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Educating the public about the importance of

healthy ecosystems is vital to the protection of the
environment, yet the accelerating pace of scientific discov-
ery, the rapidly expanding role of information technology,
and the increasing complexity of modern society tax tradi-
tional forms of environmental education. While there is a
growing public awareness about environmental concerns,
environmental illiteracy is still a major impediment to pro-
tecting our life support base.

Improving environmental education is a global concern.
An international environment and school initiative (CERI
1995), produced under the auspices of the Organization for
Economic Co-operation and Development, outlines mea-
sures to address environmental illiteracy; among those mea-
sures are educational policy reforms, professional develop-
ment of educators and research materials, revision of the
core curriculum of academic programs to embody environ-
mental perspectives, stronger partnerships between the
community and educational institutions, and teaching
methodologies to improve the quality and relevance of edu-
cation. Former political leader Mikhail Gorbachev (CEO
1990) also emphasized the importance of environmental
education, as well as its linkage to global politics. He noted
that “the ecologization of politics requires us to acknowl-
edge the priority of universal human values and make ecol-
ogy part of education and instruction from an early age,
molding a new modern approach to nature and, at the same
time, giving back to man a sense of being a part of nature.
No moral improvement of society is possible without that.”
Likewise, a social contract for scientists, proposed in 1997 to
the American Association for the Advancement of Science
(Lubchenco 1998), is predicated in part on the assumption
that scientists will communicate their knowledge and
understanding widely in order to inform decisions of indi-
viduals and institutions.

The inadequacy of current environmental education in
the United States is obvious when examining the public’s
understanding of aquatic ecosystems. Despite more than 20
years of river conservation efforts, public knowledge of the
degradation of the nation’s riverine ecosystems and biodi-
versity is still extremely limited (Doppelt 1993). Within
academia, limnology research and teaching is inadequate to
meet current and projected needs for safeguarding aquatic
resources (Wetzel 1991). The need for effective environ-
mental education is set against a backdrop of aquatic
resource degradation on a global level (e.g., Gleick 1998,
2000, Postel 1999, Pringle forthcoming), and problems of
water scarcity and pollution are likely to become more
severe in the near future as the human population grows
and changes in lifestyle necessitate more water resources
(Postel 1992, 1998).

The economic and cultural attributes valued by society
are increasingly placed at risk by the degradation of fresh-
water resources and the ecosystems that contribute to their
resilience. Firth (1998) stresses three points: Science and
academia have pivotal roles in the development of the
knowledge base about human–environment interactions;
scientific information is the basis of wise decisionmaking,
and this information must be made available to everyone in
our society; and it is critical for citizens to understand sci-
entific information—that is, how best to use that informa-
tion and how it benefits society. Because public concern is
often the impetus for formulating policy, scientists need to
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communicate technical information to the public more fre-
quently and effectively (Bernabo 1995). Pringle (2000)
notes that scientists can play an important role in the devel-
opment and implementation of public policy, training of
resource managers, and communication of different man-
agement scenarios to the public at large. Moreover, because
most research  is publicly funded, how well the research is
supported depends on how well the public is informed
(Miller 1980). Additionally, many public funding agencies
(e.g., National Aeronautics and Space Administration) now
expect large research grants to have an educational outreach
component (Powers 2000).

A report by the National Research Council (1996) stress-
es the importance of education in addressing environmen-
tal problems in freshwater ecosystems. The report recom-
mends administrative and curriculum reforms that focus
on educating responsible citizens and future policymakers
about stewardship of aquatic resources; the reforms also
address the  training of the next generation of scientists,
who will help supply the knowledge necessary to reverse the
damage already done to the world’s lakes, streams, and wet-
lands, so that their usefulness may be preserved for the
future. In a comprehensive list of requirements for science-
based ecosystem management, Christensen and colleagues
(1996) also note the critical need for effective education.
This list includes creative ways of providing the types of
education needed at every level of society, from school-
children to government officials. Likewise, Naiman and col-
leagues (1995) identify broad-based training beyond tradi-
tional educational efforts as central to improving water
quality in the United States.

Firth (1998) contended that scientific discovery can be
most rewarding when coupled to education, and, converse-
ly, education is most effective when coupled to discovery.
Also, effective communication and education about envi-
ronmental issues can be equally important as—and no less
challenging than—basic scientific research. As Pringle
(1999) noted, “While environmental outreach and educa-
tion has been traditionally characterized as ‘soft’ by the sci-
entific community, our global future depends on effective
communication of multiple and complex environmental
issues.” The challenge in communicating environmental
information lies in part with the very dynamic and complex
nature of environmental issues. Research results may go
unrecognized or underused because they are “often
expressed in language that suggests no clear connection
between scientific assessments and identifiable social val-
ues” (Norton 1998).

