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Current Log There is no better way to learn about the world around us than to set out into nature and explore it firsthand. When it comes
to the oceans, our national marine sanctuaries are the perfect classrooms for learning about our ocean planet. Educating all U.S. citizens about our
nation’s marine environment is one of the principal mandates of the National Oceanic and Atmospheric Administration’s (NOAA) National Marine
Sanctuary Program. For more than 30 years, we have set out to develop education programs that cater to the needs of young and old alike.
This issue of Current is dedicated to informing our readers about the wide variety of exciting, standards-based, results-oriented education programs
available to teachers, students, and the public. The articles, activities, and additional resources will help you bring national marine sanctuaries
right into your classrooms. This issue represents only a snapshot of the education programs and resources offered by the sanctuary program, and we
invite you to regularly visit our website, http://sanctuaries.noaa.gov/education/, for regular updates. We hope that you will dive into the information
presented in this issue and learn how you can help to protect America’s ocean and Great Lakes treasures.

Michiko J. Martin

is the national education coordinator for the National Oceanic and Atmospheric Administration’s (NOAA)
National Marine Sanctuary Program. Prior to her work with NOAA, Michiko was a meteorologist and
oceanographer with the United States Navy for twelve years, attaining the rank of lieutenant commander and
decorated with three navy commendation medals. In this capacity, she directed the daily operations of a unit
providing environmental support to naval forces operating from Okinawa, Japan; assisted in the operation of
global atmospheric and oceanic models at the Fleet Numerical Meteorology and Oceanography Center in
Monterey, California; and taught undergraduate oceanography and meteorology courses to midshipmen at
the United States Naval Academy, where she was recognized for her outstanding instruction.
Michiko has a bachelors of science degree in oceanography from the United States Naval Academy, a masters
of science in educational leadership from Troy State University, and a masters of science in oceanographic
engineering jointly awarded from the Massachusetts Institute of Technology and Woods Hole Oceanographic
Institution. She is an active member of various professional organizations and honor societies including Phi
Kappa Phi, Sigma Xi, the National Marine Educators Association (NMEA), the Oceanography Society, the
American Meteorological Society, and the U.S. Naval Institute.
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NATIONAL MARINE SANCTUARIES:
AMERICA’S OCEAN AND GREAT LAKES TREASURES
America’s Ocean and Great Lakes Treasures:

Whether a whale breeding ground,
a Civil War shipwreck, a coral reef, or a kelp forest, a national marine sanctuary holds such unique value that
it has been set aside by Congress for special protection. In 1972, exactly 100 years after the first national park
was created, our country made a similar commitment to preserving its marine treasures. Since that time, the
National Oceanic and Atmospheric Administration’s (NOAA) Ocean Service has managed the national marine
sanctuaries—America’s ocean and Great Lakes treasures.

OCEAN AND GREAT LAKES TREASURES
Our national marine sanctuaries embrace part of our
collective riches as a nation. Within their protected waters,
giant humpback whales breed and raise their young, coral
colonies flourish, and shipwrecks tell stories of our maritime
history. Sanctuary habitats include dynamic rocky reefs, lush
kelp forests, whale migration corridors, spectacular deep-sea
canyons, and underwater archaeological sites. Our nation’s
marine sanctuaries can provide a safe habitat for species
close to extinction or protect historically significant shipwrecks.
Ranging in size from one-quarter square mile at Fagatele Bay
off of America Samoa in the western Pacific to over 5,300
square miles at Monterey Bay off the California coast, each
sanctuary is a unique place needing special protections
due to its conservation, recreational, ecological, historical,
cultural, archeological, scientific, educational, or aesthetic
qualities. Natural classrooms, cherished recreational spots,
and valuable commercial industries—marine sanctuaries
represent many things to many people.

in 1872 as the nation’s first national park, and resolved
to prevent further destruction. After the visit to a land he
described as “magnificent beyond imagining” in 1905, he
created the Forest Service. Eleven years later, President
Wilson signed an Act that created the National Park Service.
Through the work of these two agencies, public lands are
preserved for the enjoyment of future generations. Today
national parks—land sanctuaries—protect habitat and wildlife
inhabitants in 378 areas of the country covering more than
83.3 million acres.

SANCTUARIES FOR THE SEA
Until 1969 when a devastating oil spill blackened the
coastline of southern California and killed countless marine
creatures, the ocean’s size and changing tides seemed safe
from any lasting human damage. Three years later, Congress
responded to the oil spill and other accounts of pollution

The National Marine Sanctuary Program serves as the trustee
for a system of 14 marine protected areas, encompassing
over 150,000 square miles of ocean and Great Lakes waters
from Washington State to the Florida Keys, and from Lake
Huron to the Hawaiian Islands. NOAA’s Ocean Service has
managed the National Marine Sanctuary Program since
passage of the National Marine Sanctuaries Act (Title III of the
Marine Protection, Research, and Sanctuaries Act) in 1972.

A LANDSCAPE OF PROMISE
The American continent offered a landscape of promise to
early settlers who viewed the vast expanse of forest and rich
diversity of wildlife and plants as inexhaustible resources.
After two centuries, the land suffered the impact of the
millions of new arrivals to our shores—forests were felled,
wetlands drained, and certain species of marine mammals
and seabirds became extinct.
Fortunately for the American people, President Theodore
Roosevelt visited Yellowstone National Park, established

The National Marine Sanctuary System includes 13 national marine
sanctuaries and the Northwestern Hawaiian Islands Coral Reef Ecosystem
Reserve, which is being considered for sanctuary status. The sanctuary
program is part of NOAA's Ocean Service.
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Stellar sea lions are one of several endangered species making a comeback
in the Gulf of the Farallones. From the size of the male in this photo, one can
see how they were named after lions.

with a series of new environmental laws to prevent ocean
dumping and protect endangered marine animals. Like the
national parks, marine areas identified for their biodiversity,
ecological integrity, and cultural legacy could now receive
protection through the National Marine Sanctuary Program.
Thirty-three years later national marine sanctuaries are found
in the Pacific and Atlantic oceans. The area protected by the
National Marine Sanctuary Program is larger than the states
of New York, New Jersey, Pennsylvania, and Delaware put
together. The system’s first freshwater sanctuary on the
Great Lakes in Thunder Bay, Michigan, was designated in
2000. Currently, the National Marine Sanctuary Program
is considering sanctuary designation for the Northwestern
Hawaiian Islands Coral Reef Ecosystem Reserve, an area of
close to over 100,000 square miles that is home to more
than 7,000 marine species, half of which are unique to the
Hawaiian Island chain. These species include coral, fish, birds,
and the endangered monk seal, the threatened green sea
turtle, and the endangered leatherback and the hawksbill
sea turtles.

A NATIONAL SYSTEM OF MARINE SANCTUARIES
The mission of NOAA’s National Marine Sanctuary Program is
“to improve the conservation, understanding, management,
and wise and sustainable use of marine resources; enhance
public awareness, understanding, and appreciation of the
marine environment; and maintain for future generations the
habitat and ecological services of the natural assemblage of
living resources that inhabit the national marine sanctuaries”
(National Marine Sanctuaries Act). Each sanctuary’s goals
reflect the unique diversity contained within individual sites.
They may include restoring and rebuilding marine ecosystems
to their natural condition or monitoring and maintaining
already healthy areas.
Protecting sanctuary resources requires enormous planning,
management and cooperation between federal, state, and

Not especially common in Fagatele Bay, but found on other reef flats of
American Samoa, this striking bright blue sea star is known locally as a lima.
As a member of the phylum Echinodermata, the sea star’s body plan is radially
symmetrical, equal units arranged in a circle around a central disc.

local officials. The National Marine Sanctuary Program works
cooperatively with its partners and the public to balance
enjoyment and use with long-term conservation. One
sanctuary may protect the breeding ground of humpback
whales, while another houses the remains of historical
shipwrecks. Yet all share in common a growing circle of
partners who embrace the program’s ocean ethic—to preserve,
protect, and respect our nation’s marine environment.
One hundred years ago, few people understood the
significance of conserving the forests they shared. We
know better today. More than 100 years later, still too
few people understand the impact that a healthy thriving
ocean has on our everyday life—its effect on the climate,
its significance as a source of food and commerce, the
importance of its marine life in the ecosystem, and its
potential for medical cures. Our very existence on the planet
depends on preserving our oceans.
Today our coastal areas are subject to great environmental
pressures. Over 50 percent of our nation’s people live
within 50 miles of the ocean or Great Lakes. This migration to
our coastlines for home, livelihood, or recreation is predicted
to increase by the year 2010. With this increase comes the
inevitable loss of marine habitats and increased pollution
that threatens our ocean resources; thus, the importance of
maintaining a system of marine protected areas increases.
Today the National Marine Sanctuary Program helps to
explore this last frontier and increase our knowledge and
understanding of complex marine ecosystems. NOAA’s
marine sanctuaries monitor both human and natural
changes in the environment and link coastal communities
together enabling the nation to learn better ways to preserve
our marine environments. And through education, the
national marine sanctuaries help others to cultivate a greater
appreciation of the ocean world and to become better
environmental stewards.
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The National Marine Sanctuary Program expands our nation’s
long history of protecting special areas on land to embrace the
seas. It brings an ecosystem approach to marine environmental
protection and asks us to adopt a new ethic of ocean
stewardship. Perhaps most of all, it challenges us to work
together to find creative solutions to the problems facing our
oceans and coasts.
In 1948, conservationist Aldo Leopold defined “a land ethic”
this way: “When we see land as a community to which
we belong, we may begin to use it with love and respect.”
(Leopold, 1948) The National Marine Sanctuary Program asks
us to translate that ethic from land to ocean. Join with us in
protecting our ocean resources, “America’s Ocean and Great
Lakes Treasures.”

REFERENCES
A Sand County Almanac, and Sketches Here and There, 1948,
Oxford University Press: New York, 1987.

FOR MORE RESOURCES:
National Marine Sanctuary Program:
http://sanctuaries.noaa.gov
National Marine Sanctuaries Act (e.g., Title III of the Marine
Protection, Research, and Sanctuaries Act of 1972):
http://www.sanctuaries.noaa.gov/natprogram/
nplegislation/NMSA.pdf
National Marine Sanctuary Foundation:
http://nmsfocean.org

PHOTO CREDITS:
Florida Regal Sea Goddesses congregate on a beautiful encrusted ledge in
NOAA’s Gray’s Reef National Marine Sanctuary just off the coast of Georgia.
These nudibranchs use their crown like anal gills to take oxygen from the sea
water.

Page 3 (top left) Courtesy of Bob Wilson
Page 3 (top right): Courtesy of Kip Evans
Page 4 Courtesy of Greg McFall/NOAA

ZOOPLANKTON OF THE ATLANTIC AND GULF COASTS
A Guide to Their Identification and Ecology
William S. Johnson and Dennis M. Allen
with illustrations by Marni Fylling
KEY FEATURES
• High-quality line drawings that indicate the
distinguishing features
• Describes how to use coloration or
movement to help identify living specimens
• Information on biology, distribution,
and ecology with each identification
• Extensive references and suggested readings
• Instructions for easy and inexpensive ways to
collect and observe zooplankton
$44.95 paperback

“A much needed reference for students and
biologists who need to learn zooplankton taxa.
The descriptions and drawings are excellent:
readers identifying organisms can immediately
locate distinguishing characteristics and learn
about geographic distributions. This is exactly what
is needed for students of marine biology, marine
ecology, estuarine ecology, invertebrate zoology,
and biological oceanography.”
—Julie Ambler, Millersville University

THE JOHNS HOPKINS UNIVERSITY PRESS • 1-800-537-5487 • www.press.jhu.edu
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ACTIVITY: EXPLORING NATIONAL MARINE SANCTUARIES
FOCUS
Diverse marine ecosystems and protection of their natural
and cultural resources

GRADE LEVEL
Grades 7-8 (Life Science/Earth Science)

FOCUS QUESTIONS
• What kinds of living organisms live in national
marine sanctuaries?

 "Further Understanding" student worksheet, available for
download at the same website.
 Each student group will need poster board and materials to
make posters.
 Overhead of national marine sanctuaries map, available
for download and printing at http://www.sanctuaries.noaa.
gov/oms/omsmaplarge.html.
 Internet access.

AUDIO/VISUAL MATERIALS

• What natural and cultural resources are protected by
national marine sanctuaries?

 Overhead transparency of the national marine
sanctuaries map.

• What are some of the similarities and differences among
the national marine sanctuaries?

TEACHING TIME

• What are some of the resource protection issues facing
various national marine sanctuaries?

LEARNING OBJECTIVES
Students will use the Internet to research national marine
sanctuaries, and America’s ocean and Great Lakes treasures.
Students will identify major groups of organisms living in and
protected by national marine sanctuaries.
Students will describe various habitats found in national
marine sanctuaries.
Students will list characteristics that define various
national marine sanctuaries, including their similarities and
differences.

Twenty minutes for teacher to introduce project; two 45-minute
class periods for students to orally present projects; plus time
for students to conduct Internet research, and collaborate on
poster presentation (may be completed as an out-of-class
assignment that will take approximately 2-5 hours).

SEATING ARRANGEMENT
Classroom style for presentations; Groups of 2-3 students for
research (if conducted in class)

MAXIMUM NUMBER OF STUDENTS
30

KEY WORDS
National Marine Sanctuary

Species

Students will identify some of the resource issues threatening
the oceans, and specifically our national marine sanctuaries.

Marine Protected Area

Ecosystem

Habitat

Biodiversity

Students will describe human interactions with the ocean and
will be able to explain the importance of marine protected
areas.

Conservation

Environmental Stewardship

Sustainability

Natural Resources

Students will summarize and communicate their research
findings in a written poster presentation and through a fiveminute oral presentation.

MATERIALS
 “National Marine Sanctuaries” student project worksheet,
available for download at the National Marine Sanctuary
Education Program website. Go to http://sanctuaries.
noaa.gov/education/ and use the left hand navigation bar
to go to “For Teachers,” then “Curriculum,” then “Explore
Sanctuaries Lesson.”

Cultural Resources

BACKGROUND INFORMATION
Science in the middle grades should provide students with
opportunities to enrich their growing knowledge of biodiversity.
In this lesson, students will learn about the national marine
sanctuaries found in the Pacific and Atlantic oceans and off the
coast of American Samoa. They include breeding and feeding
grounds of whales, sea lions, sharks, and sea turtles; significant
coral reefs and kelp forest habitats; and the remains of the USS
Monitor, a Civil War ironclad that sank off the coast of North
Carolina. By learning about the biodiversity, ecological integrity,
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and cultural legacy of these marine sanctuaries, students can
place what they are learning about the interdependence of
living things on our planet into context.
After being introduced to the marine sanctuaries as a class,
students will work in small groups to develop posters that
highlight key ideas in the benchmarks in the context of the
individual marine sanctuaries.
The article “National Marine Sanctuaries: America's Ocean
and Great Lakes Treasures” on page 2 provides an excellent
introduction into the overall purpose and mission of the
national marine sanctuaries.

PREPARATION
1. Download a map of the national marine sanctuaries,
available for download and printing at http://www.
sanctuaries.noaa.gov/oms/omsmaplarge.html. Make an
overhead transparency of this map.
2. Divide the class into 14 different groups of 2 or 3 students.
(Smaller classes will be unable to present all 14 National
Marine Sanctuary System sites, but are still able to achieve
the objectives of this activity.) Assign each group one of
the 13 national marine sanctuaries or the Northwestern
Hawaiian Islands Coral Reef Ecosystem Reserve.

LEARNING PROCEDURES
1. Project the map that depicts the locations of national marine
sanctuaries. Ask students if they recognize any of the places
highlighted on the map. If any of the students have been
to any of the locations, ask them to describe what they are
like. Tell students that the map shows federally protected
waters called national marine sanctuaries. Ask them to
speculate about what the term “marine sanctuaries” might
mean. Then tell them that they will find out more about the
characteristics of these environments and why they are in
need of special protection.
2. Inform the class of small group assignments and pass
out the "National Marine Sanctuaries" student project
worksheet. Instruct them that they will conduct web-based
research using the National Marine Sanctuary Program
website. (Note: This could provide a good opportunity for
the teacher to explain the use of approved websites to
conduct research.) Instruct the students that they will use
the website and its related links to explore their sanctuary
site. Note that at a minimum, students should read the
introductory page for their site and related “Information
Sheet,” which can be accessed through the link on the
bottom of the left hand navigation bar. The “Extensions”
section of this lesson provide additional links that you may
wish to have students explore; the “Encyclopedia of the
Sanctuaries” found at http://marinelife.noaa.gov/ depicts
the top 100 species found in eight different sanctuary
sites through vibrant photographs, videos, and up-to-date
information on each species.

Atlantic white-sided dolphins (Lagenorhynchus acutus) became abundant in
Stellwagen Bank waters about 20 years ago, when sand lance populations
increased. The colorful, slightly stocky dolphin swims in pods and
occasionally coordinates exuberant displays of agility, as seen here.

3. Instruct students that they will use the National Marine
Sanctuaries student project worksheet to help guide them
through discovery of America’s ocean and Great Lakes
treasures. Even though students will work in groups, make
sure that each student completes the student sheet in
his/her own words:
 What kinds of living things seem to be found in all of the
sanctuaries?
 What are some of the similarities and differences among
the sanctuaries?
 What are some of the problems faced by the various
ecosystems described?
4. Working in groups, and using the worksheet, students will
gather information about each of the sanctuaries. Each
group will create a poster of its assigned marine sanctuary
and then present its information to the class in a fiveminute oral presentation. Inform the groups of their oral
presentation due dates.
5. On oral presentation days, student groups will present their
posters to the class. After all of the presentations have
been made, display the posters around the classroom
and provide students time to view the posters. Encourage
students to take notes during the presentations of the
posters and as they view the displayed posters. As they
do this, they should individually complete the Further
Understanding student worksheet, which asks them to
compare and contrast their sanctuary with others.
Students should be able to describe the different goals of the
national marine sanctuaries as they relate to the individual
needs of the ecosystems they comprise. For example, the
Gulf of the Farallones is home to the largest concentration
of breeding seabirds in the continental United States. As
such, it seeks to preserve these resources by managing
human activities that may damage habitat and species, by
supporting restoration projects to revitalize disturbed areas,
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and by monitoring programs that provide information to
assess changes from natural and human disturbance.

THE BRIDGE CONNECTION
www.vims.edu/bridge/
Click on “Ocean Science” in the navigation menu to the left,
then navigate to (1) “Human activities,” then “Policy”; (2)
“Human activities,” then “Enviro-concerns”; and (3) “Biology,”
then “Biodiversity.”

NATIONAL SCIENCE EDUCATION STANDARDS
Content Standard C: Life Science
 Regulation and behavior
 Populations and ecosystems
 Diversity and adaptations of organisms
Content Standard F: Science in Personal and
Social Perspectives

THE “ME” CONNECTION

 Populations, resources, and environments

Have students write an essay on how the ocean, or
specifically a national marine sanctuary, directly benefits (or
could benefit) their own lives.

 Risks and benefits

 Natural and human-induced hazards

NATIONAL GEOGRAPHY STANDARDS

CONNECTIONS TO OTHER SUBJECTS

Essential Element 2: Places and Regions

English/Language Art, Social Studies, Geography

 The physical and human characteristics of places

EVALUATION
Individual project worksheets, group poster, and oral project
presentation provide opportunities for assessment. Develop
a grading rubric that includes performance on the individual
research (Step 3), poster presentation (Step 4), oral
presentation (Step 5), and individual analysis (Step 5).

 That people create regions to interpret Earth’s complexity
Essential Element 3: Physical Systems
 The characteristics and spatial distribution of ecosystems
on Earth’s surface
Essential Element 5: Environment and Society
 How human actions modify the physical environment

EXTENSIONS

 How physical systems affect human systems

Visit http://marinelife.noaa.gov to learn about the top 100
species in eight different sanctuary sites.

 The changes that occur in the meaning, use, distribution,
and importance of resources.

Visit http://oceanexplorer.noaa.gov/ to follow ocean
explorations, many of them in sanctuary waters, in near real
time. Learn about ocean exploration technologies, observe
remote marine flora and fauna in the multimedia gallery,
review NOAA’s 200-year history of ocean exploration, and
discover additional NOAA resources in a virtual library.

FOR MORE INFORMATION

RESOURCES
National Marine Sanctuary Program:
http://sanctuaries.noaa.gov/
National Marine Sanctuary Education Program with Sections
Designed “For Students” and “For Teachers”:
http://sanctuaries.noaa.gov/education
The Sustainable Seas Expeditions was a five-year project of
underwater exploration and discovery of the marine world
with special emphasis on the national marine sanctuaries. A
glimpse into this expedition is found by accessing “Expeditions”
at the following website:
http://www.nationalgeographic.com/seas/

National Education Coordinator, NOAA’s National Marine
Sanctuary Program, 1305 East-West Highway, N/ORM63,
Silver Spring, MD 20910, 301-713-3125 (phone), 301-7130404 (fax), sanctuary.education@noaa.gov (email)
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NATIONAL MARINE SANCTUARIES : LIVING CLASSROOMS
By Michiko J. Martin

The National Oceanic and Atmospheric Administration’s (NOAA)

national marine sanctuaries are living classrooms where people can see, touch, and learn about America’s ocean
and Great Lakes treasures. The National Marine Sanctuary Program's education mission is to enhance public
awareness, understanding, and appreciation of the marine environment. The articles in this issue highlight the
dynamic ocean education programs offered in, through, and about these precious protected waters. The classroom
activities offer a sampling of the robust ocean education curriculum supported by NOAA’s National Marine
Sanctuary Program.
“The baby sea turtle stole our hearts,” exclaims a high school
student during a recent field study of Georgia’s watershed with
staff at Gray’s Reef National Marine Sanctuary. After hours spent
exploring the coastline and watershed, another student describes
how these experiences provide the context to understand and
evaluate her state’s proposed water quality legislation. Other
students discuss the evolution of special adaptations that enable
organisms to thrive in harsh marine environments.

