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attributes of the oceans, marine animals and plants, and finally, the human ties to
(and our effect on) the oceans.

Many people call the oceans our most important natural resource. The waters
have furnished humans with food for centuries—from a plethora of fish species to cer-
tain marine plants. But people have also adversely affected the oceans: Over-fishing,
coastal erosion caused by development, and pollution threaten this natural habitat.
We need to keep the oceans in balance in the future—especially since we will continue
to need the oceans and their bounty if we are to survive as a species.

The world ocean continues to hold many secrets; there are numerous questions
still to be answered. For example, what kinds of organisms are found in the ocean’s
deepest waters? How many fish thought to be extinct are actually still alive? What
species are important to coral reef growth? How do microorganisms live in the coldest
waters of the Arctic? Other questions have to do with the connections—and interde-
pendencies—between humans and the ocean. For example, are plankton (one of the
most important organisms in the marine food chain) able to withstand environmental
stresses such as the ozone hole? Can humans continue to harvest the oceans without
disrupting the balance between the organisms and their environment? Scientists hope
to answer some of these questions in the near future, not only by using better technol-
ogy that allows humans to dive into and explore the oceans for longer periods, but
through new satellites that watch the global waters—tracking changes over time.

We hope these pages describe an underwater world that will inform and inspire
you, and, perhaps, engage your interest enough that you'll want to discover even more
about the wonders of the ocean. This is the mysterious and largely unexplored territo-
ry where life originated—and it will be an integral part of our future.
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The Glomar Challenger was launched in the
mid-1960s. It was the first research vessel
to drill into the deep-ocean floor—bringing
up invaluable information about the Earth’s
history. CORBIS

or fossils within the sediments, scientists have pieced together a good
deal of information about how the ocean has changed over time.

The study of ancient oceans—and how they were created and evolved
over millions of years—also gives us an idea of the physical mechanisms
at work on our planet today. Paleoceanographers determine how the
morphology (land configuration) of the Earth changed in the past, what
caused these changes, and what effect such changes had on the oceans,
climate, weather, plants, and animals. In this way, scientists can get a
feel for what changes will occur in the future—and how those changes
will impact our own species, Homo sapiens sapiens.
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The coelacanth was thought to be extinct until one was caught by a fisherman off the coast of Madagascar in 1938. Others
have been found since. Scientists believe this fish lives in the waters deep below the surface, which explains why they are
rarely seen.

have been preserved in the fossil record, but all of them were thought to
have gone extinct at the end of the Cretaceous period, about 65 million
years ago.

However, in 1938, a fishing boat hauled up a living coelacanth from the
waters off South Africa, with other specimens discovered over the years
near the Comoros Islands near Madagascar. And in the late 1990s,
another specimen was discovered off Indonesia.

The coelacanth is considered to be a living fossil by scientists and of
great scientific interest. Fortunately, the modern species does not try to
come onto land, where it would be vulnerable to predators and collec-
tors. Instead, today’s coelacanth appears to prefer a marine environ-
ment; the specimens from Madagascar and Indonesia appear to inhabit
similar environments consisting of caves approximately 600 feet (183
meters) below the water’s surface, situated along the steep sides of
underwater volcanoes.
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The aftermath of the Galveston hurricane of September 1900, which devastated coastal Texas. The tropical storm claimed
more than 6,000 lives, making it the deadliest hurricane to ever hit the United States. NOAA

to smaller buildings, and mobile homes are destroyed. There is also
serious flooding along the coastline, with many small structures near
the coast destroyed; larger coastal structures are damaged by the bat-
tering of the waves and by floating debris. Low-lying escape routes
inland are cut off by rising waters about 3 to 5 hours before the hur-
ricane makes landfall, and flat terrain that is less than b feet (1.5
meters) above sea level is flooded up to 8 miles (13 kilometers)
inland. The evacuation of low-lying residences within several blocks
of shoreline may be required.

