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Executive Summary

Environmentd issues will define the 21t Century, as will a world with a large human populaion and
ecosystems that are increasingly shaped by human intervention. The science of ecology can and should
play a greatly expanded role in ensuring a future in which natural systems and the humans they include
coexist on amore sustainable planet. Ecologicd science can useits extensve knowledge of naturd systems
to develop agreater understanding of how to manage, restore, and create the ecosystems that can deliver
the key ecological services that sustain life on our planet. To accomplish this, ecologistis will have to forge
partnerships at scaes and in formsthey have not traditiondly used. These dliances must implement action
planswithin three visonary areas. enhancethe extent to which decisonsare ecologicaly informed; advance
innovative ecologica research directed at the sustainability of an over-populated planet; and stimulate
cultural changes within the science itsalf that build aforward-looking and internationa ecology.

New partnerships and large-scale, cross-cutting activities will be key to incorporating ecological
solutions in sugtainability. We recommend a four-pronged research initiative, to be built on new and
existing programs, to enhance research project development, facilitate large-scale experiments and
data collection, and link science to solutions. We emphasize the need to improve interactions among
researchers, managers, and decison makers. Building public understanding of the links between
ecosystem services and human well-being is essential. We urge the development of a major public
information campaign to bring issues and raise awareness of ecologica sustainability before the
genera public.

Specific recommendations for each visonary area will support rapid progress. Standardization of
data collection, data documentation, and data sharing is long overdue and should be kick-started
through a data registry, easy access to metadata, and graduate and professond training of ecologists
in ecoinformatics. A rapid response team that draws on ecological expertise in responding to
legidative and executive branch proposas would result in a larger role for ecologica knowledge
and ecologicd scientigsin the legidative and policy processesthat impact sustainagbility. We must develop
resourcesthat will help ecologists and collaborators from other scienceswork together more effectively. A
meeting of key leaders in research, management, and business should be convened to produce a plan to
create reward systems for ecologica researchers and educators, as well as to foster collaborations. We
need more global accessto ecologica knowledge. This effort could be started through routine trandation
of key ecologicd articles from non-English to English and vice versa. In addition, strategies to ease the
exchange of students, managers and practitioners among ingtitutions in various countries should be
implemented.

The three visonary areas and the recommendations to achieve them will provide a framework for
advancing ecologicd research and ensuring it plays a key role in public and private discourse. The
most critical vision area is the first: building an informed public. The results of simultaneoudly
addressing our recommendations for the three visonary areas will be an ecological science marked by
grong regiond and globa partnerships that will be insrumentd in the move toward a more sustainable
future for ecosystems and the humans they support.
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History and Approach of the Ecological Visions Committee

The desre to develop a sustainable future and the
science to accomplish this is widespread, and has
been an explicit god of the Ecologicd Society of
America(ESA) for over adecade. The Sustainable
Biosphere Initiative (Box 1) was produced by the
ESA in an effort to highlight the key role of basic
ecological research and articulate ecological
research priorities related to global change,
biologicd diverdty, and strategies for sustainable
ecologica systems. Considerable effort has been
and continues to be devoted to the first two
priorities, yet we sill have only a rudimentary
underganding of what is needed for sustainable
ecologica systems, even though such sysems are
required for avast array of vital ecosystem services
(Kates et a. 2001, Cash et d. 2003). We find
oursaves in the earliest stages of understanding
sudanability.

In 2002, the Governing Board of the ESA
charged acommitee with preparing an action plan
that would accelerate our progressin addressing
the mgor environmental challenges of our time
and increase the contribution of ecological
science in the coming decades. The SBI
motivated the committee’ swork, but our charge
was to develop an action plan for the Society
and for thefuture of ecologica sciencein generd.
We were not asked to identify the mogt critical

research questions nor to prioritize a list of
research topics. This has already been very
effectively accomplished by many highly
esteemed groups and our committee agreeswith
their genera assessment (Box 2). Ininitiating our
work as a committee, we fully embraced the
views expressed by the ESA Governing Board
in 2003 under the leadership of President Pamela
Matson:

...to make progress in
solving the major
environmental challenges
and ensure that ecological
science contributes to a
more sustainable world, a
bold and specific action
plan is needed....

After ggnificant input from our membership and
many individuas and organizations outsde ESA,
we chose to focus our action plan on three areas.
building an informed public; advancing
innovative, anticipatory research; and
stimulating cultural changes that foster a
forwar d-looking and inter national ecology. The
actions we recommend will require commitment
and hard work, including collaboration and new
partnerships among the ESA and other societies,

of ESA’s efforts snce 1991.

Box 1
The Sustainable Biosphere I nitiative

ESA created the Sustainable Biosphere Initiative (SBI) as“acdl to amsfor al ecologigts,” and
adsoto* serveasameansto communicate with individuasin other disciplineswith whom ecologists
must join forcesto address our common predicament.” It called for acquiring ecologica knowledge,
communicating that knowledge to citizens, and incorporating that knowledge into policy and
management decisons. (Lubchenco et a. 1991). The Initiative has influenced and informed much




Invasive pecies

Box 2
Critical Environmental Issuesfor Prioritizing Ecological Resear ch*

The science of ecosystemn services

Biodiversty, species composition, and ecosystem functioning
Ecologica aspects of biogeochemica cycles

Ecologicd implications of climate change

Ecology and evolution of infectious diseases

Land use and habitat dteration
Freshwater resources and coastal environments

* Thislist was compiled by the ESA Ecological Visions committee after reviewing numerous reports (see
http://www.esa.org/ecovisions/ev_projects/ref_documents.php). Issues are not listed in order of priority
and reflect committee views and particularly input from two reports: NRC (2003), NSF-ERE (2003).

organizations, agencies, and the business sector.
Furthermore, these partnerships should be
internationa in scope and in focus.

Our recommended actions cover a large
range: from big-scale, long-term, high-budget
projects to smaller tasks that could be
undertaken immediately with few additional
resources. We did not shy away from the
larger, more ambitious activities; we believe
they represent the scale at which we as a
community must think and act in order to
achieve sustainability science. We envision
the ESA playing asignificant rolein all of the
actionswe propose. That role may range from
facilitator or champion of activities that
require multiple partners and significant
resources to sole implementer of actions that

can be accomplished within existing ESA
structures.

The recommended actions represent the
conclusions we reached after many hours of
work as acommittee. We received extensive
input from numerous groups (government,
non-governmental organizations[NGOs], the
business sector), individuals, and many
members of our Society, including the
Governing Board itself. The input varied from
one-on-one discussions to group meetings
among the committee members (Appendix 2),
breakfast briefings in Washington, DC with
agency, NGO, and industry representatives
(Appendix 3), presentations from federal
agency and NGO representatives (Appendix
2), aswell asemail correspondence and input
from a web survey of the ESA membership
(Appendix 4).




TheNeed for an Action Plan

As we enter the 21t Century, wide recognition
exigsthat humanshavedtered virtudly dl of Eath's
ecologicd systems. Few places remain thet rightly
could be cdled prigine. People and their inditutions
need wood, so even the most remote rain forests
have been logged to the point of exhaustion
(Kremen et d. 2000). The need for energy and
trangportation has led to increases in atmospheric
carbon dioxide methane, and nitrousoxides (NRC
2000, IPCC 2001). Earth’s supply of water has
remaned finite, but the usable amount has declined,
amogt all freshwater bodies are degraded or water
is being siphoned off at rates that are leading to
total depletion in some regions (Gleick 2003),
threatening fierce cross-border disputes. We are
profoundly degrading the health of Earth’s
ecosystems.

Theimpactsthat humans make on the environment
areclearly & oddswith thefact that humans depend
on adiverse array of natura services that can be
provided only by hedlthy ecosystems (Daily 1997).
The chalengeisto preserve these vitd servicesas
theworld' s human popul ation soarsand as nations
and ther inhabitants quite naturally seek toimprove

their standard of living. The issues are not just
overpopulation but over-exploitation of natural

resources, particularly by peoplesof the developed
world such as the United States.

Human population size reached 6 billion in the
gpring of 2004, according to the United Nations.
growth projections suggest that even if the growth
rate does taper off , as expected , the momentum
of previous populaion growth means that by the
end of the century, theworld’ secosystemswill have
to support 8-11 billion people (Lutz et a. 2001).
However, from the perspective of ecological
suganability, itisdifficult to sseany future scenario
that would support thismany people a today’ srates
of resource consumption (Dobkowski and
Wallimann 2002). Even given the current
populetion leve, the ability of globa ecosystems
to sustain humans is quickly being eroded and
exceeded inmany places Meanwhile, Earth’ sability
to produce goods and services is being degraded
further. Thus, regardiess of the ultimate human
population sze, new thinking and new solutionsare
needed now to ensure a planet that can sustain a
burgeoning human population.

definition of the word.

Box 3
Sustainability

“Sustainable,” from the Latin sustinere, means to keep in existence. The term “sustainable
development” cameinto generd use with the 1980 publication of the World Conservation Strategy
by the Internationd Union for the Conservation of Nature. The term gained wide currency eight
yearslater with the rdlease of Our Common Future by the World Commission on Environment and
Development, better known asthe Bruntland Commission. There have been many variationson the

This report adopts the definition used by the National Research Council: *“meeting human needs
while conserving the Earth’ s life support systems and reducing hunger and poverty” (NRC 1999).




Ecologists traditionally have paid great
attention to Earth’s least disturbed areas—
therain forests, isands, wildernesses. Their
resear ch has produced immensdly significant
insightsinto complex ecological interactions.
This valuable work has uniquely positioned
resear cher sto createan ecology of thefuture:
a science that reshapes the view of key
ecological questions and a science that
explicitly recognizes and incorporates the
dominant influence of humans. It is time for
ecology and ecologists to enter a new and
critically important phase, one that requires
crucial changesin thoughts and actions.

We believe that ecologists (and environmental
scientigts generdly, as wdl as decison makers)
must accept theinevitability of aplanet withavasily
increased population and over-exploited resources.
All mugt incorporate into their thinking, planning
and research theirrepressible tendency of humans
to modify their world. That tendency may decline
as Earth’s precarious position becomes better
understood by itsinhabitants. But until that happens,
our thinking must reflect today’s redlity.