LIVING CLASSROOMS
The waters of the national marine sanctuaries are living
classrooms, providing the opportunity to learn the wonders and
complexities of science through the study of America’s ocean
and Great Lakes treasures. At Gulf of the Farallones National
Marine Sanctuary in San Francisco, California, students and
teachers walk the beach as they monitor sand crabs: What
factors led to the recent explosion in crab population? How do
the ocean tides affect the organisms that live in the surf zone?
Thousands of miles away in the South Pacific Ocean off the
islands of Tutuila and Manu`a, 50 ninth grade students identify
reef fish as they snorkel in the warm, tropical waters of Fagatele
Bay National Marine Sanctuary in America Samoa. Meanwhile,
students at both Thunder Bay National Marine Sanctuary and
Underwater Preserve in Lake Huron and Olympic Coast National
Marine Sanctuary off of Washington State tolerate high seas that
toss their sailing craft to and fro as they gain firsthand a sincere
appreciation for the difficulties of conducting oceanographic
research at sea.
Whether by exploring the coral reefs of the Florida Keys or
investigating the rocky intertidal of the Channel Islands, field
studies within national marine sanctuaries educate students
and their teachers about the physical, chemical, biological, and
ecological characteristics of Earth’s ocean and atmosphere.
Participants take part in activities that demonstrate the use
of large-scale observing systems; learn how data is collected,
analyzed and applied; and experience firsthand the unique
ecosystems of the national marine sanctuaries.
According to the National Science Education Standards (National
Academy Press, 1996), field studies promote serious, extended,

Visitors to the Olympic Coast National Marine Sanctuary spend the afternoon
enjoying informal education through exploring tidepools.

scientific investigations that result in life-long learning. In its
report, the Governing Board of the National Research Council
specifically states that the physical environment should be used
“as a living laboratory for the study of natural phenomena”—
consistent with the philosophy of the National Marine Sanctuaries
Education Program to use technology, innovation and strategic
partnerships to transcend the geographic and institutional
barriers of the past, and to insure that everyone is given an
equal opportunity to understand, enjoy and protect our precious
ocean environment.

STEWARDSHIP THROUGH EDUCATION
With exciting and diverse educational programming, the
national marine sanctuaries have long recognized that
education is the key to ocean conservation, protection, and
governance. The mission of the National Marine Sanctuaries
Education Program is to “promote public understanding of our
national marine sanctuaries and to empower citizens with the
necessary knowledge to make informed decisions that lead
to the responsible stewardship of marine natural and cultural
resources.” National marine sanctuaries communicate the
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importance of responsible ocean governance to those that will
govern our oceans long into the future. It was most recently
recognized in the final report of the U.S. Commission on
Ocean Policy, (An Ocean Blueprint…, 2004) “to successfully
address complex ocean- and coastal-related issues, balance
the use and conservation of marine resources, and realize
future benefits from the ocean, an interested, engaged public
is essential.” The commission identified ocean education as
a key component of the strategy to promote lifelong learning
that leads to an informed public. Thus, the U.S. Commission
on Ocean Policy has identified a strategy that has been
practiced by the National Marine Sanctuary Program for over
30 years: education is integral to achieving conservation and
wise and sustainable public use of the sanctuaries.

HIGH-TECH LEARNING
Never before has the United States been so enabled to create
an ocean literate society, one that will foster the environmental
stewardship necessary to protect what’s left of our natural and
cultural marine legacy. Education and outreach staff throughout
the sanctuary system are using the power of partnerships and
new technology to reach an eager public.
Perhaps the most notable technological advance has been
‘telepresence,’ which uses live, interactive video feeds to connect
the public with breathtaking undersea vistas and exciting ocean
expeditions. The success of telepresence is evident by the
overwhelming response to the pilot installation at Monterey
Bay. Since 2002, thousands of visitors to the Mystic Aquarium
in Connecticut have been introduced to the Monterey kelp
forest 3,000 miles away through live video cameras stationed
50 feet underwater. In 2003, planning workshops advanced
agreements with partner organizations to expand telepresence to
the Channel Islands and Florida Keys national marine sanctuaries
in 2005, and Thunder Bay and Hawaiian Islands Humpback
Whale national marine sanctuaries in 2006. Telepresence
will revolutionize oceanographic information dissemination by
integrating real-time video camera feeds with data streams as
diverse as observations collected by citizen-scientists, satellite
records, and measurements collected by monitoring stations
in the marine sanctuaries. Developed in partnership with the
JASON Foundation for Education, the Institute for Exploration,
and MOTE Marine Lab, telepresence allows individuals living far
from the coastal zone to experience up-close the wonders of
these special marine areas without even getting their feet wet.

MULTICULTURAL OCEAN EDUCATION
Another ocean education innovation is the MERITO (Multicultural
Education for Resource Issues Threatening Oceans) program,
a multicultural ocean education program for Spanish-speaking
learners. When it comes to protecting and managing ocean
resources, everyone’s help is needed. Recognizing that simple
fact, the National Marine Sanctuary Program is reaching out to
members of the community who have not traditionally been
sought out as conservation partners.

Since 2001, Monterey Bay National Marine Sanctuary has been
providing education opportunities for Spanish-speaking residents
and visitors in the central California coast region, with the goal
of involving the entire community in ocean conservation. During
the first year alone, the sanctuary’s MERITO program directly
reached over 5,500 Spanish-speaking citizens in the Monterey
and Santa Cruz counties surrounding Monterey Bay National
Marine Sanctuary.
In response to a need for science education opportunities for
English language learners, MERITO developed the Watershed
Academy. Through front-end evaluation, teachers identified
English-language learners in middle schools as having fewer
opportunities to enroll in science-related classes and having
limited exposure to career opportunities in science. In response
to this need, MERITO developed and implemented an afterschool
science program entitled, Watershed Academy. The Watershed
Academy Activity Guide includes hands-on, inquiry-based
learning activities. Included in these activities are a variety of field
and in-class experiences that expose students to locally relevant
watershed issues and career opportunities in science. To increase
its usefulness in the classroom, the Watershed Academy Activity
Guide is fully aligned with fifth through eighth grade California
state standards in mathematics, science, language arts, visual and
performing arts, and English language development. Teachers
running the MERITO Watershed Academy all receive training
on how to use the guide and how to provide students with
meaningful field experiences. Activities such as invasive green
crab monitoring, plankton studies, and water quality monitoring
give students the chance to be scientists.
MERITO is fast becoming a cherished resource for ocean science
education in the Monterey region. The bilingual Spanish-English
children’s book, Coralito’s Bay and the program’s bilingual
Spanish-English website http://montereybay.noaa.gov/educate/
merito/ are favored by MERITO teachers. Due to its success
and the increasing need for diverse programming, the sanctuary
program plans to expand MERITO to Santa Barbara and Ventura
counties in California through the Channel Islands National Marine
Sanctuary, with eventual expansion to additional sanctuaries that
serve Spanish-speaking communities.

RESOURCES FOR TEACHERS AND THEIR STUDENTS
In addition to its multicultural MERITO curriculum, national marine
sanctuaries achieve lasting success through the development
of other creative, high-quality ocean education curricula that
correlate to national and state science education standards.
Channel Islands National Marine Sanctuary’s Mapping an Ocean
Sanctuary is but one example. Correlated to both national
science and geography education standards, Mapping an
Ocean Sanctuary was developed to introduce teachers and their
students to the oceans through Geographic Information Systems
(GIS). “It’s neat to actually work with the real data that scientists
obtained,” said one high school student. “I’m using this remote
sensing data to understand the distribution of Garibaldi [a species
of fish] the same way that researchers would study the problem.”
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Marine technology, such as this PVC pipe Remotely Operated Vehicle is a
great way to teach students about physics, biology, chemistry, and more.

Developed in partnership with the Center for Image Processing
in Education, this exciting curriculum introduces classrooms to
using GIS technology to conduct environmental monitoring,
research fish distribution, and study non-point source pollution of
oceans through a case study of Santa Barbara, California.
Everyone loves a good mystery. The “Hunt for the Alligator” is
about getting people young and old alike excited about marine
science and exploration and connecting the public to our nation’s
maritime heritage. During the summer of 2004, NOAA’s National
Marine Sanctuary Program, National Undersea Research Center
at the University of Connecticut, Nauticus–the National Maritime
Center and the United States Navy engaged teachers and
students with multi-disciplinary curricula focused on the hunt for
the lost Civil War-era submarine Alligator. In classrooms across
North Carolina and Virginia, students and teachers logged on to
http://sanctuaries.noaa.gov/alligator to actively participate in an
oceanographic expedition to hunt for the Alligator, the United
States Navy’s first submarine, lost off of Cape Hatteras, North
Carolina, in a vicious storm more than 141 years ago.
Teachers and students who were not able to join us for the
summer expedition can still experience the thrill of ocean
exploration by logging onto the Alligator website for lesson plans,
video, and expedition data. Using pioneering technology, the

Teachers participate in many activities including the Flower Garden Banks
National Marine Sanctuary’s Down Under, Out Yonder workshop and dive
trip to learn about sanctuary resources so they can enhance their classroom
curricula.

sanctuary program is able to serve up the Alligator expedition
via “Education on Demand”: bringing the expedition on video to
classrooms worldwide. The dynamic Alligator website includes
video on various survey technologies, such as side scan
sonar and remotely operated vehicles (ROVs) that were used
to hunt for the Alligator; images, and data from the sonar
and ROV systems; interviews with scientists and technicians;
demonstrations of activities related to the mission that use
simple visual aids to teach complex scientific concepts; and
research data files that students can analyze themselves as
they become actual scientists in the hunt for the Alligator. We
are able to bring every student and teacher out to sea with us
to conduct oceanographic research every day, any day. With the
perfect mix of history, mystery, and technology, teachers can use
this curriculum with the supplemental videos to teach complex
scientific concepts in an intriguing, interesting way by exciting
students to join the hunt for this lost submarine.

PROFESSIONAL DEVELOPMENT FOR EDUCATORS
The National Marine Sanctuaries Education Program’s
commitment does not end with curricula production. The
program is also dedicated to providing professional development
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for educators, including internships and other intense learning
programs that provide opportunities to teachers to obtain
specialized knowledge to teach ocean topics.
Flower Garden Banks National Marine Sanctuary’s award winning
Down Under, Out Yonder professional development workshop,
for example, offers teachers the opportunity to learn how to bring
marine science into the classroom during a three-day expedition
to a remote Gulf of Mexico coral reef.
Covering such topics as coral biology, reef fish identification,
geology, sustainable fisheries, and natural resource management,
the Down Under, Out Yonder workshop’s goals are to inspire and
motivate educators to include coral reefs, and the resources of
Flower Garden Banks National Marine Sanctuary into their lesson
plans. Sponsored by the Gulf of Mexico Foundation, Down
Under, Out Yonder workshops were established in July 1996 in
response to requests from teachers for high quality, affordable,
science-based, experiential learning workshops.
The sanctuary program’s Dive into Education workshops also
offer teachers hands-on professional development in a more
traditional format. During the 2004 Dive into Education workshop
held at Hawaiian Islands Humpback Whale National Marine
Sanctuary, educators from 13 sites within the National Marine
Sanctuary System converged on the island of O`ahu to provide
36 ocean education sessions to 85 teachers. Co-sponsored
by the Hawai`i and America Samoa coastal zone management
programs, the workshop received rave reviews from participants:
“The greatest thing about the workshop was that it sent me
back to the classroom with renewed energy,” said one Dive into
Education participant. “The energy needed to excite my students
and get them exploring the marine environment in a way that will
ensure its preservation.”
With so many education opportunities for educators, one way
for educators to stay abreast of special offerings is to become a
member of the National Marine Sanctuary Program education
network. Educators can subscribe to this free network by emailing
Sanctuary.Education@noaa.gov to receive information about
upcoming field studies, professional development opportunities,
outreach events, monitoring projects, funding opportunities, and
other announcements related to the sanctuary program.

THE FUTURE FOR SANCTUARY EDUCATION
With an outstanding infrastructure to support ocean education,
the National Marine Sanctuary Program is uniquely positioned
to achieve the ocean education goals outlined by the U.S.
Commission on Ocean Policy—to present important ocean
and coastal concepts in an effective way to provide learners of
all ages the skills to make informed decisions and participate
knowledgeably in some of the most pressing science-based
issues that we face today, and can expect to face in the
foreseeable future.

classrooms for learning about what lies beneath the endless blue
horizon. The national marine sanctuaries invite you to “dive in”
and explore America’s ocean and Great Lakes treasures! We are
proud to join you in bringing the excitement and wonders of the
ocean into your classrooms.

Michiko J. Martin is the national education coordinator for

NOAA’s National Marine Sanctuary Program. She heads up the
education program for the National Marine Sanctuary System, a
network of 13 sanctuaries and one coral reef ecosystem reserve
in diverse locations such as America Samoa, Hawaii, the Pacific
Northwest, and the Florida Keys.

RESOURCES
An Ocean Blueprint for the 21st Century, 2004,
(See Chapter 8).

FOR MORE RESOURCES:
National Marine Sanctuary Program Education:
http://sanctuaries.noaa.gov/education/
MERITO:
http://montereybay.noaa.gov/educate/merito/
Coralito’s Bay (Spanish-English):
http://www.mbnmsf.org/pages/products/coralito.html
National Marine Sanctuary Field Studies with National
Geographic:
http://www.sanctuaries.noaa.gov/education/teachers/
features/oceanfield.html
Down Under, Out Yonder Teacher Workshops:
http://www.gulfofmexicofoundation.com/duoy.htm
Mapping an Ocean Sanctuary:
http://channelislands.noaa.gov/edu/edu_act1.html
Dive into Education Teacher’s Workshop:
http://www.sanctuaries.noaa.gov/education/teachers/
features/diveeducation.html
Hunt for the Alligator:
http://sanctuaries.noaa.gov/alligator

PHOTO CREDITS:
Page 8: Courtesy of Claire Johnson/NOAA
Page 10 (left): Courtesy of Claire Johnson/NOAA
Page 10 (right): Courtesy of Flower Garden Banks National
Marine Sanctuary

There is no better way to learn about the world around us than
to set out into nature and explore it firsthand. When it comes
to the oceans, our national marine sanctuaries are the perfect
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OCEAN EDUCATION THROUGH ENVIRONMENTAL MONITORING
By Jennifer Saltzman, Ph.D.

With waves crashing on the sandy beach, students collect real data about sand crabs.
They collect a specific volume of sand and separate the crabs from the sand with a sieve. They record information
about each crab and then collect the next sample one meter away. Students are connecting to the ocean and coastal
ecosystems in a real and meaningful way by digging a little deeper into their local beaches. Getting out in the field
to study is fun and engaging, plus teachers and students want to also contribute to the protection of America’s
underwater treasures.
Environmental monitoring programs support this desire to be
part of something larger. Gulf of the Farallones National Marine
Sanctuary and the other West Coast national marine sanctuaries
developed environmental monitoring projects for middle and
high school students to help make this connection. Students
monitor sandy beaches and rocky shores in their classes and
other school-based programs. Students gather data as part of
their monitoring activities, enter the data into the online database,
and analyze the long-term database to detect environmental
change. The monitoring helps NOAA’s National Marine Sanctuary
Program by providing data for ongoing scientific programs.
For many coastal habitats, there is anecdotal information
about species abundance, and distribution, but good longterm studies are few and far between. Long-term databases
provide information about the trends in coastal populations. In
response to a rise in air and sea temperatures, we can expect
the distribution of species along our coast to change. Along
the west coast of North America, many rocky intertidal species
are found from Alaska to Point Conception or from northern
California to Baja, California, both co-occurring in central
California. Global warming may result in a northward shift in the
distributions of these species. With sea level rising at a rate of
1.5 to 2 mm/year over the past century (Wadhams and Munk,
2004), intertidal communities on the sandy beaches and rocky
shores may change. The tightly organized zonation patterns of
the rocky shore, with species sorted into bands according to
tidal height, not only could shift the different zones higher on
the shore, but the zonation pattern itself could change as the
shoreline configuration and associated wave forces change. The
long-term data collected by students and teachers will reveal
the population trends for future generations.
The Coastal Ecosystem Education Program educates local high
school teachers and students about Gulf of the Farallones National
Marine Sanctuary through curriculum, professional development,
and field monitoring experiences. This program was developed
by the non-profit Farallones Marine Sanctuary Association in
partnership with the sanctuary to address the marine science
gap in high school curricula and programs in the San Francisco
Bay Area. The Coastal Ecosystem curriculum is a high school
level marine science curriculum with a local focus on Gulf of the
Farallones National Marine Sanctuary. The curriculum has seven
units: Local Sanctuaries, Oceanography, Food Web, Sandy Beach,

Oil Spills, Seabirds and Shorebirds, and Rocky Shores Habitat. The
units have classroom and field activities, slide shows, background
information, glossaries, and fact sheets. In addition, there are two
monitoring handbooks to accompany the curriculum. The sandy
beach and rocky intertidal monitoring handbooks describe the
sampling protocols, equipment, and data sheets. The curriculum
is available for free on the Internet (www.farallones.org) and is
distributed at local teacher workshops.
The keystone to the Coastal Ecosystem Education Program
is the field monitoring projects. Since many of the West Coast
national marine sanctuaries were thinking about or developing
environmental monitoring projects at the same time, the various
monitoring projects at each site were assessed. The best
components of various high school programs were combined
by Olympic Coast, Cordell Bank, Gulf of the Farallones, Monterey
Bay, and Channel Islands national marine sanctuaries. The Longterm Monitoring Program and Experiential Training for Students
(LiMPETS) was developed to bring together these sanctuaries’
programs into one comprehensive program for ocean and coastal
ecosystem monitoring by students and community groups. This
program is a combination of the sandy beach monitoring project
developed for the Gulf of the Farallones’ Coastal Ecosystem
Education Program and the rocky intertidal monitoring developed
in the Monterey Bay area. The protocols used across the
sanctuaries were standardized so that students can compare their
results to other locations along the West Coast.
Professional development workshops introduce teachers and
educators to the curriculum and provide them with hands-on
experience, helping to develop self-confidence and the skills to
implement field monitoring in middle and high school classrooms.
Weeklong and one- to two-day workshops introduce teachers to
the Coastal Ecosystem Education Program and LiMPETS through
slide shows, classroom, and field activities. LiMPETS teacher
workshops are offered every two years for the entire West Coast.
The first workshop was in March 2003 in the San Francisco
Bay area, and the second is planned for March 2005 in Santa
Barbara. Shorter workshops (one-day or weekend) are also
available and focus specifically on monitoring projects, providing
teachers with the skills they need in order to bring students into
the field. Teachers are mentored to use techniques and activities
with their students. The highlight of the workshops is field
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Students monitoring the rocky shore with squared quadrats.

Flags mark the vertical transect lines for sand crab monitoring.

monitoring where teachers learn the monitoring protocols and
how to implement the monitoring projects with their students.

lab and count how many parasites are in each crab. At Monterey
and Seaside high schools in California, students are expanding the
sand crab monitoring project by examining the concentration of
heavy metals and other toxins in sand crabs. They will collect crabs
at beaches near storm drain outfalls, a possible toxin source, and
at more pristine beaches. Funded by a grant from the NOAA’s Bay
Watershed Education and Training (B-WET) Program, the crabs
will be analyzed by an outside lab and the students will compare
the concentration of the toxins.

SANDY BEACH MONITORING
Sand crabs (Emerita analoga) live in the swash zone of the
sandy beach intertidal zone. The main predators of the sand crab
are fish, water birds, shorebirds, and the larger spiny mole crab.
The barred surfperch’s diet is 90 percent sand crabs. Birds that
feed on sand crabs include sandpipers, godwits, curlews, and surf
scoters. Sea otters also are known to eat sand crabs. The parasitic
Acanthocephalan worm uses the sand crab as an intermediate
host and uses the surf scoter as its terminal host. It is sometimes
lethal to surf scoters and sea otters.
Using LiMPETS sandy beach monitoring protocols, students
monitor local beaches for sand crabs two to three times each
year. The project begins with a one-hour classroom training
with slides and live crabs. Students get comfortable holding the
crabs, measuring them, determining their gender, which can
be hard with a live crab, and recording the data on a sample
datasheet. After training in the classroom, students are ready for
the field monitoring experience. They set up transect lines and
begin sampling for crabs using the LiMPETS protocols. For each
crab collected, length and gender are recorded on standardized
datasheets. At the end of a monitoring session, students are
asked what trends they observed. Back in the classroom, students
confirm their observations by entering their data into the online
database. Students are able to graph their data online and
compare it to other beaches or different seasons at their own
beach. The monitoring handbook has a data analysis section for
reference to help teachers determine what types of questions to
ask. It also offers statistical analysis and presentation ideas.
The food web connection between sand crabs and its predators
is emphasized when students examine the crabs for the parasitic
Acanthocephalan worm and toxins. The infection rate of the
parasite in sand crabs is of interest to researchers looking at sea
otter deaths related to this parasite. Students dissect crabs in the

The sandy beach monitoring project has been implemented at
25 schools in the San Francisco Bay Area over the last four years.
In these four years, over 1,000 students have participated in this
program. Students from 10 California counties have monitored
sandy beach areas in and adjacent to Gulf of the Farallones
National Marine Sanctuary, contributing more than 5,500 manhours. Eighty percent of the data collected has been entered into
the regional database. Participating schools are both public and
private from urban, rural, and suburban communities and include
independent and continuation schools.
Other sanctuary sites currently using this program include Channel
Island National Marine Sanctuary and Monterey Bay National
Marine Sanctuary. From Ventura to Santa Barbara, off the coast
of the Channel Islands, five teachers and more than 30 students
monitor their local sandy beaches. In Monterey Bay National
Marine Sanctuary, nine teachers work with more than 250
students to monitor sandy beaches around Monterey Bay.
These monitoring projects have been incorporated into many
different formal and informal educational opportunities. In the
formal setting, marine biology, marine science, oceanography,
integrated science, environmental science, and biology teachers
have integrated sandy beach monitoring into their curriculum
for experiential learning. On the informal side, science clubs,
summer camps, and afterschool programs have used these
projects as well.
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Sand crab (Emerita analoga) measured with a caliper at the sandy beach.

Science fair winner Sarah Wood monitors the rocky shore using a squared
quadrat.

Monterey Bay National Marine Sanctuary’s Multicultural Education
for Resource Issues Threatening Oceans (MERITO) program is
an example of an afterschool program that has incorporated
sandy beach monitoring into its activities. MERITO’s Watershed
Academy afterschool program provides fifth through eighth
grade students with inquiry-based field and in-class experiences
relating to watershed and ocean science. Watershed Academy
program leaders are trained to use the comprehensive MERITO
Watershed Academy Activity Guide that includes the LiMPETS
sandy beach monitoring project.

developed by Dr. John Pearse and Dawn Osborn at University of
California at Santa Cruz. Instead of percent coverage estimates
for algae, students monitor the relative abundance of algae and
a few, small, abundant invertebrates. They count the number of
squares out of 25 squares per quadrat in which each species is
present. For the larger and more mobile invertebrates, students
count the number of individuals in the whole quadrat. Using
different techniques to monitor the same habitat emphasizes
some of the challenges inherent in science to students. We may
want to live in a world where one size fits all, but the marine
ecosystems just don’t work that way!

