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  The Coastline  Where the Ocean Meets the Land


  A look at any map of the east coast of North America or “Our Backyard from Space” (borrowing from a recent publication on the Gulf of Maine) reveals many interesting features. The coastline is far from straight, nor is it smooth or oriented in a strict north-south line. It is an irregularly shaped intersection of land and sea that angles from northeast to southwest. The coastline is permeated by fingerlike indentations, dotted with islands, and even has a few awkward-looking projections hanging off that seem to be out of place. If you were to study the coastline from north to south, you would encounter distinctive features that are readily identifiable even from outer space.
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  “Our Backyard from Space”—Satellite image of the East Coast from the Gulf of Maine to the Outer Banks of North Carolina NASA VISIBLE EARTH


  A closer look at the Gulf of Maine reveals the Bay of Fundy, an area of water seemingly trapped by Nova Scotia, New Brunswick, and the northern reaches of Maine. The unique shape of this basin contributes to the most extreme tides in the world. The entire coast of Maine is interrupted by finger-like projections where rivers meet up with ocean water. Areas where freshwater mixes with seawater are known as estuaries. The elongated basins of these estuaries reflect the scouring action of ancient glaciers. The rocky outcrops that characterize much of the coast of Maine and its coastal islands are a testament to the clearing capabilities of these ice masses.
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  “Our Backyard from Space”—Satellite image of Bay of Fundy, Gulf of Maine, and Long Island Sound     NASA VISIBLE EARTH


  Cape Cod juts into the ocean like a giant flexed arm made of sand. A closer look at the Massachusetts coast reveals several large sand spits and barrier beaches at Plymouth Harbor, Sandy Neck, Provincetown, Nausett, and Monomoy. These spits are constantly being reshuffled by waves, currents, and storms. History has shown that the sand spits off Chatham, at the elbow of Cape Cod, may be connected to the cape one day and islands the next, and vice versa. Beachgoers are well aware that rocky shores with cold water predominate north of Cape Cod and sandy beaches with progressively warmer waters are found as you travel south. Past glacial activity of 15,000 years ago is largely responsible for the locations of rocky and sandy beaches, whereas modern currents determine water temperature.


  Immediately to the southeast of Cape Cod are two medium-sized estuaries. Buzzards Bay and Narragansett Bay harbor important habitat for shellfish and juvenile finfish. They are also lined with the important industrial cities of New Bedford and Providence. The many indentations of the coastline allow even the tiny state of Rhode Island to have extensive estuarine habitat.


  Long Island hangs off southern New England like an afterthought deposited by the farthest advance of ancient glaciers. It shelters the waters of the sound and much of the Connecticut coastline from the crashing waves of the open Atlantic. The southern tip of Long Island and the small indentation known as New York Harbor shelter one of the world’s busiest commercial shipping ports, as well as the mouths of several rivers, and thousands of acres of wetlands.
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  Cape Cod, Martha’s Vineyard, Nantucket, and Buzzard’s Bay     NASA VISIBLE EARTH


  The Jersey Shore is composed of numerous barrier islands with names like Long Beach Island, Atlantic City, and Wildwood. Broad sandy beaches with pounding surf attract millions of human visitors every summer while the estuaries and salt marshes separating these islands from the mainland attract millions of unseen fish visitors. The large Delaware Bay estuary separates southern New Jersey from the Delmarva Peninsula. The industrialized cities of Wilmington, Philadelphia, and Trenton line its shores. Millions of shorebirds descend upon these shores for a few days each spring in order to gorge themselves on Horseshoe Crab eggs so that they have enough energy to fly back to their Arctic breeding grounds. It is in essence an unmarked rest area at the southern terminus of the Garden State Parkway.


  The eastern side of the Delmarva Peninsula is lined with barrier islands, salt marshes, and sandy beaches much like the Jersey coast. The peninsula itself looks like a puzzle piece that doesn’t quite fit into the rest of the continent. However, it shelters the largest and most important estuary in all of North America. Chesapeake Bay was formed when river valleys became flooded by rising sea levels at the end of the last glacial period. Its name is synonymous with the Blue Crabs and oysters that have historically seemed like inexhaustible resources.


