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A Strategy to Promote Marine Education in

Elementary Schools
Dr. Tomohiko Fukushima
Researcher, Ocean Policy Research Foundation, Japan

While it was revising its Guidelines for Learning, Japan also began a new
“integrated course” program that allows teachers to design their courses more
creatively. An essential part consists of external cooperation with many outside
supportive groups participating in on-site education programs. This includes
groups that have devoted themselves to the promotion of ocean education. In the
initial stages, they tried many options. After five years, the popularity of ocean
education is lagging our expectations. There are many possible causes for this,
but mostly importantly, there is no sufficient communication between external
supportive groups and the institutes in charge of on-site education. In particular,
external support groups fail to understand the situation of on-site education
efforts including limitations and the promotion of partial values resulting in a
low level of acceptability. However, external supportive groups are more likely
to think problems would be solved with only a good plan or when financial
assistance is given. There is a need, however, to fully understand the situation of
on-site education if one wants to promote the popularity of ocean education.
Limitations should overcome item by item with great effort or the goal to
popularize ocean education will fail.
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Marine Education in the Sea Grant Program
Russell Moll and Shauna Oh
California Sea Grant Program, University of
California, San Diego, USA

The state of ocean literacy in the United States by the general population is generally
very low. While much of the population has a strong interest in the ocean, they remain
largely uninformed about the physics, chemistry, biology, natural resources and policy of
these immense bodies of water. Working in partnership with a wide variety of programs,
Sea Grant has developed a suite of programs in marine education with an overall goal of
improving ocean literacy. With particular reference to the activities of California Sea
Grant, this paper describes many of those programs and puts them in context of nation-
wide efforts in the United States on marine education. Sea Grant is a network of 30
programs located in every Great Lakes and coastal state in the United States. Sea Grant
Programs support research, outreach and education on the coastal environment. They
achieve the marine education goal through a mixture of activities in graduate education,
post-doctoral education, undergraduate education, fellowships, K-12 programs and free
choice learning. California Sea Grant has on-going activities in all of these areas and in
brief are as follows: A program to support graduate students studying marine science that
since the 1970s has provided support to more than 900 students. A program created in
2003 that has supported 30 pre-doctoral and post-doctoral fellows to study issues of
importance to the San Francisco Bay and Delta. Fellowship programs for students who
have recently completed an MS, PhD or JD that provide opportunities to learn more
about marine policy by spending a year working in federal or state government. An
assistance program for undergraduates so that they may work during the summer in
university laboratories conducting marine research. Support for K-12 students to attend
summer marine science camps. A wide variety of materials developed by California Sea
Grant to support free choice learning throughout California. Collectively these programs
provide the basis of the marine education programs supported by California Sea Grant.
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INTRODUCTION

The oceans of the world remain one of the great mysteries to many of us. While
the oceans cover a huge expanse of the surface of our planet, the population of the United
States is relatively uninformed about the physics, chemistry, geology and biology of these
vast water bodies. Many people who live only a short distance from the oceans have
never seen them and the majority of the population living in the interior of the country
has never ventured to the ocean shore. Teaching about the seas is not in the mainstream
of the American educational system and as a result the state of ocean literacy is relatively
poor in the United States. This paper describes efforts by Sea Grant to improve ocean
literacy in the United States.

There are a wide variety of marine science educational programs available to
students ranging from K to 12, undergraduate, graduate, post-doctoral and adult programs
offered by many different groups. These programs range from small summer camps for
K-12 students to large undergraduate programs that draw students from throughout the
country. The marine science education enterprise in the United States is comprised
mostly of small programs that create a loose network of educational opportunities. There
are a few widely coordinated programs such as those offered by the Sea Grant network.
The primary purpose of this paper is to provide an overview of the marine education
programs offered by the Sea Grant network.

California Sea Grant is one of thirty Sea Grant programs that collectively form the
Sea Grant network. There is approximately one Sea Grant program in every Great Lakes

and coastal state in the United States. Funded in part by the federal government through
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the National Oceanic and Atmospheric Administration (NOAA) and partly by local
sources in each state, Sea Grant addresses national research and outreach needs through
the state programs. Each of the Sea Grant programs concentrates on the nearshore
environment and as such California Sea Grant focuses on the California coast. One
important concept behind Sea Grant is that results from research supported by Sea Grant
are made available to the public at large through coordinated outreach activities via field
agents and public resource materials such as pamphlets, guides, websites, educational
displays, exhibits and programs. Among the many tools that Sea Grant uses to bring
information to the public is marine education.

Marine Education in the United States. In brief, there are a handful of nation-
wide marine education programs in the United States. Below follows a brief description
of these programs.

One of the newest nation-wide marine education networks is the Center for Ocean
Science Education Excellence (COSEE) supported by the National Science Foundation
(NSF) and NOAA. The purpose of this network is to bring skilled marine scientists from
universities into the K-12 classroom to teach marine science. There are a ten COSEE
centers in the US, with two of them in California. California Sea Grant has been closely
affiliated with COSEE-California.

Smaller marine education programs are the Sea Semester and Semester at Sea
programs that provide the opportunity for undergraduates to spend a semester on a sailing
ship cruising and learning about the oceans. These programs provide a hands-on
experience for undergraduates to learn the science of oceanography. In addition to these

two on the water educational programs, there are several dozen universities that offer



undergraduate programs in marine sciences in the United States that utilize a variety of
educational methods including summer field stations.

Summer programs and camps collectively form a marine education network that
employs a variety of techniques ranging from residential camps to classroom settings to
one-day camps. The emphasis is on marine science education for K-12 students living
along the coast or traveling to the coastal environment for the summer. These camps tend
to have a high emphasis on programs that include water sports such as kayaking, field
classrooms and in-water observations via snorkeling and scuba diving.

Perhaps the marine education programs that reach the largest segment of the U.S.
population are the free-choice learning opportunities that are easily accessible at public
aquaria and zoos. Collectively free choice learning provides the biggest opportunity to
teach a large segment of the general public about marine science. For example more than
4.3 million people visit an aquarium each year in California'. Because these are
considered “free choice” learning experiences, they are dependent on people making a
conscience decision to spend their free time with ocean-related educational materials.

Sea Grant and Marine Education. The Sea Grant programs are involved at some
level in all of the national efforts mentioned above. Many of the 30 Sea Grant programs
employ one or more educational specialists with skills in marine education. Over the
course of more than three decades of experience in producing high quality educational
materials, Sea Grant programs have developed a large collection of items that work well

to teach marine science.

' 2007. Association of Zoos and Aquariums Member Directory. T. Lewthwaite, Editor.
Published by Association of Zoos and Aquariums. Silver Spring, Maryland
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The establishment of the COSEE centers five years ago enhanced the Sea Grant
efforts by bringing those scientists who conduct the research directly into the classroom.
One or more Sea Grant programs are affiliated with each of the ten COSEE centers in the
United States. In some cases the COSEE center is co-located with a Sea Grant program.

Sea Grant is involved in undergraduate education by providing scholarships that
bring undergraduate students into the laboratories to work on marine research projects.
These hands-on experiences are often the tipping point of a young career to get the
students enthused about marine science. In a similar fashion, Sea Grant serves as the link
to steer undergraduate students to opportunities such as Sea Semester.

Perhaps the largest impact Sea Grant has as a national network is via graduate
education. Because Sea Grant spends about one half of its funds supporting research, this
creates numerous graduate student fellowships to support marine science students. Over
the course of the thirty-five year history of Sea Grant, thousands of graduate students
have been supported via Sea Grant sponsored research.

Finally, the national Sea Grant network plays an increasing role in free choice
learning aimed at the entire population or so called “K through Gray.” With Sea Grant
sponsored research providing the background material, items such as exhibits, displays,
posters, signs, CDs, DVDs and printed documents make a large contribution to free
choice learning of ocean information and issues. Increasingly Sea Grant sees the free
choice educational opportunities as an excellent venue to enhance ocean literacy among

the American public.

CALIFORNIA SEA GRANT AND GRADUATE MARINE EDUCATION
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The California Sea Grant College Program participates at some level in all of the
marine education activities mentioned above. Because each Sea Grant program in the
United States has a somewhat different emphasis and approach, California Sea Grant
likewise has differing levels of efforts in each form of marine education. The marine
education programs at California Sea Grant that receive the largest amount of support are
graduate and post-graduate education. Below is a description of the graduate and post-
graduate programs, how they function and the success these programs have enjoyed over
the past thirty years.

Graduate Education in the California Sea Grant Trainee Program. By far the
largest and most successful program in marine education within California Sea Grant is
the graduate student trainee program. Developed almost 30 years ago, this program is
based on the premise that producing high quality future marine scientists is highly
dependent on research experiences. As such, each investigator that receives support for a
research project from California Sea Grant is offered the opportunity to have one
graduate student “trainee” for the entire duration of their project. Trainees are graduate
students enrolled in a graduate degree granting institution, normally the same institution
where the Principal Investigator is located. The Principal Investigator is given the
opportunity to receive a traineeship without incurring additional costs to their research
project. In essence this provides a huge incentive for a researcher to support a graduate
student on their California Sea Grant research project as there is no extra cost for the
student stipend.

The educational benefits of the California Sea Grant trainee program are many

fold. Graduate students spend a significant amount of their educational experience
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learning research methods, being exposed to cutting edge research and benefiting from a
mentoring experience. Many former California Sea Grant trainees have remarked that
these have been career-shaping experiences for them. Over the years the California Sea
Grant trainee program has made a substantial contribution to the current pool of marine
scientists and policy makers in California and throughout the United States. Since the
inception of the program in 1968 more than 900 graduate students have been supported
by California Sea Grant traineeships. Table 1 is a list of the current location of some of
the former California Sea Grant trainees.

CALFED Science Fellows Program. In 2000 California Sea Grant was
approached by the CALFED Bay-Delta Program to work in a partnership to establish a
pre-doctoral and post-doctoral fellowship program. Titled the CALFED Science Fellows
Program, since 2003 six to eight fellows have been funded each year for a total of 30
Fellows. The overall purpose of the CALFED program is to promote a better
understanding of the bays and deltas formed by the confluence of the Sacramento and
San Joaquin Rivers at San Francisco Bay in central California. The environmental and
economic challenges associated with the use of water resources in this area are extensive
and the CALFED program seeks support via the Science Fellows Program to bring pre-
doctoral and post-doctoral expertise to bear on these issues. Drawing from throughout
the United States, the primary criteria of selection are high quality science, a focus on the
bay-delta environment and relevance to issues faced by the CALFED program. This
program has a mentoring relationship as an essential component. Students may not apply
for a CALFED Science Fellowship unless they have both an academic and community

mentor. The academic mentor is the person who guides the fellow through their doctoral
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or post-doctoral education. The community mentor is the person often associated with
CALFED that is interested in analyzing, generating, interpreting and or expanding data,
central to the fellow’s project. Typically, these mentors are agency scientists, restoration
program managers, and technical staff in environmental organizations or stakeholder
associations. The CALFED Science Fellows Program has become recognized as the
hallmark of an excellent partnership that provides a consistent source of support for
graduate and post-graduate marine science education and excellent new information and
insight regarding the bay-delta system. Because CALFED Science Fellows are
recognized for their substantial contributions in new knowledge about the bay-delta
system, many are successful at launching new marine science careers at the conclusion of

the fellowship (see web listing at

http://www.csgc.ucsd.edu/RESEARCH/PPCALFED.html).