ROCKY INTERTIDAL MONITORING PROJECT
Working with NOAA teacher-at-sea, Kathy Soave from The
Branson School, Farallones Marine Sanctuary Association
developed a rocky intertidal monitoring project in 1999. The
original focus was to monitor Duxbury Reef, a large exposed
shale reef in Gulf of the Farallones National Marine Sanctuary.
Currently, volunteer students monitor the area three times each
year to examine the abundance of algae and invertebrates on
the reef. With the same volunteer students participating year
after year, student leaders support the project and help train
other students.

The Branson School students have become stewards of Duxbury
Reef. Each June at least 10 students lead a guided tidepool walk
for the public, teaching their family and friends what they have
learned through the project. In the parking lot above Duxbury
Reef, visitors can learn about the importance of good tidepool
etiquette and the student monitoring projects from interpretive
panels even before they reach the rocky shore. These signs were
inspired and partially funded by The Branson School students.

Species identification of algae is the toughest challenge at
the rocky shore. After several iterations of species lists, 10
algae species that are ecologically interesting and that can be
consistently and correctly identified by students are monitored.
Invertebrates, such as sea stars and snails, are much easier
to identify and quantify by middle and high school students.
Along vertical transect lines, students monitor the abundance of
the species in a defined area known as a quadrat. The vertical
transect line runs through the high, mid, and low intertidal zones
to enable students to observe the differences in the zones while
collecting abundance data.

Teachers and students need support and tools to accomplish the
goals of the environmental monitoring projects. The curriculum
and teacher workshops are the keys to success, but a number of
little things help make the project work for a variety of teachers
and students. Training materials and sampling equipment are
provided for LiMPETS teachers through checkout kits at each
West Coast sanctuary office. For both the sandy beach and rocky
intertidal monitoring, there are separate kits for classroom training
and field monitoring, with all the equipment necessary for a class
of 30. Staff provide field support to teachers at many of the West
Coast national marine sanctuaries. This gives teachers a chance to
become more familiar and comfortable teaching in the field after
learning the new monitoring protocols.

During 2004, the protocols for rocky intertidal monitoring at
Duxbury Reef were modified to fit the LiMPETS protocols

TEACHING RESOURCES
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Web resources have been developed specifically for the rocky
intertidal and sandy beach monitoring projects, complete with
online databases enabling students to enter and analyze their
data. Data entry is password protected so that only participating
students can enter data, yet all the data is available to everyone
for analysis. For the sandy beach monitoring project, students
enter their data and are able to immediately graph the results.
Graphing is often a challenge for students who have had
little training in spreadsheet programs. The sand crab online
system allows them to make comparisons of the distribution of
organisms along the beach and the frequency of gender and
size. The raw data can be downloaded to allow more advanced
students to conduct further analysis of the data. Complete
teacher support materials such as datasheets and protocols
are available on the website or in handbooks for teachers and
community groups interested in monitoring.

HIGHLIGHTS AND STEWARDSHIP
The successes of the field monitoring projects are seen in the
smiles and commitment to accurate environmental sampling by
the students. They enjoy participating in a real science project,
especially coming to the beach to collect data, because it means
something more than just a grade. Students have been seen
showing sand crabs to adults and other children who happen
to be walking by, taking the opportunity to explain the project to
them. Teachers emphasize the value these hands-on projects
provide for students to work with other adults. When sanctuary
staff are at the beaches, students gain from working with and
learning from adults other than their teachers. They are taught
what a national marine sanctuary is and how the beach is an
important part of the ocean.
Another positive outcome is the commitment of teachers to
marine science education, seen by their attendance at other
sanctuary events. At sanctuary research symposia for Gulf of
the Farallones and Monterey Bay national marine sanctuaries,
teachers took the day off from school to learn about the current
scientific research in the sanctuaries. Teachers also attend public
lectures with their students. One teacher encouraged his students
to attend public meetings about the sanctuary’s management
plan. At these meetings, students and the general public are
given an opportunity to voice their opinions on how they think the
sanctuary’s natural and cultural resources should be managed.
Two high school juniors from San Lorenzo Valley High in Felton
took first prize in their division at the Santa Cruz County Fair.
Using the LiMPETS protocols, they presented data that indicated
a negative relationship between species diversity and mussel
abundance and a positive relationship between diversity and
bare rock abundance. They realized that in terms of total species
richness and diversity, both are much higher inside mussel beds
simply because many organisms are sheltered within the mussel
bed, but are not seen on the tops of the mussels. They went on
to the California State Science Fair and placed third in zoology in
the Senior Division. At the International Science Fair, they were
grand prize winners, placing fourth in zoology and received the
North American Benthological Society Award. “The whole journey

was a life changing experience,” said Sarah Wood who continues
to participate in LiMPETS.
Each year the American Geophysical Union holds its annual fall
meeting in San Francisco, California. In 2003 and 2004, students
from both the sandy beach and the rocky intertidal monitoring
projects had the opportunity to participate in the meeting along
with 10,000 earth scientists from around the world. In the
morning, students learned about earth science careers from
scientists, and in the afternoon they presented their findings
from their monitoring project at the poster session (Chu et al,
2003; Soave et al, 2003). Students explained their work and
answered questions while learning about cutting-edge ocean
science research. One student expressed how privileged she felt
to be able to participate in the professional meeting. On a more
local scale, the students also attended Gulf of the Farallones
National Marine Sanctuary’s Research Symposium, discussing
their posters with local researchers. Each of these experiences
has helped emphasize the skills needed to conduct scientific
monitoring and the importance of sharing and communicating
results with others.
Channel Islands National Marine Sanctuary worked closely with
Jean-Michel Cousteau’s Ocean Futures Society to incorporate
LiMPETS protocols for sandy beach and rocky intertidal monitoring
into their new Ambassadors of the Environment Program at El
Capitan Canyon. Middle school students from Santa Barbara
County, among others, participate in the multi-day Ambassadors
of the Environment Program, which uses experiential education in
the marine and terrestrial environments to learn what sustainable
living means and how nature works. Students are provided the
opportunity to explore the kelp forests, kayak, snorkel, hike coastal
trails, and conduct scientific monitoring in the coastal ecosystem
to contribute to the LiMPETS long-term database.
The rocky intertidal monitoring program has been so successful it
is expanding to Hawai’i in partnership with Our Project In Hawaii’s
Intertidal or OPIHI (“opihi” is the Hawaiian name for several
species of edible limpets). Chela Zabin and Erin Baumgartner at
University of Hawai'i have been working for two years with the
Education Laboratory School in Honolulu to create the OPIHI
program. Although the species on the rare rocky shores of Hawai'i
are different than the California species, students use similar
monitoring protocols to collect baseline data. In the spring of
2005, they plan to work with three O'ahu schools, two schools
on the Big Island in conjunction with the Northwestern Hawaiian
Islands Coral Reef Ecosystem Reserve’s Mokupapapa Discovery
Center and with the Hawaiian Island Humpback Whale National
Marine Sanctuary’s education program on Maui.
In another region of the country, Shedd Aquarium in Chicago
includes LiMPETS in a special echinoderm exhibit called Seastar
Quest. The “Tide Pool Tally” panel describes the program and
how to monitor a quadrat. On the floor of this exhibit are lifesized photos where visitors practice counting animals using the
LiMPETS method of abundance estimation. The connection of an
environmental monitoring program to an aquarium exhibit shows
students their work is valuable beyond their classroom.

A MERICA’S O CEAN

GCRL-121795-CurrentNMS 15

AND

G REAT L AKES TREASURES

15

3/17/05 3:15:28 PM

THE JOURNAL OF

M ARINE EDUCATION

Volume 21 • Number 1 • 2005

We all like to have our work and energy go toward something
meaningful. Students feel the same way. Through LiMPETS,
teachers are taking their students out of the classroom to have
them contribute to the understanding of the coastal ecosystems.
Environmental monitoring is necessary to be able to understand
the changes in a system over time. Middle and high school
students contribute beyond their own learning, and these
monitoring projects are a great way to teach ocean science in a
fun and exciting way.

Jennifer Saltzman, Ph.D.,hasbeentheeducationmanager
at the Farallones Marine Sanctuary Association since 2000. She
developed the Coastal Ecosystem Education Program and has
coordinated the Sandy Beach and Rocky Intertidal Monitoring
Projects in partnership with Gulf of the Farallones National
Marine Sanctuary. Dr. Saltzman earned her B.S. in biological
oceanography at the University of Michigan and her Ph.D. in
biological oceanography at the University of Rhode Island.
HOW TO GET INVOLVED
You can join the LiMPETS network and bring these hands-on field
experiences to students by using national marine sanctuaries as
natural living classrooms. To sign up for the LiMPETS network,
send a message to Sanctuary.Education@noaa.gov to be added
to the information listserve or contact your local sanctuary. More
information about the program is available at limpets.noaa.gov.

Soave, K., Saltzman, J., Bagley, H., Bassett, H., Hester, M.,
Mann, L., Scott, J. and T. Ulrich. Sustainable Seas Student
Intertidal Monitoring Project at Duxbury Reef in Bolinas,
CA. Poster presented at the American Geophysical Union
(AGU) 2003 Fall Meeting, Bright STARS (Students Training
as Research Scientists) Program.
Wadhams, P. and W. Munk, 2004. “Ocean Freshening, Sea
Level Rising, Sea Ice Melting.” Geophysical Research
Letters, Vol 31, L11311.

FOR MORE RESOURCES:
LiMPETS:
limpets.noaa.gov
National Marine Sanctuary Program Education:
sanctuaries.noaa.gov/education/
Farallones Marine Sanctuary Association’s Sand Crab:
www.sandcrabs.org
Farallones Marine Sanctuary Association’s Free Coastal
Ecosystem Education Program Curriculum:
www.farallones.org

PHOTO CREDITS:
Page 13 (left): Courtesy of Dawn Hayes/NOAA
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Chu, J., Cohen, S., Tom, R., Robins-Moloney, M., Masters, D.,
Mason, K. and F. Alfaro. Sex, Status, and Sand: California
Academy of Science’s Teen Interns Examine Trends of the
Pacific Mole Crab (Emerita analoga) at Ocean Beach, San
Francisco. Poster presented at the American Geophysical
Union (AGU) 2003 Fall Meeting, Bright STARS (Students
Training as Research Scientists) Program.
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Fun

SANCTUARY FACTS
The water that is found surrounding the five islands within Channel Islands National Marine Sanctuary combines warm and
cool currents to create an exceptional breeding ground for many species of plants and animals.
Florida Keys National Marine Sanctuary provides North America’s only living coral barrier reef and the third longest barrier
reef in the world.
Monterey Bay National Marine Sanctuary is home to one of the most diverse marine ecosystems on the planet, including
33 species of marine mammals, 94 species of seabirds, 345 species of fishes, and numerous invertebrates and plants.
The first national marine sanctuary, established in 1975, is the wreck site of the USS Monitor off of Cape Hatteras in
North Carolina.
Two-thirds of the entire North Pacific humpback whale population (approximately 4,000-5,000 whales) migrate to
Hawaiian waters to breed, calve, and nurse their young in the waters of Hawaiian Islands Humpback Whale National Marine
Sanctuary.
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ACTIVITY: ABUNDANCE OF THE ROCKY INTERTIDAL ZONE
WITH LIFE-SIZED PHOTOS
By April Devitt
FOCUS

MAXIMUM NUMBER OF STUDENTS

Environmental monitoring of rocky intertidal organisms

30 students

GRADE LEVEL

KEY WORDS

Grades 9-12

Rocky Intertidal Zone

Quadrat

FOCUS QUESTION

Transect Line

Invertebrates

• How do scientists measure the abundance of rocky
intertidal organisms?

Algae

LEARNING OBJECTIVES
Students will visually identify the following rocky intertidal
organisms: giant green anemones, chitons, whelks, turban
snails, green pin-cushion alga, sea lettuce, rockweeds, coralline
algae, red algal turf, Turkish towel, iridescent algae, aggregating
anemones, limpets, mussels, and acorn barnacles.
Students will learn to monitor the relative abundance of rocky
intertidal organisms through sampling techniques used by
LiMPETS (Long-term Monitoring Program and Experiential
Training for Students) by practicing with life-sized photo
quadrats.
Students will complete data sheets recording the abundance of
organisms in a rocky intertidal zone.

MATERIALS
 6 Photo Quadrats printed on 8.5” x 14” paper
 Photo Quadrat Data Sheets
 Photo Quadrat Answer Sheet

BACKGROUND INFORMATION
The five West Coast National Marine Sanctuaries (Olympic
Coast, Cordell Bank, Gulf of the Farallones, Monterey Bay, and
Channel Islands) work together to use field-based workshops
and emerging technologies to engage middle and high school
students in environmental monitoring. The LiMPETS program
was developed to standardize environmental monitoring
protocols for sandy beach and rocky intertidal zones in the
West Coast national marine sanctuaries. Students involved in
the monitoring projects are able to compare and contrast their
information with data collected at other sites. This activity allows
students to practice the sampling techniques in the classroom
before going into the field.
Measuring the relative abundance is a way to determine the
health of an area. Large numbers of people frequently visit
rocky intertidal areas, which can adversely affect the health of
the environment. The baseline data collected by the LiMPETS
network is part of an online database that allows the sanctuary
to track changes in the environment over time.
Intertidal monitoring in the field is done along a transect line,
that runs from the low tide zone to the high tide zone. Students

 Animal and Algae ID Cards
All materials can be downloaded at the LiMPETS website:
http://limpets.noaa.gov/. Navigate to “Project Information,” then
select “Teachers & Students” from the left hand navigation bar
and select “Teaching Resources.” There are six photos to be
printed on 8.5” x 14” paper. The images were taken at Duxbury
Reef in Bolinas, California. The identification card is 8.5” x 11”.

TEACHING TIME
45-minute classroom period

SEATING ARRANGEMENT
Groups of 3-4 students

Students count abundance of algae and invertebrates in their quadrat along
the rocky intertidal transect line.
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collect data along this line and observe differences between
the different tidal zones. Every five meters, the students place
a 0.25m2 quadrat and monitor the organisms in the area. The
students use the same sampling techniques in the field as
described in this activity. For larger invertebrates, they count
individuals found within the quadrat. In addition, they count the
relative abundance of algae and invertebrates that are more
common. This activity helps students become more familiar
with the sampling techniques used by scientists and makes
them more comfortable identifying the organisms in the field.
Practicing in the classroom before a field experience also helps
to assure that the data will be more accurate.

LEARNING PROCEDURES

identified. Ask students what sort of decisions might resource
managers make using data collected by this method.

THE BRIDGE CONNECTION
www.vims.edu/bridge:
Click on “Ocean Science Topics” in the navigation menu to
the left, then “Biology,” then “Invertebrates” or “Habitats,” then
“Rocky Shores.”

THE “ME” CONNECTION
Have students write short essays on how the abundance of
marine invertebrates directly affect their own lives, or how they
directly affect marine invertebrates when visiting tidepools.

1. Begin the discussion by showing students pictures of a rocky
intertidal zone and defining characteristics of this environment.
Ask students why monitoring the abundance of organisms in
this zone is important and how this sort of information can be
used. Explain to students that they will learn the exact same
procedure that biological oceanographers use to monitor the
population of target species in this zone. This lesson should
precede the actual field experience, so explain to students
that this lesson will provide them with the skills needed for
their field experience when they monitor the abundance of
species and collect real data that will be used by experts to
make resource decisions. Stress to students that they will
learn some of the same procedures that real scientists use to
gather rocky intertidal species population data.

EVALUATION

2. Students should work in small groups and monitor at least two
photo quadrats. Each group should have one or two ID cards.

Content Standard C: Life Science

3. On each photo quadrat, students will draw six equal-sized
boxes. Each photo quadrat is 8.5” x 14” and each box should
measure 4” x 4.5”. The photo quadrat has 1/4” border.
4. For each photo, students will monitor the abundance of algae
and animals in each quadrat using two methods. For the
larger invertebrates, a total count of the number of individuals
is recorded (under “individuals” on the data sheet). For algae
and the more abundant animals, the number of squares out
of six with any portion of the algae or animal is recorded
under “count and record” on the datasheet. The organism
is counted if it is attached in that square. This is a very
challenging method to use with photographs, yet it provides
a relative abundance measurement.
5. Students should fill out the photo quadrat data sheet by
looking to see if each species listed on the data sheet is
present in the quadrat.
6. Discuss with the entire class which organisms were hard
to identify and how this would be different in the field. Ask
students to explain some of the limitations in measuring
abundance of species using this technique. Ask students
to explain the benefits of measuring abundance using this
technique. Ask students how they might design a technique
to measure abundance that still gains the advantages they
have identified, but solve some of the limitations they have

Have students compare their counts with the counts on the
Photo Quadrat Answer Sheets.

RESOURCES
Long-term Monitoring Program and Experiential Training of
Students (LiMPETS):
http://limpets.noaa.gov

NATIONAL SCIENCE EDUCATION STANDARDS
Content Standard A: Science as Inquiry
• Ability necessary to do scientific inquiry

• Biological evolution
• Interdependence of organisms
• Matter, energy, and organization in living systems

ACKNOWLEDGEMENTS
This activity was adapted from the LiMPETS Rocky Intertidal
classroom kit developed by Dr. John Pearse, UC Santa Cruz, and
Dawn Osborn, UC Santa Cruz.

CREDIT
If reproducing this lesson, cite NOAA’s National Marine Sanctuary
Program and Farallones Marine Sanctuary Association as the
source, and provide the following URL for further information:
http://limpets.noaa.gov.

April Devitt is the education specialist for the Farallones
Marine Sanctuary Association (FMSA). She is responsible for
coordinating the sandy beach monitoring project for FMSA,
including training high school students on proper monitoring
protocols and assisting them in the field.
PHOTO CREDIT:
Page 17: Courtesy of Kathy de-Wet Oleson
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NOAA’S NATIONAL MARINE SANCTUARY PROGRAM:
BRINGING THE OCEANS TO YOU, NO MATTER WHERE YOU LIVE!
By Dawn Hayes, Cathy J. Sakas, Tom Dudchik, and Michiko J. Martin

Imagine you are a student from Osceola, Iowa, who has never seen the ocean.
Understanding what a kelp forest is in Monterey, California, or about a parrotfish in the Florida Keys, or maybe
even viewing right whales migrating to breed off Savannah, Georgia, these are all facts that a student from middle
America may never have the chance to learn or see firsthand.
However, now those of you with cornfields surrounding your
schools and not a drop of water in sight can swim with fish
without ever leaving your classrooms or even getting wet! It may
sound like an offer almost too good to be true, but true it is!
Read on, because there is nothing that captures the attention of
young imaginative minds more than “the great deep.”

SANCTUARIES “LIVE” IN THE CLASSROOM
The National Oceanic and Atmospheric Administration (NOAA)
is working to broaden public awareness and understanding of
the marine resources in the National Marine Sanctuary Program
through sanctuary educational and interpretive programs. In
most cases, direct access to the 14 sites in the sanctuary system
requires ocean travel and, in some cases, experience in openocean diving. The opportunity for a firsthand encounter with a
sanctuary environment is not likely for most, since many get
seasick just looking at a boat. Even less are likely to strap a tank
on their backs to descend into the great unknown.
In the past, our education and outreach programs have been
mostly land-based, interpretive exhibits and classroom lessons.
However, through the evolving technology of “Telepresence,”
or live video feeds, land-based exhibits can now tap into our
national ocean treasures through streaming live images, as well
as through archived video. The remote water sites will now be
more available, and telepresence will create a living ocean for
the general public and classroom teachers who have access to
the Internet providing that “dive” without getting wet!
To access these exciting opportunities with national marine
sanctuaries, there are two (and soon to be three) different and
unique ways: (1) distance learning programs; (2) visitor centers
at sanctuary sites or through sanctuary partner organizations such
aquariums and maritime museums; and (3) an Internet-based
telepresence website, scheduled to come on-line in 2005, that
will act as an educational portal from remote sanctuary sites to
classrooms and homes all over the world.

DISTANCE LEARNING PROGRAMS—CONNECTING
CLASSROOMS TO THE COASTS
Sanctuary and ocean science related subjects can be taught
through distance learning television throughout the country and
even to foreign countries. Currently in the State of Georgia, staff

from Gray’s Reef National Marine Sanctuary teach in classrooms
throughout the state and nation, and they have the potential to
broadcast to other countries. These programs offer instruction
about Gray’s Reef, coral reefs, and the whole National Marine
Sanctuary Program. Northern right whales, Florida manatees,
various dolphins, watersheds and, in particular, the Altamaha
River watershed are specific topics explored. Programs are taught
with the aid of video footage, slides, preserved specimens,
websites, recordings, and documents that are easily shown to
the students through the interactive live broadcast technology
of the Georgia Distance Learning Network. The greatest benefit
to the classes, that come from different areas of the state
and other parts of the country, is the ability to interact in real
time with the presenter stationed in a broadcast studio on the
Georgia coast.
Through Georgia’s Distance Learning Network, the Gray’s Reef
staff is able to teach and interact live with as many as seven
classes simultaneously. With slides and video footage, the reef
comes to life for inland and coastal students alike. Reaching
students in downtown Atlanta, to the peanut farms of the
plains, and all the way to the mountain community of Helen,
video links enable viewers to go beneath the ocean to explore
Gray’s Reef.
The typical distance learning class usually begins with the
presenter asking the students what they know about the subject
of the day. The students quickly catch on that the person they
see on the television screen can see and talk directly to them.
Once the viewers get over their typical stage fright, they are quick
to share what they know, especially when it comes to sharks!
This initial, quick knowledge check helps to determine the level
at which the program will begin. This beginning baseline also
helps to gauge how much they learn after the program when
they are asked questions on the show material. Accessibility
to the Internet enables us to, with the flick of a button, show
the students the Gray’s Reef website. After the program, the
viewers are encouraged to thoroughly explore the website to
learn more information. The most visited areas on this website
are the weather buoy data page, the underwater photo gallery,
and the section on the satellite-tagged loggerhead sea turtles.
The evaluations taken at the end of each program provide us
with critical information that we gather to determine if there are
any necessary changes. Our data indicate that students seem to
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Tethered remotely operated vehicle that beams back live "telepresence"
images of the Monterey Bay National Marine Sanctuary to pin sites across
the country.

