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For centuries, people have been challenged by the mysteries that lie beneath the

                blue depths of our ocean planet. Very little was known about the ocean until late

                in the nineteenth century, although nearly three‑quarters of the planet is covered

                by ocean or seawater. Myths and misconceptions abounded. We used to think

                that the ocean depths were devoid of life. We thought that the seafloor was flat

                and that it was the same age as the continents. How different a picture we now

                have of the ocean as the sea has begun to yield its secrets.

                In the 1870s, the HMS Challenger left England and sailed the world's oceans,

                throwing out weighted lines and taking soundings to measure the depths of the

                Atlantic, Pacific, Indian, and Arctic Oceans. For the first time, scientists had an

                inkling of the contours of the ocean floor, took samples of the plants and animals,

                and measured differences in water temperature and salinity. But the cold, dark

                water and extreme pressure of the depths kept scientists from knowing the

                secrets of the deep abyss.

                Following in the footsteps of those pioneering oceanographers, today's scientists

                have overcome many of the challenges of the deep by using more sophisticated

                tools. They can send manned submersibles and sampling devices to plumb the

                ocean depths, taking photographs and samples of animal life and sediment to

                bring back to the surface for further study. Even space technology enters the

                picture. Satellite photos taken of the ocean provide a wide range of information,

                including water temperature and depth, seafloor topography, and the plankton

                populations. Using sonar and satellite data, scientists have been able to generate

                a new map of the ocean floor, thirty times more accurate than the best previous

                map. This map shows the ruggedness of the Mid‑Ocean Ridge as it bisects the

                Atlantic Ocean. This contrasts to the relatively flat Pacific Ocean floor, its vast

                expanse broken up by more than a thousand newly discovered underwater

                volcanoes stretching from Hawaii to the Aleutians.

                And to what does this vast treasure trove of data lead? For scientists, there is a

                broader understanding of how the ocean basin formed and continues to evolve.

                Molten magma from Earth's interior spews out at the mid‑ocean ridges, spilling

                over to both sides and hardening to rocky basalt. As the crust pushes away

                from the ridges, it cools and thins, forming new seafloor and thus "widening" the

                ocean here. As this portion of the ocean floor widens, a section of the seafloor

                elsewhere is slowly sliding beneath the crust, becoming part of Earth's magma

                once again. Plate tectonics, the theory of Earth's crustal plates, thus helps

                explain ocean formation.

                New observations also give scientists a greater understanding of the dynamic

                nature of Earth's water and oxygen cycles and how planetary winds affect

                ocean currents. Data allow scientists to hypothesize about global weather

                systems, earthquake and volcanic activity, and climatic trends of global

                consequence. Understanding the interactions of the ocean and marine life gives

                us an indication of the planet's health and the effects of human activity.

                The development of new technologies for underwater exploration has led to

                exciting and lucrative expeditions. Photographs of the doomed Titanic taken by

                remote cameras from a submersible craft as it probed deep in the North Atlantic

                captured the imagination of the world. Recently declassified information about

                the locations of sunken World War II vessels has attracted adventurers and

                investors who would like to bring up rich cargoes. The old romantic notion of

  
    diving for Spanish pieces of eight from pirate shipwrecks in the Caribbean has

                been replaced by the idea of using sonar and other sensors to locate sunken

                submarines carrying gold. But whether in pursuit of knowledge or profit, all of

                these activities contribute to our understanding of the ocean.

 Some people go whale watching. Some people long to swim with dolphins.

                Others earn their livelihood fishing for giant tuna in a vast ocean. These marine

                animals capture our attention and our imagination. We have a connection to all

                the living things of the ocean, from the microscopic floating plants that supply us

                with the oxygen we breathe to the huge blue whale that fills its belly with a ton

                of krill. Microscopic or oversized, plant or animal, from muddy shoreline to deep

                ocean floor, the ocean's living things attest to its endless variety, its biodiversity.

                Scientists say that there may be millions more species than we know swimming,

                floating, and crawling in the deep oceans and as yet unseen by human eyes.

                With the aid of submersible technology, entire new ecosystems are being

                discovered. Each ecosystem consists of a community of living things that

                interact with one another in complex relationships in unique conditions of water

                temperature, salinity, chemical composition, and currents.