FELLOWSHIP PROGRAMS AT CALIFORNIA SEA GRANT

California Sea Grant participates in a wide variety of fellowship programs that are
primarily aimed at students just completing their graduate education in marine sciences.
The two most prominent fellowship programs at California Sea Grant are the John A.
Knauss Marine Policy Fellowship program and the California Sea Grant State Fellows
program. The latter is modeled after the former and as such they share many similar
attributes. The rationale for both fellowship programs is that graduate education in
marine science or a related field can be substantially enhanced through an experience

working in federal or state government. This gives students with skills in marine



sciences an opportunity to learn how federal or state policies are created and put into
action.

The John A. Knauss Marine Policy Fellowship: The John A. Knauss Marine
Policy Fellowships provide an opportunity for recent graduates to spend a year in
Washington DC learning about how the federal government addresses marine issues.
The program is nation-wide and recruits prospective fellows from all 30 Sea Grant
programs. Each Sea Grant program may nominate up to six candidates each year for
consideration as a Knauss Fellow. After an intense selection process, upwards of 45
recent graduates are admitted as finalists to the program. Normally a little more than one
half of all applicants are accepted as finalists. Finalists travel to Washington DC in
November or December to conduct a series of interviews and select a host location for
the coming year. Ten finalists spend a year working as staff in the US Congress while
the remaining finalists spend a year working in federal agencies in the Washington DC
area. The John A. Knauss Marine Policy Fellowships are offered only to those students
who have recently completed an MS, Ph.D. or JD with an emphasis on marine sciences.

The fellowship program is described in detail at: http://www.seagrant.noaa.gov/knauss/.

Included on this web site is information on the experiences of previous John A. Knauss
Marine Policy Fellows, a list of former fellows and details on the application process.
California Sea Grant State Fellowship Program: The successes of the John A.
Knauss Marine Policy Fellowship program prompted California Sea Grant to develop a
parallel program offering a similar experience in California. Using much of the same
guiding philosophy as with the Knauss Fellows Program, California Sea Grant created

the California Sea Grant State Fellows Program in 1988. The concept is that many



excellent educational experiences are available to recent graduates within California, in
particular in state government. Similar to the John A. Knauss Marine Policy Fellowship
Program, the California Sea Grant State Fellows Program is open only to those students
who have recently completed an MS, Ph.D. or JD with an emphasis on marine sciences.
Over the course of the twenty years, 41 students have participated in the California Sea
Grant State Fellows Program. Details of this program may be found at:

http://www.csgc.ucsd.edu/EDUCATION/StateFellow.html including stories from past

California Sea Grant State Fellows regarding their experiences during their fellowship.
Additional Fellowship Programs at California Sea Grant. Students who are
currently pursuing an advanced degree in marine sciences may also apply through
California Sea Grant for two other nation-wide fellowship programs. One program is the
Fisheries Graduate Fellowship. In this case NOAA’s National Sea Grant Office and
NOAA Fisheries established a Graduate Fellowship Program in population dynamics and
marine resource economics. The fellowship is for Ph.D. students who are interested in
either of these two disciplines. The other is the Sea Grant Industry Fellowship Program
that provides support for graduate students who are pursuing research and development
projects in topics of interest to a particular industry/company. In a true partnership, the
student, the faculty advisor, the Sea Grant program, and the industry representative work
together on a project from beginning to end. This latter fellowship has strong ties to the
extension portion of each Sea Grant program and will be discussed in more detail in the

paper by Dr. Paul Olin, also from California Sea Grant.

CALIFORNIA SEA GRANT AND UNDERGRADUATE MARINE EDUCATION
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Although the preponderance of resources that California Sea Grant devotes to
marine education goes toward graduate programs, there is one undergraduate fellowship
available. California Sea Grant supports the John D. Isaacs Marine Undergraduate
Fellowship. Originally conceived as a four-year $12,000 fellowship to one high school
senior entering college, this fellowship is now a multi-student summer program for
undergraduates.

John D. Isaacs Marine Undergraduate Research Assistant Program.
Recognizing that what drives students most into a career in marine sciences and expands
their knowledge of the marine environment is hands-on experiences, this program was
revised in 2005 to provide summer research assistantships for up to six undergraduate
students. The approach is that researchers whose projects are supported by California
Sea Grant may apply for a fellowship to support one undergraduate student to work on
their project during the summer. Offering up to $2500 for each undergraduate student,
the researcher may request California Sea Grant support for the student during the
summer. Only researchers who receive California Sea Grant research funds may apply

for an Isaacs Undergraduate Research Assistantship.

K-12 MARINE EDUCATION PROGRAMS AT CALIFORNIA SEA GRANT

There are a variety of mechanisms that California Sea Grant has used to support
K-12 marine education. About half of these focus on summer programs and the other
half on school-year programs. Collectively California Sea Grant has reached thousands

of youths to help raise the level of ocean literacy.
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Summer Camps. In the past few years California Sea Grant has made a
commitment of $40,000-50,000 per year to Camp SEA Lab located in the Monterey Bay
region of California. This program, now in its sixth summer of operation, employs a
mixture of residential and single day camp experiences for K-12 children. With a special
emphasis on disadvantaged youth from schools that do not normally have access to ocean
education programs, Camp SEA Lab utilizes activities that range from classroom
exercises to ocean field trips. Classroom exercises tend to draw on existing curriculum
developed elsewhere and brought as teaching modules to Camp SEA Lab. Field trips are
tailored to the age of the youth and range from a visit to the beach to a five-day ocean
voyage from San Francisco to Santa Cruz. During the field trips students are taught a
range of ocean related subjects such as navigation, physical oceanography, meteorology,
coastal marine ecology, and historical and cultural traditions of the sea. The support from
California Sea Grant does not cover the entire cost of operating a program such as Camp
SEA Lab that includes hundreds of students each summer. Rather the Sea Grant funds
are added to a larger pool to provide overall support for the program. Dr. Rick Starr, one
of the California Sea Grant Field Advisors, is deeply involved in this program and sits on
the Board of Directors for Camp SEA Lab. More information on Camp SEA Lab may be
found at http://www.campsealab.org/

California Sea Grant makes smaller contributions to other K-12 summer ocean
education programs in California. Typically in the range of $3000-$5000 per summer, a
variety of summer programs has been supported. An example of these is the Summer
Girls Camps taught at the University of Southern California’s Wrigley Institute of

Environmental Studies on Catalina Island. The contribution from California Sea Grant
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provides scholarship funds that are used to bring disadvantaged high school girls to the
camp so that they may experience the ocean for the first time.

In aggregate, the summer programs supported by funds from California Sea Grant
have supported programs that expose hundreds of youths over the course of many years
to the oceans. The primary intention of these summer programs is to make youth aware
of the marine environment, that protection of coastal resources requires a considerable
effort, the types of organisms found living at the edge of the sea, and to increase the
interest level of the students so that some of them may choose to study marine sciences as
they enter college.

National Ocean Sciences Bowl. Whereas the summer ocean camps tend to meet
the needs of many students with a broad scale approach, ten years ago a nation-wide
program was devised to address high-achieving high school students interested in marine
sciences. The National Ocean Sciences Bowl (NOSB) was developed along a quiz bowl
format with teams of six high school students that compete against teams from other high
schools. First rounds of competition are held on a regional basis with the regional
winners moving to a national round and an eventual national winner determined. Ocean
science researchers develop the questions used in the NOSB. The level of competition
among the high school teams is intense. Many researchers conducting cutting-edge
research cannot answer the questions in the national finals with the same skill as these
high school competitors.

Over the years Sea Grant programs have played a major role in the NOSB. In
many states, including California, more than one regional competition is held. In those

cases the local Sea Grant programs tend to provide financial support. In other states
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where a single NOSB regional competition is held, the local Sea Grant program often
steps in and organizes and runs the event. Sea Grant also supports the nation-wide NOSB
finals. Many of the highly skilled quiz bowl moderators and science judges come from
Sea Grant staff. More information about the NOSB program can be found at

http://www.nosb.org/ including videos of the 2007 national finals competition.

Centers for Ocean Science Education Excellence (COSEE). Five years ago a
joint initiative sponsored by the National Science Foundation (NSF) and National
Oceanic and Atmospheric Administration (NOAA) was created to develop regional
COSEE programs. The primary purpose of COSEE is to promote ocean literacy among
K-12 youth by enhancing the quality and amount of materials available for classroom
use. The COSEE Centers achieve this objective by bringing the talents of marine
scientists to bear on creating K-12 educational materials. The COSEE network’s mission
is to “spark and nurture collaboration among scientists and educators to advance ocean
discovery and make known the vital role of the ocean in our lives.” The mission
statement goes to sate that “Through its work, COSEE strives to provide opportunities for
citizens of all ages to have a scientifically grounded understanding and appreciation of
the ocean.” More information on the COSEE concept and network can be found at

http://www.cosee.net/. The COSEE mission fits very well with the Sea Grant education

mission and as a result many of the COSEE Centers are highly affiliated with Sea Grant.
There are two COSEE Centers in California, COSEE-California and COSEE-

West. The former has been affiliated with California Sea Grant for more than five years.

A major accomplishment of this affiliation is the inclusion of an education component in

many of the research projects supported by California Sea Grant. Prior to the
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establishment of COSEE-California it was unusual to find an educational component in a
proposal for research support to California Sea Grant. Since COSEE-California came
into existence, most of the research proposals submitted to California Sea Grant now

include an educational component.