Category 4 (extreme): Shrubs, trees, and all signs are blown down.
There is also extensive damage to roofs, windows, and doors, with
complete failure of roofs on many smaller residences. Mobile homes
are demolished. Any flat terrain less than 10 feet (3 meters) above sea
level is flooded inland as far as 6 miles (9.7 kilometers). There is
major erosion of the beaches; flooding and battering by waves and
floating debris cause major damage to the lower floors of structures
near the shore. Low-lying escape routes inland are cut off by rising
water about 3 to 5 hours before the hurricane makes landfall. In this
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path of prevailing ocean currents, but they move at only one-third to
one-half the speed of the actual currents. In addition, some scientists
believe these “blobs” are also drifting around other ocean basins.

Scientists have traced some of these patches. For example, a cold anom-
aly developed off the coast of Florida in 1968. It drifted eastward; by
1971, it elongated and hit the coast of Africa. It then traveled south,
then west across the tropical Atlantic, reaching the coast of South
America in 1975—and dying out within the next two years.

Scientists have yet to determine the cause or details of these massive
patches, or if they truly affect climate and weather. For example, some
scientists believe a warm patch in the Atlantic Ocean in the late 1950s
helped to prolong a Scandinavian drought—but they still need to con-
duct more research on the phenomenon to determine its effects.















Developments such as this one, perched on a spit of land in the Gulf of Mexico at St. Petersburg Beach, Florida, provide
much sought-after coastal housing. But peril could accompany pleasure: Such low-lying areas risk damage from storm
surges, erosion, and hurricanes. CORBIS/Jonathan Blair
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Sea stacks, such as these off the Oregon coast (west of Astoria), are formed by the action of waves breaking against cliffs.
NOAA/Commander Grady Tuell, NOAA Corps
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The longest river in the world, the Nile flows north from east Africa to the Mediterranean Sea, where it forms a fan-shaped
delta. (This view, taken from the space shuttle Columbia, looks south, or landward; the Mediterranean is at the bottom of
the picture.) CORBIS/Courtesy of NASA
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American naval officer Matthew Maury's 1855 bathymetric map of the Atlantic, the first of its kind, gave birth to the idea of the Telegraphic Plateau—a submarine
land formation from Canada to the British Isles, across which the first transatlantic cable was laid. NOAA Central Library


















































































































the algae. Because they have
incomplete cell division
when going through the
reproductive process, they
have “pit connections” be-
tween each cell; their actual
reproductive history is very
complex. The cell walls of
certain red algae are also
responsible for the produc-
tion of two important poly-
saccharides—agar and car-
rageenan.  Both  have

suspending, emulsi f}’ ing, Diatoms are single-celled phytoplankton incapable of

stabil jzing’ and gelling prop- moving under their own power. They are extremely
common and can be found in both salt- and freshwater.

erties Elrld are used in the CORBIS/Douglas P. Wilson; Frank Lane Picture Agency
production of some com-

mercial foods.

brown algae (Phaeophyta): These algae are found mostly in
marine environments, but they lack the chlorophyll-b that most
other algae possess. Instead, they have another type called
chlorophyll-c, along with special photosynthetic yellow to deep-
red pigments. Many of the brown algae grow to great sizes, and
we know them as kelp. Kelp can reach up to 100 feet (30 meters)
in length. Commercially, alginate is obtained from brown algae
kelp, a polysaccharide used in the same way as agar and car-
rageenan (as suspending, emulsifying, stabilizing, and gelling
agents in foods); other brown algae are used as sources of vita-
mins and fertilizers.

green algae: These algae are single-celled, or form cells in a group
(colonial). They are similar to most plants, as they have both
chlorophyll-a and -b, and also store food as starch. There are sever-
al green algae that live in the ocean. For example, one type has its
cell walls infused with aragonite (a form of calcium carbonate); this
algae makes an important contribution to a coral reef’s formation
and survival.
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Sea turtles have muscular and powerful legs, allowing some species to swim at speeds of up to 35 miles (56 kilometers)
per hour. NOAA/OAR National Undersea Research Program; G. McFall
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Jaws: The great white shark, which has been noted for occasional attacks on humans, can reach more than 36 feet (11
meters) in length; its teeth can grow to an impressive 2 inches (5 centimeters). CORBIS
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King penguins making themselves at home along a rocky shore in St. Andrews Bay, South Georgia Island (in the South
Atlantic Ocean). CORBIS/Wolfgang Kaehler

occur, the organisms in this range are hit by crushing waves; when
the tide goes out, the organisms are exposed to the drying sun and air.