The ecology of the future must become more
responsive to, and respectful of, the huge human
footprint. Ecologica knowledge can and must play
acentrd role in helping achieve aworld in which
human populations exist within sustainable
ecologicd sysems. Thisisnot autopian view, but
aredigtic one. It need not invite despair. It does
require that sound, problem-driven environmentd
science and forecasting become critical
components of decison making. And it requires
an acknowledgement that amore sustainablefuture
will involve some combination of conserved,
restored, and invented ecological solutions.

Thus, wearguefor amoreforwar d-looking and
international ecological science focused on
how natural systems and the large human
populations they support can coexist on a
mor e sustainable planet. We call this

Ecological Science and Sustainability for a
Crowded Planet. It isbased on theviewsthat:
1) therich history of basic ecological resear ch
provides us with a strong foundation for
moving forward in sustainability science; and
2) thecentral rolethat ecological science must
play in thefutureof our planet placesaunique
responsibility on ecologists to develop and
implement plans of action. The central goal
must be to chart an understanding of how
ecosystems help sustain humans and the
ecological servicesthey valueand how wecan
balance conservation, restoration, and
designed solutions to ensure that nature's
services continueinto the future.

The need for an action plan gemsin part from the
fact that thus far ecological science has not been
characterized by regiona and globa partnerships
for advancing research that can influence issues of
sugtainability. Nor hasit been particularly effective
ininforming decisons that affect our environmen.
We need to bolster research, but perhaps more
importantly, we need to communicate our science
much more effectively than we have in the pad.
Mg or changesin ecologica science have dready
lad the foundation for these changes, snce many
ecologists who once concentrated their research
onsysgemswith “minima” human influence are now
focusing on how humans interface with nature
(Povilitis 2001, Turner et d. 2003) and are now
consdering the relevance of their work for palicy.
Thecommunity must, however, go onestep further.

Unparalleled interactions with physical and
social scientists, as well as the public, policy,
and corporate sectors, are required, as are
magor new inititives acrossthethreefrontier action
areas that are described below. Indeed, regiona
and globd partnershipswill bereguired toimplement
many of the actionsthat we recommend. The ESA
cannot and should not attempt by itself to
implement those actions that need input,
perspectives, and resources from diverse groups
around the world. However, because of its




international political influence and its
disproportionate consumption of non-renewable
natura resources and disproportionate release of
globally-transmitted pollutants (UNEP 1999), the
USand itsecologistshave aparticular respongbility
to initiate such partnerships.

Many current efforts a the internationd level are
dready ongoing but they should be enhanced and
should play asgnificant rolein these partnerships.
For example, the Millennium Ecosystem
Asessment (MA) isaninternationd work program
launched by UN Secretary Genera Kofi Annanin
June 2001. Its goal is to provide scientific
information on the consequences of ecosystem
change to decison makers and the public (MA
2003). Smilaly, the Resilience Alliance (2004) has
an international program to assist in the
development of theory and solutionsfor managing
socid-ecological systems.

Partnerships between researchers and government
agencies are dso important, as agencies have the
resources to help implement new research

programs and to understand from their perspective
the critical problemsthat we need to respond to or
anticipate. For example, in implementation of the
Endangered SpeciesAct, USgovernment agencies
st specific ecologica information requirements,
and, inthe process, very effectively framed gapsin
current knowledge (Levy 2003). Multinational
initiatives such asthe Pan-European Biologica and
Landscape Diversity program represent innovative
partnerships between governmental and non-

governmental groups that also bridge science,
policy, and economics in order to protect
biodiversty. These programs and many othersare
ripe for more science and more participation on
the part of the ecologica scientific community.

We now turn to the three visonary themes with
associated actions—informing decisions with
ecologicd knowledge, advancing innovative and
anticipatory research, and stimulating cultural
change. Without progressin dl three areas, we will
not achievethegodsof bolstering ecologicd science
and sugtainability for our crowded planet.




VISION 1:

INFORM DECISIONSWITH ECOLOGICAL KNOWLEDGE*

Vision Statement: The science of ecology is poised to provide the scientific insights crucial to the
sustainable management of our planet and itsresources. To meet thischallenge, ecological knowledge
must under pin the decisions that affect ecological sustainability and this integration must occur at

all levels of society worldwide.
Rationale

Ecologists and current ecological knowledge
presently play only margind roles in many, if not
mog, of the daily decisons that affect ecologica
sustainability (NRC 2001, Waters 1998). Such
decisons include the choices individud citizens
make about how they useresources, from whether
or not to recycle a soda can, to which car to
purchase, to how to dispose of manure from their
chicken farms. Those decisions also include
peopl€e s perceptions of the the actions of agencies
entrusted with environmental stewardship.
Decisions about land and natural resource
management, ecologica restoration, technology
development, and the regulation of environmenta
hazards are made by government agencies
operating a the locd, ate, provincid, nationd,
and internationd levels.

Thetrandation of ecologica knowledgeinto aform
that is accurate and serviceable for policy,
management, or education purposes is often
ddayed. This lag between advancesin ecologica
science and integration of these advances into
decision making occurs for several reasons
(Bradshaw and Borchers 2000). Ecologicd science
does not dways answer the questions that matter
to user groups because the research community
does not understand such needs or recognizethem
as priorities. One consequenceisthat the decison

makersmay not view ecology asrelevant (Cash et
a. 2003); therefore, ecologistsdo not dwayshave
a“sedt at thetable’ in contextsin which they could
make fundamenta contributions. The Stuation can
be changed, but it will require new ways of
identifying scientific priorities and new ways of
communicating ecologicd knowledge, both within
our own countriesand acrossinternational borders.
It is no longer enough to just do the science; the
new knowledge must be conveyed in away that
dlows policy makers to trandate the science into
actions (Cash et d. 2003), as well as convinces
those policy makers that action isimportant. And
the knowledge must be globaized so that access
to worldwide ecological information is easy to
obtain.

Relatively few people or ingtitutions routinely
trandate ecologica information and concepts into
knowledgethat isdirectly applicableto red-world
decisions—or, conversely, identify science
questionsbased on user needs. Understanding and
gppreciation of the significance of these functions
is generdly low among the genera public and
decison makers(Cash et d. 2003). In the vacuum
that is left, an increasing number of organizations,
ranging from environmenta nonprofits to industry
lobbyists, are aggressively marketing mission-
driven messages and information about the
environment. Many users and members of the
public now gather information from a variety of

1 Asnoted by the International Council for Science (ICSU), “inform” implies three interacting processes: “ Ecological knowledge helps
to ‘inform’ decision-making at all levels, decisionsare ‘informed’ by the best ecological knowledge available, and future research can be
‘informed’ by needs and concerns of decision makers.” (ICSU 2002). “Knowledge” can be considered information that changes behavior
either by motivating or changing capacity for action (see Allen 1999). Information dissemination may have impact on awareness, but
not necessarily behavior or action (Allen 1999). Therefore, communication, education, and capacity-building are required to effect
change in integration of ecological knowledge into decisionmaking at all levels.




sources, ranging from peer-reviewed journal
articles, to materials that present self-serving
interests, to news accounts, to both well-
documented and unattributed Web pages. As a
result, decision makers, managers, educators, and
the public may have difficulty discriminating among
the differing objectives and scientific reiability of
these sources.

Ingtitutions such as the ESA have acritical roleto
play in ensuring that science-based information
about ecologica sustainability is accessible to
decisonmakersat dl levelsand thet thisinformation
is framed globdly. Environmenta policies set by
the USthat do not consider environmenta impacts
acrossinternational borders are not adequate. We
recommend a two-part strategy, which we
describeasaction ar eas, togreatly acceler ate
the integration of ecological knowledge and
ecologistsinto decision making, management,
and educational processes that affect
ecological sustainability. Each action area
targets a different, but equaly important, part of
the problem.

exigting processes affecting ecologicd sustainability
have yielded mixed success in integrating current
ecologica science. For example, these processes
do not dways pull in the appropriate experts. for
various reasons, ecologists do not participate in
many sustainability issues that have significant
ecological components. Moreover, those scientists
who are involved may have limited opportunity to
offer their ideas or may not understand the policy
or management context fully enough to provide
useful advice.

The problem does not lie soldly with the scientigts.

The users of ecologica knowledge often do not
understand the full range of information or
conceptud ingghts that ecologists might provide
(Alpert and Kdler et al. 2003). There are severd

possible reasons for ecology’slack of “aseat” a
thedecison-making table; other scientific fidldsmay
have co-opted ecology’s role. Ecology is a
relatively new discipling, and it dill suffersin some
circles from not being recognized as a “rea”

science. By definition, ecology is (or should be) a
multidisciplinary undertaking, and thismay frudrate

choicesabout sustainability.

Action Areasfor Informing Decisons (D) with Ecological Knowledge

A. Integrate advancesin ecological knowledge into policy and management
decisonsthat affect ecological sustainability.

B. Promote a thoughtful public today and educate futur e generations so that
the public can use the best ecological knowledge when making individual

Area A: Integrate advances in ecological
knowledge into policy and management
decisionsthat affect ecological sustainability.

A growing consensus hasemerged worldwidethat,
as might be expected, better environmental
decisons occur when choices are informed by
dialogue among scientidts, policy makers, and the
public (OST and Wellcome Trust 2001, Parsons
2001, Worcester 2002, 2000). Nevertheless,

decison makers who seek smple, “magic bullet”
answers. And sometimes ecologigts fall to assert
themsalves in policy metters.

Over the years, ecologigts have created a huge
knowledge base, but they do not always advertise
its availability or know how to present it to
nonscientistsin comprehendibleform. If ecological
knowledge is to be better integrated into public
policy and management choices, there must be




better communication and collaboration between
ecologists and the peoplewho develop the policies
and manage the resources.

Recommended Actions:;

ID Action 1. Establish an international
network of Centers for _the Ecological
| mplementation of Solutions(CEIYS). (alsosee
ARAction 1 bdow and Box 5). Building onexiging
expertise and infrastructure within the ESA and
other professional societies, government, and
private ingtitutions and programs, CEIS would
foster partnerships among researchers, managers,
and decison makers to actively develop and
disseminate relevant new information to the
appropriate audiences. Various developmental
methods (e.g., workshops, working groups) and
outreach methods (e.g., Web-based materials,
white papers) would be used to build support for
the centers.