FREE CHOICE LEARNING

A well-established educational activity has taken on a new name in the United
States lately. Now called free choice learning, this consists of the election by peoples of
all ages to spend some of their discretionary time and income to learn about issues that
interest them. In the case of the oceans, interest levels by US citizens remain high
although ocean literacy in general is low. This provides an outstanding opportunity for
organizations to develop materials for free choice learning. Since its inception, Sea Grant
has developed materials for this explicit purpose. These materials come in the form of
brochures, booklets, books, videos, CDs, DVDs, displays, calendars, posters, signs, web
pages and other items. Each of these has an objective to teach interested individuals
more about the oceans and Great Lakes. All Sea Grant programs try to reach a broad
audience through such efforts. In many cases the final result is achieved via a
partnership. For example, signs warning ocean swimmers of the dangers of rip currents
and how to safely escape such a current are designed and produced by Sea Grant and
installed by local lifeguards. A book on marine mammals is written by an expert on
marine mammals and then edited, illustrated, printed and marketed by Sea Grant. A

video is researched and prepared by a Sea Grant program and then aired by a local
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television station. Sea Grant sponsored research projects often serve as the source
material for a display at a local aquarium.

The advantage of free choice learning is that a very broad swath of the population
can be reached. Ocean education materials developed by Sea Grant are often circulated
or used many times reaching an ever-expanding array of people. The number of people
reached via these materials vastly exceeds all of the other educational programs
combined. One may find a sample of the publications available from California Sea
Grant for free choice learning at

http://www.csgc.ucsd.edu/PUBLICATIONS/SgPublndx.html.

CONCLUSION

California Sea Grant has a rich variety of programs that support marine education.
Ranging from the highly focused CALFED Science Fellows Program to broad free
choice programs, the collective effort is to raise the level of ocean literacy of
Californians. The ocean plays a vital role in the ecology, history and economy of
California. The ocean affects all of the residents of the state in many ways. Having a
more ocean literate population is a key component working to protect the California
ocean environment and make the best use of ocean resources. Ocean literacy cannot be
achieved by a educating a single group of people or with a single message or a single

approach. The task is never-ending and yet constantly rewarding and perhaps best
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summed by the quote from Richard Wilbur “All that we do is touched with ocean, yet we

remain on the shore of what we know.”

? 1988. Richard Wilbur. New and Collected Poems. 393 pp. Harcourt Brace Jovanovich,
San Diego
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Table 1. California Sea Grant has supported hundreds of graduate students through the
Sea Grant Trainee Program. This is an example of where some of the former trainees are
now located.

David Aubrey, Director, Coastal Research Center, Woods Hole Oceanographic
Institution, Woods Hole, Massachusetts

Christine Blackburn, Program Manager, California Coastal Conservancy, Oakland,
California

Louis Botsford, Professor, Department of Wildlife, Fish and Conservation Biology,
University of California, Davis

Denise Breitburg, Research Scientist, Smithsonian Environmental Research Center,
Edgewater, Maryland

Jim Carlberg, President, Kent SeaTech Corporation, San Diego, California

Jeffrey Crooks, Research Coordinator, Tijuana River National Estuarine Research
Reserve, San Diego, California
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Marine Education in Taiwan: Building a Closer Link
between Marine Science/Technology Education and

Industries
Professor Ching-Lin Tsai
Department of Marine Biotechnology and Resources,
National Sun Yat-Sen University, Taiwan

Taiwan is an island nation. The survival of its people and the formation of its
culture are inseparable from the sea. Presently, the changing of the natural
environment around the world and the quick-paced technological advances have
led to drastic economic, political and humanistic changes. An overall planning
of national resources; forming a marine education that embraces change; building
the thinking that “a value statement with life as foundation, an international view
with Taiwan as foundation, an Earth view with ocean as foundation”; cultivating
talents to sustainably develop Taiwan to respond to global changes are urgently
needed. Sea is the niche for Taiwan’s development. Taiwan needs to build a
talent network for knowledge-based economy, to operate and market Taiwan, and
make Taiwan indispensable in the world. By allowing the people to become
more self-confident and to identify themselves with and to care for the land and
sea, a marine esthetic culture that belongs to Taiwan would naturally grow.

Let basic research lead industry R&D and let industry results support basic
research. Let the industry lean toward cultivating professional talents. Basic
research, industry R&D and industry/business will work together forming a
beneficial system. Academia and industry will work together to nurture
professionals who are futuristic, forward-looking and practical. Let quality
industry niches attract the participation of the elites to create a beneficial
relationship between industry and talents.
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Marine Education in Taiwan: Building a Closer Link
between Marine Science/Technology Education and

Industries
Professor Ching-Lin Tsai
Department of Marine Biotechnology and Resources,
National Sun Yat-Sen University, Taiwan

I.  Forward

Taiwan is surrounded by sea. The total coastline of the main island and those of
the 85 outlying islands is about 1,600 km long. Total area of territorial waters under
Taiwan’s jurisdiction is approximately 170,000 km?, 4.72 times that of the land. The
mingling of currents coming from different places and different topography, water
temperature, depth and sea bottoms have made habitats in Taiwan’s territorial water
especially diverse. Biological species here account for more than one-tenth of all
known species in the world. This is exactly the benefit for developing marine related
industries and hence the importance of a deep knowledge and understanding of the
ocean. According to National Oceans Policy Guidelines, “promoting the cultivation
of marine science research talents for the development of the nation and allowing
marine culture to take root” is the goal of Taiwan’s present day marine education
(Marine Affairs Facilitation Commission, Executive Yuan, 2006).

Il. Marine Education

Marine education is a part of the education. According to Universal
Declaration of Human Rights (United Nations, 1948), International Covenant on
Economics, Social and Cultural Rights (OFCHR, 1976), and Convention on the
Rights of the Child (UNICEF, 1989), education includes constructing the self;
reinforcing the respect for human rights and basic freedom; cultivating the recognition
and respect of one’s self and external cultures; actively participating and devoting to
the facilitation of human harmony; and the respect to the natural environment. As
land is man’s primary space of movement, it has long been a main part of the
education. With global population increasing day by day, it is an inevitable trend
that human will use marine resources. With protecting marine ecology and
environment in mind, effective development of marine resources and sustainable
marine development are important indicators of a country’s future competitiveness.
Basic marine understanding and cultivation of specialized talents are related to a
nation's sustainable development. Confronting a global trend, using Taiwan’s marine
development to compete internationally will be the key to the country’s survival.
Taiwan depends on the sea. It is the foundation of the cultural structure and the
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niche for Taiwan to develop global businesses. As land thinking has been the main
part of education, it lacks the cognition of marine thinking. Taiwan's education has
long looked down upon marine education, causing marine education and the
cultivation of specialized marine talents to fall behind the needs of the time,
technology, industries and country’s development and a discrepancy in the recognition
of marine humanistic worth.  Cultivating a thinking of “a value statement with life as
foundation, an international view with Taiwan as foundation, an Earth view with
ocean as foundation” and cultivating talents in marine related industries are urgently
needed in Taiwan’s marine education.

1. Strategy for Cultivating Specialized Talents in Marine Technology

What is “technology”? It means skills using science as a foundation. Science
is using basic research to construct a field of knowledge. Technology industry
means industries extended from the knowledge begot from basic research. In the
twenty-first century, man has entered a knowledge-based economy. The so-called
“knowledge-based economy” means the research and development and the
management and operation of an industry must be built on the foundation of
knowledge. Facing a fast-changing world, the speed which talents are cultivated to
respond to a change is closely related to a country’s competitiveness. Going along
with the government’s industrial policies, cultivating futuristic and forward-looking
talents, and building a global “marine knowledge-based economy” will allow Taiwan
to develop sustainably and become indispensable in the world. This should be the
goal for Taiwan’s specialized marine education.

A. Plan Strategy for Cultivating Marine Technology Talents

Plans for cultivating talents in marine technology related industries should
adhere to the following three principles:

1. Meet the personnel needs of industries;

2. Cultivate strategic talents with abilities in industry planning and industry

development; stress cross-discipline and all encompassing talents;

3. Cultivate talents for forward-looking industries.

According to national industrial development strategic planning, necessary
talents needed by the development of responsive industries should be strategically
cultivated, allowing the cultivation of talents to assist the formation of industrial
structure. As Taiwan’s marine technology industry structure has not yet taken
form, it is necessary to fully understand the development model of the structure of
the technology industry. Strategies for cultivating responsive talents can be
formulated from its development model.
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B. Strategy for Cultivating Marine Technology Talents

Talent cultivation process can be divided into basic education and
specialized education, as shown in figure 1. Basic education stage includes
marine education for the general public, which is also the foundation for
cultivating specialized talents. Basic education stage focuses on courses that
generate interest in students in marine related specializations and to build the
foundation for marine science and marine biosciences.

| Basic Education |
Kindergarten =) Elementary school=) Junior High School =) High|School = University ) Busir|1ess

Specialized Education

Figure 1. Cultivation of Marine Technology Industry Talents

On the other hand, the cultivation of creativity is a basic necessity in
cultivating quality “marine knowledge-based economy” talents. Specialized
education stage is formed according to the different needs of industries, as shown
in figure 2. Different industries will have different needs; however, there is still
a commonality to their needs in talents. The talent needs of the “marine
knowledge-based economy” are divided into research platform, research and
development platform, product platform (or mass production platform),
merchandise platform and market evaluation, and analysis platform. Each
platform has its own special needs. Each talent is given appropriate courses
depending on his categorization. For someone belonging to research platform,
basic scientific research will be the core. Someone in the research and
development platform takes the research results and conducts development
according to the product target of the market analysis. Research and
development requires two types of talents. One is someone who studies the
structure of result database. The other is someone who studies the industrial
application of the said result.

“Product platform” is another term for “mass production platform”. Its
needs are mainly people in the design, management, and operation of industrial
procedures. Merchandise platform is not just limited to marketing products.
Intellectual property itself is also merchandise. Therefore, merchandise platform
requires people in the area of marketing, operation, international legal affairs, and
intellectual property rights professionals. For a knowledge-based economy to
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work, creative talents are a key, hence the importance of the cultivation of
creativity. The strategy lies in courses that inspire creativity in basic education.
As mentioned before, talents in a knowledge-based economy have different
properties, but there is also a commonality in the cultivation strategy.

Research Platform © R&D Platform = Product Platform= Merchandise Platform
(operations, marketing, intellectual
market evaluation, analysis platform property rights, international
affairs)

Figure 2 Categorization according to industrial structure

Education in the recognition of marine industries is extremely important in
the cultivation of specialized talents. The reason is that the balance between
maintaining the ecology and economic benefits is a question regarding sustainable
development that Taiwan must consider seriously at the same time it develops
marine industries. Making the correct value judgment in the development of
marine industries is what every related professional must do.

C. Comparison of Marine Technology Industries and Training in the U.S., Japan
and Taiwan
The development of marine related industries is the lifeline of island
nations’ economies. In comparison to the United States, “developing marine
industries to make the economy” holds truer for island nations such as Japan
and Taiwan. Therefore, in the training of related personnel, the training goal
is not only to respond to the personnel needs of the industries, but also talents
with strategic, planning and developing abilities. The marine technology
industries development target, strategic planning and building industry
development system in Japan all started before Taiwan’s and were done so in a
more complete and thought-out manner. Under the Japanese tradition of
inheriting professions, related development and talent cultivation have shown
significant effects. Moreover, Sea Grant of the United States has had a long
history. The energy of its integrated research and teaching and Advance
Science Technological Center effectively helps formal education to work. It
has actually become the partner of industries and academia, fortifying the
connection between talent cultivation of marine technology industries and the
industries.
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V.