Subtidal zone: The subtidal (or below low-tide) zone is the area below
the low-tide line, in which organisms are exposed to the air but only
for very short periods.

What is the black zone along a rocky shore?

Scientists subdivide the three main zones (splash, intertidal, and subti-
dal zones) found on a rocky shore into highly specific zones; a black
zone is one of these—and the farthest landward of the marine zones. It
is actually considered the transition zone between land and the marine
environment. It can be thought of as the top part of the splash zone (the
area where the rocks are splashed with water), or the highest points on
shore rocks. Of the highly specific zones on a rocky shore, the black
zone is the one that has the least exposure to water: it is only wet during
the high spring tides.
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OCEAN COMMUNITIES

A sea anemone and other plants grow in a tidal pool on Asilomar Beach, Monterey, California. CORBIS/Mike Zens
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to the Americas; the homage is the result of an early geographer who
believed Vespucci was the first European explorer to actually realize
he was in a new land (and not in Asia).

1519-22: A Spanish expedition, led by Ferdinand Magellan (who does
not return), is the first to sail around the world. Though Magellan is
killed in the South Pacific, navigator Juan Sebastian de Elcano cap-
tains the ship home; he and 18 sailors claim the distinction of being
the first to circumnavigate the globe.

1535: Frenchman Jacques Cartier sails up the St. Lawrence River to
present-day Montreal.

1584-85: Englishman Sir Walter Raleigh leads an expedition to colo-
nize North America; it lands in a region he names Virginia (actually
the coastal region north of Florida).

1592: Juan de Fuca discovers British Columbia, Canada.

1603: Frenchman Samuel de Champlain makes the first of 11 voy-
ages to explore Canada; he will discover Lake Champlain (in Ver-
mont), the Ottawa River, and the Great Lakes.

1609: Henry Hudson explores the Delaware Bay, Hudson River, and
Hudson Bay (Canada’s great inland sea).

1766-69: French navigator Louis de Bougainville sails to the Pacific
and discovers Tahiti; he commands the first French expedition to cir-
cumnavigate the globe. A woman, Jeanne (Jean) Bare, also makes the
trip—disguised as a man. She becomes the first female to travel
around the world.

1768-79: Three around-the-world expeditions are led by English
mariner and explorer James Cook (better known as Captain Cook);
he maps the coasts of New Zealand, eastern Australia, and Papua New
Guinea, discovers many islands in the North and South Pacific, and
crosses the Antarctic and Arctic circles.

1791: George Vancouver explores the west coast of North America.
1893-95: Norwegian Fridtjof Nansen explores the Arctic in the Fram.

1895-98: Joshua Slocum becomes the first person to single-handedly
sail around the world.











































































The Johnson Sea Link is an underwater sphere that allows pilot and observer to explore the depths. NOAA/OAR National
Undersea Research Program
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A huge tsunami washes over Hilo, Hawaii, in April 1946. It was one in a series of waves that originated off the coast of
Alaska and hit Hawaii as 55-foot (17-meter) waves occurring at 15-minute intervals, causing great destruction. The event
was the impetus for establishing a tsunami warning system. (Note man on pier at left.) NOAA

3. A tsunami is not a single wave, but a series of waves. Stay out of
danger areas until an “all-clear” is issued by competent authority.

4. Approaching tsunamis are sometimes preceded by a noticeable rise
or fall of coastal waters. This is nature’s tsunami warning and

should be heeded.

5. A small tsunami at one point on the shore can be extremely large a
few miles away. Do not let the modest size of the tsunami make
you lose respect for all other tsunamis.

6. The Pacific Tsunami Warning Center (PTWC) does not issue false
alarms. When a warning is issued, a tsunami exists. The tsunami of
May 1960 killed 61 people in Hilo, Hawaii, because they thought it
was “just another false alarm.”