Themediashould not be overlooked. Not dl of its
members are responsible or have the time or
inclination to determine the relevance of complex
ecologica information. But some are, and they
complain that their editors lack interest in stories
that do not promise miracle breakthroughs or can
not be told in a few words. Ecologists should
cultivate relationships with the more thoughtful
reporters and editors.

The centers would play a pivotd role in linking
research scientistswith managersto ensureabroad
understanding of the sciencethat is needed to take
us toward a more sustainable future. The centers
would address policy and management issues a
local to international scales by involving
interdisciplinary groups of scientists and managers
in solving shared problems.

Such an approach would provide vauable forums
for connecting ecologicd scienceto itsgpplications
in policy and management issues that affect

sugtainability. Projectshosted by the centerswould
addressissuesthat rangefromlocd tointernationa
decison making. Scientists, policy makers, natural
resource manager's, or corporations could fed free
to propose projects. The projectswould share one
provison: each must involvetrue collaboration and
balanced representation among the users and
producers of ecologica knowledge.

The centers would provide a “leve playing fidd’
that encourages high-qudity, two-way exchange
of information between decision makers and
scientists. Two-way exchange is critica, because
the god is to improve integration of the very best
ecologica knowledgeinto policy and management
and to inform the direction of ecologica research
to address societd needs. In addition, because so
many issues of ecological sustainability are
inherently interdisciplinary, the centers dso would
provide a venue in which ecologists could
collaborate with economists, engineers,
hydrologists, and scientists from many other
disciplinesin solving shared problems

The projects hosted by the centerswould produce
arich set of “experiments’ in linking ecologica
science to sustainability policy and practice. This
presents an enormous opportunity to learn the best
way to create such linkages. An assessment activity
would be part of al projects hosted by acenter. It
would anadyze methods for encouraging group
interactionsand communication and would evauate
the projects impacts on ecologica sustainability.
What researchers learn from these assessments
would be documented in a body of scholarly
literature on the indtitutional arrangements and
processes that work best in joining ecologica
sciencetoitsgpplications(e.g., Bennett et a. 2003,
Cash et al. 2003, Castillo 2000).

The centerswould function with asmall permanent
gaff and facility to support projects, to conduct
project assessment activities, and to ensure
continuity across projects in selected areas of
special interest. For example, over a given
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period of time, a center might host a set of
projects on specific issues such as forest
management, sustainable agriculture, or wetlands
restoration. Ongoing participation by a
dedicated staff member at a center would ensure
that insights could be gleaned from comparisons
across projects.

Functions anticipated for the centers include:
Convening working groups, symposia, and
analytical projects that will improve the
integration of ecologica knowledgeinto red-
world policy or management issues at
international, national, regional, or local
scales.

Convening projects specificaly to evauate
the implications of new discoveries or
conceptual advances in the ecological
sciences for policy or management issues.
These projects would communicate results
more broadly across potential user
communities, and thus reach a wider
audience.

Developing a specia focus on effectively
integrating ecologica knowledge into land-
use planning decisions made at the county
level. Those decisions have profound effects
on the environment and its sustainability, but
this important area is particularly poorly
addressed at present.

ID Action 2. Build on programs that serve
as" honest brokers” of information and use
rapid response teams to assist decision
makers. The ESA could initiate partnerships to
develop a program, based in Washington, DC,
that would draw on expertise from the field of
ecology to scorelegidative and executive branch
proposals for their impact on ecological
sustainability, and to identify expertswho would
expeditiously provide input and testimony on
pending legidation or regulations. If successful,
thisventurewould result, over time, inlegidative
and policy proposals that are better informed
by ecological knowledge and an increased

involvement by ecological scientistsinlegidative
and policy processes.

The work will require askilled and scientifically
literate staff of science policy anaystswho have
permanent networking relaionshipswith decison
makers in Washington. These analysts also
would be well-connected to the membership of
the ESA and other societies in order to identify
appropriate experts as needs arise. The staff
would also work with expertsto ensurethey are
effective in communicating their scientific
knowledge through testimony, in writing, and
other public participation opportunities. Their
work would include:
Developing and implementing an
Informed by Ecological Knowledge
(IEK) scoring system. The resultswould
function as independent and objective
report cardsfor pending legidation. The
intent would be to assess and emphasize
the quality of ecological science
underpinning the legislation. They
explicitly would not take advocacy
positions.
Serving as the contact point and source
for scientifically credible and trusted
advisors drawn from the membership of
the ESA and other professional societies.
Decison makers in Washington would
know they could call on the team to
rapidly  provide high-quality,
independent, and—above all—
objective ecological input and testimony
for emerging legislative, policy, and
management issues. (In this sense, the
team would function smilarly to the US
Congressional Research Service or the
now-closed Office of Technology
Assessment, and would act as a rapid
response team that provides input on
time-sengitive issues).

This program could serve as modd for similar
programs in major cities worldwide.




ID Action 3. Increase the number of

Area B: Foster athoughtful public today and

ecol ogistswithin government agencieswho
make decisions or_influence the decisions
of others related to ecological
sustainability. Individuals with strong
backgroundsin ecological sciencewill ensurethat
policy and management decisions are informed
by the best available ecological knowledge; or,
when the best available ecological knowledgeis
not sufficient, theseindividualswill be positioned
to push to obtain it—to argue for targeted
research or adaptive management approaches
or both. Ecologists employed in positions that
require frequent interaction with the public will
have opportunitiesto educate the public on issues
of ecologica sugtainability. Ultimatdly thisshould
occur on aworldwide basis. To begintoincrease
the employment rate of ecologists in agencies
and the legidative branch in the US, the ESA
could undertake the following:
- Develop a postdoctoral program, such
asthe AAAS Science, Technology and
Policy Fellows, and the Nationa Sea
Grant or John A. Knauss Marine Policy
Fellowships, designed specifically to
place promising early-career ecologists
on Congressiona staffs and in federd
agencies.
Collaborate with workforce plannersin
federal and state agencies in building
ecological capacity and knowledge.
Particularly important placesfor capacity
building include agency functions that
interact withthe public (e.g., NRC'sfield
service representatives, Bureau of Land
Management agents, county agricultural
extension agents) and that conduct
research that should, but presently does
not, often have an ecological component.
Possible approaches include persuading
managers of theimportance of ecological
knowledge within agency mission
statements and helping agencies develop
postion descriptions and advertise
openings across the ESA membership.

educate generations of tomorrow so that the
best ecological knowledge informsindividual
choices about sustainability.

Inthe near term, accomplishing thisgod will require
afull-scde publicinformeation effort. Thecampaign
would seek to increase awareness about ecol ogical
sudainability and explain the sustainability issues
affecting the quality of peopl€'slives and those of
future generations. There is no question that the
publicisaware of thregisto sugtanability, especidly
when * sustainability” isrelated to the well-being of
the public's children and grandchildren. But there
isample evidence of public uncertainty—perhaps
fudled by the* environmentdissversusdeve opers’
tone of much of the discussion—over how
sugtainability might best be achieved. Through this
information campaign, members of the public will
become more aware of ways in which their
decisions and actions make a difference, and they
will better understand the sciencethat should inform
their choices. They aso will learn that concerns
about sustainability include much more than the
charismatic “megarissues’ such as climate change
and species extinction.

Over the longer term, afull-scae public education
program will be essentid to ensure lasting changes
in the public’'s undergtanding of the link between
ecology and sudtainability. The next fifty yearswill
be a period of great change in ecosystems
worldwide, and future generations must be
prepared to make sound and scientificaly informed
choicesthet influencetheenvironment a dl levels—
local, landscape, regiond, and global. Education
will be criticd if future generations are to have the
necessary knowledge, attitudes, and skills to do
s0 (Cadtillo et a. 2002, Jenkins 2003). There is
consderable evidence that the public, especidly
younger persons, will welcome such education.

Ensuring that ecology education provides a
foundation for informed decision making will require
improved literacy about ecologica sustainability
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among teachers and integration of ecological
sustainability into the standards and curricula
mandated by countries, states, and provinces
(Berkowitz 1997, NCSE 2003, Slingsby and
Barker 1998). Busy educators at all levels
also need increased access to ecological
knowledge in useful formats, aswell asto the
latest advances in ecology education theory
and practice.

Recommended actions:

ID Action 4. Develop a major _public
information campaign to bring issues of
ecological sustainability before the
general public. The campaign will be of
sufficient scope and breadth that it will
significantly raise awareness about ecological
sustai nability among most segments of society.
Additional targeted campaigns will seek to
increase understanding among attentive and
influential segments of society.

The ESA, in collaboration with funding and
other partners, can help create a campaign
that delivers a science-based perspective on
ecological sustainability and that avoids
advocacy of specific policy positions. Parts
of the campaign could be structured around
a set of high profile issues of broad public
concern and help audiences understand the
scientific basis for solving problems of
ecological sustainability. Other groups have
already begun education campaigns, and ESA
should not reinvent the wheel—ESA should
partner with such groups, help leverage
resources, and bring the membership of these
groups into the process.

Broad-scale dissemination of information to
the public demands a quantum leap past
conventional print, broadcast, and Web-
based media. National awareness of what
ecological sustainability is and how each
citizen is connected to his or her ecosystem

will require a coordinated and prolonged
campaign of Internet, television, radio, and
print media—one on the scale of the US
antismoking campaign.

For example, the ESA, working with other
partners, could hire professionals in mass
media communications to design and
implement the campaign. Strategies could
include public service announcements in
radio, network TV ads, and posters on
billboards and in public transport systems
("This is an ecosystem” [a series of posters
depicting a variety of systems, from drops of
rainwater to satellite images of the Amazon
basin]; “Have you seen your ecosystem
lately?’), and more comprehensive materials
for those who would like to learn more.
Specialized campaigns should also target
groups that have the ability to effect significant
changes in public policy or industry—for
example, members of Congress, national
industry associations, and environmental
lobbyists and similar audiences in state
capitals.

ID Action 5. Work with diverse public,
nonprofit, and religious organizationsto
better integrate ecological knowledge
into their_relevant outreach and public
education _campaigns. Many religious
groups have responded to emerging
environmental concerns by linking values to
an ethos of environmental stewardship. The
ESA can encourage the integration of
contemporary and rigorous ecological
knowledge into this movement by providing
speakers on ecological issues of local and
national significance and developing
appropriate information products. For
example, the ESA could prepare targeted
information packages by working with multi-
faith organizations and scholars that are
addressing the link between ecological
sustainability and religion, such asthe National
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Religious Partnership for the Environment
(http://www.nrpe.org/mission.html), and the
Harvard University Center for the Study of
World Religions (http://
www.hds.harvard.edu/cswr).