Education of Taiwan’s Marine Technology Talents

A. Importance

Taiwan is an island nation. The survival of its people and the formation of
its culture are inseparable from the sea. Presently, the changing of the natural
environment around the world and the quick-paced technological advances have
led to drastic economic, political and humanistic changes. An overall planning
of national resources; forming a marine education that embraces change; building
the thinking that “a value statement with life as foundation, an international view
with Taiwan as foundation, an Earth view with ocean as foundation”; cultivating
talents to sustainably develop Taiwan to respond to global changes are urgently
needed. Sea is the niche for Taiwan’s development. Taiwan needs to build a
talent network for knowledge-based economy, to operate and market Taiwan, and
make Taiwan indispensable in the world. By allowing the people to become
more self-confident and to identify themselves with and to care for the land and
sea, a marine esthetic culture that belongs to Taiwan would naturally grow.

B.  Current Condition

According to the statistics of White Paper on Marine Education Policies
published in March 2007, in Taiwan there are nine vocational high schools
offering marine related specializations, four maritime universities, and six
universities with marine related departments. Take 2006 for example, the total
number of graduates was 3980, 1.18% of all university graduates. A low ratio of
students (around 20%) graduated from marine related major actually work in the
fields.

C.  Problem Analysis
1. Basic Education Stage
a. Formal Education System

i. Material
In formal education, the proportion of natural science, earth science, and
biology is too small, lacking systematic materials. Materials dealing
with indigenous species are especially lacking. Due to the insufficient
research done on Taiwan’s coastal waters, the formation of teaching
materials is difficult.

ii. Curriculum Design
In formal education, each level of schools—kindergarten, elementary
school, junior high school, senior high school, and university—designs
its own curriculum. The Ministry of Education has no unifying
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educational goal or strategy. Each level lacks connectivity to the next

and contents covering marine knowledge are insufficient. There also

lacks curriculum designs for marine related humanistic and sports

courses.

iii. Teachers
Current trainings for elementary, junior and senior high school

teachers lack marine related knowledge. However, the ability to make

marine education fun, general and educational is insufficient. Currently,

some museums and education bureaus of different cities and counties are

starting their own seed teacher training programs. However, there is no

teacher training program that is systematic or has quality control

mechanism.

iv. Current Education Situation

Current curricula are primarily knowledge implemented. Fun and

practical learning mainly take the forms of visiting National Museum of

Natural Science, National Museum of Marine Biology and Aquarium,

and National Museum of Marine Science & Technology and executed in

mobile units.
b. Assist Social Education System of the Formal Education
Social education is currently promoted by organizations under the Ministry
of Education and other private educational groups in the forms of exhibitions,
activities and groups. However, there is no systematic design in programs
aiming at people of different age groups or educational levels. The
curriculum designs are not inspiring and knowledge-implemented or
professional leaning. They also lack a mechanism for long-term operation.
Government affiliated social education centers, together with National
Museum of Marine Biology and Aquarium, and National Museum of Marine
Science & Technology, both directly related to marine education, are
assisting formal education system and educating the general public. We
hope that they will gain their rightful position and strengthen their functions.

2. Specialized Education Stage
a. Insufficient Marine Education Resources to Share
The teaching database, marine species database, marine species research
and information on marine biotechnology industries are insufficient. There
also lacks a teaching and research platform for the whole country to share.
Hence, resources cannot be effectively used and technological advances
cannot be seized.
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b. Teachers
There is a deficiency for teachers of marine and marine biology related
science and forward-looking professionals of related industries. Hence,
courses cannot respond to the latest technological advances. Also, as
teachers do not have a clear understanding of knowledge-based economy,
course contents cannot respond to the needs of technology industries.

c. Few fields lack research, teachers and training mechanism. For example,
humanities, fine art, and legal affairs meet developmental difficulties.

d. Course designs lack responsiveness and integrated design needed by
knowledge-based economy talents. They also lack connections with
industries. The talent training for local research and industry development
lacks strategic planning. Practical learning courses are insufficient.

e. Education systems are not flexible enough, causing difficulties in
cross-discipline training. The functions of vocational system and higher
education system are blurred, lacking collaboration and integration.
Training systems for skilled workers and R&D workers are unclear.
Characteristics and development of each level of schools are unclear. It
seems that they all plan on expansion as a mean to obtain more resources.

f. The collaboration and integration of public resources of formal education
system and social education centers, private sector education resources, and
resources of cross-departmental research units lack systematic planning.

3. Connectivity between Education and Industries

a. The intrinsic values of marine industries are not well recognized. At the
same time, there are different understandings of the current marine
technology industries.

b. The targets of national marine related technology developments are unclear.
Also, the development of related technology industries is not yet mature.
“Marine knowledge-based technology industrial structure” is also not yet
mature. It is difficult to show career niches; therefore, it is difficult to
recruit elite students. Related developments are even more difficult.
Hence, a virtuous circle of training and hiring talents cannot be made. Take
the development Taiwan’s semiconductor sector for example. In the early
days, many of Taiwan’s elites joined science and engineering professions
and built an excellent research platform for related basic sciences and
accrued abundant research results. With the government supporting R&D
units and the execution of R&D results and guiding the participation of
private sector resources, international markets were successfully opened up.
Currently, schools still play the role of doing basic researches, and product
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development falls under cooperation of academia and business or the R&D
departments of businesses. Under this type of development foundation,
product quantity and product marketing can be done by businesses
themselves. Good career niches attract the elites to join in. Thus,
industries/businesses seem to have become the education system for the
practical side of high level personnel in high tech sector, and a virtuous
circle of training and hiring talents is formed. In other words, Taiwan’s
semiconductor sector has successfully built a favorable relationship between
business and talents. Its sustainable development is tied to having basic
research platform for the elites, a creative industry R&D platform, and a
highly efficient mass production platform, a merchandise platform to market
internationally, and a market platform to form the technology industry
structure.

c. There are no research centers or R&D centers with one specific function.
A system cannot be built for the education system to work with
industries/businesses to nurture high level personnel in the marine
knowledge-based economy.

D. Current Training and Usage

1. There is no accurate statistics for the supply and demand of marine
technology professionals or forecasts of future demands.

2. Insufficient talents in the fields of legal affairs and finance in areas such as
research, R&D, international marketing, operations related international
affairs, intellectual properties, and pollution prevention.

3. A discrepancy exists in recognizing knowledge-based economy and marine
technology industries. Curricula cannot respond to the needs of technology
industries.  As “marine knowledge-based technology industrial structure” is
also not yet mature, a virtuous circle of training and hiring talents cannot be
form.

V. Thinking about Solutions

The need for talents is in direct proportion to the development scale of an
industry. The type of talents needed is determined by the industry. For example,
basic research and R&D talents are the key to biotechnology industries that require
R&D skills and creativity. However, biotech OEM industries would only require
technicians with scientific skills.

Presently, Taiwan’s marine technology industrial structure has not yet taken
form, causing difficulties in cultivating practical high level technology talents.
Furthermore, that the industrial structure has not yet formed could easily limit the
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development of marine technology industries.  Thus, talent nurturing and
employment would both face difficulties. The government should actively assist
building marine technology industrial structure to lead the development of the sector
and the participation of elites, creating beneficial industry-talent relationship.

A. Thinking about concrete strategy for cultivating talents.

1. Consider limited resources. A small nation must think smart.  The target
of talent nurturing should be nurturing talents to develop Taiwan.

2. Locking in the Target of Talent Nurturing

a. Nurture basic talents and provide development possibilities for
different industries. Let the industry proactively develop related
industries through market acuity.

b. Nurture forward-looking talents to respond to targets of national
strategies.

c. Nurture talents with strategic ability, planning ability, and business
building ability.

d. Talents with the ability to respond to the industry.

3. The early developmental stages of marine technology industries must be
able to collaborate and integrate basic research, industry R&D and guide
the building of marine technology industrial structure. Let basic research
lead industry R&D and let industry results support basic research. Let
the industry lean toward cultivating professional talents. Basic research,
industry R&D and industry/business will work together forming a
beneficial system. Academia and industry will work together to nurture
professionals who are futuristic, forward-looking and practical. Let
quality industry niches attract the participation of the elites to create a
beneficial relationship between industry and talents.

B. Nurturing Strategy for Taiwan’s Marine Technology Industries

1. Build national education, research and database platforms
Platforms can first be built with collaborating and integrating the resources
of Ministry of Education affiliated universities, research units and
museums. Then, collaboration and integration can be done with the
cooperation between National Science Council and Fishery Research
Institute, Council of Agriculture.

2. Rectify the value recognition and reinforcing the understanding of marine
technology industry by teachers and students are urgently needed. The
improvement in teaching should take the forms of enriching research
component and allowing teaching to raise research. Let the targets of the
industry lead the direction of teaching and research. Also, marine
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technology education for the general public must be an important subject.

3. General education courses can be used to guide students of non-marine
related majors to develop marine-biology related specializations.
Programs can be created to cultivate cross-discipline talents, i.e. talents for
marine knowledge-based economy. Also, reward system must be set up
for elites to enter the development of related specializations.

4. Form strategies to cultivate talents with Taiwanese characteristics,
advantageous scientific research and R&D personnel in related industries.
Programs will be determined according to development advantages and
marine related sciences required by national development needs. Basic
research and courses required by R&D will be designed according to the
needs of the industries.

5. Cultivating talents in intellectual property rights, operations of technology
industries, accounting, marketing, market assessment and international
affairs—In a knowledge-based economy, intellectual property right is an
important part of operations strategies. Facing a competitive global
market, good knowledge of international affairs and correct assessment of
the market are essential. On the other hand, with the quick pace of
technological advances, operations, accounting and marketing must also be
able to respond in a timely fashion. Setting up a mechanism to timely
cultivate related talents is crucial to the success of Taiwan’s global
knowledge-based economy.
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—> Financial Support
Figure 3 The Structure of Industry Development System for Taiwan’s Science
Research—Using Marine Biotechnology Industry Development System as an Example

6. Use research to enrich teaching and use teaching to raise the quality of
research. Due to insufficient marine related research, research results
are needed to enrich teaching materials. Also, supports are needed for
local related research projects, and students are encouraged to
participate. Build an industry development system for marine related
scientific research, R&D, and industry development that is
advantageous to Taiwan’s development and competitive internationally.
Figure 3 uses marine biotechnology industry development as an
example.