                Far below the surface of the ocean, where no sunlight reaches, hot water laced

                with chemicals spews out of cracks in the ocean floor. These cracks

                (hydrothermal vents) occur most often along the mid‑ocean ridge, where Earth's

                crustal plates are spreading apart. Water reaching temperatures of four hundred

                degrees Celsius and chemical compounds such as hydrogen sulfide billow out

                from the vents. At certain vents, as the hot, sulfide‑rich water comes in contact

                with cold seawater, metal sulfides precipitate out. The chemicals pile up into

                structures that resemble chimneys, which scientists call "black smokers."

                Scientists have found one black smoker that is as tall as a fifteen‑story building.

                Can living things survive in such a place? The answer is yes.

                In 1977, scientists aboard the submersible Alvin, exploring five thousand feet

                below the surface of the Pacific, saw large, four‑foot‑tall tube worms, some

                with bright red plumes, living around a hydrothermal vent. Later laboratory

                investigation revealed that the unusual worms had no digestive system but

                instead contained about 285 billion bacteria per ounce of tissue! In this sunless

                world, a type of sulfur‑loving bacteria was the worms' food source. Clouds of

                bacteria, appearing white in the lights of the sub, were able to use hydrogen

                sulfide as an energy source. In most other food chains, plants convert carbon

                dioxide into food using sunlight during photosynthesis. These peculiar bacteria

                were able to convert hydrogen sulfide into food during chemosynthesis. Also

                found around the vents, feeding on the water rich in chemosynthetic bacteria,

                were certain kinds of clams and mussels. At this great depth and pressure,

                some species of octopus prey upon these shelled invertebrates. But when the

                hot water and chemicals coming from the vent slow down to a trickle, the

                animals disappear.

                In the past twenty years, more than three hundred species have been identified

                in this unique environment. Similar vent organisms have been discovered at the

                base of the continental shelf, where the ocean water is sulfide‑rich but not hot,

                as in the hydrothermal vents. These "cold seeps," as they are called, illustrate

                how little we know about the productivity of the ocean bottom. As far as

                scientists can tell, hydrothermal vents and cold seeps have not yet been affected

                by human activities.

                Far away in a tropical ocean is another distinctive marine ecosystem. One in

                four marine species on our planet lives in a coral reef, an underwater world like

                no other with its colorful variety of swimming and floating animals making their

                way among the branching corals. The food chain of the coral reef begins with

                photosynthetic algae, microscopic organisms that use sunlight to make food.

                Most of the algae live in harmony within the tiny coral animals themselves.

                Reef‑building corals secrete a hard, stony shell of calcium carbonate that builds

                up over time and provides the habitat for reef animals. Colorful invertebrates

                such as the coral shrimp feed on algae and detritus around the coral, where they

                in turn may become dinner for small fish. Large, sleek, and silvery barracuda

                patrol the outer reef, preying on smaller fish such as the butterfly fish. However,

                there is trouble in this paradise: pollution from pesticides, sewage, and soil

                run‑off has damaged many reefs in the Caribbean and Pacific. The practice of

                dynamite fishing to stun fish and capture them for the aquarium trade has

                devastated reefs in parts of Asia, the South Pacific, and Africa.

                Perhaps not as familiar to us is the frigid water of the polar ocean. The food

                chains of the polar ocean also begin with algae, including symmetrically shaped

                diatoms with hard silicate shells. Tiny invertebrate animals eat algae,

                including shrimplike krill. In the ocean around Antarctica, krill are an important

                food source, eaten by a diverse group of animals including fish, baleen whales,

                and Adélie penguins. Leopard seals in turn prey upon the penguins.

                The top predator of the Antarctic is the killer whale, which eats penguins and

                seals. Thus overfishing of krill in polar waters may jeopardize not only krill, but

                whales, seals, and penguins too.

                Along more temperate seacoasts, kelp forests form another unique ecosystem.