Numerous other government and private
organizations are delivering messages to the
public that directly or indirectly address
ecological sustainability. Some already
support the dissemination of peer-reviewed
science (e.g., US federal and state agencies).
These and many other organizations, including
environmental and sustainability NGOs, would
benefit from broader involvement of ecologists
in helping to build scientifically accurate
messages, however, they may not be aware of
the enormous resources the 8,000 members of
the ESA represent. The ESA could facilitate the
involvement of ecologists by building working
relationshi ps between the ESA Governing Board
and such organizations (through memoranda of
understanding, for example) and then
“matchmaking” between each organization’s
needs and expertise from across the ESA. The
matchmaking could take place either actively on
a case-by-case basis or by creating a Web-
based resource built upon the existing Ecological
Information Network (EIN 2004).

ID Action 6. Establish internationally-
coor dinated ecology education programs. The
goa of these programsisto ensurethat systemic
changes occur in ecology education to make
better and more effective use of concepts and
discoveries in sustainability science. The
programs could be modeled after the National
Academy of Engineering's Center for the
Advancement of Scholarship on Engineering
Education (CASEE) (NAE 2002). The ESA
would need to work with other ecology and
education professional societies, education
research institutions, and funding partners to
establish local, national, and international
programs.

Advancesin ecology education research will aso
be essential to enable this systemic change.
There must be better connections between
ecologists and educators through education
research, teacher education, science education
policy development, and professional
development. Relatively little support exists for
any of these activities today, specifically for
ecology education. Innovative programs could
remedy this gap by connecting ecological
knowledge with the best information from education
research to advance K-12, undergraduate, and
non-formal education (D’ Avanzo 2003, Keysand
Bryan 2001, Walczyk and Ramsey 2003).
Programs must provide ecologists with access to
best practices in teaching and learning, advances
in educationa research, and expertise from the
education sector to help devel op curriculum-based
and developmentally-appropriate education or
outreach programs (e.g., McKeown 2003).

ESA-related actions anticipated for education

programs include the following:
ID 6a. Develop and deliver professional
development programs for K-12 educators
related to ecologica sugtanability. This might
include an annual international Ecology
Education meeting!, bringing together a
hundred leading science education specidists
and ecologigts. Each meeting could focus on
developing ecologica sustainability education
programs and curriculaof state, provincid, or
nationd sgnificance. The meetings aso might
promote ecologist-educator partnership
programs such as SYEFEST (Schoolyard
Ecology for Elementary School Teachers) a
al levels of K-12 education.

ID 6b. Expand the TIEE (Teaching Issuesand
Experimentsin Ecology 2004) FIRST (Faculty
| ndtitutes Reforming Science Teaching 2004),
or smilar undergraduate faculty support and
enhancement programs for ecology
education—with agpecia focuson ecologicd
sudanahility. Appropriate education research
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could be assiged by partnerships between the
ESA and mgor education professond societies
or education research centers to assess and
disseminate information about such capacity
building programs

ID 6¢. Andyze and paticipate in curriculum

begt-practicesand education research summearies
for useby educatorsa dl leves

ID Action 7. Work with the United Nations to
declare an “International Decade of Ecology

Education” aspart of the Decade of Education
for Sustainable Development (2005-2015).

Sandardsand textbook devel opment for ecology
in K-12 and undergraduate education.

Government mandated national, state, and

provincid standards, or programs of study,

undergo review every five to ten years and the
reviews frequently dtract partisans of various
causes (the evolution-creationism debate is a
prominent example). These reviews provide
opportunities for scientists to make the case for,

and explain the facts of, ecological sudainability
(Blank and Brewer 2003). The ESA Education
Officeddf couldtrack changesand opportunities
for ecologigts to participate in education policy
reform.

ID 6d. Increase diversity among ecology
educatorsnationdly andinternationdlly. Educators
are uudly the dosest that mogt K-12 sudents
come to working with anyone having sdentific
knowledge (Singsy 2001). Wenesd accessible
role modd sto meet the needs of diverse sudent
populations at the primary, secondary, and
undergraduate education levels. The ESA could
expand and gpply the highly successful SEEDS
program to recruit minority ecology
undergraduate and graduate sudents to pursue
carers in K-12 education—particulaly in the
areaof ecologicd sudanahility.

ID 6e. Establish a Web-based elibrary that
provides up-to-date access to advances in
research and education on ecological
udanability. The library would be avalldble to
'educators, curriculum deve opars, and thepublic,
bathwithintheUSandintanationdly. TheERIC
Digests providesapotentid modd for presenting

International ecology education reform will reguire
internationd actions. Such a declaration will raise
avarenessinthe USand beyond about the Sgnificance
of ecologica knowledge in enabling sustainable
ecosystems. It dso is likely to result in policy
outcomes, such as declarations that address
government incorporation of ecologicd knowledge
into decison making, education, and literacy. Actions
to accompany this declaration could include the
faloving:
ID 7a. Organize and implement a series of
Ecology Education Conferences, bringing
together professona science and education
sodidiesto identify advances, gaps, and frontiers
in education rddaed to ecologicd sudanahility.
The scope and sequence for the series could
include: an all-society Ecology Education
symposium at the 2005 ESA/International
Asociation for Ecology (INTECOL) meeting,
a2010 Nationd Ecology Education Conference
for stience and education professond sodieties,
and a 2015 Internationd Ecology Education
Conference.

ID 7b. Publish and widely disseminate
procesdingsfrom theeducation conferences. Only
four major books have been published by
professond ecologicd socidties, inditutes, or
ecologigts snce 1966 that directly address the
datus of ecology education in undergraduate
education (Lambert 1966), environmental
education (Bakshi and Naveh 1980, Hae 1993),
and urban ecosystems (Berkowitz et d. 2003).
The proceedings would promote scholarship in
ecology education and provide educators & dll
levels with periodic syntheses of advances in
education practice.

* The meetings could be model ed after the Woodrow Wilson National Fellowship Leadership Program for Teachers.
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Summary - Informing Decisions

The most important thing we can do to move
ecology toward assuming the critical role it must
play in addressing our current and future
environmental challenges is to get the right
information into the right hands at the right time
and in the right form. It is also one of our most
difficult tasks. But it needs to be done if
ecological science is to make its badly-needed
contribution to sustainability. For thisto happen,
we must take the responsibility to ensure that
our science is relevant and that it is used in al
levels of decision making. The strategy we
propose will promote a foundation for progress
that will move ecology beyond the marginal role
it currently playsto full partnership in decisons
regarding ecological sustainability.

In our vision of thefuture, ecologica knowledge
is a standard and necessary factor in decision
making in all aspects of society. If we are

successful, ecological scientists will be caled
upon to assist in policy decisions at the local,
national and global levels. Industry will see
ecological science as a friend, rather than
opponent—and as a key ingredient in making
economically and socially good business
decisions. Natural resource managers and
research scientistswill work together to develop
more informative and useful research programs.
We will see the fruits of ecologica education in
a global human population that better
understands our dependence on ecological
services and that respects and appreciates
biological diversity. We believe this vison is
obtainable, but this future depends on the actions
we take now. The vast array of existing
information, important advances in research,
technological innovations, and exciting new
collaborations that are caled for in other parts of
thisreport will provideammunition but will not move
usforward unlesswe have the Sructurein placeto
take us from data, to outreach, to gpplication.
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VISION 2:

ADVANCE INNOVATIVE AND ANTICIPATORY RESEARCH

Vision Statement: Broadly innovative and effective ecological research in the 21 Century will
require proactive research in which ecol ogists anticipate problems and needs, develop creative and
sometimes high-risk ideas, employ novel methods, and are willing to work at unprecedented scales
and level s of coordination. Within thisdecade, steps must be taken to devel op, implement, synthesize,
and apply new conceptual approaches, analytical methods, and technological tools. Theaimhereis
to quantify, explain, and predict ecological phenomena critical to the sustainability of the biosphere.

Rationale

Ecologica research questions extend across a
gpectrum that ranges from increasingly rich and
sophidticated molecular-leve andysesof bothliving
and nonliving components of the world’'s
ecosystemsto integrated views of the entire globe
(e.g., Thompson et d. 2001). The enterprise of
ecologicd research dready spans Earth and is
reachinginto our olar system. It rangesfrom remote
outposts on land and seg, to thefamiliar patchwork
landscape of more developed aress, to the heart
of our most populated cities. Despite this,
ecologica undergtanding ill often lags behind the
scae and rapid pace of changes that occur on the
planet (Vitousek 1994, Lubchenco 1998, NRC
2001). Theextent of human-induced environmenta
changeismeaking the science of ecology increesingly
critical to the future of life on Earth (Lubchenco
1998, NRC 1999, 2001, NEON 2000, NSF
2000, NSF-ERE 2003). We must anticipatethe
scientific needs, not smply react to and report on
them.

For ecology to meet the challenges of the future,
we must develop anticipatory and novel
conceptual, analytical, and interdisciplinary
frameworks. Progress in understanding

ecosystems—how they function, how they relate
to one another, and how they can be restored or
created to provide essentid services—requiresthe
development of new, imaginative tools and
improved accessibility and ease of use of
technologies. Comprehensive ecological
undergtanding demands integration and synthess
of multiple sources of information. Widely
accessible, integrated devices to capture
information in ecology and dlied disciplines are
needed, even those whose links to ecological
sudtainability are not immediately apparent. The
interdisciplinary nature of the research we need
means that new modds of collaboration must be
built both at the nationdl and internationd levels.

Theresearchweundertakemust beultimately
motivated by the need to build a better
under standing of how ecosystem servicesare
provided and can besustained. Basicresearch
is critical; solution-driven research is its
partner. Toaccomplish thiswill requirenot just
highly innovative thinking that anticipates
futureneedsand problems; it alsowill require
significant changes in the way ecological
information is collected, synthesized, and
communicated, and it requires new research
tools, approachesand infrastructure.
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innovative r esear ch.

and data sharing.