7. Build the connection between the educational system and industries and
businesses. Build the education and research cooperation mechanism
between academia and industries. Schools, research units, industries
and businesses build an education collaboration and integration system
to nurture high level practical talents together. The next step is to
attract businesses and industries to actively invest in nurturing talents.

The key to success for technology industries is to let basic research lead the
industry R&D and let industry results support basic research. Let industry leanings
nurture talents. By doing so, the market can have exactly the type of talents it needs.
In the process of cultivating talents for marine related technology industries, practical
training venues are needed. When related industries have not matured, the Ministry
of Education should provide or pool resources with other ministries. When the
industry is mature, industries and businesses in the private sector will be able to take
over the training.  The retraining can also be done the same way.

VI. Solutions Currently in Action
A. Cooperating with Projects Promoted by Executive Yuan, Execute Project to
Nurture Responsive Talents
Cooperate with National Focus Development Plan and Two Trillion and Twin
Star Industries Development Plan promoted by the Executive Yuan and
support the development of technology industries and the Ministry of
Education plan to cultivate responsive talents. For example, the Ministry of
Education began Biotechnological Technique Improvement Plan in 1998 and
began a talent cultivation plan for marine biology in 2004.
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B. “Outline 3: Taiwan Subjectivity”, “Strategy 21: Celebrate Taiwan’s
Characteristics”, “Action Plan 212: Marine Taiwan of 2005-2008 Main
Education Policy
The goal of this plan is to enrich Taiwan’s marine curricula and material
content, to raise teaching quality, to cultivate marine research and maritime
talents and to promote marine campaign and marine culture.

C. Mid-term Plan of Marine Education
The plan encompasses building marine education related resources to share,
enrich marine materials and teachers’ ability to teach marine related subjects,
and proposals for cultivating practical talents. The work is executed by
different departments of the Ministry of Education.

D. Five Year Fifty Billion Dollar Excellence in Teaching and Research Plan—It is
executed between 2006 and 2010 with the goal of improving teaching,
curriculum, teachers and research.

E. Last Mile Employment Program

Schools work in conjunction with regional or related industries in the Last
Mile employment program to help graduates move into the industries by
reinforcing comprehensive (re-learning), cross-discipline and creative and
practical experiences.
This plan had a test run in the 2004 school year. In 2005 school year, it
began its formal run with participating schools submitting proposals. It is
mainly to subsidize technical universities, technical colleges and vocational
schools. Grants are given after receiving approvals from the Ministry of
Education. In the plan, the school and the industry/business plan the
practical curriculum. Practical courses are taught by teachers from school as
well as people from the industry/business.

F. Academia/Industry Cooperation Plan—Proposal for Research & Development
Loop
1. To reward graduate students’ research cooperation with industry/business.

2. Reward the foundation of “Nurturing Center” for setting up research and
R&D mechanism for academia and industry/business.
3. Setting up the compensation mechanism for intellectual property.

G. 2008-2011 Marine Education Pilot Project Mid-term Outline Plan
In December, 2005, as per the direction of the Minister of Education
Cheng-Sheng Tu, Mr. Kuan-Chung Huang of the Advisory Office, Ministry of
Education, convened and organized the planning team for marine education
pilot plan. In May of 2006, the Advisory Office of the Ministry of Education
formally started the Mid-Term Proposal of the Marine Education Pilot Project.
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The project director is Professor Chin-Ling Tsai of the Department of Marine
Biotechnology and Resources, National Sun Yat Sen University. Also
participating in the project are Professor Char-Shine Liu of Institute of
Oceanography, National Taiwan University, Vice President Hwung-Hweng
Hwung of National Cheng Kung University, President Kuo-Tien Lee of
National Taiwan Ocean University, Dr. Kuo-Tung Chen of Institute of History
and Philology, and Dr. Yann-Huei Song of Institute of European and
American Studies. The project is to cover fields such as life sciences and
related technology industries in marine biology; basic sciences of marine
system; marine related engineering and technology industries; fishery
resources and related industries, service industry; marine culture; and marine
legal affairs. In order to plan 2008-2011 marine education pilot program,
marine education planning team has held six large discussion meetings
(“Embracing the Changing Marine Education”—A Dialogue with people from
businesses, industries, education systems, and social education system at three
venues on March 18, 2006; Marine Education for All Dialogue and Marine
Education Specialization Education Dialogue held on July 27, 2005; and
2008-2011 Mid-Term Proposal of the Marine Education Pilot Project
Information Meeting held on November 24, 2006) with workers of all levels
of education and industries to understand current conditions and gather
opinions from all sides. The planning of 2008-2011 Mid-Term Plan for the
Marine Education Pilot program is finished this year and the project will be
executed starting next year. One of the main tasks is to build a teaching
mechanism that could quickly respond to the needs of global changes; and set
up an education mechanism with cooperation from education system and the
industries/businesses to cultivate practical high level talents. It is to cultivate
cross-discipline and global talents and to improve the ability to compete
internationally. The strategies of execution are as follow:
1. Promote programs
Set up programs to allow departments to change. And, instead of
creating new departments, create new programs such as basic science
research program, forward-looking industry programs (e.g. biomass energy
program), programs in new fields, marine technology law programs
(intellectual property related), industry responsive programs, industry
structure responsive programs, intercollegiate cooperation programs to
integrate resources, programs that include both theories and practice, and
marine legal affairs programs.
2. Promote practical operations to encourage universities to assist
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industries/businesses develop practice training courses and practice
training education platform.

3. Promote marine related general elective courses.
Internationalization: globalize international resource utilization; encourage
enrolment in international programs abroad during summer; subsidize the
recruitment of teachers in fields that urgently require specialists.

5. Gradually construct education and research resources to be shared
nationally during the process of promoting programs mentioned in items 1,
2, 3,and 4. Build a marine education resource center that can continually
operate. Set up marine related teaching database, research database,
talent database, technology industry database, marine culture database, and
marine legal affairs database. Collect and edit marine education
information, set up data search system and a single search window.
Provide marine knowledge inquiry service and promote and reward the
research and analysis of the data.

The abovementioned plan has begun testing operation this year as “Marine
Technology Specialist Nurturing Plan”. The goal of this plan is to increase
practical experiences and employability; to build cooperation platform for
industries/businesses and universities to nurture necessary specialists; to attract
industries/businesses to actively invest in resources for training practical talents;
and to build a mechanism participated by industries/businesses to nurture talents.
This year, National Taiwan University opened a Practical Ship Design summer
course and National Ocean University opened a Practical Aquaculture and
Biotechnology summer course. The courses were open to all university juniors
and seniors in Taiwan. Students attended practical trainings in partner
industries/businesses.  Schools and businesses/industries became partners, and
university students attended courses taught by the industries/businesses at their
premises. They received credits at the completion of the courses. Each
course is worth 2 units. The courses, including courses and practicum, were
held during July and August, 2007. Partner universities and
industries/businesses must invite specialists, scholars, and people from the field
to a meeting to draw up the courses and guidelines; specify the scale of partner
industry/business; schools assist industry/business in course design and students
selection; and the details of how partner industry/business teach the courses.

VII. The Future

Taiwan should position National Museum of Marine Science and Technology as
“Ultimate Marine Technology Education Center” and National Museum of Marine
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Biology and Aquarium as “Marine Biology Ultimate Technology Education Center”
to assist normal education system. Different curricula should be designed for
different levels of students, such as kindergarten, elementary school, junior high
school, senior high school and university. The curricula should be run yearly and
regularly in a fun and educational way. Taking a step further, short term
specialization programs and research courses should be designed for different fields
of specializations to help cultivate specialists. The cooperation of education system
and marine technology industries should work toward overall planning of national
resources to build teaching and research platform to be shared by the whole nation;
allowing teaching to lead research and allowing research to nurture specialists; and
allowing basic research to lead industry R&D so that industry research could support
basic research. The academia and industry should work together to train practical
specialists.  Also, Taiwan’s territorial water is the basic requirement for the
development of marine biological sciences and, therefore, must be included in the
overall planning of national resources. Hence, the resources of National Museum of
Marine Science and Technology and National Museum of Marine Biology and
Aquarium should be included in the integration planning of Taiwan’s overall
development in this area. The land and resources around these museums could be
turned into “Marine Sciences Park” and “Marine Biological Sciences Park” to become
the settlements for high level talents of marine technology and marine biological
science. They will be able to cultivate high level talents by focusing on basic
research and industry R&D functions. These science parks will not just be resource
centers but educational ones as well. They will be the places where talents gather
and they will be educational bodies built by industry, academia, and research.
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Education for Graduate Students in Molecular Marine
Biology based on Advanced Research in Marine Station
Kazuo Inaba
Director, Shimoda Marine Research Center,

University of Tsukuba, Japan.

In Japan, several universities have marine stations for research and education
in basic marine biology. They played important roles in the education for undergraduate
and graduate students in each of the universities. Open courses for primary and
junior/senior high school students have also contributed to provide them an open
entrance to general science. Progress in life science, represented by genome science,
however has requested us to develop a new educational program of marine biology to
graduate students, especially for advanced and more practical marine courses.

Among a variety of marine invertebrates, sea urchins have played important
roles in developmental biology. All biology textbooks for high school student deal with
sea urchin development. On the other hand, ascidians have been providing a unique
experimental system for several biological fields, including reproductive biology,
developmental biology, neurobiology, immunology and evolutional biology. Recent
progress in the genome sequencing of Ciona intestinalis has developed a great tool for
investigating the gene functions and expressions involved in several biological events in
ascidians. The disclosure of genomic information has ushered in the post-genomic era,
spearheaded by extensive protein analysis. The characterization of the function,
localization and molecular interaction of cellular proteins results in a more direct
description of the molecular mechanism underlying several biological processes. On the
other hand, a transgenic technique using a transposon Minos has made it possible to
integrate exogenous genes into Ciona genome. This technique enabled us to produce not
only many useful marker lines but also intriguing mutant lines.

Under a grant support from Japanese government, we have been developing
an educational program for advanced marine biology in University of Tsukuba, Japan,
called “Establishment of educational system for advanced marine biology”. It includes a
training course for analysis of embryonic development and normal function of adult
tissues using proteomics and transgenic lines in C. intestinalis, marine bioinformatics
for analysis of genes and proteins, and molecular marine ecology using AFLP. In this
symposium, | overview the recent activities in research and education in Shimoda
Marine Research Center, University of Tsukuba, and introduce our new educational
program for advanced marine biology to graduate students.
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Education for graduate students in molecular marine biology based on advanced
research in marine station

Kazuo Inaba. Shimoda Marine Research Center, University of Tsukuba, Japan.
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Forng-Chen Chiu
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National Applied Research
Professor, Dept. of Engineering Science and Ocean Engineering, National
Taiwan University Laboratories

Surrounded by sea, Taiwan is an important key post located along the east-west
shipping route. The area of territorial sea under Taiwan’s jurisdiction is 4.7 times
that of land. Taiwan is in essence a maritime nation. The root of a maritime nation
is in cultivating talents of marine affairs, the development of marine technology and
the establishment of a marine consciousness among its people.