  The Carolina coast juts out into the ocean with a string of barrier islands that shelter the estuaries of Pamlico and Albemarle Sounds. Cape Hatteras forms the boundary between the Virginian and Carolinian provinces, as well as the southern limit for this book. The areas to the south are similarly lined with sandy beaches, barrier islands, salt marshes, and estuaries.


  The Human Footprint


  The Atlantic coastline is a heterogeneous mix of rocky shore, sandy beach, and estuaries lined with salt marshes and tidal flats. The heterogeneity leads to a large diversity of species found over a fairly short distance. Within this same landscape is another mosaic imposed by the human inhabitants. Pristine shores protected as national parks and wildlife refuges are surrounded by vacation resorts, large urban areas, and some of the world’s busiest commercial ports. While we think of the seashore as a very narrow strip where the land meets the sea, the coast is part of and heavily influenced by larger watersheds that feed into estuaries and nearshore waters. Suburbia, agriculture, and industry occupy the land in the surrounding watersheds. Home and factory wastewater, as well as fertilizer and pesticide runoff, often make their way to estuaries and coastal beaches.


  Ever since humans arrived on the east coast of North America, the seas and estuaries have offered up a huge bounty of fish and shellfish. Huge middens filled with the shells of oysters and clams represent the garbage dumps of coast-dwelling Native Americans. Early European colonists harvested shad and herring during their spring migration runs. In the Gulf of Maine, a fishery quickly developed for salt cod. Wellfleet became famous for oysters, and the Chesapeake, for Blue Crabs. As refrigeration methods and transportation technology advanced, fisheries were transformed to cater to a fresh seafood market. The offshore fishing grounds of George’s Bank provide cod, flounder, and other groundfish. While most of these fisheries are still active today, some are in danger of becoming unviable due to many years of overharvest. New fisheries for sea urchins and deep-sea fish are emerging. Aquaculture of mussels and salmon is gaining in popularity. All of these culinary examples point to the fact that we have made ourselves an influential rung on many marine food chains.


  The Ocean


  The ocean provides a unique environment that is made possible by the unusual properties of water molecules and a variety of salts that are dissolved in it. The ocean is also a place of constant movement due to currents that span entire ocean basins, windblown waves, and rising and falling tides. The shape of a particular stretch of coastline and its bottom countours influence the way that this moving water impacts the shoreline and its inhabitants.


  Properties of Seawater


  Water, H2O, is a very unusual molecule. Life cannot exist without it. Its special chemical properties are responsible for it being the molecule of life. Geometrically the water molecule forms a 106°-angled V-shape with hydrogen atoms attached to opposite sides of an oxygen atom. The molecule is bound together by the oxygen and each of the hydrogens sharing a pair of electrons. The sharing, however, is asymmetric with the negatively charged electrons spending more time around the oxygen than the hydrogens. The oxygen therefore has a slight negative charge while the hydrogen tips of the molecule have a slight positive charge. Such details may seem insignificant at first glance, but this asymmetry in charge (polarity to a chemist) is the key to the unusual nature of the water molecule.


  The positively charged hydrogens are attracted to the slightly negatively charged oxygens of adjacent water molecules. These weak attractions, known as hydrogen bonds, cause water molecules to stick together. They stick to other surfaces (adhesion) as well as to themselves (cohesion). You can easily test this by dipping a finger in and out of a glass of water. Adhesive forces cause the water to stick to your finger while cohesive forces keep the droplet together. The slight charges on water molecules also attract other charged molecules, or ions, such as the ones found in seawater. These attractive powers are what enable water to be the universal solvent that dissolves many different chemical substances.


  Pure water has a low freezing point (32° F or 0° C) and a high boiling point (212° F or 100° C). As a result it is present as a liquid on the surface of the earth. A large amount of heat is needed to raise the temperature of a given volume of water. Therefore, ocean waters warm up and cool down very slowly. This protects marine organisms from sudden changes in temperature, something that they are ill equipped to deal with. This also helps moderate the air temperatures of coastal regions.


  As water gets colder, it sinks; whereas warm water rises to the surface. As cold water sinks, it brings with it dissolved nutrients. During summer months warm surface waters may become effectively isolated from deeper cold water. Layering or stratification by temperature results in warm surface waters that are nutrient poor. The boundary between warm and cold waters is called a thermocline. Where stratification is an annual event, waters are eventually mixed when upper layers become cold and the thermocline breaks down. This mixing returns nutrients back to the surface and is usually followed by an increase in phytoplankton.