Action Areasfor Advancing Innovative and Anticipatory Research (AR)
A. Enhance theintellectual and technical infrastructurefor ecology.

B. Create new incentives to recognize and encour age anticipatory and

C. Promote the ssandar dization of data collection, data documentation,

AreaA. Build theintellectual and technical
infrastructurefor ecology.

Ecologica understanding rests on knowledge that
Is gained from multiple avenues, including
experimentation, theory and modding, comparative
observations, long-term study, and synthesis
(Carpenter 1998). The environmental research
community has generdly responded to problems
that are here and now (e.g., biodiversity loss, the
spread of nonnative species, the initia sgns of
globa climate change). We aso need a focus on
the future, even though by definition the future is
largely unknown. We need a new body of
knowledge, radicaly new research agendas, and
new ways of ensuring that ecology isacomponent
of the important decisions facing society in the
future. We need additional funding resources to
support research, but we also must foster
intellectud and interpersond support within our
discipline for experimenting with new conceptud
frameworks and for developing new analytical
methods.

New frameworks mean envisoning the knowledge
and research that we need to redize afutureworld
inwhich socio-ecologicd sysems are sustainable.
Forward-looking, anticipatory research goes
beyond what we know is technicaly feasible now
to what could be feasble if we only knew or had
some piece of information, a new tool, or some
analytical solution (Box 4). The intellectual
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infrastructure we need to accomplish anticipatory
research is not just idea-driven but a'so includes a
suite of widdly available tools for the seamless
integration of data, theory, concepts, and models.
In some cases, this framework (e.g., software,
algorithms) is reasonably well-developed, yet
progress in collecting and evauaing new data is
limited by technical or financial barriers. For
example, the quantitative gpproachesto design and
Interpretation of results from studies of variancein
both space and time smply do not exigt, yet such
variance can be amgor factor in determining key
ecologica responses (Rusack et a. 2002, Burrows
et a. 2002, Fraterrigo et al. in review).

Experimentd tests of new ideaswill in many cases
require replicating large-scale manipulative
experiments. Efficient computationd dgorithmswill
be needed to Sore, andyze, and view the volumes
of data that may be generated. Interdisciplinary
frameworks that incorporate such complicated
interactions as multivariate causality, nonlinear
feedback, and individua-based decison making
aresureto beat theleading edge of futureresearch
that explicitly incorporates humans in the system.
Thus, wewill need theinfrastructure (e.g., NEON,
L TER, ocean observatories) to conduct large-scale
experiments, but we also will need significant
increases in training, collaborations, and
infrastructure to asss in the rgpid and thorough
development of a theoretical and analytical
framework—one that can optimize subsequent




effortsin datacollection and synthesis (Clark et al.
2001, Hastings and Pamer 2003, Pamer et d.
2003).

Advancementsin research technology, notably the
development of automated sensor systems for in
situ and remote measurement of ecological
phenomena, should become fundamenta to future
ecological science. In some areas, such asremote
sensing, scientists are making good use now of
technologies that address the complex scales of
modern ecology, and ecologists have dso helped
drive the research and development of new tools.
After thefirs satellites were launched for westher
prediction in 1960 (Hastings and Emery 1992),
scientigts, induding ecologists, eegerly beganusing
them to gather ecologicdly relevant information
about the surface of the Earth, from landscape
gructureto fluxes of key eements (e.g., Botkin et
al. 1984, NRC 1986, NASA-EOS 2003). Almost
magicaly, we were able to view and assess our
planet from a totally new perspective—and,
furthermore, to measure its change over time,

Nonetheless, we ill do not see Earth with the
clarity and resolution we need. Similarly, our
resolution of the ecosystems bel ow land and water
surfaces, and our ability to collect species and
genetic data at the necessary spatial and temporal
scales, dill fal wdl short of the detall we need to
answer many key ecologicd questions(e.g., Soulé
and Orians 2001). Furthermore, we have yet to
redize the full potentia for gpplications of new
molecular techniquesto ecologica research. Asthe
new techniques have become available, our
appetite has grown for even more sophigticated
tools.

New technologies, such as satellite platforms,
increased computing power, and robust GPS-
based tracking devices, to name just a few, can
help overcome barriersto progress. Astronomers
could not unravel mysteries of our solar system
without high-powered tel escopes, physicistscould
not see the Structure of an atom without massive
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accderators. Ecology needs smilar technologies
to dlow it to face smilar grand chdlenges (NRC
2001), but ones that do not resolve so easly into
angle flagship indruments. Ingtead, understanding
the extraordinary complexity of life on Earth
requiresadiverseportfolio of toolsand approaches.
Desgning and implementing such a portfolio will
be essentid to the success of ecology in helping
the human enterprise arrive at a more sustainable
future.

Recommended Actions:

AR Action 1. Fully scope and then promote
the four-pronged Ecological Research for

Sustainability Initiative. The initiative
requires close coor dination among two novel

programs, an existing center (The National

Center for Ecological Analysisand Synthesis
[NCEAS]) and a new center. The goal of the
initiative is to facilitate: i) research project

development, ii) large-scale experiments and
data collection, iii) synthesis, and iv) the
linkage of science to solutions. To successfully
manage, restore, and create sustainable
ecosystems, we need new ways of thinking, along
with the ability to generate and test bold ideas
without being hampered by institutional

arrangements that limit access to information and

people. Ecology is vastly complex; no individud
or sngle group of ecologists can acquire optima
expertise in the wide range of disciplines that are
encompassed by an ecological science for a
crowded planet. Researchers must be ableto essly
obtain the intellectua and technologica toolsthey
need to answer a question without becoming
expartsin multiple fidds. Funds must be available
for individuals and groups during the “maturetion
phase” of their research idea. There are a few
federally supported grant programs for idea
deveopment (e.g., NSF incubation grants). Many
more are needed.

Thus, we recommend establishment of new
programs and one new center that build from and




Box 4
Anticipatory Research

Until now, much of ecologica science has been based on reaction. We want to know why climate
ischanging; why speciesare going extinct; what happens when exotic speciesinvade an ecosystem.
To keep pace with today’s explosion in environmenta discoveries and threats, we aso need to
engagein anticipatory research—to use nove idess, powerful data acquisition and management
tools, and new technology that is developed to prepare for, and perhaps build defenses, againgt
what is coming next.

Case study: Understanding exchanges between largeriversand their floodplains
River-floodplain ecosystems are among the most dynamic, spatialy complex, and biologicaly rich
habitats on Earth and a main intersection between environment and society. Their high diversity and
productivity result from their position at the terrestrial-aquatic interface and from interactions between
physical and biotic processes. Terrestrial and aquatic areas are alternatel y connected and disconnected
as waters inundate and recede from the floodplain, producing a shifting river- and -landscape of
habitats that change dramatically in size, duration and arrangement *. This variable mosaic of land-
and water-based componentsis a unique property of river-floodplain systems that profoundly affects
both the direction and magnitude of critica biotic fluxes, such as organic matter transport and
deposition?. This movement of organic matter is extremely important to the provision of ecosystem
services such as clean water and riparian vegetation suitable for wildlife and recreation. However,
little is known about how organic matter is actually exchanged between a river and its floodplain
because the interaction between flow and complex features of the habitat make it difficult to measure
this exchange.

To ensure adequate water for human consumption and to support natural systems, we need to be able
to answer questions such as. Under what conditions and at what scales is the floodplain a source of
organic matter to the river, and under what conditions and scales does the floodplain store such
matter? Aretherethresholdsin physical processes, habitat connectivity, or biotic community composition
that cause the system to change state, such that the floodplain releases rather than stores carbon?
Answering these questionsiscritical to our abilitiesto preserve and restore ecosystem servicesaong
rivers.

Recently, water researchers have called for new integrative conceptua frameworks and critical
empirical data®. To develop these frameworks and gather the necessary datawill require: adistributed
array of in situ sensorsthat can record key functional variables (e.g., rates of denitrification) remotely
and at appropriate spatial and temporal scales, perhapsin multiplerivers; event-based remote sensing
of the extent and depth of flooding and recession; spatialy explicit models that link surface and
ground water flowsin alandscape that is complex in topography and vegetative communities, andytica
methods that incorporate nonlinear dynamics and complex feedbacks; and experimental floods of
varying magnitude.

*Ward et al. 1999; Malard et al. 1999; Tockner et al. 2000

2 Bayley 1989, Junk et al. 1989, Bayley 1995

3 Gurnell et al. 2000, Wiens 2002, Ward et al. 2002, Consortium of Universities for the Advancement of Hydrologic Science,
Inc. (CUAHSI) 2004
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add to existing and planned resources and
infragtructure (Box 5). Individudly, the initigtive's
components would greatly enhance research
cgpability by providing both virtud and place-based
resources and facilities. With tightly-linked
components, the four-part initiative would
provide a powerful integrated system to
simulatethesophisticated, collabor ative, and
Innovative approaches necessary to design
and conduct new research, analyze
multifaceted data, and interpret complex
ecological information to the public. We are
not suggesting that the specific research to be done
should be dictated by a committee. Rather, the
initiative would provide information, tools, and
sarvices to individuas or user groups that may
enhance design, implementation, and synthesis of
research. Furthermore, the resources from these
programs and centers would be open to al users,
regardiess of the nature and scope of their projects,

and would be easly avalable to them, both on-
line (virtud) and in their physica settings.

As a whole, the initiative would fadlitate: 1) the
development of complex research projects that
directly addressissues of sustainability or enhance
the basic ecological science that must underlie
sudtanability science; 2) the ability to conduct large
scale projects or gather unique data; 3) research
gynthesis; and 4) theimplementation of theresearch
that leads to policy and/or management solutions.
We expect that one of the mgor benefits of this
suite of programs and centers would come from
changes in the ways ecologists and professonas
from many disciplines interact productively.

Thisarray of intdlectuad and technical infrastructure
would build upon a successful existing center
(NCEAS) and the proposed (NEON) (NRC
2003) to cregte aresourcethat collectively provides

Box 5

Schematic of the four components of the Ecological Research for Sustainability Initiative. Where
appropriate, a research project could benefit from all four components or could enter or leave the
sequence at any point, depending on needs. This structure creates a highly flexible set of
resources for the full spectrum of ecological and implementation research needs.