Marine affairs related to Taiwan’s maritime development are varied. They
include marine legal affairs, diplomacy, management, shipping, aquaculture, defense,
security and technology. Of which, marine technology includes aspects of the
environment, ecology, resource, energy, disaster prevention, exploration, information,
engineering, and biotechnology. National Applied Research Laboratories (NARL) is
promoting the work of National Center for Ocean Research. That is, looking at the
development of Taiwan’s marine technology, the five main categories are environment
and ecology observation, resource energy and disaster prevention technology, oceanic
exploration technology, and the establishment of oceanic information network. Also,
a 2,700-ton ocean research ship being built by the NARL is expected to be completed
in 2010. By then, it will greatly enhance Taiwan’s marine research ability and
provide internship opportunities for students, cultivating young research talents.
Moreover, we believe in promoting a national marine development plan to include
education, technology, culture and diplomacy.

With respect to education, marine education needs to reach to younger children.
Programs such Nano-technology K-12 Education Development Program should be
promoted to cultivate more teachers for the primary and secondary school marine
education curricula, reward editing and writing suitable teaching materials, and
improve school facilities. In addition to school education, field trips must also be
actively rewarded, for example, visits to Museum of Marine Biology and Aquarium,
Museum of Marine Science and Technology, marine ecological sites, and other marine

161



related field trips. Moreover, incentives must be given for utilizing Taiwan’s
advantage in information technology and good infrastructure to digitize marine data
and images. This equals to promoting a digital marine collection and building
websites and spreading marine related knowledge and information through the
internet. Blessed with diverse ecological environment, Taiwan is located in the
largest continent on Earth—the edge of Eurasian continental shelf. Having the
marine environment with the highest biodiversity, education in marine ecological
preservation must be reinforced. From the success of the television series Scientific
Taiwan on general science by the NARL, we believe that producing a general science
television series on marine subjects will be greatly beneficial to marine education and
the building of a marine consciousness. The marine series could include subjects such
as nature, engineering/technology, resources/energy, national defense/security (sea
right), activities/leisure, history/geography, human and ocean, and Taiwan and ocean.

Regarding technology, the research and development of marine technology is
hand in hand with the cultivation of high level marine talents. Taiwan’s R&D in
marine technology has long been lacking. Not only has attracting talents in marine
field been met with bottlenecks, there has even been a loss of talents. To attract and
keep outstanding talents, a substantial increase in marine technology research grant is
needed to catch up with a thoroughly involved Korea and to show Taiwan’s
determination to develop the ocean. Furthermore, the advantage of Taiwan’s high
tech industries must be utilized to actively develop marine research and oceanic
exploration. After all, a modern maritime nation must have strong foundations in
marine research and exploration. Also, ship building technology is crucial in
shipping, defense, security and even marine leisure activities. Therefore, it is
imperative for a marine nation to continually improve ship building technology,
attract new young talents, and enrich the curricula of ship building education.

In the cultural aspect, reinforcing the accessibility of the sea is the best way to
form a marine consciousness in the general public. Hence, the government should
encourage, assist and even reward the development of marine leisure and
entertainment facilities and the promotion of activities on and off shores by the
private sector. Any action that helps inspire closeness of the sea, love of the sea, and
the willingness to build a career on the sea must be actively encouraged under this
plan. The government must fully show its determination to persuade the general
public the benefits of marine development and a necessity to maintaining national
security. Only by allowing people’s lives to be closely linked to the sea, can a
deep-rooted marine consciousness be built and a marine culture form.
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Taiwan’s diplomatic situation has always been difficult; however, the sea is the
best venue for international cooperation and exchange. Therefore, talents of marine
affairs and marine technology are needed to build networks. On the other hand, the
sea also often triggers international conflicts and confrontations; talents in marine
legal affairs, diplomacy and insurance actuary are needed to protect the nation’s rights.
Therefore, close attention must be paid to cultivating talents dealing with affairs
related to marine diplomacy and related basic subjects.

Taiwan has approximately 170,000 km? of territorial water and 1,700 km of
coastline. Coastal patrol and the security of the waters are overseen by the Coast
Guard Administration. However, high level personnel of the law enforcement on the
sea are primarily educated by Department of Maritime Police, Central Police
University. With increasing complexities of law enforcement on the sea and foreign
affairs, setting up Coast Guard Academy like in the United States should help raise the
quality of personnel and the scale of training.

Finally, regarding the functions of governmental organizations in the area of
marine technology development and related education, Taiwan has set up
organizations responsible for the promotion of marine affairs since 1998; however, no
consensus has been reached. Nearby Korea has set up Ministry of Maritime Affairs
and Fisheries. Heading toward a government agency with sole responsibility, Japan
has passed Marine Basic Law in April of this year to oversee marine policies and
comprehensive management and appointed a Minister for Ocean Policy. Modern
marine affairs have complex internal interactions as well as external sensitivity.
Traditional land right structure may not be sufficient to respond. For example, the
Department of Land Administration of the Ministry of Interior, a traditionally land
right management organization, needs to perform continental shelf survey work.
Therefore, whether it is the establishment of the Ministry of Ocean or organizations
such as the National Center for Ocean Research of the NARL, they are urgently
needed for Taiwan to develop into a modern sea nation.
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Education and the integration of science based research into the management and use of
marine resources is essential to insure their sustainable use and conservation into the future. The
continual need for education as researchers make new discoveries requires a process that engages
the research community, resource managers, and marine industries in a mutually beneficial
partnership that guides research, and helps to solve problems faced by marine resource users. The
National Sea Grant Program’s extension network is organized to accomplish this by addressing a
broad spectrum of marine resource issues and engaging user groups, managers, and industry. In
collaboration with the U.S. Department of Agriculture’s Cooperative Extension Service, Sea Grant
works with the aquaculture industry to enhance production and improve animal health, husbandry,
nutrition, and technology. Both programs work primarily through the Land-Grant system at
Universities throughout the country which represents a partnership between the federal government
and state universities.

The Land-Grant system has a mission to engage in teaching, research, and extension primarily to
improve agricultural productivity, but also to help solve problems facing the nation’s human and
natural resources. The Sea Grant mission refines this to specifically address teaching, research and
extension focused on the sustainable use and management of coastal and marine resources. Sea
Grant invests in high priority program areas such as coastal communities and economies, aquatic
invasive species, coastal hazards mitigation, ecosystems and habitats, aquaculture, fisheries, seafood
technology, marine biotechnology, the urban coast, and ocean technology.

Extension professionals within Sea Grant are responsible for engaging user groups and
communicating science-based information to improve their lives and businesses. In addition to
serving as a delivery mechanism for new information, those involved in extension constantly
interact with their clientele as end users to identify areas where more research is needed and
subsequently apprise the research community of these needs. This research-extension continuum is a
hallmark of the Land and Sea Grant systems.

There are many extension methodologies that can be used to educate marine resource user groups
and identify problems they are facing. They include needs assessments, workshops, printed
educational materials such as leaflets, brochures and manuals, and electronic delivery of
informational materials through the use of CD’s, DVDs, websites and web based voice over
presentations. Regardless of the methodology employed, involving clientele and collaborative
research are integral to both the Land and Sea Grant programs.

Engaging marine resource user groups to conduct educational programs and collaborative research
can be rewarding. Successful examples include collaborative research to assess fish populations and
improve management, ballast water educational programs to inform the maritime industry about
new regulations and aquatic invasive species, introducing new non-toxic hull coatings to boat
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owners to reduce pollution, educating landowners about conservation of endangered species, and
aquaculture research and extension to improve production of oysters and clams, and demonstrate
new technologies for offshore aquaculture.

Common elements of many successful teaching, research and extension programs are strong
partnerships, insuring that the effort is targeting an important industry or resource user need, and
finally, that the effort results in problem solving.
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Introduction

Education and the integration of science based research into the management and use of
marine resources is essential to insure their sustainable use and conservation into the future. The
continual need for education as researchers make new discoveries requires a process that engages
the research community, resource managers, and marine industries in a mutually beneficial
partnership that guides research, and helps to solve problems faced by marine resource users. This
paper will describe how the National Sea Grant Program’s extension network is organized to address
a broad spectrum of marine resources and engage user groups, managers, and industry. It will also
describe through a series of examples how Sea Grant collaborates with other agencies, in particular
the U.S. Department of Agriculture’s Cooperative Extension Service to improve aquaculture
production in the United States. Both programs work primarily through the Land-Grant system at
Universities throughout the country.

The Land-Grant system, initiated by a series of legislative initiatives during the mid to late
19" and early 20" centuries, traditionally includes a Congressionally designated university (The
1862 and 1890 Morrill Acts) and corresponding Agricultural Experiment Stations (The 1887 Hatch
Act), which generally house the states’ Cooperative Extension Service (The 1914 Smith-Lever Act).
Collectively, these units engage in teaching, research, and extension primarily to improve
agricultural productivity, but also to help solve problems facing the nation’s human and natural
resources. Extension professionals within this system are responsible for engaging user groups and
communicating science-based information to improve their lives and businesses. In addition to
serving as a delivery mechanism for new information, those involved in extension constantly
interact with their clientele as end users to identify areas where more research is needed and apprise

the research community of these needs. This research-extension continuum is a hallmark of the
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Land-Grant system.

The National Sea Grant College Program was established along this successful Land-Grant
model by the 1966 National Sea Grant College and Program Act. The intent was to increase the
understanding, assessment, development, utilization, and conservation of the nation's ocean and
coastal resources. Housed within the Department of Commerce’s National Oceanic and
Atmospheric Administration (NOAA,) the National Sea Grant College Program “Enhances the
practical use and conservation of coastal, marine and Great Lakes resources to create a sustainable
economy and environment.” What is unique to Sea Grant is that it engages top researchers at
universities and delivers the results of their discoveries to end users through extension, education,
and communication programs that are required components of a Sea Grant College Program. As
with the Land-Grant system, Sea Grant is usually a partnership with Land-Grant universities and
Cooperative Extension in coastal and Great Lakes states, and shares the same commitment to
teaching, research and extension.

Sea Grant invests in high priority program areas such as coastal communities and economies,
coastal hazards mitigation, ecosystems and habitats, aquaculture, fisheries and seafood technology,
marine biotechnology, the urban coast, and ocean technology. Educational components are
incorporated into each of these thematic areas.