Most citizens, including those in charge of policy, are not
well informed or concerned about the relationship between
the health of aquatic resources and the economic and social
institutions the citizenry enjoys. The ways in which science
has traditionally interfaced with society must be reexam-
ined and modified to address current environmental and
social needs, and the scientific community must communi-
cate effectively with policy officials about environmental

information and the meaning of relevant research data if
public policies are to reflect conservation principles (Karr
1993, 1999, Clark 1999). Rep. George Brown (D-CA) clear-
ly noted this need when he observed that

we are on the cusp of a number of changes in the way
we conduct our research and education activities. As
exciting and challenging as it is to be in the midst of all
of this change, however, our research and academic
enterprise is anticipating little of it, provides little lead-
ership in setting goals for change, and thus may even
project a public attitude of being resistant to it....
Having risen to a new level of accomplishment, we are
hindered in our progress by the system we have out-
grown.... Given the transcendent nature of the knowl-
edge that has emerged, we can ill afford to let ego or
convenience cloud our vision on what we need to do
next. (Brown 1998)

The will to communicate and educate effectively must be
matched with programs and leadership that will result in
meaningful changes in policy and resource management.
Partnership efforts among different entities, such as educa-
tional institutions and government agencies, or private
businesses and nongovernmental environmental organiza-
tions, are mechanisms that can spearhead effective environ-
mental education. There are many excellent examples of
such collaborative efforts (e.g., Bjorkland et al. 1997, 1998,
Brown et al. 1999, Clarke 1999, NRCS 1999, Pringle 1999,
Pringle et al. 1999, Allen 2001, Hudson 2001, Middleton
2001, Newton 2001), but they must be expanded, given the
magnitude of environmental challenges.

In the last decade, the imperative of educating ourselves
and our communities about conservation of aquatic
resources through environmental education and outreach
has been well articulated among scientists (Pringle et al.
1993, Dewberry and Pringle 1994, Aumen and Havens
1997, Pringle 1997, Firth 1998). In June 1998 we convened
an interdisciplinary workshop to provide a forum for
exchanging information on effective strategies for environ-
mental education about aquatic resources. We had four
objectives:
• to cultivate an open forum on effective environmental

education and outreach programs
• to highlight philosophical and administrative issues that

impede meaningful progress in improving public envi-
ronmental education 

• to provide examples of successful education and out-
reach programs

• to draw attention to the need for better, more innovative,
and responsive systems of education and outreach 

The workshop, “Environmental Education Outreach:
Aquatic Resources,” was held in St. Louis during the joint
meeting of the American Society of Limnology and
Oceanography and the Ecological Society of America. The
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workshop examined three critical themes within the frame-
work of environmental education: effective communication
styles, the ethical responsibility to help shape management
and policy decisions, and the need to be more proactive in
environmental problem resolution. In the articles in this
issue of BioScience, the authors address the topic of envi-
ronmental education and outreach from the perspective of
their professions—namely, science, government, and non-
governmental organizations. These papers reflect the
enthusiasm and concern of the panelists for better commu-
nity environmental education, and we hope that they will
inspire and provide models for future education and out-
reach programs.

Stewart Hudson, president of the Emily Hall Tremaine
Foundation and former executive director of the Jane
Goodall Institute, as well as former vice president for edu-
cational outreach at the National Wildlife Federation, dis-
cusses how a national environmental group, a nongovern-
mental organization, adapts educational programs to meet
changing social needs and perspectives. He notes that social
changes and other “megatrends” influence the nature of the
environmental message and the manner in which it is com-
municated to the public. Factors that will continue to chal-
lenge environmental education (and to serve as catalysts for
change) include changes in demographics and in the aware-
ness  level of the public, and the need for (1) measurable
results in outreach education efforts, (2) effective ways to
utilize science and communicate complex aspects of the
natural world, and (3) avoidance of the psychology of
despair. Numerous examples of successful educational pro-
grams and initiatives are cited throughout his paper.

William Allen, science writer for the St. Louis Post

Dispatch, gives the perspective of the news media on envi-
ronmental communication. He discusses the culture of
newsrooms, the mindsets of news reporters, and the many
ways in which scientists can communicate their work to the
public, stressing that scientists should cultivate skills to
communicate effectively through the media. His paper
illustrates the many challenges that the print media face in
addressing environmental issues and offers tips on how the
aquatic scientist can successfully tap media resources, from
local science reporters to public information officers at var-
ious institutions.

Julie Middleton, former national director of the Save Our
Streams (SOS) program of the Izaak Walton League of
America (IWLA), discusses the role of SOS as an interme-
diary between the general public and the scientific commu-
nity. Through the SOS program, the IWLA works to
increase public awareness of water pollution issues and to
build an active network of stream stewards in communities
throughout the United States. SOS has developed a number
of tools for the general public, based on the latest research
in stream monitoring and restoration. One of SOS’s recent-
ly developed and successful programs, the Stream Doctor
project, educates the citizenry by getting them involved
directly in all key components of stream restoration: goal

setting, partnership building, development of restoration
plans, funding support, and implementation.