Diver with remotely operated vehicle during telepresence "live dive" in
Monterey Bay National Marine Sanctuary.

love the narrated videos, especially with the added bonus of their
questions being immediately answered by resident experts.

in aquaria, afterschool programs, and a new Internet-based
telepresence education web portal.

Gray’s Reef has perfected its distance learning program and has
become a model for the National Marine Sanctuary Program. A
grant was recently submitted to expand the distance learning
capabilities of the sanctuary program to add 10 additional sites
to the network, increasing the ability of teachers and students to
get a comprehensive look at the sanctuaries, their natural and
cultural resources, and the challenges they face. Bringing the
marine environment to the classroom helps national marine
sanctuary staff to better convey how we conduct science and
education activities, and work with the public to manage and
protect these ocean treasures.

There is currently a pilot telepresence system in Monterey Bay
National Marine Sanctuary in California. A remotely operated
vehicle (ROV) and other cameras operate at a depth of 60 feet
of water near a productive sanctuary kelp forest, just offshore
the fabled Cannery Row. Video footage from the underwater
cameras, as well as above-water cameras focused on a seabird
rookery and a sea lion haul-out, is transmitted via fiber optic
cable and Internet2 to Mystic Aquarium’s Immersion Institute.
There, visitors can control the ROV and cameras as trained
specialists interpret the live video. Approximately 100,000
people per year have experienced the live feeds from Monterey
Bay since the system came online in summer 2001. With new
ROV technology installed and tested this year, the telepresence
sites will also have the capability to send live video and audio
from an underwater diver. This exciting new element was
successfully demonstrated from Monterey in fall of 2004 at an
Internet2 conference and again to several locations across the
nation, allowing three cross-country groups to view the live feed
simultaneously and converse with the diver and the participants
at the other locations.

TELEPRESENCE—OCEANS LIVE!
This innovative and growing program uses a technology called
“Telepresence.” The National Marine Sanctuary Program, the
Sea Research Foundation (SRF)–the parent of Mystic Aquarium
and Institute for Exploration (home to Dr. Robert Ballard), and
the JASON Foundation for Education are working to meet the
challenge of raising public awareness and appreciation of our
national marine sanctuaries. This goal can be met by bringing
ocean ecosystems to public places and increase everyone’s
understanding of the marine environment through live video
feeds directly from the resource. This is a highly challenging
task. However, The SRF was up to the task and instrumental
in developing telepresence technology to help bring real-time
images of our national marine sanctuaries to you.
Using the latest in wireless and video technology, telepresence
allows individuals living far from the coast to experience the
wonders of these special marine areas without ever getting their
feet wet. Telepresence works through the eyes of underwater
cameras and scientific equipment wired beneath the waves.
Then, using very fast Internet21 connections, telepresence
can provide live, broadcast quality, interactive video, and
pre-recorded content to distance learning programs, exhibits

The National Marine Sanctuary Program and SRF are in the
process of expanding the telepresence system to other national
marine sanctuaries. Efforts are underway to install cameras and
a ROV in Florida Keys National Marine Sanctuary. We anticipate
this will be complete in the early spring of 2005 and will feature
images of coral reefs and a tropical marine protected area.
By the end of 2005 cameras are scheduled to be installed
in Channel Islands National Marine Sanctuary, offshore in
southern California, followed by several additional sanctuary
sites, including a shipwreck in Thunder Bay National Marine
Sanctuary and Underwater Preserve in Alpena, Michigan, and
Hawaiian Islands Humpback Whale National Marine Sanctuary
off Maui, Hawaii.
Everyone cannot experience the program from Mystic,
Connecticut. So, the National Marine Sanctuary Program is
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working with local partners to develop visitor centers for the
national marine sanctuaries. At each of these centers, we envision
providing telepresence images from all available cameras. The
program is also working with other institutions interested in
offering the signal, extending the experience across the country,
as well as to international audiences. To date, partners who have
expressed an interest in hosting the signal or who are currently
hosting the signal include Pier Wisconsin in Milwaukee; The
Aquarium of the Pacific in Long Beach, California; The Cleveland
Museum in Ohio; Mote Marine Laboratory in southern Florida;
and even the Acquario di Genova, in Genoa, Italy!
At each of the host sites, we anticipate being able to provide the
ability to switch images between available camera signals and
the opportunity to control the cameras throughout the day. Host
sites will be able to develop their own educational materials and
programming around the camera signals.

TELEPRESENCE EDUCATION WEB PORTAL
Currently, Internet2 capabilities are out of reach for most people.
In fact, it is tremendously expensive and is currently only hosted
at colleges, universities, and a handful of other institutions. But
do not despair! The National Marine Sanctuary Program has
been working with the JASON Foundation for Education and SRF
to bring this imagery and programming to you, wherever you
are, through the Telepresence Education Web Portal (currently
titled Oceans Live) on the regular Internet. The Telepresence
Portal is designed to not only provide the live camera feeds
from Monterey Bay, but also to provide content and promote
ocean literacy and preservation ethic through activities, curricula,
live and recorded footage, images, and more. While this site will
appeal to explorers of all ages, the curriculum offerings will be
targeted to grades fourth through ninth. The JASON Foundation
for Education is revising some of their popular educational
materials for use on the site.
As a public resource, the portal will be the gateway to marine
science for all audiences, allowing the public to virtually visit
underwater habitats and providing live and pre-recorded sight
and sound experiences. Beyond the technology-driven ocean
education and outreach material, the site will also provide access
to other aspects of marine science, exploration, interactive
programs, and projects.
Currently there are five primary content areas identified for the
Telepresence Portal:
• Life in the Ocean: Content focused on the origins
and evolution of life in the ocean and on our planet;
biodiversity; and, biologically changing populations, habitats,
and ecosystems.
• The Physical Ocean: Content focused on the characteristics
of the ocean as a dynamic interconnected system; description
of the ocean from a geological, chemical, and physical
standpoint; understanding how the ocean works; and the
oceans as a global engine.

Through telepresence, students can interact with divers located in kelp forests
thousands of miles away. Students can see up close the wonders of the deep
and gain an appreciation for remote ocean environments.

• Discoveries and Technology: Content focused on early
exploration of the ocean; technologies used for exploration
and research; mysteries of the ocean and current ocean
exploration; and, new ocean discoveries, including uses and
benefits of the ocean.
• Conservation and Preservation: Content focused on
human interaction with the oceans; the health and future of
ocean conservation; and, environmental stewardship.
• Maritime Heritage: Content focused on understanding and
appreciating our maritime past and our deep connections to
the ocean.
The Telepresence Portal will integrate the live and pre-recorded
video feed from the telepresence sites in an interactive and
exciting way to teach these five primary content areas. It will
provide the educational framework to complement the live
opportunity to explore our national underwater treasures! One
could envision a classroom in Texas, having just completed a
unit on Life in the Oceans on coral reefs, watching live coral
spawning in Flower Garden Banks National Marine Sanctuary
in the Gulf of Mexico with a diver providing interpretation and
answering questions in real time.
As an education tool, the Telepresence Portal is being designed
with children (primarily in grades fourth through ninth) and
educators in mind. However, as the mechanism to bring national
marine sanctuaries into homes across the world, the portal will
also be designed for users outside the formal and informal
education systems.
In addition to the live video feeds from cameras and ROVs, one
of the unique design features of the Telepresence Portal that
will help ensure its widespread use and value is a fun capability
to access and record “best of” images from telepresence
sites. The Telepresence Portal will feature a “best of” gallery of
images (still and video) captured from telepresence cameras
and will provide users with the ability to shoot and capture their
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own “best of” images that they can then use to make their own
ocean gallery or submit to the Telepresence Portal for inclusion
in the online gallery.
Another exciting capability that will be offered on the portal is
the ability to manipulate telepresence cameras. According to a
schedule, users will be able to rotate the cameras and zoom in
and out to change perspectives. This feature will allow users the
flexibility to control what they want to see and how to see it. If
there is a sea otter playing in the far left field of view, instead of
hoping that the otter will swim to the right, the user can rotate
the camera to capture the full antics of the otter.
Another feature of the Telepresence Portal will be a broadcast
schedule that informs users of special events. The teacher in
Texas would know months in advance that on a certain day a
diver will provide live interpretation of a coral spawning event
or the best time to watch humpback whales through a camera
located in Miami.
The Telepresence Portal is currently under development, and
a prototype will be available in late 2005. The complete
portal will take a couple of years with ample opportunity
to pilot and refine individual components prior to full-scale
development and implementation. We are currently seeking
additional classrooms, teachers, and partners willing and able
to pilot this technology and provide crucial feedback. Be sure
to visit the National Marine Sanctuary Program’s education
website to sign up for telepresence announcements and other
sanctuary education opportunities at http://sanctuaries.noaa.
gov/education/welcome.html.
To further aid teachers throughout the nation, especially those
not able to bring students to the coast, the incorporation of
telepresence technology into the already existing distance
learning networks could help more effectively instruct students
about our nations diverse marine environments and, especially,
how their actions affect the oceans. Oftentimes, what is out
of sight is out of mind. Telepresence and distance learning
technologies bring the sanctuary resources, their fragile habitats,
and historical value directly to people of all ages.
These two technologies can help accomplish the National
Marine Sanctuary Program’s education mission “to promote
understanding of our national marine sanctuaries and to
empower citizens with the necessary knowledge to make
informed decisions that lead to the responsible stewardship of
marine natural and cultural resources.”

Dawn Hayes is the education and outreach coordinator for

Monterey Bay National Marine Sanctuary, our nation’s largest
sanctuary. Dawn is currently overseeing the development
of three visitor facilities for the sanctuary and a variety of
new outreach initiatives related to marine resource issues,
multicultural outreach, and the upcoming research cruise to a
sunken Navy airship, the USS Macon.

Cathy J. Sakas, education coordinator for Gray’s Reef National
Marine Sanctuary, is currently working on an ocean science
education module that includes a feature length video, several
posters and, of course, background information on Gray’s Reef,
the only federally protected ocean bottom in the South Atlantic
Bight. Cathy also supports research efforts at Gray’s Reef by
diving to conduct fish and invertebrate counts and by managing
acoustic data sets recorded by an Autonomous Underwater
Listening Station.
Tom Dudchik is a consultant to Mystic Aquarium and Institute

for Exploration’s Immersion Project. Tom is responsible for the
design and implementation of underwater camera and remotely
operated vehicle systems in our national marine sanctuaries.
Tom has also worked with Dr. Robert Ballard on his recent
expeditions to both the Black Sea and Titanic.

Michiko J. Martin is the national education coordinator for
NOAA’s National Marine Sanctuary Program. She heads up the
education program for the National Marine Sanctuary System
and is one of the design members for the Telepresence Portal.

FOOTNOTE
1

Internet2 is a consortium being led by 207 universities
working in partnership with industry and government
to develop and deploy advanced network applications
and technologies, accelerating the creation of tomorrow’s
Internet. Internet2 is powered by the Abilene network that
has a cross-country backbone of 10 gigabits per second,
with the goal of offering 100 megabits per second of
connectivity between every Abilene connected desktop.
Using a simple analogy, if the Internet is the information
highway, Internet2 is the express superhighway.

PHOTO CREDITS
Page 20: Courtesy of Phillip Powell
Page 21: Courtesy of Kip Evans

It’s also just plain cool to watch animals in the ocean, or divers
on shipwrecks in real time on your computer screen, while
looking at a cornfield out your classroom window!

22 O UR NATIONAL M ARINE SANCTUARIES

GCRL-121795-CurrentNMS 22

3/17/05 3:15:37 PM

THE JOURNAL OF

M ARINE EDUCATION

Volume 21 • Number 1 • 2005

VOYAGING INTO M ARITIME HERITAGE:
PRESERVATION THROUGH EDUCATION
By Kate Thompson, Cathy Green, and Greg McCormack

The National Marine Sanctuaries Maritime Heritage Program (MHP) is
dedicated to preserving the nation’s rich maritime heritage resources located throughout the sanctuary system. The MHP
designs and implements a variety of programs to educate students and teachers about the importance of protecting and
preserving our maritime past.
DOCUMENTING A MYSTERY SHIP
Students, equipped with a slate, compass, and measuring
tape, begin their journey down the imaginary anchor line
to the shipwreck awaiting them on the lake bottom. They
have left the realm of their classroom to become underwater
archaeologists, sent to document the history entombed within
our country’s vast collection of shipwrecks. Like professional
underwater archaeologists in the field, the four person “dive”
team communicates only by hand signals, taught to them just
moments before. They begin their detailed sketches of the
mock shipwreck lying across the classroom floor.
A painted strip of canvas stands in for the actual shipwreck site,
but it is easy for students to envision an intact shipwreck filled
with artifacts from centuries past. Each student has a role, and
they begin working as a team to discover the mysteries that
this time capsule holds. By putting archaeological techniques

into practice, these students advance their math, science, and
problem solving skills, as well as delve into historic research.
Through simulated archaeological and historic research,
students solve the mysteries surrounding the wreck site: What
ship is it? Who sailed her? How did she sink? What role did she
play in our maritime heritage?
This maritime heritage-based lesson plan generates excitement
among students and piques their curiosity about the people
who lived and worked along our coasts and the events that
shaped who we are today. Activities like this offer experiences
and information that help make the past come to life
for participants. The National Marine Sanctuaries Maritime
Heritage Program (MHP) designs and implements diverse
programs to enliven traditional classroom instruction and
to educate students and teachers about the importance of
protecting and preserving our maritime past. Focused and
sustainable education programs are necessary to encourage
and support cooperative stewardship of maritime heritage. The
education goal for the MHP is to empower the public, young
and old alike, to participate in the stewardship of our nation’s
submerged cultural resources.

THE MARITIME HERITAGE PROGRAM: OFFERING
THE PUBLIC A NEW VIEW OF OUR OCEAN AND
GREAT LAKES TREASURES

Teachers manning the fore sails of the tall ship, Dennis Sullivan.

Maritime heritage resources form an increasingly important
component of the non-renewable ocean and Great Lake
treasures protected by the National Oceanic and Atmospheric
Administration’s (NOAA) National Marine Sanctuary Program
(NMSP). While all of the sanctuaries contain cultural resources,
two of our 13 national marine sanctuaries were designated to
protect specific maritime heritage resources: Monitor National
Marine Sanctuary, developed to protect the Civil War era,
ironclad shipwreck USS Monitor, and Thunder Bay National
Marine Sanctuary and Underwater Preserve, which protects an
impressive and well-preserved collection of sunken Great Lakes
vessels in Lake Huron. The NMSP implemented the Maritime
Heritage Program to emphasize and protect all maritime
heritage resources located throughout the sanctuary program.
Notably, the NMSP’s new Maritime Archaeology Center in
Virginia is establishing a national education program specific
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to the sanctuaries’ maritime heritage resources. Individual sites
have also developed educational activities and experiences
for students, educators, and the general public to explore their
unique cultural resources. The examples outlined in this article
highlight a selection of teacher- and student-oriented education
endeavors emphasizing the importance of preserving maritime
heritage resources throughout the sanctuary program.

PRESERVATION THROUGH EDUCATION: ACTIVITIES
AND PROGRAMS
Live Dive: Bringing Shipwrecks into the Classroom
The best way to generate excitement and heighten appreciation
for maritime heritage and site preservation is for students to
travel to shipwrecks and allow them to explore these incredible
underwater museums in person. While this is not practical
in most cases, NOAA’s National Undersea Research Center
and Thunder Bay National Marine Sanctuary and Underwater
Preserve have been working together for the past three
years to provide schools across the region and around the
country the opportunity to experience a “live dive” to the wellpreserved shipwrecks in Thunder Bay. While students don’t
actually strap on dive gear or physically experience the cold
waters of the Great Lakes, they do tag along with divers and
scientists via wireless two-way audio, video, and Internet links
from shipwrecks and research vessels directly into classrooms.
These virtual explorers are able to instant message NOAA’s
research vessels, asking the expedition’s divers, scientists, and
ROV pilots questions, while learning about marine subjects in
a way that will capture their imaginations, as well as improve
their test scores. Actively participating in the documentation
of these amazing treasures empowers students, the scientists
of tomorrow, to make responsible decisions regarding the
stewardship of the exceptional maritime natural and cultural
assets, not only in the sanctuary system, but in all the world’s
oceans and lakes.
Sail Into the Past: Shipboard Education
Like the live dive activity, shipboard education programs using
traditional sailing vessels allow students and educators to step
back to a time when schooners and steamers sailed the Great
Lakes. During the 2003 and 2004 field seasons, Thunder Bay
National Marine Sanctuary and Underwater Preserve in Alpena,
Michigan, designed and implemented a number of shipboard
education opportunities for both students and teachers. More
than 100 teachers and nearly 700 students have participated
in various programs in Thunder Bay aboard the schooner Denis
Sullivan since 2000.
The Denis Sullivan is a replica nineteenth-century Great Lakes
schooner, the archetypal sailing cargo vessel in the region. She
was launched in 2000 as an educational platform to teach
about the health of the Lakes and the history of the region.
Through Thunder Bay’s adaptation of the Sullivan’s “Lake
Watch” programs, first- to twelfth-graders became half-day
crew members on the schooner, helping to raise sail and steer

A teacher steers the Dennis Sullivan during a workshop experience.

the ship. Through hands-on activities, these students were
exposed to the basics of navigation, ship technology, maritime
folklore and tradition, water quality testing, and the importance
of natural and cultural resource preservation.
In addition to engaging student learners, a variety of teacher
training workshops aboard the Sullivan ranged from afternoon
sails introducing the Thunder Bay National Marine Sanctuary
and Underwater Preserve curriculum to educators, to threeday expeditions allowing teachers to experience some of the
responsibilities and conditions endured by nineteenth-century
sailors, building on their knowledge in maritime history and
providing extensive background information on Great Lakes
maritime issues. This shipboard experience provided inspiration
for these intrepid educators to integrate the Great Lakes,
maritime heritage, and the national marine sanctuaries in their
classes. The Denis Sullivan plans to return annually to Thunder
Bay to continue shipboard education programs for teachers
and students. In fact, both the Sullivan and the sanctuary are
looking to combine the “live dive” and shipboard programs to
enable distance learning from the deck of the schooner to land
lubbers not able to make sail.
In addition to Thunder Bay, Olympic Coast National Marine
Sanctuary, located off the Olympic Peninsula of Washington
state, has also developed a successful shipboard education
program. This program, appropriately named “Coast Quest,”
was developed by Olympic Coast National Marine Sanctuary
and partner organizations to create extraordinary learning
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seabird census work took place during daylight hours, and
plankton tows and journaling took place on a majority of the
watches. The voyage promoted an understanding of sanctuary
natural and cultural resources.
Additionally, students learned scientific research skills. One
of the student assignments was a role-play as researchers.
Each student formulated a hypothesis and consulted with
the scientists aboard the Lady Washington to determine the
methods to answer their questions.

Teachers winching up the anchor on the windlass of the Dennis Sullivan.

Photo of the U.S. Brig Niagara in Port for Thunder Bay’s Maritime Festival.

opportunities for youth that bring them into direct contact with
the Olympic Coast, mixing traditional outdoor education with
marine sciences, blending personal outdoor skill building and
hands-on, field-based science.
In 2003 and again in 2004, Olympic Coast National Marine
Sanctuary teamed up with the Lady Washington, Washington
State’s tall ship replica of an eighteenth-century coastal trader
originally captained by Robert Gray, the first Euro-American
explorer to enter the Columbia River. In addition to being
featured in Disney’s movie, Pirates of the Caribbean, the
summer of 2003 also saw the Lady Washington participate
in an unforgettable voyage for 11 Washington high school
students. Three teachers and three science subject experts
joined Lady Washington’s three regular crew members for seven
days in June, offering students an exceptional tall ship voyage
and a glimpse of the ocean science involved in managing a
national marine sanctuary. Students learned science techniques
throughout the voyage, collecting data, using probes to detect
dissolved oxygen, conductivity, salinity and temperature, and
using a Secchi disc to estimate light penetration. Whale and

Marine conservation values were expressed by students,
particularly during the final days of the field study when each
student formulated a question that scientists might ask in regard
to issues in Olympic Coast National Marine Sanctuary. Students
were concerned about human impacts, such as marine debris
or the possibility of an oil spill like the Tenyo Maru of 1991.
Through the educational and scientific activities, all participants
learned to appreciate, care for, and better understand the waters
of the sanctuary. They learned how to make informed decisions
that lead to responsible stewardship.
Participants formed emotional connections with the ocean that
will extend far beyond the duration of the cruise, the summer,
or even their academic years. As Karen Clapp, education officer
on board the Lady Washington expressed: “During class time
today we shared our favorite memories. It seems hard to pin
it down to just one moment. Brittney liked all of the marine
mammals. Sheila, the dolphins. Harley liked paddling the Makah
canoe. Autumn said her favorite was seeing the sun fish. Tim
mentioned the Makah Museum. All of them, teachers and staff
included, just liked being here. There is something really special
about being on the Lady, and it is hard to put it down in words.
All I can say is come join us for an extended voyage sometime.
Then you cannot put it into words, too.”

WEST COAST SHIPWRECK DATABASE: BRIDGING
OUR HISTORIC PAST THROUGH SHIPWRECKS
Channel Islands National Marine Sanctuary has been working
in partnership with the NMEA BRIDGE, NOAA Sea Grant
Ocean Science Education Center, to provide teachers and
students with an online educational activity to learn more
about important shipwrecks found within the five national
marine sanctuaries on the west coast of the United States
(Channel Islands, Monterey Bay, Cordell Bank, Gulf of the
Farallones, and Olympic Coast). Teachers can download data
tips, lesson plans, and quizzes for the students to answer while
navigating the database. This tool is one of the first databases
of its kind to be developed for educational purposes to help
students and teachers understand why studying maritime
heritage is important work for archeologists, historians, and
future generations. “The story of the West Coast can be told
through its shipwrecks from early exploration to the gold
rush and industrialization,” explains Dawn Hayes, Monterey
Bay National Marine Sanctuary education coordinator. “This
database gives students and teachers the ability to explore
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our past.” Visit the site at http://channelislands.noaa.gov/
shipwreck/shiphome.html.