                Kelp are brown algae that can grow as much as sixty centimeters in one day,

                ultimately reaching as long as eighty meters. Tiny crustaceans called copepods

                are among the animal plankton that feed on the floating algae and detritus in the

                Pacific along the California coast. Larger invertebrates, such as sea urchins and

                abalone, graze on the kelp and are in turn eaten by sea otters. The

                overharvesting of kelp and a decrease in water quality have impaired the

                productivity of these ecosystems. Discharge from nuclear power plants on the

                California coast raises the water temperature just enough so that more sea

                urchins and abalone survive and grow, eating kelp and diminishing the size of

                kelp beds. Understanding the various marine ecosystems helps us to better

                understand the important connections among marine organisms and suggests

                how much we still have to learn about the oceans. This understanding also

                raises warning flags about the necessity of monitoring human activity to keep

                these connections from being severed and to protect marine biodiversity.

The ocean is the source of many materials, from ores mined from its depths to

                relaxing mineral salts for a bath. Exquisite mother‑of‑pearl inlay, decorative

                shells, and pearl jewelry are found in gift shops worldwide. And whether your

                tastes run to the exotic, like yellowfin tuna sushi, or the mundane of fast food

                milkshakes, products from the sea are probably in your diet. Many species of

                vertebrate and invertebrate marine animals as well as marine algae are

                important sources of food worldwide.

                Examine the foods in your own kitchen and you may find the terms "alginate"

                and "carrageenan" on the labels. Carrageenans are compounds extracted from

                red algae that are used to stabilize and jell foods and pharmaceuticals. Brown

                algae contain alginates that make foods thicker and creamier and add to shelf

                life. They are used to prevent ice crystals from forming in ice cream. Alginates

                and carrageenans are often used in puddings, milkshakes, and ice cream. The

                commonly used color additive beta‑carotene often comes from green algae as

                well as many vegetables, including carrots.

                On the grocer's shelf and in the pharmacy, in industry and in the arts, the ocean

                is a resource without equal. However, exploitation of these natural resources

                carries with it the responsibility to use them wisely and preserve them globally.

   More than 60 million gallons of oil enter the oceans every year, but it's not

                reported on the news. That's because this oil seeps from oil‑bearing rock layers

                into the ocean as part of a natural process. When tankers running aground spill

                oil, that's news, and currently these accidents deposit about 37 million gallons of

                oil into the ocean every year. The largest amount of oil entering the ocean

                through human activity is the 363 million gallons that come from industrial waste

                and automobiles. When people pour their used motor oil into the ground or into

                a septic system, it eventually seeps into the groundwater. Coupled with

                industrial waste discharged into rivers, oil becomes part of the run‑off from

                waterways that empty into the ocean. All of this oil affects ocean ecosystems.

                When an oil spill occurs in the ocean, the oil may spread across miles of open

                water and up onto beaches, littering them with tar balls. The intertidal

                zones‑coastal areas that are the habitat for fish, birds, and other wildlife‑are

                often the most vulnerable. Animals may perish when the oil slicks their fur or

                downy feathers, decreasing the surface area so they are no longer insulated

                from the cold water. Or the animals may ingest the oil, then become sick or

                unable to reproduce properly.

                When an oil spill occurs along a coastline, it affects the human population as

                well as wildlife. Emergency equipment and personnel must be rushed to the

                scene. The responsible party must be identified to determine who will pay for

                the cleanup. Usually the cleanup is a group effort by oil companies, government

                agencies, local groups, and volunteers. People rescue and clean birds and

                animals and painstakingly scrub the oil from the rocky shores with brushes and

                detergent. Coming in by sea and by air, crews skim the spreading oil from the

                water's surface. Oil that cannot be skimmed is emulsified‑that is, droplets of oil

                are scattered into tiny particles that will then float away and disperse out to sea.

                Sometimes microscopic helpers are put to work. Genetic engineers have

                developed oil‑eating bacteria that can be used to ingest the oil, to clean up long

                after the crews and volunteers have left. The experience gained from several

                well‑publicized oil spills has ushered in an era of greater understanding and

                international cooperation with regard to containing spills and avoiding

                environmental disasters that affect our global ocean. One bright spot of news is

                that ecologists revisiting oil spill sites have found marine population recovery

                better than they had predicted.