  Stratification can also occur in response to differences in water density. Seawater is denser than freshwater because it contains a variety of dissolved ions. Where the two mix, such as in an estuary, the less dense fresh or brackish water floats on top of the salt water.


  The various solutes dissolved in seawater lower its freezing point relative to pure water. Another unique property of water is that, upon freezing, it becomes less dense and floats. Ice sometimes forms in brackish (low-salinity) tide pools and salt marshes. In the process it solidifies around the resident seaweeds, barnacles, mussels, and marsh grasses. The floating ice moves upward with rising tides and downward as tides recede. The entrapped organisms are helpless against these up and down movements and may be crushed or ripped from their homes. It goes without saying that this is primarily a northern phenomenon that is more severe in Maine than on Long Island and is nonexistent in Virginia. In general, however, marine species are protected from freezing conditions by the low freezing point of seawater, as well as its almost constant movement.


  The saltiness, or salinity, of seawater is due to a cocktail of various charged chemicals or ions. Certain positively charged ions are attracted to, and bond with, certain negatively charged ions to form what chemists refer to as salts. We usually equate sea salt with sodium chloride. Sodium and chloride are indeed the most abundant ions in seawater, but nearly a dozen different ions including sulfate and magnesium contribute to the overall salinity. The relative proportions of these ions usually remain constant, so that salinity is often determined by measuring just chloride or sodium content. It is reported in units of parts per thousand (ppt or o/oo) or practical salinity units (psu). Open ocean water measures in at about 35 ppt. Most marine organisms have an internal salt concentration equal to that of the surrounding seawater. Disruption of this internal balance caused by sudden fluctuations in salinity, such as occurs in estuaries, can prove fatal.


   

  Better Understanding through Chemistry





  

  Many scientists get very excited about chemical reactions and amounts of certain chemicals in the environment. Most folks, however, do not share this enthusiasm for chemistry and think of it as an esoteric subject reserved for Nobel laureates. Some people cringe at the name thanks to unpleasant memories of high school or college science classes. This is unfortunate and is simply the wrong attitude!


  Nothing in this world exists that is not made up of chemical elements. Nutrition —whether it be ours, garden plants’, or sea creatures’—is all about obtaining the chemicals necessary for life in the proper amounts. The science of chemistry is all about studying chemical reactions or how chemicals interact with one another to form new substances. All living organisms from microbes to Blue Whales are merely reaction vessels or chemistry sets in which chemical reactions are constantly occurring. Most of the activities of an organism are focused on obtaining the necessary ingredients to fuel these reactions and to prevent accumulation of toxic wastes. In order to get the big picture, you must be willing to think positively about chemistry!

  



  Currents and Ocean Circulation


  Ocean waters are in constant motion. Large-scale currents driven by prevailing winds move throughout the ocean basins. Heat energy from the sun warms the surface of the earth. The equator is heated much more than the poles. Heated air masses rise up from the equatorial regions. As the warm air rises, it is replaced by air from midlatitudes that moves toward the equator. Eventually the air is recirculated as it falls back down at 30 degrees north and south latitude. The result is surface winds that flow toward the equator. In the Northern Hemisphere these winds, known as the northeast trade winds, blow from the northeast toward the equator. The Southern Hemisphere is a mirror image. Northeast trade winds and southeast trade winds blow in a westerly direction and merge at the intertropical convergence zone along the equator. Between 30 and 60 degrees latitude in both hemispheres, westerlies blow from west to east. (Wind currents are named after the direction from which they blow.)


  These large-scale wind patterns blow across the surface of the ocean, and the friction that is generated causes the surface waters of the ocean to move in a pattern that roughly reflects the wind patterns. Of course continents get in the way and the ocean currents are deflected. Because we live on a round planet that is spinning on its N-S axis, a phenomenon known as the Coriolis effect causes wind and water currents to deflect to the right in the Northern Hemisphere and to the left in the Southern Hemisphere. The Coriolis effect deflects the water currents generated by the northeast trade winds to the right, forming a gigantic clockwise gyre that spans most of the North Atlantic Ocean. The waters of the North Atlantic subtropical gyre are carried from the equator up along the east coast of North America by the Gulf Stream. The warm waters of the Gulf Stream have a large influence on the water temperatures along the east coast of the United States. The Gulf Stream hugs the continental shelf from Florida up to Cape Hatteras where it veers off into the center of the Atlantic before either circulating back toward the equator or continuing as the North Atlantic current responsible for warming the shores of the British Isles.


