specific sources, such as waste water treatment plants or industries.  Non-point sources are dispersed throughout the watershed, including farms and lawns, and are carried in by surface runoff.  As much as 25% of the nitrogen in the Bay comes from air pollution.  Since the time of John Smith, not only have the amounts of nitrogen increased but the ability of the ecosystem to absorb nutrients has decreased because of an increase in impervious surfaces, such as streets and parking lots, and a decrease in trees and other vegetation.
Excess nitrogen and phosphorous stimulate plant growth and the overgrowth of algae.  The resulting large algal masses prevent sunlight from reaching deeper waters, a major reason for the decline in submerged aquatic vegetation (SAV).  SAV is a critical habitat for fish, crabs and waterfowl, as well as a food source.  When algae die, their decomposition uses up oxygen in the water.  The reduced oxygen conditions, in turn, cause the death of plants and animals, which uses up more oxygen.  The bacteria that cause decay make the water turbid, cutting off even more light from the green plants.
Since nitrogen is soluble in water, it is more difficult to control than phosphorous. Efforts to reduce phosphate levels received a big boost from the ban on phosphate-containing detergents.  Between 1985 and 1995, phosphorous in the Bay decreased by 18%, while nitrogen increased by 2%.  Under low phosphorous conditions, algal overgrowth does not occur in freshwater regions of the Bay, even if excess nitrogen is present.  The nitrogen is still available, however, when it reaches the saltier, downstream water, where it causes even larger blooms.  Dead algae can then be swept upstream where they will continue to deplete oxygen from the water.
Even if nutrient levels were reduced 90%, however, low oxygen conditions would still exist in parts of the Bay, especially during the summer.  This is because Chesapeake Bay has a large watershed relative to its area and volume and a deep, central channel bordered by broad, shallower shoals.  Fresh water flowing into the Bay is warmer and less dense than the incoming salt water.  The fresh water flows over the salt water creating a vertical stratification.  The stratification and topography of the bottom inhibit mixing of the upper, more oxygen-rich layer, with the deeper, oxygen-deficient water and the depths become even more oxygen-deficient.  Large inflows of fresh water in the spring, followed by heating of the upper layer in the summer, enhance stratification and decrease oxygen levels even further.
The states in the Chesapeake watershed are focusing on the rivers and tributaries to reduce nutrients entering the Bay.  Efforts to reduce nutrient inputs to the Bay must happen because of the in population.  For every two kilometers or pounds of nitrogen removed, one kilogram or pound is added due to population growth.  “Population growth is the single most important factor underlying the various stresses on the Bay ecosystem” (Chesapeake Bay Program 1995).
Agriculture and the Bay

Agriculture is the major source of nitrogen and phosphorous in Chesapeake Bay (see graphs below) and manure and chemical fertilizers are the largest agricultural sources.  
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Modern agricultural methods have increased the production of both nitrogen and phosphorous through intensive farming of livestock.  Farms end up producing more manure than can be spread on the land.  For example, in Lancaster County, Pennsylvania, farms produce approximately 4.5 million metric tons (5 million tons) of manure a year, enough to fertilize 1376 hectares (344,000 acres) but the county has 1096 hectares (274,000 acres) devoted to farming.  The use of chemical fertilizers also exacerbates the problem of overproduction of nitrogen and phosphorous.  In the past, a farm’s productivity was limited by the amount of feed it could produce for livestock, the amount of manure livestock produces and the amount of nitrogen-fixing plants that could be grown.  Now, farmers can import feed and fertilizer, so a farm’s productivity can exceed the limits of the local ecosystem.
To reduce the nutrient-loading in farm runoff, states in the Chesapeake Bay watershed are working with farmers to institute what are called best management practices (BMP).  These BMPs involve traditional soil conservation and erosion control methods which primarily remove the coarser soil particles and do not prevent dissolved nutrients from getting into groundwater.  Other methods, such as grass strips and stream side buffers, must be used to reduce nutrients clinging to fine particles or in solution.  In addition, conservation agents are helping farmers determine the amount of fertilizer needed based on soil characteristics, crop rotation and types of crops.  They inform farmers about the most effective times for applying fertilizers to maximize the benefits.  They can also help farmers calculate nutrient levels remaining in the soil from crops grown previously on the land.  Finally, they can analyze samples of crop tissues to determine exactly which nutritional deficiencies exist in plants.
Nutrient Management at Owl Run