CEIS
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support and networked

« enhances tool development

National Center for Ecological

Analysis and Synthesis
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the building blocks needed for a proactive and
responsive future ecology. Furthermore, in an
effort to maximize and integrate smilar efforts,
thisinitiative would promote collaborations with
other such entities (e.g., Consortium of
Universitiesfor the Advancement of Hydrologic
Science Inc. [CUAHSI]; Collaborative Large-
Scale Engineering Analysis Network for
Environmental Research [CLEANER]).

Theinitiative to advance Ecological Research
for Sustainability would involve thoughtful
coordination of a set of new programs, a new
center, and an existing center to:

Enhance access to the latest and best
expertise and tools—PIER (Programs for
I ntegrative Ecological Research). Ecologists
have aproud history of designing their own toals,
whether they are computer programs, statistical
packages, or equipment for collecting data—
everything from cameras that record nocturnal
vigtshy shy wild animalsto adaptations of plastic
plumbing fixtures that catch nematodes as they
travel through the soil. But asresearch becomes
increasingly complex, ecologica science needs
the latest, most applicable expertise, facilities,
and technology. Presently, such services are
either not available or are being met only on an
individua basis. The program should be able to
offer small grants for idea development that is
forward-looking—that is, “anticipatory”
research.

Further, this initiative would play a pivota role
in forging research collaborations (“expertise
match-making”) and would be a clearinghouse
for the latest information on technology and
methods relevant to ecological science.

The present lack of such a clearinghouse where
information and guidance can be obtained is
seriously hampering research progress. Many
individual scientists have been ableto overcome
this hurdle, but doing so requires agreat deal of

time and effort, and will demand even more as
researchers probe ever deeper into the
complexities of ecological sustainability. A far
more efficient arrangement would be for the
information center to be operated by expertswho
can keep up with ever-changing technology and
information.

This program would have the specific mission
of assisting in the creation of novel ideas and
accessing the most applicable, up-to-date
expertise, facilities, and technology. We can
accomplish this through staff experience in such
areas as information management, analytical/
modeling/statistical tools, and technology;
creation of opportunities for multidisciplinary
collaborations to form and to develop the
capacity to conduct comprehensive ecological
research; and serving as a Web-based
clearinghouse for the latest information on
technology, tools, and methods relevant to
ecologica science.

An explicit goa of the program would be to
encourage ecologists to undertake ambitious,
comprehensive studies that remain investigator-
driven and are likdly to yield substantia gainsin
ecologica understanding.

Support existing initiatives that address
ecological challenges—ERIN and NCEAS.
ERIN (the proposed Ecological Research
Infrastructure Network) would forge an
international network of regional observatories—
with field sites, intensive sensor networks,
analytical laboratories, and experimental
manipulations—to address key ecological
challenges. Layered across thisregional system
would be an international network of
experiments and monitoring infrastructure
designed to addressthe ecological challengesthat
are fundamental to our goa of moving toward
sustainability. We could form the network amost
immediately by linking together and adding to
existing and proposed research networks (e.g.,
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NEON, LTER, OBFS, CUAHSI, CLEANER)
and enhancing their research infrastructure,
capabilities, and coordination.

The National Center for Ecological Analysisand
Synthesis (NCEAYS) already existsin the United
States (UC-Santa Barbara) and successfully
applies a collaborative and integrative gpproach
to the advancement of ecologica understanding as
asupporter of synthetic research, development of
novel modding, smulation, and other andytica
methods, and technicd training. We envison an
expanded role internationally and Web-based
methods so that it would be an information
clearinghouse for synthetic approaches. We
strongly endorse continuation of NCEAS, and we
support efforts by federad agencies to ensure the
coordination of the existing networks.

Another initiative, the Centers for the Ecological
Implementation of Solutions (CEIS) was
described earlier in 1D Action 1. We view centers
such asthese as absolutely essentid to ensure that
managers and policy makers work much more
closdly with researchers.

Overdl, the Ecologicd Research for Sustainability
Initiative is large in scope but vitaly important if
we areto move ecologica research toward afuture
inwhichit efectively informsdecisons at regiond,
nationa, and international scaes. Each of the four
components would develop programmatic areas
related to its own misson. Some functions would
befulfilled asavirtud faclity, while other dements
of function would take place on-site. Asawhole,
thisassembly would serve asalarge, virtud inditute
and as a portal to a broad range of information
and sarvicesthat will be essentid to past and future
ecologica knowledge and its gpplication.

To more fully develop details and responsibilities
of the Ecological Research for Sustainability
Initiative components and the opportunities they
can provide, ESA, with the help of its
member ship, should secure support to workwith

the ecological community to gather
information, analyze options, and make
recommendations regarding the components
characteristics. While NSF and other agencies
might support these workshops and some portion
of the inditutes themsdlves, specific efforts should
be made to engage other public and private entities
that might be interested in this approach.

Area B. Create new incentives to recognize
and encourage anticipatory and innovative
resear ch.

Ecologists must begin to look inward at ways in
which their own indtitutiona and persond culture
may help or hinder a broad, maximdly innovative
gpproach to advancing ecologica understanding.
For example, ecol ogists need to becomewilling to
coordinate their effortsin unprecedented ways. to
condruct and obtain large-scale, high-resolution
datasets needed to addressmany current chalenges
in ecology. They aso need to reach out to funding
agencies with a dear, unified voice in ways tha
have been successful for other disciplines, and that
could drive funding changes that will alow
ecological science to address large, complex
questions. These changeswill requireincentivesas
well as training for ecologists in the managerid
hurdles encountered at this large scade.

Ecology must not only recognize, but aso reward,
the contributions made by innovations in
technology, synthes's, informatics, and quantitative
gpproaches. Degrees in physics, chemistry, and
engineering are frequently earned based on the
creation of new methods or instruments. This
pipeline of innovation provides a steady supply of
new tools that become broadly useful across the
discipline. In contradt, it isarare student in ecology
who earns a degree in this fashion, despite the
subgtantia impact it might have on the fidd.

Students are aso typically not encouraged to
pursue degreesthat are largely based on synthesis
of exiging information, yet such synthess is an
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absolutely essential and growing branch of
ecological science (NSF-ERE 2003). Current
training does not prepare young scientists and
techniciansin ecology to utilize ecoinformeticstools.
Furthermore, modern ecology increasingly relies
on asubgantia leve of quantitative and computer
literacy; thus students in ecology should have
rigorous quantitative training asacore part of their
graduate programs. Continuing technical education
for ecologists at all career stages is particularly
important, given the pace at which available
technologies are changing.

I ncentives and recognition are powerful motivators
in science, and ecology isno exception. Weidentify
here savera key incentives that would produce
ggnificant dridestoward motivating and recognizing
the mgjor scientific developments needed for the
ecology of the 21 Century.

Recommended Actions:;

AR Action 2. Seek a Nobel or Equivalent
Prizein Ecology. Whilethere are Some prominent
international awards open to ecological scientists
(e.g., theBlue Planet Prize), thereisno award of
comparable prestige to the Nobd Prize for our
discipline. There are international awards for
environmentd stewardship, but no high-vishbility
awardstargeting the ecologica sciencesaregiven
from within our disciplinary communities Thisis
somewhat astonishing, given theimportance of the
science of ecology for the global environment. A
Nobd or prize of equa prestige in ecology would
be a highly visible and effective way to recognize
both the contributions made by the discipline and
those made by individud scientists. The impact of
such an award could be enormous.

Establishment of anew Nobd Prize would be no
small task. The most recent Nobel Prize was
established in 1967 for economics with a large
donation from the Bank of Sweden. Thus, a new
Nobd Prize or smilar award would undoubtedly
require both substantial endowment funds and

collaboration with other countries. Nonetheless,
successin thisventure would guarantee aquantum
legp in the vishility of ecologicd science to the
world. The ESA could initiate and participatein a
process of exploration of thisidea by establishing
acommittee of influential and respected ecologica
scientigsand leadersfrom outsdethe disciplineto
look at the feasibility of a Nobel Prize or equaly
authoritative new award in ecology.

AR Action 3. Establish an annual award for

the best new instrument or_new technology.

Ecologists have shown remarkable innovation in

borrowing technologies from other arenas. But for

the most part the discipline has not exerted a
coordinated and direct influence on both private
and academic engineering sectors in ways that

produce technologies designed specificaly to

address ecologica questions. Active outreach to
these sectors—including annud awardsfor thebest
new ingrument—isessentia. The growing need for
ecological information with relevance to
environmental problems means that profitable
marketsfor suchingrumentsexist. Weenvisonan
award given annudly by the ESA for the best new
ingrument or new technology that will lead to a
ggnificant increase in ecologicd understanding.

AR Action 4. Establish an international

contest among collaborative groups to solve
an annual ecological challenge. We envison
an “Eco Chdlenge’ dong the lines of problem-

solving competitions that are conducted in
mathematics and engineering. For example, an
ecologicd chalenge could be given at the ESA's
Annua Mesting, and collaborative groups, perhgps
with an emphas son graduate gudents, would work
to develop solutions. These challenges might

require the development of new technologies,

andytical gpproaches, modds, and/or experimenta
designs, and solutions would be evaluated by a
review team. At thefollowing year’ SESA mesting,

al solutions would be displayed to highlight the
diverdity and creativity of dternative solutions. An
award would be given for the best solution. The
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Environmental Protection Agency recently
announced a “design competition for
sustainability” that is open to students. We
applaud such efforts.

AR Action 5. Create a prestigiousjournal
on___ _methods development. The
establishment of a prestigious new journal
both recognizes and encourages research in
a particular area. A journal devoted to
research innovations in ecology would be a
way of showcasing important new methods
while providing a high-profile outlet for such
work. Alternatively, a new section could be
added to existing ESA journals in which
developments in research technology are
published.

Area C. Promote the standardization of
data collection, data documentation, and
data sharing.

Ecological analyses, and management
decisionsthat rely on them, commonly employ
highly diverse data. Unfortunately, much of
this information has been accumulated and
stored in haphazard and inaccessible forms
in the nooks and crannies of research. This
may not have been recognized as a big
problem before the arrival of the digital age,
but now it seems an archaic barrier to
progress. Even when made available,
environmental data are often highly distributed
and profoundly heterogeneous, and few tools
exist that can acquire and characterize data
and models, and then make them widely
accessible in a convenient, integrated way.
These barriers to data access limit progress
in environmental science, and greatly limit
data use by resource managers, economists,
political analysts, and other decision makers.