Bruce Newton, senior scientist with the National Water
and Climate Center of the Natural Resources Conservation
Service (NRCS), a nonregulatory agency of the US
Department of Agriculture, illustrates that public education
and outreach are central components of the NRCS mission.
(The NRCS works with private landholders, agricultural
producers, and local communities.) He examines the effec-
tiveness of some of the agency’s environmental outreach
and education techniques, which include national docu-
ments, national advertising campaigns, demonstration pro-
jects, primary and secondary education input, and local
community outreach. The lessons learned from broad-
based programs, which Newton summarizes, can serve as
starting points for other environmental education efforts.

The overall message conveyed in the workshop presenta-
tions was simple and straightforward: Conservation of our
aquatic resources depends on education of the public, and
educational strategies need to be broad-based and incorpo-
rate citizen participation to be effective. Scientists and aca-
demic institutions are critical links in the discovery process,
but the general public must embrace the application of sus-
tainable and ecologically sound policies. This requires a
commitment by professional communities to public educa-
tion. Professional scientific societies, such as the Ecological
Society of America, the American Society of Limnology and
Oceanography, and the North American Benthological
Society, are in a unique position to influence public percep-
tion and knowledge of our aquatic resources. By aggressive-
ly working with other institutions and organizations, both
governmental and nongovernmental, these scientific soci-
eties can influence and shape policies and on-the-ground
activities that will help ensure that aquatic ecosystems are
protected. The articles in this issue of BioScience demon-
strate how professionals and societies can contribute to
environmental education and outreach.

Acknowledgments

We would like to thank all of the speakers who participated
in the workshop: Brent Ache, Battelle, Inc.; William Allen,
St. Louis Post Dispatch; JoAnn Burkholder, professor, North
Carolina State University; Penny Firth, program director,
National Science Foundation; Stewart Hudson, executive
director, Jane Goodall Institute (now president of the Emily
Hall Tremaine Foundation); James Karr, professor,
University of Washington; Karol Keppy, Conservation
Technology and Information Center; Julie Middleton, who
worked with the Izaak Walton League of America when the
workshop was held; and Bruce Newton, Water and Climate
Center, Natural Resources and Conservation Service, US
Department of Agriculture. We also thank all those who
attended the workshop for their many contributions and
constructive comments. Very special thanks go to Dr. Susan
Weiler (Walt Whitman College, WA) and Ms. Helen
Schneider (American Society of Limnology and

April 2001 / Vol. 51 No. 4 •  BioScience 281

Articles

This content downloaded from 128.192.10.126 on Tue, 2 Jul 2013 13:16:26 PM
All use subject to JSTOR Terms and Conditions



Oceanography) for their logistical help and for their enthu-
siastic support of the workshop. This series of papers has
benefited greatly from the comments and suggestions of six
anonymous reviewers.

References cited

Allen W. 2001. A news media perspective on environmental communica-
tion. BioScience 51: 289–292

Aumen NG, Havens KL. 1997. Needed: A new cadre of applied scientists
skilled in basic science, communication, and aquatic resource manage-
ment. Journal of the North American Benthological Society 16:
710–716.

Bernabo CJ. 1995. Communication among scientists, decision makers and
society: Developing policy-relevant global climate change research.
Pages 103–117 in Zwerver S, van Rompaey RSAR, Kok MTJ, Berk MM,
eds. Climate Change Research: Evaluation and Policy Implications.
Amsterdam (The Netherlands): Elsevier Science.

Bjorkland R, Shreves C, Pringle C. 1997. Riparian Environments: Values,
Threats, Management and Restoration. An educational outreach slide
show and text, available through the North American Benthological
Society (lsmock@saturn.vcu.edu).

Bjorkland R, Pringle C, Newton B. 1998. Introduction to Stream Ecological
Assessment Course, Instructor’s Manual. Washington (DC): US
Department of Agriculture, Natural Resources Conservation Service.

Brown G. 1998. Past and Prologue: Why I Am Optimistic about the Future.
William D. Carey Award Lecture, 23rd Annual American Association
for the Advancement of Science Colloquium on Science and
Technology, 29 April–1 May 1998, Washington, DC. (15 Mar 2001;
www.aaas.org/spp/yearbook/chap3.htm)

Brown LR, et al. 1999. State of the World 1999: A Worldwatch Institute
Report on Progress toward a Sustainable Society. New York: W. W.
Norton.

[CERI] Centre for Education Research and Innovation. 1995.
Environmental Learning for the 21st Century. Paris: Organization for
Economic Co-operation and Development.