OBJECTIVES

                     Make a model of an ocean oil spill. 

                     Evaluate the efficiency of oil spill cleanup methods. 

                MATERIALS

                     For each group of four students, a shallow oblong pan, water, vegetable

                     oil, cotton balls, teaspoon, medicine dropper, timer, plastic container for

                     wastewater, and plastic bag for discarded cotton balls. 

                     Student Page B 

                     Optional: liquid detergent, brush, bird feather, wire whisk, pebbles 

                SUBJECTS: physics, mathematics

                PROCEDURE

                1. Advise students of the activity the day before so they can wear washable

                clothing. Divide students into groups of four. Each group can carry out the

                simulated oil spill and cleanup cooperatively. Arrange to have all the materials

                students need at each workstation. Guide students as they read through the

                directions on how to make an oil spill and then clean it up. Advise them to use

                their resources wisely, as they will be "charged" for each piece of equipment

                and the disposal of the oil.

                2. In carrying out the activity, limit the "disaster" to a portion of the classroom or

                lab where surfaces can be wiped dry. Use clear plastic bags to collect the

                oil‑soaked cotton balls so that students can count them and be charged

                accordingly. Use quart‑sized, wide‑mouthed plastic containers for the

                wastewater, which can then be carried to a sink for disposal. Have paper

                towels on hand to clean up spilled water and advise students of slippery floors.

                3. Options: Before students begin, demonstrate that "oil and water don't mix" by

                pouring some oil into a clear container of water. Have students observe how the

                oil forms a layer on top of the water. Then use a wire whisk to stir up the oil

                and water. Students will see how oil can be made into smaller and smaller

                droplets that will disperse in the open ocean where there is room to spread out.

                This is similar to one of the techniques used in cleanup operations. If students

                use the whisk in their pans, it will make skimming the oil much more difficult, but

                you might challenge some students to do it anyway. Another interesting

                demonstration is to dip a bird feather in oily water and have students try to clean

                the feather using liquid detergent and a brush. You can also challenge one group

                to simulate an oil spill that hits a rocky coast by using pebbles at one end of the

                pan. Have students compare the amount of surface area for that cleanup with

                an oil spill on the open ocean.

                4. After the groups have worked on their oil spills for twenty minutes, have

                them tally the cost of their efforts and clean up their spill sites. Students can

                then answer the discussion questions and compare their results.

A seacoast is the dynamic border between two worlds‑the terrestrial and the

                marine. In the realm of life science, we can observe marine animals that inhabit

                the shoreline and tidepools. In the realm of Earth science, we can observe how

                the ocean's currents, waves, and winds sculpt the shoreline, alternately carrying

                off and depositing sand. From the air, you can actually see the waves create a

                perfectly scalloped beach on Nantucket Island.

                Not only do these forces shape the land, they affect the living populations.

                Sometimes animals that inhabit deeper water are thrown off course. They come

                close to the shoreline and may actually be found on the beach. They may be

                injured, sick, or disoriented and soon become cold, hungry, or dehydrated. Such

                is the case for various species of dolphin, porpoise, seal, whale, and turtle that

                become stranded along the Atlantic coastline. But there is help for some

                animals. In many locations, when beached animals are sighted, professionals

                and volunteers are on the scene. Sick, cold, or injured animals are immediately

                placed in a rehabilitation program with the intent of getting them well enough to

                be returned to their natural habitat. Often the animals are tagged with a

                transmitter for future tracking.

                Some of the large marine animals that are regularly tracked along the Atlantic

                coast are cetaceans, pinnipeds, and sea turtles. Cetaceans are marine mammals

                such as whales, dolphins, and porpoises; pinniped refers to seals and walruses.

                If an individual from one of these populations is seen on shore, the observer can

                call in the sighting to an agency that helps such creatures; if possible, a rescue

                team is dispatched. Every acknowledged animal sighting is assigned a number

                and becomes part of the database for that species. If the animal requires

                treatment of an injury or disease, it may be given a temporary tank to live in until

                it can recuperate and be returned to the wild.