7. Never go down to the shore to watch for a tsunami. When you can
see the wave you are too close to escape it.

8. Sooner or later, tsunamis visit every coastline in the Pacific. Warn-
ings apply to you if you live in any Pacific coastal area.
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This chart of the depths of the North Atlantic (compiled by England’s Sir John Murray in 1911) accounts for more than 50
years of additional research than did the first attempt at bathymetry—that of American naval officer Matthew Maury in
1855 (see page 196.). NOAA Central Library

researchers—as the maps provide detailed information on the size,
shape, and location of significant underwater features. Bathymetry is the
measurement of the contours (lines of equal elevation, similar to con-
tours on land) on the ocean floor.

How did people originally determine depth in the oceans?

The original way used to determine ocean depth was a technique called
line sounding. In this method, a weight was attached to a rope and low-
ered until it hit bottom; the length of the dropped rope was the depth of
the water. One of the problems with this method occurred in deep water:
[t was hard to tell if the weight had hit bottom. The weight would some-
times sink into soft sediment, giving an erroneous reading. In addition,
unless the line was exactly straight up and down (difficult to guarantee
in water that is moving), the measured length of the line would be
greater than the true depth. 467
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Moored buoys, such as the deep-ocean
buoy (complete with sensors for measuring
currents, water temperature, etc.) being
launched here, have provided researchers
with important ocean data. NOAA

nated and protected by the United States government. These sanctuaries
are distributed throughout the Atlantic and Pacific oceans and the Gulf
of Mexico. They have diverse ecosystems—but only a few have been
studied below 100 feet (31 meters).

In the first phase, submersibles will be used to explore each sanctuary
down to 2,000 feet (610 meters). The habitats, animals, and plants will
be photographed to provide a future resource for scientists and the pub-
lic. In addition, public interest in the Sustainable Seas Expeditions will
be fostered through outreach programs.
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given a PG-13 rating or lower by
the Motion Picture Association
of America, preceded the ratings
system, or were made for televi-
sion.) For even more options,
check the category indexes of
VideoHound's Golden Movie Re-
triever (published annually by
Visible Ink Press), under the
headings Deep Blue, Go Fish,
Sail Away, Sea Disasters, Ship-
wrecked, and Submarines.

Above Us the Waves (1956)
The Abyss (1989)
The Day Will Dawn (1942)

The Deep Blue Sea (1999)
Enemy Below (1957)

The popular television show Flipper ran from 1964 to
1967. Here actors Tommy Norden, from left, Brian Kelly,
and Luke Halpin are pictured with one of the seven
dolphins that played the title role. AP Photo/NBC

Flipper (the original, which preceded the popular TV series, was
made in 1963; it was updated and remade in 1996)

Flipper’s New Adventure (1964)

Flipper's Odyssey (1966)

For Your Eyes Only (1981); a James Bond adventure
Free Willy (1993); there were two sequels, Free Willy 2: The Adven-

ture Home and Free Willy 3

The Hunt for Red October (1990); based on Tom Clancy’s blockbuster

novel

It Came from Beneath the Sea (1955)

Jason and the Argonauts (1963)

Jaws (1975); there were three sequels, Jaws 2, Jaws 3, and Jaws: The

Revenge
Mission of the Shark (1991)
Moby Dick (1956)

Namu, the Killer Whale (1966); based on a true story
A Night to Remember (1958); about the sinking of the 7ifanic
The Old Man and the Sea (1958)
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The action movie The Abyss told a riveting tale of underwater exploration. In this scene, three divers investigate the depths
while a research submarine (or ROV, remotely operated vehicle) lights the area. Kobal

Fyewitness Fish (1996)

Fyewitness Ocean (1996)

Great Minds of Science: Oceanography (1997), with Dr. Sylvia Earle,
et al.

In the Company of Whales (1992)

In the Wild: Dolphins with Robin Williams (1999)

Jacques Cousteau’s Voyage to the Edge of the World: An Arctic
Adventure (1991)

National Geographic: Amazing Planet: Shark-a-Thon (1997)

National Geographic: The Great Whales (1978), directed by Nick
Noxon

National Geographic: Killer Whales: Wolves of the Sea (1993), with
David Attenborough

National Geographic: Ocean Drifters (1999)

Raging Planet: Hurricane (1998)
Raging Planet: Tidal Wave (1997) 505
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Chicago’s Shedd Aquarium, which includes the largest indoor aquarium in the world, is a destination for all ages. CORBIS

Tel.: (407) 351-3600
Marine zoological park with shows.