Christensen NL, et al. 1996. The report of the Ecological Society of
America Committee on the Scientific Basis for Ecosystem
Management. Ecological Applications 6: 665–691.

Clark JR. 1999. The ecosystem approach from a practical point of view.
Conservation Biology 13: 679–681.

[CEO] Coalition for Education in the Outdoors. 1990. Fall–Winter 1990
newsletter (Cortland, NY).

Dewberry TC, Pringle C. 1994. Lotic conservation and science: Moving
towards common ground to protect our stream resources. Journal of
the North American Benthological Society 13: 399–404.

Doppelt R. 1993. The vital role of the scientific community in new river
conservation strategies. Journal of the North American Benthological
Society 12: 189–193.

Firth PL. 1998. Fresh water: Perspectives on the integration of research,
education and decision making. Ecological Applications 8: 601–609.

Gleick PH. 1998. The World’s Water 1998–1999: The Biennial Report on
Freshwater Resources. Washington (DC): Island Press.

———. 2000. The World’s Water 2000–2001: The Biennial Report on
Freshwater Resources. Washington (DC): Island Press.

Hudson S. 2001. Challenges for environmental education: Issues and ideas
for the next century. BioScience 51: 283–288

Karr JR. 1993. Advocacy and responsibility. Conservation Biology 7: 8.
———. 1999. Defining and measuring river health. Freshwater Biology 41:

221–234.

Lubchenco J. 1998. Entering the century of the environment: A new social
contract for science. Science 279: 491–497.

Middleton J. 2001. The Stream Doctor project: Community-driven stream
restoration. BioScience 51: 293–296.

Miller NE. 1980. The Scientist’s Responsibility for Public Information: A
Guide to Effective Communication with the Media. New York: Media
Resource Service of the Scientists’ Institute for Public Information.

Naiman RJ, Magnuson JJ, McKnight DM, Stanford JA, eds. 1995. The
Freshwater Imperative: A Research Agenda. Washington (DC): Island
Press.

[NRC] National Research Council. 1996. Freshwater Ecosystems:
Revitalizing Educational Programs in Limnology. Washington (DC):
National Academy Press.

[NRCS] Natural Resources Conservation Service. 1999. Stream Visual
Assessment Protocol. Washington (DC): US Department of
Agriculture, Natural Resources Conservation Service. Technical Note
99-1.

Newton B. 2001. Environmental education and outreach: Experiences of a
federal agency. BioScience 51: 297–300.

Norton BG. 1998. Improving ecological communication: The role of ecol-
ogists in environmental policy formation. Ecological Applications 8:
350–364.

Postel SL. 1992. Last oasis: Facing water scarcity. Worldwatch
Environmental Alert Series. New York: W. W. Norton.

———. 1998. Water for food production: Will there be enough in 2025?
BioScience 48: 629–637.

———. 1999. Pillars of Sand: Can the Irrigation Miracle Last? New York:
W. W. Norton.

Powers SE. 2000. Environmental engineering professionals needed for edu-
cational outreach. Journal of Environmental Engineering 126: 891.

Pringle CM. 1997. Expanding scientific research programs to address con-
servation challenges in freshwater ecosystems. Pages 305–319 in Pickett
STA, Ostfeld RS, Shachak M, Likens GE, eds. Enhancing the ecological
basis of conservation: Heterogeneity, ecosystem function and biodiver-
sity. Proceedings of the Sixth Cary Conference, Institute of Ecosystem
Studies. New York: Chapman and Hall.

———. 1999. Changing academic culture: Interdisciplinary, science-based
graduate programmes to meet environmental challenges in freshwater
ecosystems. Aquatic Conservation: Marine and Freshwater Ecosystems
9: 615–620.

———. 2000. Threats to US public lands from cumulative hydrologic
alterations outside of their boundaries. Ecological Applications 10:
971–989.

———. Forthcoming. Hydrological connectivity and the health of biolog-
ical reserves: A global perspective. Ecological Applications.

Pringle CM, Rabeni CF, Benke A, Aumen NG. 1993. The role of aquatic sci-
ence in freshwater conservation: Cooperation between the North
American Benthological Society and organizations for conservation
and resource management. Journal of the North American
Benthological Society 12: 177–184.

Pringle CM, Bjorkland R, Newton B. 1999. Enhancing understanding of
effects of riparian buffers on aquatic ecosystems through development
of environmental outreach tools. Pages 211–214 in Hatcher KJ, ed.
Proceedings of the 1999 Georgia Water Resources Conference. Athens
(GA): US Geological Survey.

Wetzel R. 1991. On the teaching of limnology: Need for a national initia-
tive. Limnology and Oceanography 36: 213–215.

282 BioScience  •  April 2001 / Vol. 51 No. 4

Articles

This content downloaded from 128.192.10.126 on Tue, 2 Jul 2013 13:16:26 PM
All use subject to JSTOR Terms and Conditions