USS ALLIGATOR: THE HUNT FOR THE UNITED
STATES NAVY’S FIRST SUBMARINE
NOAA’s National Marine Sanctuary Program and the U.S. Navy’s
Office of Naval Research have partnered to uncover the secrets
of the Navy’s first submarine, the submarine propeller Alligator.
The hunt for the final resting place of the green, 47-foot-long
Union sub entails detailed and multi-disciplinary research.
It quickly became apparent during the planning of the first
comprehensive search for the lost vessel, undertaken in August
2004, that the mission presented an exceptional opportunity
to engage explorers of all ages through a structured education
program. The Alligator expedition team thus developed an
education plan aimed at enabling teachers and students to
follow the hunt for the Alligator as the mission unfolded.
Throughout the week-long expedition, classrooms from around
the country tracked the hunt with daily logs posted on the Alligator
website, and sent their questions to alligator@noaa.gov to talk
directly with scientists, archaeologists, and oceanographers
taking part in the expedition. Teachers also downloaded
lesson plans adhering to national science education standards,
providing a comprehensive look at the Alligator’s search
through history, geography, oceanography, math, English, and
science. The lessons, developed by Nauticus—the National
Maritime Center enabled participants to follow along from their
classrooms during the hunt for the Alligator, as well as take part
in the mission after field operations through hunt updates. “Our
partnerships with different education and research institutions
enable us to involve teachers and students in real-life research
and makes a difference,” said Michiko Martin, national education
coordinator for the sanctuary program. “It wouldn’t surprise me
at all if a student finds that one clue that leads us to the Alligator
or some other exciting discovery.”
The United States is a seafaring country that was settled by
the oceans, lakes, rivers, and streams surrounding and running
through our vast land. Maritime heritage is an important link to
our past and how we developed as a nation. Through dynamic
education and outreach programs, exhibits, visitor centers,
and the media, the importance of our unique heritage will
provide people with the knowledge they need to promote the
preservation of these unique resources. The NMSP’s Maritime
Heritage Program works to spread the message that our
heritage resources belong to everyone and that we all have a
role to play in preserving them for future generations.

Kate Thompson is an education liaison for NOAA’s National
Marine Sanctuary Program, and previously served as the
education coordinator for Thunder Bay National Marine
Sanctuary and Underwater Preserve. She has a bachelors
degree in history, and a graduate degree in Park, Recreation, and
Tourism Management, with an emphasis in the management of
cultural resource sites. She develops education programs for

the sanctuaries. Kate is also a NOAA working diver and trained
maritime archaeologist, enabling her to specialize in maritime
heritage education.

Cathy Green is the education coordinator for Thunder Bay
National Marine Sanctuary and Underwater Preserve—the
nation’s only fresh-water sanctuary—located in Lake Huron off
of the coast of Michigan. She draws on her background as a
nautical archaeologist and as a humanities instructor aboard
college semester at sea programs to design and implement
Thunder Bay’s educational programs.
Greg McCormack is an education specialist for NOAA’s
Olympic Coast National Marine Sanctuary. Greg earned a
bachelors of science degree in biology. He has 20 years of
professional experience in developing interpretive programs
and has worked as an environmental educator for kids on the
Olympic Peninsula and in the Peruvian Amazon. Greg has been
a naturalist in a dozen parks and has served as expedition leader,
cruise director, lecturer, and divemaster onboard adventuretravel ships, guiding people to the most pristine, remote regions
of the world such as the Siberian Arctic, Sea of Cortez, South
Pacific, South Georgia, and Antarctica.

RESOURCES
Thunder Bay National Marine Sanctuary’s
“Live Dive” Expeditions:
http://thunderbay.noaa.gov
Olympic Coast National Marine Sanctuary’s Coast Quest
aboard the Lady Washington:
http://olympiccoast.noaa.gov
The National Marine Sanctuary Program West Coast
Shipwreck Database:
http://channelislands.noaa.gov/shipwreck/
shiphome.html
Alligator Expeditions:
http://sanctuaries.noaa.gov/alligator
Nauticus–the National Maritime Center:
http://www.nauticus.org

FOR MORE RESOURCES THE BRIDGE RECOMMENDS:
Click on “Ocean Science Topics” in the navigation menu to
the left, then “Human Activities,” then “Heritage.”
http://www.vims.edu/bridge

PHOTO CREDIT:
Photographs Courtesy of Thunder Bay National Marine
Sanctuary and Underwater Preserve
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SIDEBAR: M ARITIME HERITAGE:
PUTTING PEOPLE AND PLACES IN M ARINE EDUCATION
By Robert Steelquist
I remember my first encounter with what was to become,
years later, the Olympic Coast National Marine Sanctuary. The
feeling I experienced at the place where the dark forest, the
open ocean, and the low, dripping sky all meet. The feel of the
spray of rain on my face, smell the aroma of decomposing kelp
in the air, and the sound of the clatter of stones beneath my
feet has molded the person I have become 40 years later. This
one experience created within me a passion for place. Even
today, the memories of that first experience are as important in
shaping my work as any other influence in the nearly 40 years
of experiences since. No influence, including college, graduate
school, and even my career in federal and state public service,
has influenced me as much as the powers that affected my
senses all those years ago.
It is not that the other influences lack impact, it’s that the
experience of place created a profound part of my identity. The
power of place guides my daily work as an educator. My job is
to invoke that same power, and inspire others to form their own
personal tie to the coast and its heritage.
Just as we form personal ties to places as individuals,
our communities form collective bonds to places in ways
that define common threads linking individuals, families,
towns, and livelihoods together through time. We call this
cohesive force our “heritage,” the inheritance and collective
life-story central to our community’s identity. From the
earliest human settlements, people have depended on their
environment—land or sea—for food, shelter, transportation,
and economic wealth. Throughout time human cultures
have formed complex relationships with places and their
surrounding resources. Sea-faring people identify with the
ocean, hunters identify with their prey, loggers with forests. As
the importance of this relationship diminishes with social and
economic change, cultural identity based on place heritage
becomes more tenuous and perhaps more valuable.

LINKING OUR MARITIME HERITAGE TO OUR NATION’S
OCEAN TREASURES
“Maritime heritage” is an imperfect term meaning different
things to different cultures. However, across all cultures it defines
broad connections among people and places through time.
Maritime heritage in the context of national marine sanctuaries
has several dimensions of importance. First, and most abstract,
is what some people consider shared cultural attitudes toward
the ocean and a community’s relationship with the ocean. In
this sense, coastal communities have developed shared images
or ideas they use to define themselves. More tangibly, benefits
from nature often form central cultural themes. For example,
vast schools of fish that were once prevalent and helped
define the immigrant fishing communities of Monterey Bay in
California are now replaced with the region’s newer identity
based on marine research, tourism, and marine conservation.

In each instance, material benefits of the ocean—changing in
time—have come to represent Monterey’s heritage. The ocean
looms large in the very identity of the Monterey community.
The National Marine Sanctuaries Act mandates the National
Oceanic and Atmospheric Administration (NOAA) to conserve
ecological, historic, and cultural resources. Thus we are directed
to protect and pass on to future generations not just populations
and habitats, but also the stories of historic and prehistoric
resources that represent our maritime heritage within our
sanctuary waters. Wisely, education has been used since the
program’s inception as a tool for conservation. Traditionally,
however, programs within the National Marine Sanctuary
Program have focused mainly on oceanography and marine
ecology. This is natural, because research within national marine
sanctuaries has been dominated by the ecological aspects of
marine conservation. However, increased funding, advances in
technology, the broadening of staff expertise, the recognition
of the importance of heritage education, and the urgency
of historic preservation have all been forces to help thrust
maritime heritage to the forefront of the sanctuary program’s
education agenda.
For educators, the expanded focus on maritime heritage
represents an unprecedented opportunity to broaden academic
study to include geography, social studies, and language arts.
Another new exciting development is the move to direct
educational resources toward vocational education, such as
seamanship or traditional boat-building.

THE VALUE OF HERITAGE IN MARINE EDUCATION
Holism
In the conceptual shorthand that we frequently use to talk
about the environment, we frequently define places in terms
of “resources.” This is a relatively new concept, unfortunately
breaking places into fragments or component parts. In this
approach the environment is seen as a sort of container,
holding a variety of things we value and call “resources.” We
dissect communities into “populations” and “habitats.” We
emphasize “species,” particularly those with the most “value,”
whether defined by commercial abundance (harvestable fish)
or biological scarcity (endangered species).
We assess the value of these resources from differing
perspectives including economic, utilitarian, and scientific. We
protect them as collections of different parts, and often have to
compromise the value of one resource against that of another.
Thus, we are forced to choose, for example, between valuing a
tradition of harvesting fish or whales and the value of the fish
or whales themselves.
Inevitably, this leads to a split world in which human values
and traditions may be seen in opposition to ecological values.
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Evidence of such a split immediately becomes clear in issues
such as the harvest of a gray whale by the Makah Tribe in 1999
in Olympic Coast National Marine Sanctuary, or the exercise
of traditional Native Alaskan egg harvest in national wildlife
refuges. Thus, many resource management debates, including
marine issues, are characterized as ecological versus “cultural”
or “heritage” values.
Understanding maritime heritage and “teaching” heritage can
be one way of mentally reassembling a place in a way that
recognizes that we too are part of the place. “Natural” legacy
and “cultural” or “heritage” legacy are important parts of the
same fabric.
Equity
The marine environment, particularly as enshrined in national
marine sanctuaries, is not the sole property of activists who
oppose oil exploration and drilling; nor is it just the playground
of those who surf, kayak, or watch whales. The ocean doesn’t
belong just to those with an ocean view, nor is it the property
of the technical elite of ocean science who can visit its depths
and personally witness its mysteries. The ocean belongs to all of
us; it is the most important interconnected living system on our
planet. Yet marine educators are missing most of “us” by being
too narrowly focused on ocean science. Maritime heritage
education can remedy that.
Marine educators most often push hard science and hard
technology. Our professional common ground is a passion
for, and technical understanding of, the ocean. We frequently
miss high school students who will not attend college, or who
have been sidetracked off the science and technology path.
Constantly in conversation with professional colleagues who are
scientists, we frequently lack facility in the languages of poets,
artists, storytellers, canoe carvers, or traditional watermen.
In addition, the fixedness of a strict marine science conceptual
framework often disrespects or disregards Native American,
Native Hawaiian, Native Alaskan, or other cultural perspectives—
traditions with centuries of ocean expertise. Scientific convention,
requiring documentary evidence, as opposed to oral history and
quantitative validation, as opposed to traditional narrative norms
of “truth,” is seen in many cultures as foreign and even hostile to
traditional knowledge and ways of knowing. The European Age
of Reason, which gave rise to modern scientific epistemology
also enabled history’s cruelest acts of genocide and cultural
dispossesion—often in the name of science.
Many traditional cultures have possessed keen ecological
understandings that have sustained subsistence and commerce
for generations. Many traditional peoples have practiced
active resource management equal in its effectiveness to
contemporary laws and policies of our society. Their taboos
and systems of vested authority and collective responsibility
remain largely unexamined as relevant or necessary models
of marine conservation. The traditional Hawaiian ahupua’a
system of wedge-shaped land divisions, for example, predates
by centuries current notions of watershed management—the
science and governance of which are still in infancy.

Sustainability
In its most tangible form, maritime heritage resource
management in national marine sanctuaries seeks to identify
and protect those sites and objects that Americans revere
most and to make sure that it is done within the authorities
of federal historic preservation law. To that end, sanctuary
managers are mandated to conscientiously inventory, assess,
and manage historic resources. In recent years, the National
Marine Sanctuary Program has broadened these efforts
by enlisting the expertise of archaeologists, historians, and
explorers who are combing every national marine sanctuary
for significant remnants of our seagoing heritage as a nation.
In the broader sense, sanctuaries are redefining their maritime
heritage mission to include the preservation of a larger set of
priceless cultural assets. Several sanctuaries are developing
research programs to examine how people became adept at
ocean travel and the harvest of ocean resources. Going further,
some sanctuaries are exploring concepts like traditional cultural
properties and indigenous resource allocation systems, using
oral histories as a way of understanding previous ocean regimes.
These are the maritime heritage legacies that precede history
itself and most likely will require acceptance and adoption of
traditional ways of knowing much different from marine science
or “science” overall.
Our broadest mandate is to engender a new discussion in
our society about the importance of the oceans and our
responsibility to be the ocean’s stewards. This requires that
we seek out insights about the ocean that offer sources of
inspiration or models of human conduct that can ultimately
sustain the ocean places we treasure. This information may
not come in the scientific, technical, or legal languages we
recognize. Instead it may be expressed in the fair waterline of
a traditional watercraft, the rhythmic song of a traditional canoe
crew, or the collective color and excitement of a community tall
ship festival. Studying and celebrating these and other cultural
expressions of our relationship with the marine environment
will mark the turning point in grasping the importance of our
true and collective maritime heritage.
We will value those resources and places that sustain us. Our
families and communities, nations, and society will likewise
protect the ocean when we recognize and celebrate its
formative effect upon us—recognizing that it defines us in a
multitude of ways that we have, for centuries, seen, described,
and adapted as an important shaper of our collective story.

Robert Steelquist coordinates education, outreach, and
maritime heritage programs at NOAA’s Olympic Coast National
Marine Sanctuary. He is the author of a dozen books on natural
history and the environment and has worked for 30 years for a
variety of state and federal natural resource agencies as writer,
editor, educator, interpreter, and administrator. For the past 10
years with the sanctuary, he has developed programs serving
Indian tribal communities as well as sanctuary visitors and mass
audiences through interactive exhibits, websites, and video.
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ACTIVITY: M OCK SHIPWRECK:
AN EXERCISE IN M ARITIME A RCHAEOLOGY
By Kate Thompson
FOCUS

MATERIALS

Maritime Archaeology



Log Sheet to record wreck measurements and
observations



Mock shipwreck (set up in the classroom, on the lawn
or beach!)

FOCUS QUESTIONS



Measuring tape or 50 feet of nylon line

• What techniques do maritime archaeologists use to create a
site plan?



Measuring tape, clipboard, ruler, graph paper, compass,
plastic navigational compass, pencils, and paper for each
group of three to four students



Reference sheets (“Log Sheet”, “Parts of a Ship”, “Triangulation,” “Key Term Definitions,” and the “International
Dive Signals”) can be downloaded from the following
website: http://sanctuaries.noaa.gov/education. Navigate
to the “Curriculum” section under the “For Teachers”
menu and look for the “Mock Shipwreck” icon.

GRADE LEVEL
Grades 4 – 6 (Physical/Social Science)

• What factors influence an underwater archaeological site?
• Why should underwater archaeological sites be preserved?

LEARNING OBJECTIVES
Students will gather data from physical clues.
Students will learn to form hypotheses based on
observed data.
Students will map a mock underwater archaeological site.
Students will discuss the importance of preserving
shipwrecks intact.
Students will use the data gathered to develop evidence.

Figure 1. Mock shipwreck on painters canvas.

PREPARATION
1. Prior to students entering the room, put together a mock
shipwreck with either canvas, plastic, or materials from the
classroom. Figure 1 is a mock wreck made from four pieces
of painter’s canvas with a painted wreck. Set up the baseline,
a line from one point to another from which other points

Figure 2. Datum points.
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can be measured, for the wreck site, usually from the bow
(front) to the stern (back) of the vessel. Use either nylon
rope or a flexible measuring tape to represent the baseline.
Create visible datum points on the mock wreck for students to
measure to and from to create their site map (see Figure 2).
2. A review in basic geometry would be helpful. Prior to
beginning this lesson, students should have a basic
understanding of how to use compasses and rulers.
3. Sketch the mock shipwreck on paper, and draw out a baseline
on the graph paper similar to the baseline on the mock
shipwreck. Begin plotting points from the Log Sheets using a
compass. The point is plotted where the arcs intersect from
each of the baseline measurements. Connect related points
and draw in features. Flip to the section “Learning Procedure”
for more information. Refer to the reference guide “Parts of
a Ship.”
4. Make copies of the student Log Sheet, International Dive
Signals sheet, Triangulation reference sheet, and Parts of a
Ship diagram to pass out to the student groups.

AUDIO/VISUAL MATERIALS
 Chalkboard, marker board, flip chart, or overhead projector
(to facilitate presentations and date summaries)

TEACHING TIME
Two or three 45-minute class periods, depending on length of
time devoted to discussions, evaluations, and extensions.

SEATING ARRANGEMENT
Six groups of four for a class of 24 will evenly distribute the work
among the teams. If the class is smaller or larger create as many
groups of three or four as possible.

MAXIMUM NUMBER OF STUDENTS
30

• What kind of ship was this? How was it used?
• Why is it resting in its present location and position?
For hundreds of years when a shipwreck was found, the first
thought was to salvage all items or artifacts of value (gold,
jewels, ceramics, cannons, engine parts, etc.). Separating
these items from the ship separated them from their history.
In addition, the moment in time when the disaster occurred is
forever lost as the pieces of the puzzle are removed, preventing
the entire story from ever being told. To be able to piece
back together the puzzle, a team of maritime archaeologists
must collect data and create a detailed drawing of the wreck
called a “site plan.” Some ships, once documented, have
been compared to original ship design plans to determine the
changes taken place over time on the wreck site. However,
often times the original plans are not available, but by creating
a plan of the ship you can study the choices for materials and
construction that explain the needs of the time from which the
vessel originated.
The technique most commonly used by archaeologists to
develop a site plan is called "triangulation." This is a simple
form of survey by measuring horizontally from two known
points to a third, and then producing a scale drawing using a
compass to draw an arc from each measured point on graph
paper at the distance measured on the wreck. Where the
two arcs intersect gives the plotted position of the third point.
Accuracy is increased if the measurements are taken from three
known points because survey or drawing errors become more
apparent at that point.
Archaeologists are like detectives. They search for evidence and
analyze clues to reach a conclusion. Students will not only use
the triangulation technique to draw a site plan, but they will use
their deductive reasoning skills to answer questions about the
wreck specific to their observations. To thoroughly understand
some of these concepts, please visit the following website
resources for reference:
• http://www.cyberpursuits.com/archeo/uw-arch.asp

KEY WORDS

• http://www.culture.gouv.fr/culture/archeosm/en/

Maritime Archaeology

Triangulation

• http://www.pophaus.com/underwater

Site Plan

Baseline

Datum Point

Bow

LEARNING PROCEDURES

Stern

Port

Starboard

Artifact

Keel

Preservation

BACKGROUND INFORMATION
This activity is based on the survey technique that archaeologists
use underwater to document a shipwreck. Imagine finding a
shipwreck. Because the site of the wreck presents a mystery to
the beholder, the first questions usually asked are basic:

1. Define for the students “archaeology,” and discuss the
difficulties of working on a site underwater (time limit, lack of
communication, and variable sea states). Explain how each
group must work in teams to document the site and record
general observations during their “dive.”
2. Distribute the Log Sheet for the student groups to record their
observations and dive information. Also, remind them that
they are divers without any communication gear and cannot
talk to one another. Provide students with the international
diver hand signal sheet for their reference to review while
preparing for their dive. Oftentimes wreck sites have low
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Figure 3. Measure and zero end.

visibility making it difficult to communicate. Explain to the
students that they must communicate with their compasses,
measuring tape, hand signals, and drawing slates.
3. Instruct students that their team will need to determine roles
for each member. The first student records; another is in
charge of the “zero” end of the measuring tape, or the end
where the units of measurement begin; the third student
is the “measure” end of the tape, or the end where the
numbers increase (See Figures 3 and 4). The measure end is
also in charge of the tape and communication. The recorder is
always next to the smart end writing the information down as
each point is measured. One pull of the tape means to move
to the next measurement, while two pulls of the tape mean
to come to the smart end for discussion. If there is a fourth
team member, he/she will become the site planner to make
sure the original dive plan is being followed. The planner
has the ultimate decision to call (stop) the “dive” if it is not
progressing according to the original plan.
4. Instruct students that their teams must create a dive plan
before diving to the mock wreck site (entering the classroom).
They will learn communication and planning at this stage of
the process. The groups will also need to appoint tasks to
each member before they “dive.” A dive plan is developed to
ensure all members of the dive party understand what the
goals of the dive will be before the dive, and to ensure that
all dives are safely conducted. This is an important concept to
relay to the students. All divers are limited by time, the depth
of their dive, and the air in their tank. All of the students
should understand each of their roles when planning their
“dive” to the site. So, if miscommunication occurs while
on the site the dive can be stopped because the plan has
not been followed. This is a good opportunity to teach
teamwork and communication skills. (Note: If there is extra
time, allow each student to play each role on the team. This
creates an enhanced learning experience for each student to
understand the responsibilities of each role.)

Figure 4. Communications on the wreck.

5. Demonstrate triangulation techniques off a set baseline to
a mock shipwreck set up in the classroom. Make sure all of
the students understand the concepts of using compasses,
graph paper, and measuring tapes. Show the students how
to take their work back to their desks (most likely the next
day) to develop a scaled site plan of the wreck site. Refer to
the “Triangulation” information sheet to teach this concept.
6. After creating a baseline on the shipwreck, have students
decide what their scale will be on their graph paper. The
wreck shown in the "Triangulation" reference sheet is a 1/4
inches = 4 foot scale. The blue lines are the measurements
taken from the baseline, and labeled Point S-1 for the
starboard (right) side of the ship, and Point P-2 for the port
(left) side. Have the students take each point and fill them
in on their Log Sheet. Make sure the students measure to
the middle of something small to make a point, and then
measure the size of the artifact for accuracy. If there is a
square feature, measure to all four corners from the same
place on the baseline.
For example (refer to drawing on “Triangulation” reference
sheet): Point S-2 is taken from 36 feet and 44 feet on the
base line. The top left hand corner of the fore hatch is 4.5
feet from each point on the baseline. Repeat process for
each corner.
7. Have the students observe each of the hatches after they
are measured. Are all of the hatches the same length? What
might the holds beneath have been used for? What might the
ship have been carrying? Is there any evidence of cargo? Is
the vessel sail or steam powered?
After all of the points are taken (the more points, the more
accurate the ship site plan will be) have the students take
their Log Sheet back to their desks to begin the development
of their site plans. Make sure each student has a compass,
piece of graph paper, ruler, and pencil. Students may develop
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individual site plans, or do it as a group from the data that
they collected from the wreck site.