Waikiki Aquarium

2777 Kalakaua Avenue

Honolulu, Hawaii 96815

(808) 923-9741

Features about 2,000 animals representing 350 species; includes
coral reef exhibits. Visitors can also see endangered species such as
the Hawaiian monk seal, threatened species like the Hawaiian green
sea turtle, and rare fish such as the masked angelfish from the
remote Northwest Hawaiian Islands.

The Shedd Aguarium

1200 South Lakeshore Drive

Chicago, Illinois 60605

Tel.: (312) 939-2438

More than 6,000 aquatic animals from every region of the world. A
re-creation of a Pacific Northwest environment features beluga
whales, sea otters, Pacific white-sided dolphins, and harbor seals.



Visitors at the Oregon Coast Aquarium view Keiko, the killer whale (Orcinus orca) that was used in the movie Free Willy.
CORBIS/Kevin Schafer

The Aquarium of the Americas
1 Canal Street
New Orleans, Louisiana 70130

Tel.: (504) 861-2537
Exhibits include one of the largest collections of sharks.

The National Aquarium

Pier 3, 501 East Pratt Street

Baltimore, Maryland 21202

Tel.: (410) 576-3800

Features an Atlantic coral reef, tropical rain forest, sharks, and a seal
pool.

The New England Aquarium

Central Whart

Boston, Massachusetts 02110-3399

Tel.: (617) 973-5200

More than 2,000 aquatic animals from starfish to piranha, including
turtles, sharks, penguins, and sea lions.

215
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Thomas H. Kean New Jersey State Aquarium

1 Riverside Drive

Camden, New Jersey 08103-1060

Tel.: (609) 365-3300/8332

Emphasis on the environment of New Jersey, with more than 40 dif-
ferent species of fish, harbor and gray seals.

The Aquarium for Wildlife Conservation

West 8th Street, Coney Island

Brooklyn, New York 11224

Tel.: (718) 265-FISH

Home to thousands of fish and a multitude of other marine crea-
tures, including beluga whales, California sea otters, sea turtles, and
bottlenose dolphins.

Sea World of Ohio

1100 Sea World Drive

Aurora, Ohio 44202

Tel.: (216) 562-8101

Marine zoological park with shows.

Oregon Coast Aquarium

2820 SE Ferry Slip Road

Newport, Oregon 97365

Tel.: (503) 867-3474

More than 190 animal species that thrive in Oregon’s unique marine
habitats; it was also home to Keiko, the orca who “starred” in the
movie, Free Willy.

Sea World of Texas

10500 Sea World Drive

San Antonio, Texas 78251

Tel.: (210) 523-3606

Marine zoological park with shows.

Virginia Marine Science Museum

717 General Booth Boulevard

Virginia Beach, Virginia 23451

Tel.: (757) 425-FISH

Features sea turtles, seals, an aviary, shark tank, and a 3-D IMAX the-
ater.
























Aquarius, situated on the ocean floor off the Florida Keys (in the National Marine Sanctuary located there), is the world’s
only underwater habitat. This August 1998 photo shows Dr. Sylvia Earle, a National Geographic Explorer-in-Residence,
peaking through one of the habitat’'s windows. AP Photo/Victor R. Caivano

lab 1s owned by the National Oceanic and Atmospheric Administration
(NOAA) and is operated through the National Undersea Research Center
of the University of North Carolina at Wilmington. The Aguarius is the
world’s only underwater laboratory from which diving scientists can live
and work beneath the sea. Research missions last up to 10 days at a time.

The Aguarius operates about 60 feet (18 meters) below the surface, at the
base of a coral reef wall off Key Largo, Florida. The underwater laboratory
weighs 81 tons and measures about 43 by 20 by 16 feet (13 by 6 by 5
meters)—which is divided between space where scientists can conduct
experiments and living quarters that provide many of the comforts of home.

The deep-sea laboratory was created so that underwater researchers
could conduct saturation diving: This special kind of diving allows scien-
tists to adapt to the lab’s underwater environment, permitting them to
work on the reef for up to nine hours a day without fear of getting the
bends—decompression sickness caused by nitrogen bubbles that form
after emerging from compression too quickly. If researchers dove from
the ocean surface to the depth of the underwater laboratory, they could
524 only work for about an hour because of the bends.