  The coastal waters north of Cape Hatteras are much colder, and this overall current pattern and resulting temperatures are largely responsible for the differences in species on either side of this boundary. In comparison the waters off northeast Canada and the northern portions of the Gulf of Maine are influenced by the frigid waters of the Labrador Current that flows in a southeast direction out of the Arctic and the Nova Scotian Current that it feeds. Once again, there are distinct differences in types of species found on either side of this boundary.


  Evidence of the warming powers of the large currents can be seen, and felt, in the presence of the tropical island of Bermuda due east of the Carolinas. Even after it diverges out to sea, the effects of the Gulf Stream are felt along much of the Atlantic coast up to southern New England. This explains why the waters of Nantucket are so much more pleasant than the rest of New England and why the south shore of Cape Cod is warmer than the north.


  These ocean currents are not devoid of life. Marine organisms take advantage of the opportunity to be transported around the ocean with relatively little effort. Larvae of marine worms and snails can be dispersed from the coast of North America to the shores of Europe. Freshwater eels swim down streams throughout North America and into the ocean where they enter the North Atlantic gyre that transports them to breeding areas in the middle of the ocean. Newly hatched sea turtles crawl away from nests on sandy beaches and swim out to sea until they collide with the Gulf Stream, where they will spend the first year or more of life floating in warm currents.


  Waves


  Wind also generates the waves that make boats bob up and down on the high seas as well as the waves that crash onto beaches. All waves have distinct features, whether they are the waves of the ocean or the wave generated by flicking a length of rope up and down. A wave rises to a maximum peak and sinks to a minimum trough. The vertical distance between the peak and trough is known as the wave height. The horizontal distance between successive peaks is the wavelength while the time between peaks is the period. Surfers pay close attention to wave height and period. Scientists also study these features to predict the impacts of waves on coastlines.


  It is important to note that waves move through water. The water itself rises up and down in a circular fashion but does not follow the shoreward movement of the wave. This situation changes dramatically when the wave moves across a shallow bottom. At this point the true bottom of the wave begins to experience drag as it impacts the substrate below. The bottom of the wave is forced to slow down while the velocity of the crest remains constant. Eventually the wave crests as the peak starts to overtake the trough. Gravity takes over and the wave breaks or tumbles over itself. At this point the considerable energy stored up in the moving wave is released upon the shore. Anyone caught off guard and struck by a breaking wave is well aware of the intensity of this energy. It is hard to believe that barnacles, mussels, and seaweeds can live on rocks hit repeatedly by this energy. Because waves are generated by winds, the higher the wind energy that created the wave, the higher the energy imparted on the shoreline when the wave breaks.


  Longshore Currents


  As waves strike sandy shores, sediment becomes suspended in the water. Under normal conditions there is a net transport of sand onto the beach. During the winter, however, winds are stronger, and waves strike with greater force. At this time sediment is eroded from the beach and transported offshore.


  Winds cause these waves to strike the shore at an angle other than 90º, generating longshore currents that transport the suspended sediment parallel to the shore. As they move, longshore currents remove sediment from one location and redeposit it in a new location to form sand spits. These spits continue to grow as longshore currents deposit additional sand and may eventually form barrier beaches. Barrier islands may form when a storm surge washes over the spit, leaving behind a tidal inlet that divides the spit in two. Typically these barriers have wave-swept sandy beaches on one side, sand dunes in the middle, a lagoon fringed with salt marsh on the back side, and tidal inlets that connect the lagoon to the sea.


  Tides


  Tides are an important feature of the coastal environment. There are two high tides and two low tides each day on the east coast of North America. The cycle is repeated day after day on a twenty-four-hour-and-fifty-minute schedule, such that the tide cycle is fifty minutes later from one day to the next. The exact height of a tide varies and is influenced most strongly by the gravitational forces of the moon.