The Sea Grant Extension Program’s mission is to effect change through outcome-based
education and demonstration. This mission is supported through the conduct of targeted basic and
applied research. Extension professionals create opportunities for effective, two-way
communication between producers and users of information and translate complex scientific
information for decision makers and citizens. This facilitates the rapid transfer of scientific

information in forms that are readily understood by user groups, coastal communities and decision
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makers. Approximately 383 agents and staff form a National Extension Network to connect
community residents and coastal businesses to the resources of the nation’s top universities to
address locally identified problems. Integrated teaching, research, and extension education enables

rapid research-based responses to critical, emerging issues.

Extension Methodology: Engaging Marine Resource Users

There is a diverse array of methods available to extension personnel to educate marine
resource user groups and identify problems they are facing. The first step is often to conduct a needs
assessment to ascertain what educational needs exist and which are the highest priorities. Needs
assessments can be formal as in the case of a facilitated focus group or formal survey, or they can be
informal involving meetings and contact with individuals in particular businesses or activities that
use or depend on marine resources. The results of the needs assessment can then be used to guide the
development of an extension education program addressing the highest priorities and the
methodologies employed will be customized based on the need.

Workshops are effective where there is a need for people to interact and learn, work through
a particular conflict or develop a management plan. These are being increasingly used in the U.S. as
communities work to develop Ecosystem Based Management Plans (EBM). They provide a good
forum for educational programming and insure all participants have a common basic level of
understanding of the issues. Printed educational materials such as leaflets, brochures and manuals
are effective at reaching large audiences. Electronic delivery of informational materials through the
use of CD’s, DVDs, websites and web based voice over presentations are increasingly being used
for educational programming

Involving clientele and collaborative research are hallmarks of both the Land and Sea Grant
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programs. Seaman A. Knapp, generally regarded as the founder of the Cooperative Extension
System, is quoted as saying: "What a man hears, he may doubt; what he sees, he may possibly doubt;
but what he does himself, he cannot doubt.” He advocated on-farm demonstration of new
agricultural advances working directly with the American farmer developing pilot or demonstration
projects. A century earlier in the same vein, the American sage Benjamin Franklin was also quoted
as saying "Tell me and | forget. Teach me and | remember. Involve me and I understand.”, so the
idea of hands-on, experiential learning is hardly a new concept and it is an important extension
methodology for effecting change. Working collaboratively with leaders of industry and other
clientele to conduct applied research is an effective way to learn what works together, with the added
benefit of usually seeing the results being adopted much more rapidly by users as a result of their
involvement.

Many advances in the high priority areas mentioned earlier are a direct result of the
integration of science-based research linked through the Sea Grant Network of extension educators
to end users who consist of resource managers, fishermen, aquaculturists, maritime industries,
seafood processors, coastal resource users and others. The people comprising the Sea Grant
Extension network are locally based and work closely with local constituents. This insures that
national investments are targeted at the highest priority local and regional issues, serving the mission
of NOAA, the National Sea Grant Office, Land-Grant Universities and the people they serve. Sea
Grant Extension personnel are recognized as a source of unbiased science based information in
coastal jurisdictions throughout the United States, providing an important segue between

science-based advances in technology and their adoption by local businesses.

Marine Extension Education: Research - Extension - Industry Collaborations
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New industries have been started; old industries have been re-vitalized, and still others have
changed their way of doing business due to many factors such as changing laws, regulations and
public perceptions; increasing competition for natural resources, market competition, increasing
consumer demands for high quality products, invasive species, and declining coastal water quality
among others. The following brief scenarios provide a variety of examples of extension education
projects that engaged researchers, extension educators and industry partners to collaborate and solve

problems.

Fishers and Scientists Compare Methods for Estimating Nearshore Marine Fish Abundance

The California Marine Life Management Act requires the Department of Fish and Game to
develop management plans for nearshore fisheries. Fishery managers are challenged to develop
fishery plans, however, because information about nearshore fish populations is limited. One way to
quickly gather data for management plans is to utilize information from a variety of sources and
sampling methods. Yet as information is pooled, it is critical for scientists and managers to
understand if and how the different methods of data collection relate to one another. This is
critically important to the fishing industry because ultimately this information will be used to
regulate fisheries.

To better understand how estimates of fish abundance compare among different survey
methods, Sea Grant and Cooperative Extension personnel initiated a collaborative research project
in Carmel Bay, Calif. With the combined efforts of UC scientists, commercial fishermen, and the
Department of Fish and Game approximately 1,700 fish were tagged and released during an
intensive three-week tagging period. In addition to the tagging, trained scientific divers from UC

Santa Cruz conducted standardized fish counts using SCUBA in the same areas where fishing
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occurred. Estimates of the relative abundance of fish from catch statistics and absolute abundance
from tag-recapture statistics were compared among three types of surface fishing gear (traps, sticks
and handlines), and the standardized SCUBA surveys. Fish length was compared among the
different methodologies.

Using a variety of methods, commercial fishermen, research divers and scientists were able
to combine their expertise to obtain estimates of the population size and structure of fish in Carmel
Bay. While working together to achieve the goals of the study, fishermen and scientists exchanged
information and knowledge about the marine environment. The information developed from this
study is currently available to resource managers and will greatly improve the nearshore fishery

management plans that are under development.

Making Dollars and Sense of Nontoxic Antifouling Strategies for Boats

Plant and animal growth on boat hulls increases drag, which slows sailboats and increases
powerboats' fuel consumption and related pollution. Most of the antifouling paints that boaters apply
to prevent the problem slowly leach copper, which keeps marine organisms from attaching to boat
hulls. However, the copper has accumulated in coastal boat basins to levels that exceed Federal and
California standards of 3.1 ppb. The copper is harmful to marine life, especially molluscs,
crustaceans, echinoderms and phytoplankton.

Regulatory agencies began exploring options to reduce copper pollution in these bays and
harbors, raising concerns among the boating community about potentially costly new regulations. In
2002, extension personnel collaborated with researchers and boat owners to evaluate the costs of
using copper versus nontoxic boat bottom coatings. They determined that, because of costs for

stripping old paint and given boat repair yard capacity, it would take at least seven years and $20
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million to convert all San Diego Bay boats to nontoxic paint. Typically, old layers of paint must be
stripped after 15 years. Extending the conversion period to 15 years would allow old paint to be
stripped when it was ready, reducing the total conversion cost to $1 million -- a 95 percent savings.
These findings were submitted to California Department of Boating and Waterways, which
forwarded them to the California Legislature.

These findings have been used to educate 3,400 boat owners, boating and coating businesses,
agency staff, policy makers and other scientists. In 2006, the California State Water Resources
Control Board approved a Total Maximum Daily Load program for copper from boat hulls in Shelter
Island Yacht Basin of San Diego Bay. Discharges of copper from boat bottom paints must be
reduced by 76 percent over the next 17 years. Instead of a short and expensive timetable for
converting to nontoxic hull coatings, boat owners will have a 2-year education period, followed by a
15-year conversion period as recommended by the results of this collaborative research. This should
cut costs to convert to a nontoxic system for protecting boat bottoms by 95 percent while improving

coastal water quality. For additional information see http://seagrant.ucdavis.edu.

Russian River Tributary Restoration and Landowner Outreach Program

California’s Russian River salmon and steelhead populations have declined drastically in
recent years due to habitat loss and degradation. Such devastation has landed coho, Chinook salmon
and steelhead on the endangered list under the Federal Endangered Species Act and California law.
This loss of fish has concerned fishermen, and water agencies fear that unless fish populations
rebound there will be regulatory restrictions on water availability from the river for agricultural and
urban uses. In some watersheds, the vast majority of fish habitat is privately owned, 89 percent for

salmon in the Russian River. Landowners must recognize the importance of restoring habitat and
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fishery resources, in order to maintain reasonable access to water for drinking and irrigation.

Extension personnel from Cooperative Extension and California Sea Grant developed the
Russian River Tributary Restoration and Landowner Outreach Program to educate landowners. The
program encompasses several elements:

» Workshop series to train landowners in salmon habitat requirements and hone their skills to protect
and restore watersheds. Over 300 landowners received 40 hours of instruction in class and the field.
» Extensive stream habitat assessments conducted by the California Department of Fish and Game,
with Sea Grant assistance. More than 200 landowners received stream reports with
restoration-priority recommendations.

* Over 44 successful restoration projects on 11 streams were completed by project designers in
collaboration with riparian landowners. Design and engineering support has sparked additional
landowner projects for the future.

Enthusiastic landowners themselves have implemented over 60 habitat restoration projects
on 40 streams, adding to the 44 collaborative projects. Since 1995, more than 800 miles of Russian
River tributaries have been identified as high priorities for salmon restoration by Fish and Game,
with Cooperative Extension and Sea Grant assistance. Knowledge gained by these landowners is

being shared in their families and the greater community at large.

Staying Afloat with Nontoxic Antifouling Strategies for Boats

Boat owners use copper paints to control hull fouling that slows sailboats and increases
powerboat fuel consumption. Copper leached from these paints harms marine life. The Regional
Water Quality Control Board's Total Maximum Daily Load regulations require 2,000 San Diego

Bay boat owners to cut 76 percent of copper discharges by 2022. In addition, regulatory agencies are
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sampling marinas statewide for copper. Boat owners and businesses need effective alternatives to
maintain California's $16 billion per year boating business, while protecting water quality.

Demonstration trials were conducted in San Diego Bay to evaluate nontoxic epoxy and
ceramic-epoxy hull coatings in 2002 and 2003. The nontoxic coatings were placed on two
powerboats and two sailboats. The coatings were cleaned twice monthly by professional hull
cleaners who reported coating condition, fouling level, aggressiveness of cleaning tools and effort.
All the coatings performed well and were in good to very good condition after 13 months. Nontoxic
coatings were cleaned 26 times per year (twice as often as is typical for cleaning copper paint on San
Diego Bay boats). Frequent cleaning allowed hull cleaners to use gentler tools and less effort,
reducing damage to the coatings. These findings were extended to 3,500 boat owners, boating and
coating businesses, agency staff, policy makers and scientists.