National Park Service Shipwrecks:
http://data2.itc.nps.gov/submerged

8. Lead a class discussion about each team’s observations.
Have the students give a presentation on their site plans,
their hypothesis on what might have happened, and how
to protect the resource. Then, discuss the importance
of preserving shipwrecks, and the significant roles that
archaeologists play in re-telling the stories of our maritime
past through submerged maritime heritage resources. Have
the student research famous shipwrecks, and have them
lead discussions as a team on how those stories might have
been altered by natural or human effects.

U.S. Department of the Interior Minerals Management Service
Publication:
http://www.gomr.mms.gov/homepg/lagniapp/
shipwreck/

THE BRIDGE CONNECTION

• Understanding about scientific inquiry

http://www.vims.edu/bridge
Click on “Ocean Science Topics” in the navigation menu to the
left, then “Human Activities,” then “Heritage.”

Content Standard E: Science and Technology

THE “ME” CONNECTION

• Understandings about science and technology

Based on their observations of the wreck, students can write
a short essay and prepare a brief oral presentation from
the perspective of a member of the ship’s crew. They must
determine a time period based on their hypothesis for their
period of dress, and what their life might have been like to be
the captain, deck hand, cook, or first mate. Have them describe
their lives during that time period, and have them share some
stories of adventure as if they were sailing on this vessel during
a certain time period. For reference on what life was like on a
nineteenth-century vessel check out the website: http://www.
sdmaritime.org/contentpage.asp?ContentID=104

Content Standard F: Science in Personal &
Social Perspectives

CONNECTIONS TO OTHER SUBJECTS

FOR MORE INFORMATION

English/Language Arts, Mathematics, Social Studies

Kate Thompson, NOAA’s Office of National Marine Sanctuaries,
1305 East-West Highway, N/ORM 6, 11th Floor, Silver
Spring, MD 20910, 301-713-3125 x245 (phone), 310-7130404 (fax), kate.thompson@noaa.gov (email)

EVALUATION
Evaluate the students by the accuracy of their site plan, their
work as a team, and the observations they made of the wreck
site as archaeologists. Also evaluate their hypotheses about the
wreck site and whether or not they used their data collection to
come to clear and concise conclusions about the wreck site.

EXTENSIONS
Visit http://sanctuaries.noaa.gov/education for information
about education within the Maritime Heritage Program in
national marine sanctuaries.
Visit http://channelislands.noaa.gov, http://thunderbay.noaa.gov,
and http://monitor.noaa.gov for websites referencing shipwrecks
in the sanctuary program.

RESOURCES
Maritime Archaeology Lesson Plans:
http://oceanexplorer.noaa.gov

NATIONAL SCIENCE EDUCATION STANDARDS
Content Standard A: Science as Inquiry
• Abilities necessary to do scientific inquiry

• Abilities of technological design

• Natural hazards
• Risks and benefits
• Science and technology in society
Content Standard G: History and Nature of Science
• Nature of science

CREDIT
If reproducing this lesson, cite NOAA’s National Marine Sanctuary
Program as the source, and provide the following URL for
further information http://sanctuaries.noaa.gov/education/

Kate Thompson is an education liaison for NOAA’s National
Marine Sanctuary Program. Kate works to develop education
programs and special projects throughout sanctuaries. She is
also a NOAA working diver and a trained maritime archaeologist
enabling her to specialize in maritime heritage education.

PHOTO CREDITS:
Figures 1, 2, and 3: Courtesy of Cathy Green/NOAA
Figure 4: Courtesy of Kate Thompson/NOAA
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D IVE INTO EDUCATION WITH NATIONAL M ARINE SANCTUARIES:
D ESIGNING AND I MPLEMENTING A SUCCESSFUL OCEAN EDUCATION
CONFERENCE FOR TEACHERS
By Jean Nishida Souza, Claire Johnson, and Michiko J. Martin

Visualize the following: Tenth-grade teacher John Dunham of Michigan crawling on the ground,
over the outline of a mock shipwreck hull with a slate, compass, and measuring tape in hand, determining the
distance between the baseline and windlass. Native Hawaiian educator Janet Kahalekomo using a quadrat along
a transect line in a tidepool to determine the types of seaweed for a rocky intertidal monitoring project. Educator,
Doug Loughmiller’s competitive drive moving into high gear as he races across the finish line after completing
a task using the remotely operated vehicle he and his partner constructed out of PVC pipe and other readily
available materials. Texas biology teacher Patti Nicoll gazing intently into the Caribbean tank at Moody Gardens
Aquarium, practicing fish identification skills, in preparation for a “real” dive into the Gulf of Mexico with 17
other educators.
Throughout the country and in American Samoa, educators
are having fathoms of fun and many “Aha!” moments courtesy
of the National Marine Sanctuary Program. Professional
development opportunities for educators, sponsored by the 14
sites of the National Marine Sanctuary System, utilize a wide
variety of tools and techniques to help educators:
• Learn more about the sanctuaries’ natural, cultural and
maritime resources;
• Promote understanding of current issues facing coastal
areas; and,
• Instill or rekindle a spirit of exploration discovery, and
stewardship of our oceans and coasts.
The sanctuary program’s education staff designs professional
development opportunities for educators that meet national
and individual state education standards conducted in the
classroom or in the field. Most of the workshops are handson, but educators need not have access to a coastal location
back home in order to incorporate their new ocean knowledge
into the classroom. Through partnerships and new technology,
educators and their students can stay connected to exciting
ocean expeditions and view breathtaking undersea vistas using
live, interactive video feeds (“telepresence”) regardless of their
physical location.

TAKING THE PLUNGE
One example of a unique professional development opportunity
that the National Marine Sanctuary Program offers is the Dive
into Education program. The inaugural two-day marine science
workshop provided an opportunity for 85 teachers of grades
K-12 and informal educators from Hawai’i and American Samoa
to immerse themselves in hands-on, ocean science activities.
Educators representing 13 different marine protected areas
of the National Marine Sanctuary System offered sessions

Hawai ’i and American Samoa teachers get introduced to the Long-term
Monitoring Program and Experiential Training for Students (LiMPETS) by
staff of the Farallones Marine Sanctuary Association during the Dive into
Education workshop.

aimed at providing teachers with the knowledge and resources
necessary to bring marine science into their classrooms.
It is a rare opportunity for a local teaching community to be
offered the chance to attend a virtually-free ocean education
conference hosted by some of the leading educators in marine
science from across the nation. This is especially true in
Hawai’i where travel costs alone can significantly drain school

A MERICA’S O CEAN

GCRL-121795-CurrentNMS 33

AND

G REAT L AKES TREASURES

33

3/17/05 3:16:05 PM

THE JOURNAL OF

M ARINE EDUCATION

Volume 21 • Number 1 • 2005

CATEGORY

SESSION DESCRIPTION

MONITORING
PROGRAMS

Water Quality Monitoring. This hands-on session exposes participants to several common water quality
measurements (transparency, temperature, pH, alkalinity, salinity, conductivity, and dissolved oxygen).
Hawai'i Sanctuary Ocean Count. Learn how the popular Sanctuary Ocean Count is conducted and how to adapt
it for student participation. This is a shore-based humpback whale count and documentation of whale behavior.
Dolphins, Hawaiian monk seals, sea turtles, and sea birds are also counted.
Coral Reef Surveying and Monitoring. This session shows teachers the techniques that coral reef researchers use
to sample and monitor coral reefs. Simple materials are used so that teachers can reproduce in their classrooms.

RESOURCE
IDENTIFICATION

Sanctuary Sandbox. With sites around the nation, the national marine sanctuaries serve as repositories of sands
that illustrate a wide range of coastal and marine geological processes. Come explore the fascinating world of
earth science using sanctuary sands and activities developed by the University of Hawai’i’s Curriculum Research
& Development Group; then help solve a “Marine Scene Investigation” that uses sand “evidence” from a mystery
sanctuary.
Adaptations from the Depths. Use camouflage to illustrate how animals adapt to their environment. Handson activities appropriate for elementary grades are conducted, and classroom resources, including visuals, are
provided.
Design a Fish. Fish come in a plethora of shapes, sizes, and colors. In this activity we look at fish anatomy and study
how the fish’s form helps it to function in its habitat. Participants select specific ocean habitats and use creative and
critical thinking skills to design newly “discovered” fishes that call these niches home.
Loggerhead Sea Turtle Migrations. Satellite tags have been affixed to the carapaces of Loggerhead sea turtles to
monitor and track their movements throughout the year. Information received from the satellite tags can be used in
classrooms to make science come to life through tracking the turtles.

HABITAT

Seagrass—It’s Alive! Learn seagrass biology and the role seagrass plays in the Coral Reef Ecosystem. K-3 hands-on
activities conducted during session. Classroom resources provided.
Navigating Change. During this session educators learn about the amazing coral reef ecosystems and inspiring
cultural stories of the Northwestern Hawaiian Islands. Educational tools and instruction are offered to allow teachers
to implement Navigating Change in their classroom.

INSTRUCTIONAL
PEDAGOGY

Each One, Teach One. A flexible teaching technique that allows one or two field instructors an opportunity to
“invest” individual students with unique knowledge that they, in turn, share with other students.

SCIENCE
TECHNOLOGY IN
THE CLASSROOM

Mapping Ocean Sanctuaries with Geographic Information System (GIS). This session introduces participants
to teaching ocean science with a dynamic curriculum designed to explore national marine sanctuaries through GIS.
Satellite Oceanography. Measuring Sea Level from Space: Measuring differences in ocean surface elevation is
a challenging task, but sensing instruments aboard satellites have made it easier and more accurate. This activity
uses TOPEX/Poseidon satellite altimetry data to investigate the relationship between sea surface and sea floor
topography.

Table 1: A small sampling that illustrates the wide range of topics covered in National Marine Sanctuary Program’s Dive Into Education marine science workshops.

education budgets and prevent teachers from participating
in other marine science education conferences. Thus, the
national marine sanctuaries developed the concept of Dive into
Education—an ocean science education workshop/conference
that sanctuary educators would bring to the local community
in conjunction with its own annual meeting.
Recognizing that education is the foundation of effective
environmental stewardship, the National Marine Sanctuary
Program maintains a robust staff of on-site education
coordinators and specialists. Each field site has a senior-level
education coordinator with years of experience in ocean
education and outreach. The size of a given sanctuary’s
education staff is determined by the physical size of the
sanctuary, the developmental stage of the sanctuary and its
programs, and the number of constituents that the sanctuary

serves. Annually, the education coordinators come together to
share education strategies and lessons, to receive professional
training to extend their own abilities and to complete strategic
education planning. In 2004, national marine sanctuary
educators recognized that they could take advantage of
their time together to bring something special to the local
community they were visiting and conduct the first-ever Dive
into Education marine science conference/workshop.

PLAN YOUR DIVE AND DIVE YOUR PLAN
Planning for the 2004 Dive into Education workshop took
a small committee of sanctuary educators and partners an
entire year. First, the sanctuary program needed to gather
information concerning the local teaching community’s ocean
education needs that would help ensure the workshop goals
were consistent with perceived needs. Fortunately, with
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as humpback whales, coral reefs, satellite oceanography data,
and monitoring of ecosystems. However, the data indicated
that there was a general pattern of high interest levels in these
subject matters, regardless of current knowledge. Using this
information, the sessions were adapted to meet the unique
interests of the Hawai’i and American Samoan teachers and
included two thematic strands on humpback whales and coral
reef ecosystems. Based on the demographic of registrants,
session offerings were further adapted to provide a wide range
of activities at the proper balance for elementary, middle, and
high school teachers. Table one provides a glimpse into the
breadth of ocean science education sessions that participants
could attend.

Chela Zabin of the Hawai ’i Intertidal Project introduces rocky intertidal
monitoring to the Dive into Education participants.

successful education programming already in the Hawai’i
area through the Hawaiian Islands Humpback Whale National
Marine Sanctuary, the Northwestern Hawaiian Islands Coral
Reef Ecosystem Reserve and Fagatele Bay National Marine
Sanctuary, insight into the particular needs of the local
teaching community was readily available. Sanctuary educators
augmented our understanding of the current gaps in ocean
education by recruiting partners who shared a vested interest in
increasing ocean science education in Hawai’i classrooms. With
representatives from the Hawai’i and America Samoa coastal
zone management programs and critical participation from
Patty Miller, formerly with the Hawai’i Department of Education
and now with the National Marine Sanctuary Program, the team
formulated a picture of the unique needs of the local teaching
community.
With a thorough understanding of the needs, the next step
was to determine the location to host the workshop and the
categories of workshop sessions that would be provided. These
decisions were integrally linked because our needs assessment
indicated that teachers wanted hands-on, in the field training.
Providing these sorts of sessions required beach access and
limited the locations that could provide the right balance
of beach access and classroom availability. In the end, two
locations were selected for the workshop. The first day of the
workshop, consisting of classroom activities and presentations,
was held at the Bishop Museum. The second day of the
workshop, which included both classroom and field activities,
was held on Coconut Island in Kane'ohe Bay at the worldrenowned Hawai’i Institute of Marine Biology. This research
facility provided the ideal combination of classroom, field, and
laboratory access for all participants.
A total of 36 concurrent sessions were held at Bishop Museum
and on Coconut Island, ranging from satellite oceanography to
coral reef surveying and monitoring. Our front-end evaluation
data indicated that Hawai’i teachers self-report a low- to
moderate-level of knowledge in ocean science topics such

With session planning underway, sanctuary educators next turned
to the task of recruiting and registering teachers. Targeting K-12
teachers, we wanted to provide the local teachers with a lowcost conference in order to maximize participation. A minimal
registration fee covered meals, miscellaneous expenses, and
helped minimize the number of “no-shows.” We had learned
from the lesson of another recent ocean conference that had
not charged for registration and discovered the number of actual
participants was well below the number of registrants, resulting
in enormous waste of programming funds. Through careful and
thoughtful correspondence with conference registrants, we were
able to ensure that participants understood the value of the
program and this opportunity, despite the minimal registration
fee, and virtually eliminated “no-shows.” This was a particular
accomplishment and allowed us to maximize programming
dollars to ensure a successful experience.

SEA STORIES
The 2004 Dive into Education program received rave reviews
from participants and presenters alike. Ninety-three percent of
participants rated the workshop as among the best professional
development opportunities they had attended. Key outcomes
of the workshop include:
• Ninety percent of participants reported they are “very likely”
to integrate marine science into their classroom as a direct
result of this workshop.
• Ninety-six percent of participants want to learn more
about national marine sanctuaries using the Internet
through live camera coverage, marine science lesson plans,
and tutorials.
• Ninety-three percent of participants reported that they became
concerned about stewardship of the marine environment
after attending the Dive into Education workshop.
Participants in the 2004 Dive into Education workshop were
most interested in the marine topics relating to coral reefs,
humpback whales, actions to improve water quality, and control
of invasive species. Not surprisingly, evaluations reflected that
the two topics of most interest were coral reef ecosystems and
humpback whales. The participants enjoyed the one-on-one
interaction with marine science specialists and the numerous
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resource materials that were provided. “The highlights of the
Dive into Education workshop included the resources made
available to us from people to hand outs,” remarked one
participant.
The evaluation also determined that the three biggest barriers
that educators face in teaching marine science are the lack of
high quality marine science curricula appropriate to their grade
level; the lack of teacher professional development on marine
science topics; and the lack of time in the curriculum to teach
ocean science. The Dive into Education program goals are
designed to address some of these very needs by providing
K-12 teachers with professional development using handson, standards-based, ocean science activities (aligned with
appropriate education standards) that will excite their students
about science and technology.
The post-workshop evaluation demonstrated that 95 percent of
participants were inspired to get involved with NOAA’s National
Marine Sanctuary Program in different ways, such as schoolbased whale counts, National Marine Sanctuary Program Field
Studies, and other professional development opportunities such
as the Flower Garden Banks National Marine Sanctuary’s Down
Under, Out Yonder Scuba workshop for teachers, and the NOAA
Teacher-at-Sea Program. Classes, workshops, and the Internet
are the primary mechanisms through which these participants
want to acquire new information. Therefore, hosting periodic
workshops to present new hands-on activities and curricula is an
effective means to communicate this information.

FUTURE DIVES
Due to the wide success of its first Dive into Education
conference, the National Marine Sanctuary Program determined
that hosting additional Dive into Education workshops in various
communities around the country would be money well spent.
Another Dive into Education marine science workshop will take
place on Tybee Island near Savannah, Georgia, on May 13-14,
2005, and is expected to attract educators from all over the

southeastern Atlantic region. The workshop will offer programs
and sessions aligned to Georgia Performance Standards for
up to 250 teachers from grades K-12 and informal educators.
Some of the proposed sessions will include hands-on activities
on multicultural ocean science education, student monitoring
of the oceans, watershed education, and coral reef classrooms.
The collective talent and leadership of the National Marine
Sanctuary Program’s Education Team will continue to provide
educators with professional development opportunities using
hands-on, standards-based, ocean science activities that will
excite their students about science and technology.
The Dive into Education marine science workshop and other
professional development opportunities equip educators with
tools to achieve ocean literacy. These workshops and the handson ocean science materials provided to teachers through NOAA’s
National Marine Sanctuary Program will enable educators
to excite school children about science and technology, as
well as inspire future generations to be good stewards of the
Earth. Keep your eyes out for us. We look forward to exploring
our underwater realm with you and your students. Dive into
education with your national marine sanctuaries!

Jean Nishida Souza is the Kaua’i programs coordinator for
NOAA’s Hawaiian Islands Humpback Whale National Marine
Sanctuary, the breeding, calving, and nursing grounds to nearly
two-thirds of the entire North Pacific population of humpback
whales. She is responsible for all the sanctuary activities on
Kaua’i, which include education, outreach, volunteer programs,
assisting with marine mammal emergencies, and special
projects.

Claire Johnson is the West Coast education liaison
for NOAA’s National Marine Sanctuary Program. She plans,
develops, and implements local, regional, and national
educational programming for America’s ocean and Great
Lakes treasures.
Michiko J. Martin is the national education coordinator for
NOAA’s National Marine Sanctuary Program. She heads up the
education program for the National Marine Sanctuary System,
a network of 13 sanctuaries and one coral reef ecosystem
reserve in diverse locations such as America Samoa, Hawaii,
the Pacific Northwest, and the Florida Keys.
FOR MORE RESOURCES:
Dive into Education with National Marine Sanctuaries:
http://www.sanctuaries.noaa.gov/education/
teachers/features/diveeducation.html

PHOTO CREDIT:
Photographs Courtesy of Claire Johnson/NOAA
Teachers loading up with education resources provided by the National Marine
Sanctuaries.
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GEOGRAPHIC INFORMATION SCIENCE FOR OCEAN EDUCATION :
M APPING THE INVISIBLE WORLD FOR STUDENT UNDERSTANDING
By Steven Moore, Ph.D., Jenny Brady, Laura Francis, and Julie Bursek

Geographic Information Systems (GIS) are successfully used in three education projects
currently conducted by the Center for Image Processing in Education (CIPE) in collaboration with the National
Marine Sanctuary Program of the National Oceanic and Atmospheric Administration (NOAA). Using
instructional materials provided at professional development workshops conducted at many locations in the
United States, teachers learn how to employ the ArcView software of the Environmental Systems and Research
Institute (ESRI) to engage students in discovery-based learning about the ocean. Teachers participating in
the professional development workshops have been very enthusiastic about employing the technology for
educational purposes, but remain hesitant to use GIS with their students even after extensive professional
development. Students gravitate to the technology enthusiastically, giving promise to the notion that barriers to
implementation of GIS, identified in the article, can be overcome by creativity and changes in the way teachers
manage their classrooms.
For most elementary and secondary students, the ocean is
an invisible world lying beneath waves, salt spray, and banks
of fog. Students may swim and collect shells at the beach,
read about oceans in books, watch videos on television,
or even break the surface by snorkeling or diving, but the
essential ecology of oceans—the relationships among plants,
animals, and the geophysical environment—remains difficult
for students to observe and comprehend. Students simply
cannot immerse themselves in oceans in the same way they
can walk through their neighborhood or explore a forest,
grassland, or desert. They need help visualizing how oceans
are structured, where plants and animals might be found, and
what happens when global and regional forces cause changes
in the ocean environment. GIS, a professional information
technology (IT) tool used by scientists and resource managers,
can provide that help.
GIS is a type of computer software that links geographic
information (where things are) with descriptive information
(what things are). Unlike a flat paper map, where “what you
see is what you get,” a GIS map can present many layers of
different types of information. One such tool is the ArcView
GIS software available from ESRI. With ArcView, students can
display ocean science data on maps, make comparisons among
different map “layers” of a GIS project, and enter their own field
observations and data from governmental and private sources
to create new maps. Powerful search and analysis capabilities
in the GIS can be used to develop and test scientific research
hypotheses. Graphic capabilities in the software can also be
employed to change how objects and regions are represented
on a map, produce charts and graphs from the mapped data,
and represent data in three-dimensional models.

GIS is used by managers and scientists in the National Marine
Sanctuaries Program to publish easily updated maps of
bathymetry and coastal hazards; track movements of marine
mammals within and through sanctuaries; document the
location and cause of shipwrecks; map benthic habitats; provide
databases that can aid emergency response to catastrophic
events such as oil spills; track use of a sanctuary by recreational
and commercial boaters, and monitor ocean conditions such
as sea surface temperatures; chlorophyll concentrations;
and sediment plumes. GIS is also used to aid public review
and decision-making processes at individual sanctuaries. For
instance, at Channel Islands National Marine Sanctuary located
off the coast of Santa Barbara, California, GIS was recently
employed in a joint federal and state review process to develop
alternatives for creating “no-take” or restricted access marine
reserves (Killpack, Waltenberger, and Fowler, 2004). Local
stakeholders used an ArcView—based decision tool developed
by the sanctuary to apply agreed-upon criteria and the best
available science and socioeconomic information to identify
alternative boundaries for proposed reserves. An intuitive
mapping and query mechanism built into the GIS allowed
the stakeholders to visualize how different alternatives would
impact ocean resources and recreational and commercial use
of the sanctuary.

GIS FOR OCEAN EDUCATION
Building upon the sanctuaries’ increasing reliance on GIS as a
research and management tool, the authors have successfully
employed ArcView as an instructional tool in one completed
project and three ongoing projects conducted by CIPE in
collaboration with the National Marine Sanctuary Program:
Mapping an Ocean Sanctuary; Ocean Explorers; Exploring
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Data using GIS to Experience Sanctuaries (EDGES); and
Mapping Ocean Sanctuaries.

and Game; and (8) photographs of marine life from Channel
Islands National Marine Sanctuary, NOAA, and REEF.