  The vertical distance between a high tide and the next lowest tide is known as the tidal range or tidal amplitude. This distance is usually used to refer to the maximum distance measured from the highest monthly tide to the lowest monthly tide. It varies geographically with northern latitudes generally having greater tidal ranges than areas closer to the equator. For example, the tides along the coast of


   

  Humans versus Nature: Always Bet on Nature


 


  

  Humans are engaged in a futile battle against the sea for domination of the coast. We build houses where sand dunes should be, only to discover that the houses are no better suited than sand dunes to withstand storm surges. Our engineering prowess enables us to construct concrete or rock barriers with the intent of absorbing the impact of the sea and protecting beaches and cliffs from erosion. We construct seawalls parallel to shore and groins at right angles to the shore. Unfortunately these all prove to be temporarily effective, as they don’t really absorb the energy of the waves, but divert it.
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  Seawall, Truro, Massachusetts


  SCOTT SHUMWAY


  Seawalls refocus the wave energy to the area immediately below the wall. Over time the sediment beneath and to the side of the wall erodes away and the seawall collapses. Seawalls also redirect the energy in such a way that one homeowner may effectively protect his cliff face while the deflected wave force erodes away the unprotected cliff face of the neighbor.


  Groins are designed to intercept longshore currents and to prevent beach erosion. In reality the longshore current strikes the groin and deposits its load of sand. This is the intended outcome. However as the current passes on the opposite side of the barrier, it has no sand to deposit and instead erodes away the beach. On beaches with multiple groins, the naturally flat shoreline becomes scalloped with lopsided sand accumulation on the up-current side of a pair of groins and loss of sand on the down-current side. In cases where a large jetty has been constructed to keep inlets open for navigation, barrier spits located downshore may have their supply of sand cut off and cease to grow or begin to lose sand from the beachfront.


[image: chpt_fig_005]


  The same seawall, five years later


  SCOTT SHUMWAY


  


  Maine are significantly greater than those in Virginia. Tidal range is further influenced by the depths and shapes of various basins. The 52-foot (16-m) tidal range of the Bay of Fundy is the most extreme on earth. Most of the living creatures that we see at the beach live within the intertidal, the area that is alternately covered and uncovered by tides.


  Tides are really bulges in the surface of the ocean. They are created by the interaction of several forces. We generally think of the moon rotating around the earth, but in reality they share a center of rotation that is not quite at the center of the earth, resulting in centrifugal force acting on the surface of the earth. The centrifugal force causes a bulge in the ocean surface on the side of the earth farthest away from the moon. The two most significant forces creating tides are the gravitational pulls of the moon and sun. Because the moon is closer to the earth, its effects are greater and a bulge forms in the ocean surface closest to the moon. The combined result of the centrifugal force and the gravitational pulls are two bulges in the ocean surface on opposite sides of the earth.


  Observing the phases of the moon is the best way to predict the range of the tides. If you were to play connect the dots between earth, moon, and sun, the highest and lowest tides (greatest tidal range) would occur when a straight line was formed. These are known as spring tides and occur twice a month, whenever there is a full or new moon in the sky. These are the highest and lowest tides of a lunar month (twenty-eight days or the time it takes the moon to orbit the earth). The smallest tidal range would occur whenever a right angle was formed by the connect-the-dots exercise and the moon is in its first or third quarter. These are known as neap tides. Other days of the month are intermediate between these extremes.


  Coastal Geology


  Have you ever wondered how the coast that we see today came to be shaped the way that it is? The features of our coast have been shaped by geological processes of the past and continue to be shaped by the geological processes of the present. Nothing about our coast is static. Waves and currents will constantly reshape the coast as they always have. Catastrophic winter storms and hurricanes will cause sudden changes in the contours of the coast. Sea level will rise and fall as it always has. Glaciers will return. Of course these coast-altering processes differ in time scale and have been listed from those that take place on a minute-by-minute basis to those that take place over thousands of years. When we go to the beach, we see a snapshot in geologic time. The same snapshot taken a day later will almost certainly look the same, but change is taking place, albeit imperceptible at this time scale. A few years later the snapshot might look different. Wait a few decades and it will definitely look different. Given the forecasts for global warming and associated rise in sea level, much of our coastline is scheduled for rapid changes easily measured over a time frame of a few years or decades.