The nontoxic coatings cost more than copper paint to apply and keep clean, but the cost is
offset by the nontoxic coatings' longer service life. Boat owners who participated in the study were
asked in 2006 about long-term performance of the non-toxic coatings. One owner who had an epoxy
coating on his boat for eight years reported the coating was still in good condition. Nontoxic
coatings remained on the other three boats after 4.5 years and the owners were satisfied. In contrast,
copper paints must be replaced after 2 to 3 years in San Diego (yearly in some parts of the U.S.).
Long-lasting, nontoxic epoxy and ceramic-epoxy coatings will enable San Diego Bay boat owners
to avoid cost increases from complying with new regulations, and reduce discharges of toxic heavy
metals into this sensitive ecosystem. Coastal boat owners in other areas can help improve water
quality without incurring extra costs by using nontoxic coatings. Further details can be found in a
technical report, "Staying Afloat with Nontoxic Antifouling Strategies for Boats™ at

http://seagrant.ucdavis.edu

189



The Clam Lease Assessment, Management, and Modeling Using Remote Sensing (CLAMMRS)

This project was conceived, initiated, and is currently administered by the University of
Florida’s Institute of Food and Agricultural Sciences through an initial grant from USDA’s Initiative
for Future Agriculture and Food Systems in 2000, with subsequent funding from USDA’s Risk
Management Agency. The project is a collaborative effort between several federal- and state-funded
programs and involves research and extension faculty from the Department of Fisheries and Aquatic
Sciences and Cooperative Extension Service in collaboration with the Florida Department of
Agriculture and Consumer Services, and the commercial hard clam industry.

Hard clam (Mercenaria mercenaria) aquaculture is a relatively new industry in Florida.
During the 1990s, successful job retraining programs placed hundreds of former commercial
fishermen, impacted by regulatory gill-net closures, into small-scale shellfish aquaculture
businesses. In 1991, production of hard clams in Florida was valued at $1 million with less than 6
million clams produced by 41 growers. Just a decade later, 336 growers in nine coastal counties
produced 142 million clams with dock side sales valued at $18 million. The total economic impact of
this fast-growing, marine resource industry was estimated to be $34 million in 2001. Pilot
demonstrations, workshops and production manuals developed by extension personnel working
hand-in-hand with displaced fishermen channeled them into this new and highly productive
industry.

Building on this initial success, the CLAMMRS project was designed to: “provide a better
understanding of clams and their environment to increase production, farm efficiency, and
profitability, and thereby enhance sustainable development of open-water clam farming in Florida”.

Through adoption of remote sensing technologies by the CLAMMRS project, timely water quality

190



and weather information is made available to the clam-farming industry for management
decision-making. With this information, growers have begun to refine and improve management
practices, compare crop losses with water quality events, and identify trends in environmental
conditions critical to clam health and production. For example, growers have been able to make
immediate decisions on whether to plant or transfer seed based upon current salinity and water
temperature readings.

Additionally, Sea Grant aquaculture specialists in Florida and three other states (South
Carolina, Virginia, and Massachusetts) were involved with the USDA Risk Management Agency in
developing a cultivated-clam crop insurance program, the first such program for a commercially
cultured marine species in the United States. Involvement in this program will have significant
implications on the long-term viability of the hard clam aquaculture industry. For more information
on the CLAMMRS project and other information on Florida hard clam initiatives, please visit the

following web site: http://shellfish.ifas.ufl.edu/clammrs.htm .

The Molluscan Broodstock Program

The Molluscan Broodstock Program (MBP), administered by Oregon State University and
funded through grants from USDA’s Cooperative State Research, Education, and Extension Service
Special Research Grants Program, the Western Regional Aquaculture Center in collaboration with
the USDA-ARS Shellfish Genetics program, and the State Sea Grant programs in Oregon and
Alaska, is a classic collaborative partnership between Federal agencies, state Sea Grant and
Cooperative Extension programs, and the aquaculture industry.

Research conducted through directed and competitive funding from USDA and state Sea

Grant programs has focused on developing a selective breeding program for the Pacific oyster
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Crassostrea gigas for over a decade in response to an identified priority industry need. The research
has received additional support from partnerships with commercial oyster producers in California,
Oregon, Washington, and Alaska in hosting test sites and in conducting commercial demonstrations
with MBP oysters.

Selection of high-performing oyster families is conducted primarily at Oregon State
University’s Hatfield Marine Science Center at Newport, Oregon. Wild oyster broodstock from
Washington State and from British Columbia, Canada, were used to create the original founding
families. Typically, pairs of broodstock oysters are crossed to produce families that are planted at
commercial grow-out sites in cooperation with industry partners in Tomales Bay, CA; Yaquina Bay,
OR; in Willapa Bay, Totten Inlet, Dabob Bay, Sequim Bay, and Westcott Bays in Washington; and
in Prince William Sound, AK. Oyster families with the highest survival rates, meat yields, or with
other desirable traits, such as shell shape and color, are then selected and crossed to produce the next
generation of MBP-select families.

Selected families are pedigreed utilizing the latest genetic molecular “finger-printing”
techniques, and this information, along with information on the heritability of desirable phenotypic
characteristics, are used to develop appropriate breeding schemes for commercial production that
will prevent long-term inbreeding depression. Germplasm from these selected families are also
maintained at a genetic repository to preserve improved genetic materials for future use. Support
from the Alaska Sea Grant and Cooperative Extension Programs is providing training to shellfish
farmers in maintenance and data collection at a MBP test site located in Kachemak Bay, Alaska.
This collaboration is developing a line of oysters specifically suited to Alaska’s cold seawater
conditions.

Since its inception in 1995, the MBP has produced oyster families that have achieved an
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average increase in yield of 20% whole live weight per generation. The West Coast oyster industry
is currently making use of these selected lines and MBP-funded research scientists and state
extension personnel are making specific recommendations to industry on the use of this broodstock
to enhance commercial production and profitability of the West Coast oyster industry. Additional
information on the Molluscan Broodstock Program can be found at the following URL.:

http://hmsc.oregonstate.edu/projects/mbp .

Open-Ocean Aquaculture Demonstration Program

In 2005, the Bush administration introduced the National Offshore Aquaculture Act.
Although there are still many technical and legal obstacles to iron out, the primary goal of this
legislation is to “Encourage the development of responsible marine aquaculture in the Exclusive
Economic Zone by providing the necessary authorities and procedures for offshore marine
aquaculture operations, demonstrations, and research through public-private partnerships”.

Prior to the submission of the bill, research and demonstration of new technologies
developed to produce aquaculture products in the deep-water marine environment had been
underway for many years. Projects are currently in the water and are basically demonstration
projects as defined in the Act (e.g., “demonstration’” means pilot-scale testing of aquaculture
science and technologies, or farm-scale research).

The University of New Hampshire’s (UNH) Atlantic Marine Aquaculture Center initiated its
Open Ocean Aquaculture Demonstration Project with funding from NOAA in 1998 and in 1999
stocked its first fish, summer flounder, into a submersible cage off of the coast of New Hampshire.
This project was designed to conduct research and demonstrate the feasibility of the concept by a

team of University of New Hampshire marine biologists, engineers, and extension staff; and in
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collaboration with local fishermen, to develop and transfer new technological innovations to the
commercial sector. Since the project’s inception, several species of marine finfish have been
successfully stocked into the cages including summer flounder, cod, haddock, and halibut.

The UNH project also developed equipment and techniques to grow blue mussels in the
open-ocean environment. That technology has been transferred to a commercial fisherman who has
12 longlines capable of producing 150,000 pounds of blue mussels a year in 130 feet of water off the
New Hampshire coast. UNH helped the fisherman get the necessary permits and continues to work
with him on improving harvesting and processing techniques. Other fishermen and interested parties
have visited the site as part of the technology transfer process. For additional information on this

ongoing project, please visit the following websites: http://ooa.unh.edu,

http://extension.unh.edu/News/Mussels.htm, http://www.seagrant.unh.edu/newsooa.html

Conclusion

In each of the previous examples there are shared commonalities. The first is that marine
extension education is always a partnership with extension educators working in a collaborative
fashion with the research community and marine resource users. The second is that the educational
effort or demonstration project must target an important industry need, often identified through a
needs assessment conducted by extension personnel. The third is that research is targeted at solving
industry problems or creating opportunities. Extension personnel are responsible for insuring that
the research community is aware of these problems and opportunities, and can respond with targeted
research to solve problems and exploit opportunities.

Extension activities consisting of demonstration projects, workshops, research highlights,

fact sheets, production manuals, and more importantly, personal, face-to-face contact and site visits
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are all important teaching tools and help to establish trust. Sea Grant and Cooperative Extension
offices located in coastal states throughout the US function as information conduits from universities
to coastal dependent businesses and resource users, and back to the academic community. These
activities all help inform and guide people as they change and adapt to new technologies and

opportunities.
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Setting Up the Capacity Indicators for Measuring Marine
Education in Taiwan’s High Schools and Elementary
Schools

Kun-Chong Lee

Professor, the Institute of Education, National Cheng Kung
University, Taiwan

This paper aims to explain the idea and process of establishing the marine
capability index for primary and secondary students. As Taiwan’s marine education
leans heavily on cultivating marine talents or specialized marine education, it lacks
the qualities of marine general education for the general public. Thus, we propose
that marine education for primary and secondary schools should develop a new
campaign and new culture of “being close to the ocean, loving the ocean, and
knowing the ocean”. Its main purpose is to provide marine general education for
everyone and at the same time cultivate marine talents to enable Taiwan to truly
become a marine nation.

The results of literature collection, workshops, focus groups, expert interviews,
internet surveys and public hearings between January and June of 2007 have divided
the structure of primary and secondary school marine capability into five main
themes—marine leisure, marine society, marine culture, marine science (applied
science), and marine resources. There are sixteen sub themes under the five main
themes. Marine capability index is then established for students aged 8, 10, 12, 15,
and 18

Based on the experience of establishing the index, suggestions for integrating
marine capability index into primary and secondary school curricula; developing
marine education material for primary and secondary schools; and continuing to
explore basic marine knowledge and ability index for primary and secondary schools
are proposed.
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A Thought on and Method for Promotion of Marine Education in
Elementary Schools: Taking Zhong Zou Elementary School as An
Example

Principal Sui-Ying Chen
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A Thought on and Method for Promotion of Marine
Education in Elementary Schools: Taking Zhong Zou
Elementary School as An Example

Sui-Ying Chen

Principal, Kaohsiung Municipal Zhong Zou Elementary School, KH,
Taiwan

Taiwan is an island nation; the survival of its people and the formation of its
culture are inextricably linked with the sea.  Cijing, recently known for its tourism, is
a small islet in Kaohsiung City. Located on the islet of Cijing, a settlement with
fishery culture, JhongJhou Elementary School is the elementary school in Kaohsiung
City closest to the ocean.  Thus, curriculum and activity designs of the school
combine properties of the community and characteristics of the school, thinking about
the ocean in the aspects of the fishing town, the environment and local businesses. It
is hoped that the foundation for marine education can be laid down through the
establishment of overall environment; promotion of school-based curriculum;
organization of faculty professional growth programs; development of learning
related activities; publication of related materials; inspiring student creativity and
guiding student to develop interest in ocean related topics.

Keywords: School-based curriculum, marine education
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