                Sea turtles make up another group of marine animals that become stranded

                along the Atlantic coast. Turtle species are of particular interest because they

                are either endangered or threatened worldwide. (Endangered species are in

                danger of becoming extinct; threatened species could easily become endangered

                if present trends continue.) Sea turtles are reptiles that have existed virtually

                unchanged for eons; human activity has decimated their populations. In the days

                of the great sailing ships, these large reptiles often found their way into the

                cook's stewpot. Their heavy shell or carapace was a treasured source of

                decorative shell. Even in recent decades, their eggs have been plundered for

                food.

                During their long lives (fifty years or more), these reptiles may travel great

                distances; tagging individuals is important for studying their behavior and

                monitoring their dwindling populations. Stranded sea turtles are sometimes

                reported up and down the Atlantic coast as well as on the Gulf Coast. The

                causes are many, including water pollution, disease, attack by a predator, or

                entanglement in fishing gear. To prevent turtles from getting caught and

                drowning in fishing nets, some Gulf shrimp trawlers use nets equipped with a

                turtle exclusion device that has been effective in protecting turtles.

                On the northeast Atlantic coast, animals are sometimes found close to the

                beaches, especially in the winter months. They may be driven toward the shore

                by the cold Labrador current in Cape Cod Bay, or the northwest winds along

                Long Island's north shore may pin the turtles against the shore or trap them in

                bays. These animals become "coldstunned"‑chilled to the point where they are

                unresponsive and unable to eat to get their metabolic rate going. Coldstunned

                turtles must be gradually warmed, given warm fluids intravenously, and then

                force‑fed to give them the nutrition they need. When their body temperatures

                have increased, they are placed in tanks and fed and cared for until they are

                sufficiently recovered to be released.

                The data in the activity reflect actual turtle strandings during the winter months

                of 1995 reported by the Okeanos Foundation on Long Island and the New

                England Aquarium in Boston, agencies that are authorized to rescue and

                rehabilitate marine animals.

Finding it was likely to overblow, we took in our sprit‑sail, and stood by to hand

                the fore‑sail; but making foul weather, we looked the guns were all fast, and

                handed the mizzen. The boat lay very broad off, so we thought it better spooning

                before the sea, than trying or hulling. We reefed the fore‑sail and set him, we

                hauled aft the fore‑sheet; the helm was hard a weather. The boat wore bravely.

                We belayed the fore‑down haul; but the sail was split, and we hauled down the

                yard, and got the sail into the boat, and unbound all the things clear of it. It was

                a very fierce storm; the sea broke strange and dangerous.

                ‑‑Gulliver's Travels‑‑Jonathan Swift, 1726.

                If you're reading Gulliver's Travels or Moby Dick, you could be at a loss as to

                what the narrators are describing if you don't know basic sailing terminology.

                Our language is peppered (or rather, salted) with expressions derived from life

                at sea. Thinking of the sea, you may picture whaling boats off Nantucket or

                Hawaii, warships during the Civil War, or merchant vessels carrying fertilized

                soil from the tropics to enrich the gardens of wealthy English farmers.

                However, much of the sailors' jargon that has entered and endured in our

                language came from the British navy. In the eighteenth and nineteenth

                centuries, British naval and merchant ships dominated the oceans, developing

                their own culture with its own customs, practices, and language.

                In these centuries of global exploration and commerce, boys and men, many of

                them illiterate, went off to sea and spent years away from home under

                dangerous conditions. Order and discipline were important in minimizing risk as

                was communication aboard ship, which had to be crystal clear. For example,

                different pitches of the boatswain's whistle meant different things: a call for

                attention, dismissal, or "piping" someone aboard. Shouted instructions often did

                not carry well against the noise of wind and waves, but voice commands to

                change the direction of sails had to be carried out immediately, whether to avoid

                collision with other ships in naval battles, to sail through a typhoon, or to stay on

                course. Also important to the orderly life of a ship was proper naming,

                accounting for, stowing of, and using gear.

                Many terms remain in our language as a colorful legacy of the great sailing eras

                of history. Weekend sailors on the Chesapeake Bay and competitors in the heat

                of an America's Cup race use the same terms. And what teacher has not tried

                to get a classroom "shipshape" or commanded, "Pipe down?"