  The Undeniable Power of Ice


  Geologic time is interspersed with alternating periods of large-scale glacial activity and periods of little to no glacial activity (interglacial). Much of the previous 75,000 years were characterized by large-scale growth and movement of glaciers. This period in time is part of the Wisconsinan glacial stage. The 50,000 years before that is known as the Sangamonian interglacial stage and that was preceded by the Illinoian glacial stage. These three stages are all part of the Pleistocene time period. By geological standards this is all fairly recent history.


  The New England landscape was shaped during the last glaciation when a massive sheet of ice, known as the Laurentide ice sheet, covered the upper third of North America. Inland areas of New England were covered by a mile-thick sheet of ice, while the ice sheet over the present coast of Massachusetts was only 1,500 feet thick. During the Wiconsinan glacial stage, this ice sheet repeatedly increased and decreased in size.


  As a glacier increases in size, it moves forward or advances across the landscape. As it does so, it acts like a giant bulldozer scraping up soil and rock and even breaking pieces from the underlying bedrock. The exposed rocky shores of Maine, often called the Bold Coast, are a stark testament to the scraping power of an advancing glacier. Some of these rocks bear scars, called striations, from having rocky debris ground along their surfaces as the glacier moved above them. The parallel orientation of these scratches indicates the direction the glacier was traveling.


  When temperatures begin to rise, a glacier will start to melt; and as it does so, it recedes or retreats across the landscape and deposits huge amounts of sediment. Some of this material is deposited directly at the edge of the ice and is known as till. When a glacier halts its advance, large amounts of till are deposited to form a ridge or end moraine. As a glacier melts, tremendous amounts of water are released, forming meltwater streams. Most of the accumulated sediment is carried off by these streams and is known as outwash.


  Approximately 21,000 years ago, the Laurentide ice sheet reached its maximum extension, or glacial maximum, to the south and east. The glacier began to recede, then readvanced for a brief period of time, and finally continued to melt. In the process end moraines were formed. When it readvanced, the weight of the ice sheet, combined with a bulldozing effect, pushed up the recent deposits adding topography. We see the results today as Long Island, Block Island, Cape Cod, the Elizabeth Islands, Martha's Vineyard, and Nantucket. The meltwater streams deposited vast outwash plains of sand and gravel. Ten thousand years ago the ice sheets were greatly reduced and within another 5,000 years were all but gone.


  Glacial activity greatly influences sea level. As glaciers grow, they remove water from the sea and sea level goes down. As glaciers melt, water is returned to the ocean and sea level rises. At the time of the glacial maximum 20,000 years ago, sea level was 300 feet (91 m) below its present position and the shore was 75 miles


 [image: chpt_fig_006]


  Rocky Coast in Acadia National Park, Maine     SCOTT SHUMWAY


  (121 km) south of Nantucket. As the ice sheets melted, sea level began to rise rapidly and continued to do so until 7,000 years ago. The flooded outwash plains created an extensive shallow continental shelf that would soon become a rich habitat for finfish and shellfish. The rising seas flooded river valleys and created many of our present-day estuaries. To the far west of the continent, the melting Cordilleran and Laurentide ice sheets parted from one another, allowing a passageway for humans migrating from Asia to North America. These new arrivals would make it to the East Coast in time to witness the rapid rise in sea level and to exploit the wealth of seafood starting to grow in the shallows.
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  Glacial end moraine on Martha's Vineyard, Massachusetts     SCOTT SHUMWAY


  Mid-Atlantic Coastal Plain


  South of New England the earth’s surface slopes gently from the Appalachian Mountains all the way to the edge of the continental shelf, forming a broad coastal plain composed of sandy soils. These are ancient soil deposits that predate the formation of the Atlantic Ocean, which began 180 million years ago as North America separated from the supercontinent of Pangea. Present-day rivers running through these coastal plains on their way to the sea continue to transport huge amounts of sediment to the coast. Waves and currents constantly rework this sediment and over the past 7,000 years have constructed a long series of barrier islands throughout the Mid-Atlantic.