MAPPING AN OCEAN SANCTUARY

A unique complement to the existing data layers offered in
Mapping an Ocean Sanctuary is “Environmental Monitoring,”
a lesson that provides a template for teachers and students
to collect their own georeferenced data, create new data
tables, and add their data to new or existing GIS projects.
“Environmental Monitoring” includes instructions on how to
set up sampling transects on coastlines, use testing kits to
document water quality, capture digital images of transect
sites, and record latitudinal and longitudinal coordinates on
data sheets. Using the lesson, teachers and students create
point and polygon event themes in ArcView that can be
viewed as map layers on top of digital elevation models,
digitized topographic maps, digital ortho quarter photoquads,
bathymetric models, and nautical charts. Instructions are also
provided on how to hotlink images collected at the sampling
site with points and polygons in the newly created themes.

Mapping an Ocean Sanctuary is a set of six lessons funded
by the Geoscience Education Program of the National Science
Foundation (NSF). Published in 2003 as six lessons in a 128page lesson book with accompanying CD-ROM, Mapping an
Ocean Sanctuary employs GIS to: (1) study how populations
of marine life are influenced by ecological conditions in
Channel Islands National Marine Sanctuary; (2) map and
analyze geophysical and ecological data collected during
field studies at the sanctuary; and (3) understand how the
natural systems of the sanctuary are influenced by global,
regional, local, social, political, and management variables. The
philosophy of the Mapping an Ocean Sanctuary project was to
create instructional materials in which students learn about GIS
as they study ocean science. The guided-discovery approach
taken in the materials provides educators and their students
with engaging explorations of real ocean science data that
model research conducted by scientists working for Channel
Islands National Marine Sanctuary and other organizations.
The materials scaffold the introduction of IT to the educational
community by providing support and a template to simplify
use of a complex IT tool.

OCEAN EXPLORERS

The materials produced by the project also attempt to make
ocean science interesting, relevant, and fun. Using ArcView
GIS software, students display, query and analyze multiple
layers of data found in interconnected maps, tables, graphs,
and graphics. The materials’ guided-discovery structure helps
students investigate how the diversity, distribution and health
of marine mammals, fish, invertebrates, and avian species in
the sanctuary are influenced by (1) geophysical characteristics
such as sea surface temperatures, currents, bathymetry, and
global events such as El Niño; (2) human use of the sanctuary
for recreation, shipping, and fishing; (3) regulatory actions
such as the creation of no-take marine reserves; (4) hydrologic
events such as storm water runoff from urban and rural regions
on the mainland; and (5) catastrophes such as oil spills,
airplane crashes, and shipwrecks.

Ocean Explorers is a three-year project funded by the
Information Technology Experiences for Students and Teachers
program at the NSF. The project employs GIS, digital image
analysis, and ocean science as ways of incorporating IT into
science and mathematics education in California. Ocean
Explorers was created as a natural outgrowth of the Mapping
an Ocean Sanctuary model. Ocean Explorers is unique in
that it provides support to a select group of educators over
an extended period of time. It has formed teams of teachers
that will serve as local user groups for the exploration of GIS
as an educational technology. Teachers participating in the
project receive mentoring, software, equipment, funding,
and training on how to design inquiry-based activities that
support achievement of state and national science, technology,
mathematics, and reading standards. Ocean Explorers has
recruited 20 teams of three to five teachers from middle and
high schools in California, thus creating for each participant a
local cadre of peers implementing the new technology. Each
team has committed to participation for the entire duration
of the three-year project. Likewise, the project will commit to
support and mentor each team for three years.

In creating the materials, over 100 data layers specific to
the northern Channel Islands region were compiled from a
variety of public and private agencies, including: (1) regional
bathymetry and topography data layers provided by the
sanctuary; (2) fish, invertebrate, and algal survey data provided
by Channel Islands National Park and the Reef Environmental
Education Foundation (REEF); (3) chlorophyll and turbidity
data from NASA’s Sea-viewing Wide Field-of-view Sensor
project; (4) data on water quality and bacteria levels provided
by the Public Works Department of the City of Santa Barbara;
(5) data on whale and dolphin sightings from Cascadia
Research Collective and NOAA; (6) land use data for Santa
Barbara from Landsat scenes; (7) environmental sensitivity
index data from NOAA and the California Department of Fish

In its first year, Ocean Explorers provided each team with
basic and advanced training in GIS. The training will continue
during project year two. Project workshops were designed
to demonstrate how the technologies could be used to
study the ocean. Project workshops were held on beaches,
aboard vessels, and on the Channel Islands. Field research
institutes were also held during the summer of year one,
providing teachers with experience in transect sampling, water
quality and beach assessments, marine life observations, and
documentation techniques commonly employed in ocean
science. CIPE’s Mapping an Ocean Sanctuary materials, ESRI’s
Mapping Our World book, and CD-ROM (Malone, Palmer and
Voigt, 2002) were used as the primary teaching materials at
the workshops and institutes.
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Figure 1: Santa Cruz Island, California.

During the first year of the project, training was also provided on
how to employ the Understanding by Design methodology of
Wiggins and McTighe (1998) to target reading, mathematics,
science, and technology standards [the “Content standards
for California public schools” (California Department of
Education, 2002)]. From the standards, the teams will create
activities and assessments that involve students in GIS-based
learning about the ocean in a manner that supports federal,
state, and local mandates for satisfactory achievement by
students and schools. The activities and assessments will
be developed with mentoring and assistance by project staff
and education specialists and scientists from Channel Islands
National Marine Sanctuary.
Examples of projects currently in development by Ocean
Explorers teams are as follows:
• Studying how land use changes that have altered the
southern California coast are impacting marine habitats
in the region: Using aerial photographs dating back to
the 1920’s, students from Lakewood High School in
Long Beach will conduct a temporal analysis of land use

change surrounding the Bolsa Chica Wetlands, an ecological
preserve in Huntington Beach.
• Tracking the nesting habits of bald eagles on Santa Cruz
Island in the Channel Islands National Marine Sanctuary:
With geo-referenced data provided by resource managers
on the island, students from the Santa Barbara region will
study the movements and nesting success of bald eagles.
The bald eagles have been reintroduced to the island in
an attempt to displace the recently immigrated golden
eagles that have decimated the island fox population.
Bald eagles disappeared from the Channel Islands about
five decades ago when DDT was dumped into the ocean
and contaminated their food supply (National Parks and
Conservation Association, 2002).
• Integrating GIS into use of the Long-term Monitoring Program
and Experiential Training for Students (LiMPETS) protocols of
the National Marine Sanctuary Program: LiMPETS outlines
field research methods that middle school students, high
school students, and other volunteer groups can use to
monitor rocky intertidal, sandy shore, and offshore habitats.
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Teachers participating in the Ocean Explorers project have
been introduced to LiMPETS during training workshops and
will use the LiMPETS protocols for field investigations along
the southern California coast.
During the summer of year two, each of the 20 teams will
test its project with a group of five to ten students. Testing will
also take place in the participants’ classrooms during the fall of
year two, after which the projects created by the teams will be
prepared for publication by CIPE. Capping off the project will
be presentations by all of the teacher-teams at the 2006 ESRI
Education User Conference in San Diego, California.

EDGES
EDGES is a project funded by the National Marine Sanctuary
Catalyst Minigrant Program. It extends the Mapping an
Ocean Sanctuary concept to three additional national marine
sanctuaries: Gerry E. Studds Stellwagen Bank, Gray’s Reef,
and Florida Keys. The aim of EDGES is to bridge the scientific
and education communities by bringing both basic research
and real-time data into K-14 classrooms. The materials will
help teachers access authentic data collected by federal and
private agencies including NOAA, the National Aeronautics
and Space Administration (NASA), the National Data Buoy
Center, the National Marine Sanctuary Program, Woods
Hole Oceanographic Institute, and the Marine Conservation
Biology Institute. While Mapping an Ocean Sanctuary used
Channel Islands National Marine Sanctuary as a case study
to engage students, EDGES is focusing on continental-scale
comparisons of ocean conditions on the east and west coasts
of the United States.
Four EDGES lessons are currently in development: Ocean
Treasures: Exploring Our National Marine Sanctuaries;
Submerged Land: Exploring the Topography and Bathymetry
of U.S. Coastal Regions; Monitoring from Afar: Using Satellites,
Stationary Buoys, and Drifting Buoys to Study Oceans; and
My Project: Tips for Designing a Project, Collecting Data, and
Analyzing it Using GIS. These lessons, which are being developed
in collaboration with educational and technical personnel
from the four national marine sanctuaries participating in the
project, will be complete in the fall of 2005. Testing of the
materials with teachers participating in CIPE’s Mapping Ocean
Sanctuaries project (described next) is currently in progress.

HIGHLIGHTS
One of the most rewarding aspects of the collaborators’
work has been the field workshops conducted for the Ocean
Explorers project. Two of these four-day “Ocean Science and
IT” workshops were held on Santa Cruz Island, California,
during July and August 2004 (Figure 1). Approximately 45
teachers attended the two “on-island” workshops, which
were held at the University of California Reserve Field
Station on the island. The teachers stayed in bunkrooms at
the field station and attended workshops in its dining area
and library. CIPE’s laboratory of 25 laptop computers were
transported to the island in waterproof cases and set up for
use in the workshops (Figure 2). A wireless network created
by the project allowed teacher access to the Internet through
the field station’s T1 connection (provided via a wireless
connection from the mainland).
On the evening before the boat trip to the island, the
participants attended a presentation on the LiMPETS protocols
and a natural history lecture about the islands. The participants
also conducted water quality investigations in Ventura Harbor
and learned how to georeference the data with handheld global
positioning system (GPS) units. The teachers were transported
to the island aboard the Channel Island National Marine
Sanctuary’s research vessel, Shearwater, and a commercial
outfitter’s vessel. On the island, the teachers engaged in:
1. Further study of GIS techniques covered in lessons from
Mapping an Ocean Sanctuary;
2. Detailed study of how the GPS works, how GPS coverage
is influenced by the position of the satellites orbiting Earth,
and features on the ground and how to schedule fieldwork
to ensure maximum GPS coverage;
3. Practice locating landmarks on Santa Cruz Island during
a geocaching activity conducted by Ben Waltenberger,
Ph.D., the GIS specialist at Channel Islands National Marine
Sanctuary (Figure 3);

MAPPING OCEAN SANCTUARIES
Mapping Ocean Sanctuaries is a professional development
extension of the EDGES project funded by the Grosvenor grant
program of the National Geographic Society. The goal of the
project is to provide professional development for teachers
and national marine sanctuaries field experiences for students
associated with the EDGES project. Two three-day workshops
using EDGES were conducted during 2004 with 26 teachers
and 10 students attending. Two additional workshops are
scheduled for the spring and summer of 2005.

Figure 2: A workshop in the library at the University of California Reserve
Field Station on Santa Cruz Island.
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Figure 3: Annie Humphrey and Nancy Yeskett (right) learn about a handheld
GPS unit from Ben Waltenberger, Ph.D., a GIS specialist at Channel Islands
National Marine Sanctuary.

Figure 4: Jenny Brady helps students use a handheld GPS unit at an EDGES
workshop in California.

4. Development of a virtual tour of Santa Cruz Island using GPS
data and photographs gathered during the boat ride to the
island, the geocaching activity, and a hike conducted along
the coast of the island;

One revealing piece of evaluation data from Ocean Explorers
is its low-attrition rate. Although the project anticipated that
30-40 percent of the original cohort would drop out after the
project’s first year, only a handful of participants have declined
participation in year two. This low rate of attrition is impressive
in light of the commitment required of the Ocean Explorers
participants. Each educator is required to spend 120 hours per
year working on the project.

5. Downloading GIS data from governmental and private
sources on the Internet; and
6. Creating transportable GIS projects.
Because the “on-island” workshops provided the first opportunity
for the Ocean Explorers participants to apply technical
knowledge and skills gained in earlier workshops, they were
very popular. The workshops were also important in cementing
the team relationships upon which the project depends. Building
camaraderie and a long-lasting sense of community is a major
objective of the Ocean Explorers project.

EVALUATION
Formative and summative evaluation is being conducted
on all activities described in this article. The most rigorous
evaluation is being conducted for the Ocean Explorers project
by WestEd, a nonprofit research and consulting organization.
The first year summative report prepared by WestEd indicated
that the project is “...supporting teacher learning about and
skills with information technology. Teachers placed great
value on the opportunity to practice with the software and
equipment. While teachers continue to be somewhat hesitant
about using information technology resources with their
students and developing lessons that do so, they do report
greater knowledge and comfort with using the equipment
themselves“ (Haviland and Dailey, 2004). The value teachers
place on applied use of technology and an authentic setting
was summed up in the following comment by a participant in
the July workshop on Santa Cruz Island: “My favorite part of
the workshop was the integration of the “real” and the twodimensional computer world.”

Anecdotal evidence provided by the project participants
indicates that significant opportunities exist to use ocean
research with GIS as a way to engage students and support
achievement of targeted educational standards. “This is so
much better than lecturing to students. They stay engaged and
they want to learn more,” said one participant, “The standards?
Sure, you have to use some creativity and you have to think
hard about what you’re trying to accomplish. But, it can be
done. And, it’s worth the effort.”
Significant barriers to use of GIS technology for inquiry based
learning in classrooms have also been identified by the project:
Time to learn the software; difficulties in getting access to
computers installed in schools; the poor quality of computers
installed in some schools; public school schedules; and
bureaucratic restrictions that make installation and use of new
software difficult for teachers. Ocean Explorers is looking at
ways to help teachers overcome these obstacles. An exciting
part of the evaluation of Ocean Explorers is the opportunity
to track one cohort of teachers from initial contact with the
project through three years of professional development and
mentoring. During this time period, Ocean Explorers will be
able to document the learning process that teachers go through
as they attempt to master a new technology and bring it into
their classrooms.
One thing is certain about the use of GIS to study oceans
in our nation’s classrooms. As the small amount of student
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participation in the EDGES workshops has demonstrated so
far, students pose no barrier to implementation of the new
technology (Figure 4). Armed with a small amount of instruction
on how to use GIS and GPS, students master the technologies
surprisingly quickly. As one teacher noted at the joint Ocean
Explorers and EDGES world GIS day event in November, 2004,
“All I have to do is point them in the right direction and let go.
I provide guidance about how to do the science involved in
their projects and help them get data, but by and large, the
students figure out the technology much faster than I can. I
learn a lot from them.” Students gravitate to the technology
enthusiastically, giving promise to the notion that barriers to
implementing GIS can be overcome by creativity and changes
in the way teachers manage their classrooms.

Steven Moore, Ph.D., has a bachelors of arts degree in
biology from Southern Illinois University, a masters of business
administration degree from the University of Illinois, Chicago,
and a Ph.D. in renewable natural resource studies from the
University of Arizona. He is executive director of the nonprofit
CIPE and is the principal investigator for its Ocean Explorers and
Mapping Ocean Sanctuaries projects. Dr. Moore was principal
investigator and co-author on CIPE’s Mapping an Ocean
Sanctuary project.
Jenny Brady holds bachelors of science degrees in biology
and secondary education and a masters of science degree in
biology from the University of Arizona. She was the director
of CIPE’s Mapping an Ocean Sanctuary project and was a
co-developer of CIPE’s biotechnology and general biology
materials. She currently directs CIPE’s portion of the EDGES
project, directs the Mapping Ocean Sanctuaries project, and
oversees the GIS workshops for the Ocean Explorers project.
Laura Francis is the education coordinator for the Santa

Barbara office of Channel Islands National Marine Sanctuary. Ms.
Francis holds a bachelors of science degree in zoology from the
University of California at Berkeley and has a masters of science
degree in deep sea biology from University of California, Santa
Barbara. Ms. Francis is a collaborator on CIPE’s Ocean Explorers,
EDGES, and Mapping Ocean Sanctuaries projects.

Julie Bursek is the education coordinator for the Oxnard

office of Channel Islands National Marine Sanctuary. Ms. Bursek
holds a bachelors of arts degree in aquatic biology from the
University of California, Santa Barbara, and a masters of science
degree in biology from California State University, Fullerton. Ms.
Bursek is a collaborator on CIPE’s Ocean Explorers, EDGES, and
Mapping Ocean Sanctuaries projects.

REFERENCES
California Department of Education. 2002. Content Standards
for California Public Schools: Kindergarten through grade
twelve [website]. California Department of Education, 21
December 2001 2002 [cited 24 June 2002]. Available from
http://www.cde.ca.gov/standards/.
Haviland, Don, and Kimberly Dailey. 2004. Ocean Explorers:
Year 1 Evaluation Report. Los Alamitos, California: WestEd.
Killpack, Darcee, Ben Waltenberger, and Cindy Fowler. 2004.
Using GIS-Based Tools To Support Decision Making For
Marine Reserves [website]. Environmental Systems Research
Institute n.d. [cited 22 December 2004]. Available from
http://gis.esri.com/library/userconf/proc01/professional/
papers/pap981/p981.htm.
Malone, Lyn, Anita M. Palmer and Christine L. Voigt. 2002.
Mapping Our World. Redlands, California: ESRI Press.
National Parks and Conservation Association. 2004. Bald Eagle
Returns to Channel Islands: Whether the Species can Thrive
in Southern California will be Tested (July-August) [website].
National Parks and Conservation Association 2002 [cited
22 December 2004]. Available from http://www.npca.org/
magazine/2002/july_august/bald_eagle.asp.
Wiggins, Grant and Jay McTighe. 1998. Understanding by
Design. Alexandria, VA: Association for Supervision and
Curriculum Development.

FOR MORE RESOURCES:
ArcView GIS Software:
http://www.esri.com
Channel Islands National Marine Sanctuary:
http://channelislands.noaa.gov/
CIPE:
http://www.evisual.org
LiMPETS:
http://limpets.noaa.gov/
The National Marine Sanctuaries Program:
http://www.sanctuaries.nos.noaa.gov/
Ocean Explorers:
http://www.exploreoceans.org
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ACTIVITY: U NDERWATER TREASURES: EXPLORING O UR
NATIONAL M ARINE SANCTUARIES THROUGH GIS
FOCUS
Geographic Information Systems (GIS) in Marine Science
Education and the National Marine Sanctuaries

GRADE LEVEL
Grades 7-10

FOCUS QUESTIONS
• What are National Marine Sanctuaries, and where
are they?
• How does geography affect the distribution of marine
biomes and the biodiversity among the sanctuaries?

LEARNING OBJECTIVES
Students will learn about the history of the national marine
sanctuary program.
Students will understand how maps are overlaid in a
GIS project.
Students will review basic cartographic terms such as latitude,
longitude, hemispheres, equator, prime meridian, and tropics.
Students will analyze the distribution of several marine biomes
and consider how physical factors impact their distribution.
Students will compare differences in species richness among
the sanctuaries and infer reasons for the differences.

MATERIALS (PER GROUP)
 One set of eight overhead transparencies produced from
underwater_treasures.pdf
 Water-based overhead transparency markers (four colors)
 Masking tape
 Ruler
 One set of lesson instructions printed from underwater_
treasures.pdf
 One large sheet of white paper (such as butcher paper) to
serve as the base layer for the students’ maps

AUDIO/VISUAL MATERIALS
 Overhead projector for class discussion, if desired

TEACHING TIME
One 50-minute class period; additional time for discussion

SEATING ARRANGEMENT
Small groups of 2-4 students

MAXIMUM NUMBER OF STUDENTS
None; each group will need its own set of materials.

KEY WORDS
National Marine Sanctuaries

Habitats

Biodiversity

Latitude

Longitude

Hemisphere

Equator

Prime Meridian

Tropics

Biome

Geographic Information Systems (GIS)

BACKGROUND INFORMATION:
The National Marine Sanctuaries Program (NMSP) protects the
biological, cultural, and ecological resources of our nation’s waters
and submerged lands. National marine sanctuaries protect deep
sea canyons, kelp forests, deep sea reefs, near shore coral reefs,
live bottoms, whale migration corridors and calving grounds,
rich fishing grounds, and underwater archeological sites, and
more. The article “National Marine Sanctuaries: America’s Ocean
and Great Lakes Treasures” on page 2 provides an excellent
introduction into the overall purpose and mission of the national
marine sanctuaries.
In this activity, students will use GIS to explore the current marine
sanctuary locations and the different habitat types and marine
organisms found within the National Marine Sanctuary System.
The activity is based upon “Underwater Treasures,” a lesson
in the Exploring Data with GIS to Experience Sanctuaries
(EDGES) curriculum. EDGES uses GIS software, such as
ArcView 3.X or ArcGIS. Schools must have the software
installed on their computers to use the EDGES lessons. The
GIS software enables students to manipulate, query, and view
the data firsthand. Because of limited access to GIS software,
this pen-and-pencil activity was created. The essence of
“Underwater Treasures” has been captured in a series of
computer screen-shots or maps. By studying and overlaying
the maps, students simulate a GIS system and explore the
national marine sanctuaries.

PREPARATION
Connect to the Internet, and download the PDF-formatted
“Underwater Treasures” file from http://www.exploreoceans.
org/underwater/underwater.html. The underwater_treasures.
pdf file available on this web page provides the learning
procedure, data sheet, and maps needed to complete the
lesson. The maps may be printed directly onto transparencies
or printed first on paper and then copied onto transparencies.

LEARNING PROCEDURE
Follow the learning procedure in the downloadable PDF,
underwater_treasures.pdf, at: http://www.exploreoceans.org/
underwater/underwater.html.

A MERICA’S O CEAN

GCRL-121795-CurrentNMS 43

AND

G REAT L AKES TREASURES

43

3/17/05 3:16:27 PM

THE JOURNAL OF

M ARINE EDUCATION

Volume 21 • Number 1 • 2005

A sample task from “Underwater Treasures”: Place Figure 3:
Cultural Resources on top of Figure 2, and line up the outline
of the United States so that the maps overlay each other. Figure
3 indicates the cultural resources that are protected at selected
national marine sanctuaries. For instance, the Monitor National
Marine Sanctuary was designated to protect the wreck of the
ironclad USS Monitor, the famed battleship that sank 16 miles
off the coast of North Carolina during the Civil War. Thunder
Bay National Marine Sanctuary and Underwater Preserve
protects at least 116 shipwrecks preserved in the cold, fresh
waters of Lake Huron and spanning more than a century of
maritime history in the Great Lakes region.