Belgium

Brazil

China

Croatia

Denmark

Ecuador

Estonia

Finland

France

Germany

Monash University

University of New South Wales

University of Sydney

University of Tasmania, Institute of Antarctic & South Ocean

University of Western Australia
University of Leige: Mediterranean Oceanic Data Base
University of Sao Paulo

Chinese Academy of Sciences

University of Hong Kong

Institute of Oceanography and Fisheries
Niels Bohr Institute

Escuela Superior Politecnica del Litoral
Estonian Marine Institute

University of Helsinki

Finnish Institute of Marine Research

Institute Pierre Simon Laplace: Campus Jussieu: Paris
Centre d'Oceanologie de Marseille

The French Institute of Research and Exploitation of the Sea
National Center for Scientific Research (CNRS)

Oceanologic Observatory of Villefranche-sur-Mer

Institute fur Meereskunde Kiel
The Alfred Wegener Institute
University of Hamburg
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[celand

India

Ireland

[taly

Japan

Mexico

Baltic Sea Research Institute
Federal Maritime and Hydrographic Agency

Marine Research Institute
National Institute of Oceanography

National University of Ireland, Galway
University College, Cork

University of Trieste
Institute of Marine Geology

Joint Research Center, Ispra

Hokkaido University

Japan Marine Science and Technology Center (JAMSTEC)
Kyushu University

National Institute of Polar Research

Shizuoka University

University of Tokyo

Center for Scientific Research and Higher Education, Ensenada

The Netherlands

Institute for Marine and Atmospheric Research, Utrecht
Netherlands Institute for Sea Research (NIOZ)

New Zealand

Norway

University of Otago
University of Waikato

National Institute of Water and Atmospheric Research

University of Bergen
University of Oslo

Norwegian University of Science and Technology



Poland

Institute of Oceanology: Sopot
Portugal

Technical University of Lisbon
Russia

Russian Academy of Sciences

Shirshov Institute of Oceanology
Slovenia

University of Ljubljana
South Africa

University of Cape Town

University of Natal
South Korea

Seoul National University
Spain

University of the Balearic Islands
University of Cadiz
Universidad de las Palmas de Gran Canaria

Spanish Oceanography Institute
Sweden

Goteborg University
Swedish Meteorological and Hydrological Institute
Stockholm Marine Research Center

Umea Marine Sciences Center
Taiwan

National Taiwan University
Turkey

Middle East Technical University
United Kingdom

Oxford University

British Antarctic Survey

Proudman Oceanographic Laboratory

Reading University
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Oregon

Hatfield Marine Science Center
Oregon State University

2030 Marine Science Drive
Newport, Oregon 97365

Tel.: 503-867-0212

Oregon Institute of Marine Biology
University of Oregon

Eugene, Oregon 97403

Tel.: 503-888-2581

Rhode Island

Texas

Virginia

Graduate School of Oceanography
University of Rhode Island
Narragansett, Rhode Island 02882
Tel.: 401-874-6222

Marine Science Institute

The University of Texas at Austin
750 Channelview Drive

Port Aransas, Texas 78373

Tel.: 361-749-6711

Fax: 361-749-6777

Virginia Institute of Marine Science
School of Marine Science

College of William and Mary

Box 1346

Gloucester Point, Virginia 23062
Tel.: 804-684-7000

Washington

Friday Harbor Laboratories
University of Washington

620 University Road

Friday Harbor, Washington 98250
Tel.: 206-543-1484









The JOI's member institutions are:

Scripps Institution of Oceanography of the University of California

Rosenstiel School of Marine and Atmospheric Science, University of
Miami (Florida)

School of Ocean and Earth Science Technology of the University of
Hawaii

Woods Hole Oceanographic Institution (Woods Hole, Massachusetts)
Rutgers, The State University of New Jersey

Lamont-Doherty Geological Observatory of Columbia University
(New York, New York)

College of Oceanic and Atmospheric Sciences, Oregon State University
Graduate School of Oceanography, University of Rhode Island
College of Geosciences and Maritime Studies, Texas A&M University
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