Much of the information that already has been
gathered is no longer in useful formats, even
for those who collected it. Progress in

environmental science may most be limited
now not by our lack of information, but by
the fact that vast amounts of existing dataare
simply not accessible.

A revolution in information technology that will
ease the generation of ecological knowledge
isoccurring in response to a growing need to
document, store, retrieve, manipulate,
analyze, and display data (Estrin et al. 2003).
Information technology research is yielding
mechanisms for ecologists to document their
data using standardized protocols, and store
their data in carefully managed, widely
accessible archives. These data can then feed
into the conceptual frameworks and analytical
tools described above. Thus, ecology could
greatly profit from the development of
technological means, cultural inducements,
and training opportunities to effectively
represent ecological knowledge. This can be
done via asuite of widely available tools for
the seamless integration of data, theory,
concepts, and models.

To implement this vision, we propose
increased effort in technology development
and training in ecoinformatics and Ecological
CyberlInfrastructure (ECI) (Box 6). ECI
provides the link between people and the
data, hardware, software, and other toolsfor
creating and displaying ecologica knowledge.
Advancements in ECI require the
development of generic tools for data input,
access, and analysis. Ecological data should
be digitally captured early in the acquisition
process, while concurrently generating
metadata (information about the data itself).
Data then must be easily and widely
accessible to individuals even in the most
remote areas of the world through a set of
generic data access tools. The goal isto link
the vast body of data resources, whether they
are small compilations, or large well-known
data sources. The key tools are an efficient,
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ecoinformations;

Box 6
Ecoinformatics and ECI

The International Society for Ecological

“Ecologica Informatics is defined as interdisciplinary framework promoting the use of
advanced computational technology for the elucidation of principles of information
processing at and between all levels of complexity of ecosystems—ifrom genes to
ecological networks—and aiding transparent decision making in relation to important
issues in ecology such as sustainability, biodiversity and global warming.” Many other
disciplines—medicine, agricultural research, and engineering are only a few—are
working toward perfecting their own informatics resources.

Ecological Cyberinfrastructure is a close relative to informatics. According to the
National Science Foundation, ECI can produce an “integrated high-end system of
hardware, software, and services’ that will alow scientists to “work on advanced
research and education problems that would not otherwise be solvable.”

Informatics offers this definition of

flexible, and standardized way to describe
ecological information, and a powerful
information searching capability. One important
result will be the enormous savings in the
ecologist’ stime—time that could be devoted to
more forward-thinking research.

Both undertakings were made possible by
modern digital technology. They are vast
improvements in the traditional ways of
ecological record keeping and recovery. In the
not too distant past, ecologists (and other
scientists) kept their handwritten records in
waterproof field books, filed in dusty boxes or
on office shelves. Some still do. Only the author
may have known where the information could
be found, and after the author’s retirement or
degth, the sometimes valuable datawould be lost
to science.

Once scientists acquire datasets, they must be
ableto quickly analyze them, and transport them
into appropriate visualization toolsthat makethe
data understandable. It will then be possible to

rapidly find, download, and analyze disparate
datasets to test an idea much in the way we now
use abstractsof articlesto get asense of whether a
new idea warrants our further consideration.
Sophidicated visudization tools, induding magpsand
landscape-based Geographicd Information System
(GIS) data and virtual imaging, will make
communication within and beyond the scientific
community eaeser and more effective, and dlow
major advances in ecologicd modeling. Through
improved generic data input, access, and analyss
tools, standardized metadata, and open access to
environmenta data, more comprehensive anadyss
and synthesis of ecologica knowledge will be
possible. Both the origind gatherer of the dataand
thescienceworld a largewill bethebeneficiaries—
aswill, eventudly, Earth’s hedth.

Severd of the actions we recommend are
aready being consdered by others. Thisisvery
encouraging. For example, the NSF' s Long
Term Ecologica Research (LTER) network has
made great stridesin some of the action areas
below.
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Recommended actions:

AR Action 6. Develop a data registry. The
registry would be asmple form that characterizes
the core features of a data set, generating a data
cadog identifying thedataand itsowner. TheESA
could encourage al authors of articles in the
Society’s publications and presenters at its
meetings to use the regidtry.

AR Action 7. Make raw data and metadata
easily and freely available. The ESA couldlead
this effort, setting a goa that 20 percent of dl
papers published in its own journals include
metadata by 2006. By 2008, al papers should
make associated raw dataand metadataeasily and
fredy avalable. The ESA could help lead an effort
to actively encourage federal and state agencies,
NGOs, research centersand field laboratoriesand
their scientific societies to follow suit.

AR Action 8. Convincefunding agencies and
federal agenciesto require and support open
access to data.

AR Action 9. Encourage training in
ecoinformatics both during graduate school
and in ongoing programs. The ESA could
promote ongoing training through regular training
workshopsand opportunitiesat itsAnnua Mesting.

Summary - Innovative and

Anticipatory Research

Ecology is by its very nature an interdisciplinary
stience, makingitimpossblefor any Sngleecologist
to be well-versed in the details of every relevant
discipline, method, or instrument. Yet, it is

increasingly obvious that ecologists must come
together to help understand, solve, and anticipate
the environmenta issues facing our world. To do
30, ecologists may need to think of themsdves as
entrepreneurs in a shifting and pressure-driven
marketplace, where drategic collaborations and
rapid responsesare keysto scientific success. Our
best chanceto succeed in those effortsisto have a
broadly inclusive approach to ecologica research.
This approach must include actively recruiting
expertise beyond our discipline, aswell aschanging
our own culture to best fogter the innovations we
need. Weare, in effect, acompany facing enormous
challenges, but ones that, if met, will have
immeasurable rewards. Like any successful
company, we must therefore be willing to change
our approach and structure rapidly to keep pace
with the demands of the modern and future world.

If thisaction planissuccessful, we envison afuture
ecology with a diverse portfolio of new ideas,
theories, methods, and technologies. Ambitious,
comprehensive research programs will be under
way by 2010, providing society with new
knowledge that is made readily available to
educators, decision makers, and the public,
induding those memberswho aremogt enthusiastic:
young people. All steps required to increase
ecologicd understanding—from dataacquisitionto
andysis, interpretation, synthes's, and application,
as well as research that anticipates the future and
probes the present and the past—will be
sgnificantly enhanced within the coming decade.
If successfully implemented, this new depth and
breedth of ecologica understanding, including its
improved communication beyond the discipline,
would dlow ecologids to play an influentid and
eminently helpful rolein decisonsmeadea dl leves
that affect the sustainability of the biogphere.
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VISION 3:

STIMULATE CULTURAL CHANGESFOR
A FORWARD-LOOKING AND INTERNATIONAL ECOLOGY

Vision Statement: Advancing ecological science for global sustainability requires that ecological
science become more international in scope, that ecologists develop advanced expertise in the
collabor ative process, create new partner ships, and build diversity within the discipline. The culture
of ecology must be transformed to influence how we think both individually and institutionally so
that we can accomplish these goals and so that reward systems promote rather than hinder

collaborations, partnerships, and diversity.

Rationale

Thegod of creating sciencefor asugtainableworld
that includesan aready largeand increasing human
population requires that human activities and a
global perspective be vital components of
ecologica research. Thismeansmorethan sudying
direct human impacts on the environment in one or
more particular areas. Rather, the complexity of
human economic, social, political, and
environmental management activitiesa regiond and
global scales must be considered as acritica part
of ecologica systems, and the god of ecology
should include solving problems, not just describing
them. The effort to incorporate human processes
into researchisunder way (McDonndll and Pickett
1993, McMichael et al. 2003) but needs to
accderate. For example, in several sections of the
United States, farmers and other citizens are
working with scientists to measure humean effects
on stream ecology.

Our report thus far has stressed ways in which
ecologica research can be accelerated through
better networking, creation of new research
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initiatives, educationd outreach, andimprovements
in technology and data-sharing. However, the
ability of the ecological sciences to deliver the
knowledge that will help society understand and
address environmenta problems requires further
changes. Ecology’s culture requires new ways of
working, better reward systems, and more fruitful
interactionswith other disciplinesand new partners,
nationdly and internationdly, as well as with the
public.

Inthelast decade we have seen greater recognition
of the value of collaborative work, greater
ingtitutiona acceptance of gpplied research, and
diversfication of career optionsin ecology. Weneed
to go even further. We must build, develop and
support successful and diverse collaborations
involving naturd and socid scientists as well as
decision makers. There must be rewards for
leadership and increased diversity in ecology-
rdlated fidlds. Ecologigsand indtitutions must think
and act internationaly to better addresslarge-scae
environmental problems and solutions that will
require multinationa, as well as collaborative,
approaches.




diversity within the discipline.

Action Areasfor Stimulating Cultural Changes (CC) for the Ecological Sciences
A. Capture, trandate and disseminate knowledge on successful collabor ation.
B. Broaden diversity within ecology by promoting cross-disciplinary

interactions and partner ships, and by increasing gender and ethnic

C. Forgeinternational linkages and globalize access to ecological knowledge.

Area A. Capture, trandate and disseminate
knowledge on successful collabor ation.

In the future, the need will grow to seek out and
amagamate relevant expertiseto addressemerging
and anticipated environmental problems, which
undoubtedly will become more complex.

Multidisciplinary research will become less a
rhetorica ided and more a redity and necessity.

Teamswill bebuilt rapidly and often with members
who have not collaborated with each other in the
past. These teams will need to provide solutions
or a least propose scientificaly well-informed
choices over short periods of time. Given these
needs, ecologists must gpproach the challenges of
collaborationin more deliberate and sdlf-reflective
ways in order to reduce the risk of unsuccessful

collaborations and failed enterprises. While there
is dready a genera intellectua acceptance of
collaboration ascritica to ecological science, very
little work has been done to examine how and

whereinterdisciplinary collaboration occurs, when
and why it leads to scientific innovation, and why
collaborations sometimes fail. We need to
understand what promotes successful

collaborative enterprises and we need to
communicate that knowledge within our

research communities. The result will be a
marked change in ecological science's very

culture.