Environmental Systems Research Institute (ESRI) and
ArcView:
http://www.esri.org

THE BRIDGE CONNECTION

• Understandings about science and technology

Sept. 2000: Fish Communities! U.S. National Marine
Sanctuaries–Southeast Region

THE “ME” CONNECTION
The students should learn which national marine sanctuary
is closest to them. If possible, they can visit the sanctuary
with their class. They should consider which sanctuary they
would most like to visit, if they were able to travel to any of
the sanctuaries.

CONNECTIONS TO OTHER SUBJECTS
Geography

EVALUATION
Students provide a written paragraph describing how latitude
affects the distribution of marine biomes and species richness
within the national marine sanctuaries.

EXTENSIONS
Use GIS software and data to explore the National Marine
Sanctuaries. Four computer-based lessons containing over 250
data layers, ArcView project files, classroom-ready instructions,
and tips for creating independent projects are provided in the
Exploring Data with GIS to Experience Sanctuaries (EDGES)
curriculum. It was funded by a National Marine Sanctuary
Program Education Catalyst mini-grant. The EDGES curriculum
will be available in the summer of 2005.
Use GIS software and data to explore how the sea surface
temperature affects the distribution of fishes in Channel
Islands National Marine Sanctuary. The lesson and data,
entitled “Invisible Boundaries,” are available for download
from CIPE’s Web site, http://www.evisual.org. Follow the
links to Home Page, then to Free!, and GIS lessons. “Invisible
Boundaries” is part of the Mapping an Ocean Sanctuary GIS
curriculum, which focuses on Channel Islands National Marine
Sanctuary in southern California.

RESOURCES
National Marine Sanctuary Program:
http://www.sanctuaries.noaa.gov/
Center for Image Processing in Education:
http://www.evisual.org
Reef Environmental Education Foundation (REEF):
http://www.reef.org

NATIONAL SCIENCE EDUCATION STANDARDS
Content Standard A: Science as Inquiry
• Abilities necessary to do scientific inquiry
Content Standard C: Life Science
• Matter, energy, and organization in living systems
Content Standard D: Science and Technology
Content Standard E: Science in Personal and
Social Perspectives
• Natural resources
• Environmental quality
• Science and technology in local, national, and
global challenges

NATIONAL GEOGRAPHY STANDARDS
Essential Element 1: The World in Spatial Terms
• How to use maps and other geographic representations,
tools, and technologies to acquire, process, and report
information from a spatial perspective
Essential Element 2: Places and Regions
• The physical and human characteristics of places
Essential Element 3: Physical Systems
• The characteristics and spatial distribution of ecosystems
on Earth’s surface

ACKNOWLEDGEMENTS
The activity is adapted from the “Ocean Treasures” lesson
from the Exploring Data with GIS to Experience Sanctuaries
(EDGES) curriculum.

FOR MORE INFORMATION ABOUT EDGES, EMAIL:
Mary Tagliareni, Education Coordinator, Florida Keys National
Marine Sanctuary, Mary.Tagliareni@noaa.gov (email)
Laura Francis, Education Coordinator, Channel Islands National
Marine Sanctuary, Laura.Francis@noaa.gov (email)
Jenny Brady, Center for Image Processing in Education,
jennyb@evisual.org (email), www.evisual.org (website)
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in Education (Jennifer Vuturo-Brady and Steven Moore, Ph.D.)
and Kathryn Keranen, in cooperation with Channel Islands
National Marine Sanctuary (Laura Francis and Julie Bursek),
Florida Keys National Marine Sanctuary (Mary Tagliareni),
Gray’s Reef National Marine Sanctuary (Cathy Sakas), and
Gerry E. Studds Stellwagen Bank National Marine Sanctuary
(Anne Smrcina). Wynne Brown of the Center for Image
Processing in Education provided final editing of the activity.
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ENVIRONMENT-BASED EDUCATION :
CREATING REVITALIZED TEACHERS AND INTERESTED LEARNERS
By Seaberry Nachbar

Along the coasts of the United States teachers integrate their classroom curriculum

requirements with meaningful firsthand experiences in the environment that surrounds them. By stepping
outside the box, teachers find creative and resourceful ways to bring together education and the outdoor world.
Using the outdoors, a bay, stream, or the surrounding landscape provides the opportunity to teach science,
math, reading, social studies, and even art in an interesting and thought-provoking manner. The environment
provides a platform that interests learners and revitalizes teachers.

THE HISTORY OF THE B-WET PROGRAM
Meaningful outdoor experiences are taking place because
of a unique grant program offered by the National Oceanic
and Atmospheric Administration (NOAA). The Bay Watershed
Education and Training (B-WET) Program was established in 2002
to improve the understanding of environmental stewardship of
students and teachers through education. Recognizing that an
educated community is the key to understanding and sustaining
the nation’s ocean and coastal environments, NOAA has
developed B-WET Programs in the Chesapeake Bay watershed,
Monterey Bay watershed, and the Hawaiian Islands.
The B-WET program is a competitively based grant program that
supports existing environmental education programs, fosters the
growth of new programs, and encourages the development of
partnerships among environmental education programs. Funded
projects focus on meaningful outdoor experiences for students
and professional development opportunities for teachers in the
area of environmental education. Criteria emphasize sustained,
hands-on, multi-disciplinary environmental experiences that
are aligned with academic learning standards. The B-WET
Program has the opportunity to bring the environment into
every classroom and every child out into the environment in a
meaningful way.

The first federally supported environmental education grant
program to focus solely on specific geographic areas, the B-WET
Program directly interacts with constituents and allows for the
program to adapt to the needs of the local community.

PREVIOUSLY FUNDED PROJECTS
Through B-WET grants, students learn to assess the sand
crab population along the beaches of Monterey Bay, compare
present-day watershed management policies with traditional
Hawaiian techniques, and reintroduce native submerged aquatic
vegetation to the Chesapeake Bay. The B-WET Programs have
funded a total of 135 grants to date. Projects range in funding
level and applicant type from small non-profit organizations, to
universities, to individual schools:
• Monterey High School: Students participate in long-term
monitoring of the rocky intertidal and sandy shores throughout
the Monterey Bay Peninsula. Students collect data, enter the
data into a website that can be utilized by other students
nationwide, analyze the data, and write a scientific research
paper on the results.
• Maryland Association for Environmental and Outdoor
Education: The Schoolyard Habitat project provides unique,
hands-on opportunities for students to create habitat for
wildlife, provide a natural buffer for local waterways, and
demonstrate healthy land stewardship for local communities
all within the boundaries of their schoolyard. The goal of
this project is to complete habitat restoration projects at 15
Maryland schools that will provide meaningful experiences for
students and teachers on the school grounds.
• Monterey Dunes Natural History Association: Students learn
about the dune ecosystem and dune restoration techniques
and collect native dune plant species at two local State Park
areas. The students propagate and grow the native plants and
then replant them throughout degraded dunes around the
Monterey Bay.

Water quality monitoring is a hands-on activity that many students around
the country engage in with staff from the National Marine Sanctuary
Program.

• Moss Landing Marine Laboratories: Teachers participate in
activities that focus on seabird mortality and harmful algal
blooms and develop monitoring programs that relate to marine
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resource management issues in the Monterey Bay watersheds.
These programs are then tied to state standards and can be
used as a classroom activity during the school year.
• National Environmental Education and Training Foundation: The
EnvironMentors Project is a two-year environmental science
academic program that prepares students for college degree
programs and professions in natural resource management.
The project mentors students through a school-based
environmental science curriculum, an out-of-school mentoring
and career awareness program, internships, watershed field
excursions, research, and significant college support.
• Foundation of California State University of Monterey Bay
(Watershed Institute): A formal, credited California State
University of Monterey Bay certificate program for teachers,
student-teachers, informal educators, and undergraduate
students. The program provides environmental community
service experiences for students.
• Ventana Wilderness Society: Students explore and study
different habitats of the Monterey Bay watershed, meet
with researchers and restoration experts, conduct field tests,
collect data, and analyze and report on their findings. In
addition, students are introduced to working professionals in
various fields, including natural resource management and
environmental interpretation.
• Hawai’i Wildlife Fund: Students and teachers from
intermediate and high schools compare present-day
watershed management policies to traditional Hawaiian
techniques. The students are introduced to wilderness
areas, explore the factors that impact streams, pools,
wetlands and other near-shore ecosystems, and determine
recommendations for future sustainability.
A closer look at these types of projects shows that an increase
in knowledge about the environment and the relationship each
student has with the environment can significantly change a
student’s attitude toward the environment that surrounds them.
The following discussion is a closer review of one such project.

CARMEL MIDDLE SCHOOL—THE WATERSHED
PROJECT
The river running behind Carmel Middle School is no longer
an unknown world to the students of Carmel Middle School in
California. Since the inception of the Carmel River Watershed
project, a grant funded through the B-WET Program, the students
regularly evaluate the quality and health of the river and the
entire watershed.
The students learn about the watershed while utilizing lessons
that align with state standards in a manner that directly involves
the kids in all stages of the project. It allows the teachers to be
facilitators for the kids to do research on the abiotic and biotic
communities. The students are able to inculcate natural history
ideas in a real-time fashion. The watershed project gives teachers
an opportunity to communicate with the students about what is
observed in the world while learning how to be real scientists.

Carmel Middle School lead science teacher Craig Hohenberger
conceived the Carmel River Watershed project. The short-term
goal of the project was to help students evaluate the impact
of any problems associated with the quality and health of the
river on the entire watershed and the larger ecological system.
Students investigated erosion, vegetation loss, diminished wildlife,
densities and declines in steelhead trout, and invertebrates.
To accomplish the goals of the project, science teachers
established three sites along the river that students monitored
throughout the school year. Each year, all 650 students at the
Carmel Middle School participated in the project and engaged in
many hands-on activities. These included:
• Studying the life cycle of the steelhead trout in the river and
measuring the numbers of steelhead in the river;
• Measuring temperature, salinity, flow, and pH;
• Monitoring insects and bird species using pitfall traps and
banding and point counts;
• Completing environmental action projects such as beach
restoration and riparian habitat restoration; and,
• Participating in the international poetry and art contest, “River
of Words.”
Data and information that the students gathered were shared
with local agencies like the Carmel River Watershed Conservancy,
Carmel River Steelhead Association, and the California State
Parks to begin to determine ways the river and watershed can be
restored to a healthy environment. The Carmel River Watershed
Conservancy incorporated the Water Quality sampling program
into their action plan for Carmel River tributaries, and the Carmel
River Watershed Conservancy and the Big Sur Ornithology Lab
are using the bird banding and avian area search data for their
annual research along the Carmel River. Students appreciate the
importance of their work and research, and they understand their
value to the protection of the natural resources of Monterey Bay
National Marine Sanctuary.
Evaluation. Now in its third year, the long-range goal of the
Carmel River Watershed project is to raise students’ social
awareness, stimulate observation, motivate critical thinking, and
develop problem-solving skills. In their journey toward becoming
good stewards of the environment, the students also learn a
respect and appreciation of nature. Assessment activities such as
pre- and post- testing, student reports and presentations, class
discussions and journaling showed that for an overwhelming
majority of the students the meaningful hands-on activities
increased student learning, raised the students’ social awareness,
stimulated observation, motivated critical thinking, and helped to
develop problem solving skills concerning the issues surrounding
the health of the Carmel River and Watershed. For example, tests
and quizzes given to the students showed that their knowledge
about the Carmel River watershed increased by 30 to 40
percent. An increase in knowledge about the watershed was also
apparent during class activities like hikes and discussions along
the Carmel River.
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but the animals that we have to especially be careful about are
the Steelhead Trout and the Red-Legged Frogs (two endangered
species found in the Carmel River). The human society makes
the watershed not a healthy place because of habitat destruction
by human development and because we over pump the
underground water.”
“With human development, the Carmel River watershed is slowly
disappearing. We cut down trees for firewood and making space
for buildings, and we over pump our water supply. By cutting
down trees, it’s making it harder for animals to find homes and
food. By using too much of our water we are also making a bad
living space for our marine species.”
Students in California participate in sandy beach monitoring in national marine
sanctuaries.

All of the students that participated in this project had positive
experiences and learned about the importance of the health of
their watershed. Pre- and post-tests preformed during the school
year showed an increase of over 90 percent gain in knowledge
about the scientific method, endangered species and correct
land practice uses. Students were asked simple questions about
water flow and its effects on the environment, and they could
easily identify that excessive groundwater pumping affects
seasonal flows and, thus, affects steelhead runs, red-legged frog
populations and the growth of the riparian habitat plant species.
Further, from their field experiences as scientists, students have
a deep understanding of the scientific method; not only do they
know the steps, but they understand its purpose and usefulness
to scientific research.”
From the Students. All Carmel Middle School students kept
extensive journals and wrote research papers based on their
watershed activities. Following are a few of the conclusions
written by the students as they finished the course:
“The chemicals Sulfite and Chloride and pH were significantly
higher in concentration as the samples got closer to the mouth
of the river. The water consistently gained pollution, as it got
closer to the mouth of the river because of runoff from the
urban environment. This runoff occurs at a higher rate during the
rainy season because there is more water to wash the chemicals
down to the river. The results showed that the Carmel River is
constantly getting more and more polluted as the community
expands at a rapid pace.”
“The Monterey Peninsula has a constantly growing population
that needs to be accommodated with water. Most of this water
comes from the Carmel River. This water that is taken from the
river makes the river flow only some months of the year because
it creates an underground aquifer. The Carmel River needs to be
flowing year round to make the Carmel River watershed healthy.
Hopefully, people take a stand and change the direction of the
watershed otherwise the Carmel River could be in severe health
in the near future.”
“Due to everything we have learned, our watershed is really not
healthy. The different species of animals and insects are dying

These enthusiastic and thought-provoking journal entries provide
an insight into the change in attitude and behavior of the
students. Projects such as the Carmel River Watershed project
can produce environmentally educated individuals who can
become effective future workers, problem solvers, and thoughtful
community leaders.

THE FUTURE OF B-WET
The B-WET Program is currently conducting an independent
evaluation to quantitatively measure how the B-WET Program
impacts student learning and teaching in ways that lead to
improved environmental stewardship. The goal of the B-WET
Program is to create stewards of the marine environment.
Through valid techniques and methods, quantitative and
qualitative information can be collected to determine how that
goal is achieved. The evaluator will provide the knowledge,
skills and tools to design and implement projects that have
measurable impacts, and will help to increase the effectiveness
of the projects by applying valid instructional design theory to
the projects.
The data gathered through the independent evaluation will help
identify the most effective components of B-WET projects and
provide valuable information that can be used to expand B-WET
to other watersheds throughout the country. B-WET can be
used as an example of the effectiveness of formal and informal
environmental education and a model for how federal, state, and
local agencies can achieve improvements to the environment
through creative and imaginative ways.

Seaberry Nachbar is the program manager for the Bay
Watershed Education and Training (B-WET) Program in Monterey
Bay. She developed and initiated the B-WET Program in the
Chesapeake Bay area and has successfully expanded the
program to California and Hawai’i. She draws upon her five years
of marine and environmental education experience working for
both non-profit and federal agencies and her background work
in both the science and education fields.
PHOTO CREDIT:
Photographs Courtesy of Claire Johnson/NOAA
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ACTIVITY: SEALS, CORALS,

AND

DOLLARS…

FOCUS

MATERIALS

Ecological relationships and management of Hawaiian monk
seals and precious corals

 Internet access, or copies of pages from:

GRADE LEVEL

a. http://leahi.kcc.hawaii.edu/~et/wlcurric/seals.html
b. www.oar.noaa.gov/spotlite/archive/spot_corals.html

Grades 9-12 (Biology)

c. www.soest.hawaii.edu/HURL/precious_corals.html

FOCUS QUESTION

d. www.planet-hawaii.com/environment/199wtch.htm

• What actions should be taken to manage monk seals and
precious coral resources in the Northwestern Hawaiian
Islands?

e. http://www.greenhawaii.org/kelly/articles/2001/Gold.html

LEARNING OBJECTIVES
Students will be able to describe the ecological relationships
between Hawaiian monk seals and deep-water precious corals.
Students will be able to describe and explain at least two
different viewpoints on how monk seals and precious coral
resources should be managed in the Northwestern Hawaiian
Islands.
Students will be able to list at least four reasons why Hawaiian
monk seals are endangered.
Students will be able to describe a management strategy for
monk seals and precious coral resources, and explain the
rationale for this strategy.

ADDITIONAL INFORMATION FOR TEACHERS OF DEAF
STUDENTS
In addition to the words listed as key words, the following words
should be part of the vocabulary list.

f. http://swfsc.nmfs.noaa.gov/western_pacific_fishery_
manageme.htm

AUDIO/VISUAL MATERIALS
None

TEACHING TIME
One 45-minute class period, plus time for research and report
preparation (may be done as homework)

SEATING ARRANGEMENT
Classroom-style or groups of four students

MAXIMUM NUMBER OF STUDENTS
24

KEY WORDS
Hawaiian monk seal

Precious Coral

Endemic

Indigenous

Alien Species

Endangered

Sustainable Harvest

Atoll

Nautical

Scuba

Exploration

BACKGROUND INFORMATION

ROV

Coral

Endemic

Indigenous

Alien

Species

Endangered

Management

Nearly 70 percent of all coral reefs in U.S. waters are found
around the Northwestern Hawaiian Islands, a chain of small
islands and atolls that stretches for more than 1,000 nautical
miles (nm) northwest of the main Hawaiian Islands. While
scientists have studied shallow portions of the area for many
years, almost nothing is known about deeper ocean habitats
of Scuba divers. Only a few explorations have been made
with deep-diving submersibles and remotely-operated vehicles
(ROVs), and these have led to the discovery of new species and
species previously unreported in Hawaiian waters. The possibility
of discovering new species has commercial importance as
well as scientific interest, since some of these species may
produce materials of importance to medicine or industry. The
Northwestern Hawaiian Islands are regularly visited by Hawaiian
monk seals, one of only two species of monk seals remaining
in the world (the Caribbean monk seal was declared extinct in
1994). Waters around the Northwestern Hawaiian Islands may
be an important feeding area for the seals, which appear to feed
on fishes that find shelter among colonies of deep-water corals.
These corals are also of interest, because they include several
species that are commercially valuable for jewelry. The 2002

There are no formal signs in American Sign Language for any
of the key words and many are difficult to lipread. Having the
vocabulary list on the board as a reference during the lesson will
be extremely helpful. It would also be very helpful to copy the
vocabulary list and hand it out to the students to read after the
lesson to reinforce what was covered during class. Introduce and
discuss “endemic,” “indigenous,” “alien species,” “endangered,”
and “management” prior to the activity. Also copy and hand out
Items a-g in Step #3. This will be helpful to the students prior to
them preparing a report, as they will need to clearly understand
what is expected of them.
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Ocean Exploration Expedition to the Northwestern Hawaiian
Islands included studies of ecological relationships between
monk seals and the deep-sea environments of the Northwestern
Hawaiian Islands, as well as mapping the previously unexplored
deep-sea regions around the islands, investigations of deepwater
fishes, and exploration of deepwater habitats.

CONNECTIONS TO OTHER SUBJECTS
English/Language Arts, Social Studies

EVALUATION

This activity focuses on management issues posed by an
endangered species (Hawaiian monk seals) that depend to
an unknown extent upon deep-water habitats provided by a
commercially valuable species (precious corals).

Develop a grading rubric that includes performance on the group
research and report (Step #2) and participation in the overall
discussion (Step #3). Alternatively, following the oral reports
in Step #3, you may want to have students prepare individual
written responses to the questions prior to discussing these
questions with the entire class.

LEARNING PROCEDURE

EXTENSION

1. Introduce the location of the Northwestern Hawaiian Islands,
and point out some of the features that make this area
important (discussed above).

Visit http://www.radiojerry.com/frigate/ for an “up close and
personal” account of life on French Frigate Shoals and encounters
with monk seals.

2. Direct each student group to prepare a report based on one
of the six web pages on seals and/or precious corals listed
under "Resources" (be sure students take note of the date
their pages were posted):

RESOURCES

3. Have each group present their report. Lead a discussion of
these reports, including the following:
a. What is the distinction between endemic, indigenous, and
alien species?
b. What are the feeding and habitat preferences of Hawaiian
monk seals?
c. Why are Hawaiian monk seals endangered?
d. Why are precious corals important? (Students should
identify commercial importance as well as the role of these
corals in natural ecosystems.)
e. What groups have expressed views about the need
to manage precious corals, and how do these views
differ? (Students should distinguish between management
objectives directed toward a sustainable harvest of precious
corals and objectives directed toward maintaining the corals
as a key habitat element for an endangered species.)
f. What options should be considered in developing
management plans for monk seals and precious corals
in the Northwestern Hawaiian Islands? (Students should
recognize that the interests of commercial exploitation and
conservation are in potential conflict here, and that options
range from “Do nothing” to “Ban all human interaction with
these species;” resource managers generally try to balance
desired uses within the overall principle that no species
should be driven to extinction.)
g. What formal management measures have been taken to
address concerns about monk seals and precious corals?
Are these measures sufficient?

THE BRIDGE CONNECTION
www.vims.edu/bridge/pacific.html

NOAA’s Ocean Exploration:
http://oceanexplorer.noaa.gov
Background Information on Monk Seals:
http://leahi.kcc.hawaii.edu/~et/wlcurric/seals.html
Article on Precious Corals:
www.oar.noaa.gov/spotlite/archive/spot_corals.html
Article on Managing Precious Corals and Monk Seals:
www.soest.hawaii.edu/HURL/precious_corals.html
Article on Ecological Relationship between Monk Seals and
Precious Corals:
www.planet-hawaii.com/environment/199wtch.htm
Article on the “New Hawaiian Gold Rush”:
http://www.greenhawaii.org/kelly/articles/2001/
Gold.html
Press Release on Management Measures Adopted by the
Western Pacific Fishery Management Council:
http://swfsc.nmfs.noaa.gov/western_pacific_fishery_
manageme.htm

NATIONAL SCIENCE EDUCATION STANDARDS
Content Standard A: Science As Inquiry
• Abilities necessary to do scientific inquiry
• Understanding about scientific inquiry
Content Standard C: Life Science
• Interdependence of organisms
Content Standard F: Science in Personal and
Social Perspectives
• Natural resources

CREDITS
Activity developed by Mel Goodwin, PhD, The Harmony Project,
Charleston, South Carolina

THE “ME” CONNECTION
Have students write a short essay on why endangered species
should (or should not) be protected, and how this is of personal
importance to their own lives.
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