In the early 1980s, the Division of Soil and Water Conservation, Virginia Department of Conservation and Recreation, began a project to study the effects of BMPs on water quality from the Owl Run watershed of the Chesapeake Bay.  Owl Run is located in northern Virginia about 85 kilometers (51 miles) southwest of Washington, D.C. and drains an area of 1160 hectares (2900 acres).  Land use in Owl Run is 70% agricultural, 20% forest and 10% residential. commercial and transportation.  The watershed includes five dairy farms, which have 1250 cows and produce 14,600 million cubic meters (3.9 million gallons) of waste a year, including wash water and runoff that has come in contact with animal waste should have a significant impact on water quality.
Beginning in 1985, data was gathered at four surface runoff stations in Owl Run, several biological stations upstream and downstream from the eight rainfall gauges and one weather station.  Data collection for the next three years was intended to form a baseline to use to evaluate the effectiveness of BMPs.  While the field research was going on, a computerized Geographic Information System (GIS) program was used as a basis for a model of the watershed.  The model, which included factors such as elevation, soil type, land use and drainage, was used to predict the effects of optimal manure management.  When the 10-year long project was complete, conservation agents compared observed data with the predicted data and the model could then be adjusted and reefined.  In future projects, the model was useful for evaluating beforehand the effects of various management strategies.
BMPs enable farmers to obtain benefit from manure and efficient use of chemical fertilizers.  Improving agricultural practices at Owl Run and at other locations has decreased phosphorous loads in the Bay by 1.8 million kilograms (4.1 million pounds) a year, 48% of the goal, and nitrogen loads by 2.9 million kilograms (6.5 million pounds), 9% of the load.

Questions

1.  Some scientists contend that the problem of the Bay is not too many nutrients but too many herbivores and carnivores.  Oysters in the Bay are prey to two devastating diseases and the scientists advocate restoring fish species, such as striped bass and shad.  How would introducing more of these animals into the Bay affect the food chain?  Why do you think most scientists reject this “top down” approach for the “bottom up” approach of reducing nutrients? Be sure to define top down and bottom up. You need to write at least three coherent paragraphs for this question.
2.  In some parts of the country, livestock graze right down to the shores of rivers and streams and use them as water sources.  What problems, besides adding nutrients to the waters, could this create? Be sure to cover what happens to the river and stream banks. You need to write at least two coherent paragraphs for this question.
3.  Pennsylvania mandated that farmers develop nutrient management plans if the density of livestock or poultry on their farms exceeds 2,000 pounds per acre.  Virginia is using a voluntary approach of working with farmers.  What are the advantages and disadvantages of each approach?  If you were a farmer, would your answer be the same? You need to write at least three coherent paragraphs for this question.
4.  More than half of Maryland’s water pollution comes from other states, such as Pennsylvania, Delaware and New York.  Evaluate recent efforts to shift responsibility for pollution regulation by the federal governments.  Some scientists advocate regulations for agricultural practices as well as water quality.  What would your position be on such regulations and why? You need to write at least one coherent paragraph for this question.
5.  Investigate and report on how farms in your area handle animal waste.  Are the farmers using best management practices?  Does your state provide assistance to farmers in setting up BMPs?  Also investigate the production of waste by the National Zoo or another large Zoo in the US.  How do zoos deal with the waste produced by animals located there? You need to write at least four coherent paragraphs for this question.
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