  Catastrophic Alteration of the Shoreline in the Present


  Winter storms and hurricanes can drastically rearrange a shoreline within a few hours. Low barometric pressure and strong winds interact to produce elevations in water levels known as storm surges. These alone can cause devastation of natural and human features of the shore. However, if they coincide with normal high tides, then their magnitude and devastating impact are greatly increased. Storm surges can wash over barrier spits eroding away sand dunes in an instant and depositing beach sand over the marsh or bay on the inland side as washover fans. If the tide level is higher on one side of the weakened barrier than on the other, water can begin to rush through as though a dike were suddenly opened.
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  An area on Cape Cod National Seashore where storm waves have eroded the foredune and an overwash event has breached the dunes SCOTT SHUMWAY


  In 1987 a winter storm breached a barrier spit in Chatham, Massachusetts. Over time the breach widened, a tidal inlet formed, and the once protected bay was left exposed to waves. Within a few short years, the southern end of a barrier spit known locally as North Beach (or Nauset Beach) became severed from the rest of the spit forming an island. The breach continued to widen, and sand was deposited along one end of the breach until, in 1992, the island was joined to the mainland and is now called South Beach! Over time longshore transport of sediments will erode away more of North Beach and build up the southern end of South Beach possibly joining it with its neighbor North Monomoy Island. Of course a hurricane or winter storm could reshuffle all of this in an instant.
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  Chatham, Massachusetts, before (1985) and after (1991) a winter storm breached the North Beach spit in 1987. The 1991 photo shows a well-developed tidal inlet separating North Beach from the island of South Beach. In 1992 South Beach rejoined the mainland just below the lighthouse indicated by the yellow arrow. U.S.     GEOLOGICAL SURVEY





  Food Chains and the Forgotten Plankton


  

  All living organisms need energy to survive. Energy wars have been fought on our planet for nearly four billion years and, even today, much of daily life is spent acquiring energy to grow and to achieve the ultimate goal of reproducing. The energy to sustain life on our planet comes from the sun. Through the process of photosynthesis, light energy is captured and converted into chemical energy that can be either stored or used to fuel life’s everyday metabolic reactions. Only photosynthetic plants, algae, and certain bacteria are able to carry out this energy conversion. All other life-forms are directly or indirectly dependent upon these producers for their own energy needs.


  A food chain traces the capture and movement of this energy from one individual to the next. At the base of all food chains are photosynthesizers. (There are very few exceptions to this rule. The most notable are deep-sea vents where the sun never shines and primary production is carried out by chemosynthetic bacteria.) The photosynthesizers are fed upon by consumers that we commonly call herbivores. They are in turn consumed by predators or carnivores. There might be one or two levels of higher consumers, but rarely ever more than that.


  It is rare for a food chain to have more than four or five levels. There is simply not enough energy available. The transfer of energy from one rung of the food chain to the next is an inefficient one. Much of the energy is used up in basic metabolism and growth. In fact only 10 percent of the energy acquired by one level is available to be passed up to the next level. This “10 percent rule” places a strict limit on how many levels there can be in a food chain.


  Food chains provide natural historians with a convenient and accessible way of organizing the species found in a given habitat into feeding groups or trophic levels. There are primary producers (photosynthesizers), herbivores (primary consumers), carnivores (secondary consumers), and higher-level carnivores (tertiary consumers). Some food chains are based upon detritus (dead and decaying material) and rely upon decomposers to free up the energy stored in the bodies of dead plants and animals. The decomposers, bacteria and fungi, keep the world from piling up with corpses and release a lot of food in the process.


  In the real world the transfer of energy rarely progresses in a simple ladderlike food chain in which only a single species occupies each rung. Instead there are multiple species of producers, many different herbivores, a few species of carnivores, and an even smaller number of top carnivores within a single ecosystem. A diagram of these feeding interactions resembles a complicated food web, rather than a neat chain.


  Because of the importance of the energy of the sun, the distribution of species is often related to the capture of sunlight. When sunlight hits water, the wavelengths are absorbed and reflected by the water and particles in the water. Light levels decrease with depth to a point where there is insufficient light for photosynthesis to take place. The water above is known as the photic zone. Below is the aphotic zone. Photosynthetic organisms must inhabit the photic zone in order to survive. Because the producers are directly or indirectly the food source for all other species, the greatest concentration of living organisms occurs in shallow water or close to the surface.


  In the marine realm photosynthesis is carried out by flowering plants, algae, and some types of bacteria. Flowering plants include seagrasses and salt-marsh grasses. Algae are divided up into single-celled microalgae and multicellular macroalgae or seaweeds. The greatest contribution to carbon fixation, the technical term for what happens in photosynthesis, is made by single-celled algae (diatoms and dinoflagellates) and cyanobacteria (blue-greens). Diatoms, dinoflagellates, and copepods are often referred to as “net plankton” because they can be captured using a fine-mesh plankton net (20–150 microns). There are a large number of much smaller plankton about which we know very little because of the difficulty of studying them. These include smaller flagellates, bacteria, and viruses that constitute a separate microbial food web. They are out of sight and out of mind to the average beachgoer. However, without them there would be very little, if any, life to see at the beach.


  Plantlike Planktonw


  Plankton are living organisms that are unable to swim on their own and are forced to move at the mercy of the water currents. Most are microscopic. Those that carry out photosynthesis are phytoplankton (literally plantlike plankton).
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  View of a centric diatom taken with a scanning electron microscope, showing the round end or valve view and the side or girdle view. Diatoms are made of two glasslike valves that fit together like the two plates of a petri dish.     JOANN M. BURKHOLDER


  Diatoms are among the most beautiful of all living organisms, but you can only experience this beauty with the aid of a powerful microscope. They literally live in glass houses. Diatoms are encased in two valves made of silica, the major ingredient in glass. The valves fit one inside the other very much like the two plates of a petri dish with one slightly larger than the other. Diatom cells range in size from .0004–.008 inch (10–200 microns).
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  Chaetoceros is a centric diatom possessing elongated spines that link cells together to form chains     SCOTT SHUMWAY
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  Three centric diatoms in "valve view" selected to show the intricate beauty of the patterns on their valves (Actinoptychus, Asterolampra, Coscinodiscus)     DR. PAUL E. HARGRAVES, HARBOR BRANCH OCEANOGRAPHIC INSTITUTION
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  Two common chain-forming species of centric diatom (Skeletonema and Thallasiosira)     DR. PAUL E. HARGRAVES, HARBOR BRANCH OCEANOGRAPHIC INSTITUTION


  Diatoms come in two basic shapes. Centric diatoms are circular when viewed from above. Viewed from the side they resemble either a petri dish or a barrel. They can occur singly or in a series of cells loosely joined together into a chain. The genus Chaetoceros has barrel-shaped cells with four long spines coming off of the sides. These spines link together with
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  Animal Plankton
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  Seasonal Changes
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  AFTERWORD


  One of my duties as a college professor is to assign homework. The assignment for the readers of this book is a simple, yet lifelong, task. Go to the beach!


  See the world in a new way. Try to understand the world from the point of view of a snail, a whale, a blade of kelp, or any of the other species that live at the seashore. Each time that you visit the beach try to find a species that you have never seen before. Try to understand how the ecosystem functions, whether it be a wave-swept beach, estuary, or the open ocean.


  Finally, work to protect these ecosystems and the species that live there. It is no longer possible to separate our actions from the well-being of these special places and unique species. No matter how far from the coast we might live, we have an impact either through the sewage we flush, the fertilizers that grow our crops, the greenhouse gasses we release by burning fossil fuels, or the seafood we buy in the grocery store. Humans have inserted themselves into these ecosystems, and we are now obligated to protect and care for them.



   “Whatever attitude to human existence you fashion for yourself, know that it is valid only if it be the shadow of an attitude to Nature. As human life, so often likened to a spectacle upon a stage, is more justly a ritual. The ancient values of dignity, beauty, and poetry which sustain it are of Nature’s inspiration: they are born of the mystery and beauty of the world. Do no dishonour to the earth lest you dishonour the spirit of man. Hold your hands out over the earth as over a flame. To all who love her, who open to her the doors of their veins, she gives of her strength, sustaining them with her own measureless tremor of dark life. Touch the earth, love the earth, honour the earth, her plains, her valleys, her hills, and her seas; rest your spirit in her solitary places. For the gifts of life are the earth’s and they are given to all, and they are the songs of birds at daybreak, Orion and the Bear, and dawn over ocean from the beach.”


  — Henry Beston. (The Outermost House: A Year of Life on the Great Beach of Cape Cod. New York: Henry Holt and Company, 1928.)
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