Problem solving will demand many new forms of
collaboration aswd| astheinfrastructureto support

them. Funding programs need to recognize and
support theincreased level of communication and
adminigtration necessary to carry out effectiveteam
research. (The National Science Foundation's
biocomplexity grantsreflect this, to cite one of few
examples.) We need mechanisms to promote
international, cross-disciplinary and cross-
indtitutiona collaborations. One way to do thisis
by providing resources and advice for the specid
chalenges faced by groups made up of scientists
and nonscientists with diverse backgrounds and
training. These issues demand that, on top of al
their other duties, ecologists become more
knowledgesble about the collaborative process.

Collaboration training will goply to multiple leves
within the community of ecologists, among
academic disciplines, and between ecologists and
other groups. It will promote dialogue among
ecologistsworking in academia, agencies, and the
private sector. Collaboration will foster didogue
between ecol ogistsand other academic disciplines,
and between ecol ogists and management agencies.
Collaboration between ecologists and managersis
especidly important to the practice of adaptive
management. Lack of trust and didogue is often
dtated as a reason for the failure of promising
management approaches (Walters 1998).

Study of interdisciplinary collaborative efforts by
socid scientists suggests that there are common
elements to successful collaboration. The
environmenta sciencecommunity shouldlearnfrom
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this new body of research in order to facilitate
the collaborative efforts necessary to address
complex environmental problems. We suggest
partnering high profileinterdisciplinary groups of
scientists with social science researchers and
professiona facilitatorsin order to publicize the
benefits of collaborative efforts, as well as to
learn how to collaborate more effectively.
Promoting effective collaborations will require
managerial skills and not just individual
accomplishment in scientific research. The ESA
can take aleadership role in working with other
societies to promote training in collaboration and
expose ecol ogiststo new research findings from
social scientists engaged in studying
collaboration.

Recommended Actions:

CC Action 1. Createresourcesthat will help

focused on stimulating the success of
collaborations.

CC Action 2. Stimulate proactive changes
in_flagship ecological journals and in
meeting symposia. These changes would
reflect the increased emphasis on
interdisciplinary solution-driven science,
particularly that which isfocused on regiona and
global scale problems of joint interest to
ecological researchers and practitioners.

CC Action 3. Convene a meeting of key
|leaders (National Academy or Royal Society
level) in research, management, and
businessto develop aplan for enhancing the
reward systems for those who exercise
leadership in the environmental sciences
and those who foster novel scientific
collaborations. Thereward system for applied

ecologists and their_collaborators work
together more effectively. Drawing on the latest
social science research and building on the
experience of those who have engaged in
successful collaborations, we can capture
existing knowledge and makeit availableto the
scientific community.

CC 1a. Organize aworking group composed
of environmental scientists and social
scientiststo publish a“primer” for successful
collaboration. The guide would be used to
educate the community at large and serve as
an _important resource for new
collaborations.

CC 1b. Develop aleadership program that
focuses on issues of collaboration among
applied scientists, socid scientists, and policy
makers. The goal would be to help develop
leaders trained in the art of collaboration.
Thiswould be ana ogousto the Aldo Leopold
Leadership Program (http://
www.leopoldleadership.org) but would be

and solution-driven ecology should also be
evaluated so that these contributions are
promoted within academic, government, and
private sector ingtitutions.

AreaB. Broaden thehuman and disciplinary
dimensions of ecology.

The fidd of ecology is more than an academic
discipline, and its purview extends well beyond
national borders. For example, only haf of al
ESA members are academic ecologists, and
athough it isaNorth American organization 16
percent are not U.S. residents and 78 countries
are represented within ESA’s membership. To
perform more effective solution-driven science
it is necessary that ecological researchers,
managers, practitioners, and businesseswork not
only collaboratively, but also across borders. An
example of this strategy is the European Union
of Coastal Conservation (EUCC) (http://
www.eucc.npl). The EUCC is an association
with members and member organizations in 40
countries, founded in 1989 with the aim of
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promoting coastal conservation by bringing
together scientigts, environmentaists, Stemanagers,
planners, and policy makers. Currently, it is the
largest network of coastd practitionersand experts
in Europe. The EUCC sponsors activities that
promote coastal conservation while integrating
biodiversty consarvation with coastd devel opment.
It does so by mobilizing experts and stakehol ders,
providing adviceand information, and implementing
demondtration projects.

Ehrmann (2003) notesthat “abetter understanding
of theinterrelationships between human well-being
and the goods and services provided by
ecosystems’ can have animpact on business sector
decisons. Achieving global sustainability
requiresthat consideration of environmental
impacts become as fundamental to the
decision-making processesof businessasare
calculations of return on investment. In some
cases, more forward-thinking businesses are
already practicing this; they have learned that
Earth’s resources are finite and that sustainability
isgood for business. Trade and industry have been
ggnificantly affected by environmental concerns
over the past several decades, and ecologists can
advance ecological understanding and positive
changes in corporate perspectives (Hoffman
1997). Thisrequiresfundamenta dterationsinthe
relationship between ecologists and the business
community. The tendency for ecologiststo smply
“educate’ business about environmenta impacts
when asked mugt giveway to partnershipsinwhich
nor-industry and industry ecologists and business
representatives|earn from each other to further the
linked goals of economic and environmental
sudanability.

The impact of business practices on the
environment is significant. Nove partnerships
between the public and private sectors that are
informed by ecologicd knowledge can result in
better stewardship of ecosystem services-through,
for example, changes in the way wastes are

disposed or environmentally persstent chemicas
are used (Loucks et a. 1999). The Council for
Environmentally Responsible Economies
(CERES), a cadition of environmenta, investor,
and advocacy groups, has produced a report on
how 20 of the world’s biggest emitters of
greenhouse gasesarefactoring climate changerisks
and opportunities into their business practices
(Cogan 2003). The report features a checklist of
gpecific actionsthat companies can take to address
climate change. Additionally, the Center for
Sustainable Systems Studies (O. L oucks, personal
communication) isdeve oping aguideto invesment
that would yield cheaper capital for companies
conserving resources and protecting the
environment, and more expensive capita for those
who do not. Ecologigtscan play increasingly active
roles in such projects through direct involvement
or through research motivated by the needs of such
ventures.

Ecologists can broaden the dimensions of ther
discipline in saverd ways. 1) active engagement
between scientific ingtitutions such asthe ESA and
the business community to enhance the
understanding and use of ecologica knowledgein
decison making in sectors such as manufacturing,
agriculture, resource extraction, and land
development; 2) recognition of ecological
researchers, managers, and practitioners as equal
partners; 3) activerecruitment of agreater diversty
of people and their killsto the study of ecology;
and 4) encouragement of broader metrics for
evaluating scientists both within and outside
academics. Existing disncentives for participating
in such collaborations must be lessened and new
reward systems devel oped.

Moreover, ecologists must work with diverse
populations and in diverse contexts. Educating
people, partnering with diverse communities, and
persuading people to accept scientific expertiseis
acritica component of successin problem solving.
Ecologists need to understand the varied
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perspectives and specia problems of various
communities. The ecological community should
reflect the diversity that exists in society at
large, to ensurethat its expertise can be applied
and communicated to all sectors of human
society. This includes not only ethnic, gender,
and international diversity but diversity brought
by including perspectives from the business
sector, the NGO sector, the management sector,
and the academic sector.

Recommended Actions:

CC Action 4. Engage with the private sector
in four areas:

CC 4 a. Enhance the value for private sector
ecologigsof belonging to ESA and participating
in ESA activities. We can accomplish this
through annud and regiond activitiesthat focus
on the application and use of ecological
knowledge, through plenary speaking
invitations to private sector ecologists, and
through development of workshops that
address private sector problems. Private
sector ecologists should help define and
develop this action item.

CC 4 b. Recruit private sector ecologigs to
leadership pogtionsinthe ESA, paticularly the
Governing Board.

CC 4 c. Build cooperative partnerships
addressing private sector needs. Thesewould
be analogousto past and present partnerships
with federal agencies created through the
ESA’s Public Affairs, Education, and Science
Programs Offices (Sustainable Biosphere
Initiative) programs.

CC 4 d. Activdy seek corporate support for
the ESA’s adtivities.

CC Action 5. Sponsor symposia, workshops
and projects that focus on the interface

between the work of ecological scientistsand
ecological practitioners. Thesetypesof activities
would strengthen the flow of ideas between
ecologica scientistsand ecologicd practitionersand
provide benefits to both. Participants could share
their state-of -the-art knowledge and identify gaps
in information required for management.

CC Action 6. Promote ethnic and gender
diversity and equality in the ecological
sciences. Ecological research should expand
beyond nationa borders and ethnic differences
because the solutions to environmenta problems
and sugtainability are inherently internationd and
multiculturd. Thus, partnershipswith Sder societies
in other countries and programs to recruit
underrepresented groups should be promoted. The
ESA should not only collect, but aso report the
demographic gatigtics of Society membership in
order to promote more gender, ethnic, and
indtitutional diversity in ecology. Demographic
trends need to be tracked so that ESA staff and
officers can be more responsive to the its
membership. The ESA should continue ongoing
successful efforts to recruit minority students into
ecology through the SEEDS (Strategies for
Ecology Education, Development and
Sustainability) mentoring and other programs.

CC Action 7. Highlight nonacademic career
paths in efforts such as SEEDS and other
educational programs. We will atract sudents
fromagreater diversty of backgroundsby pointing
out the valuable contributions to ecological
sugtainability made by those in consulting firms,
corporations, NGOsand government agenciesand
by increasing the vishility of those following other
career paths.

Area C. Forge international linkages among
ecological scientists and globalize access to
ecological knowledge.

Thescdeof ecologicd sciencemust matchthescde
of the most pressing challenges to ecological
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sugtainability, such as climate change, invasive
species, depleted fisheries, and water and land use
changes (e.g., NRC 1999). Ecological science
must be as big and as important as the
environmental challengesit seeks to meet. The
predominantly national focus of many
professional societies and institutions
reinforces an insularity that impedes
progress on regional and international
scientific problems. To broaden our discipline,
in part, requires a more proactive approach to
promote international cooperation among
ecologica and environmental scientists—in short,
an dteration of the culture of ecology. For some
scientists, this will bring uncomfortable change.
But inthelonger run, ecology will benefit greatly
as an accepted science and as a solver of global
problems. We need to create a multinational
science agenda for exchanging knowledge and
building collaborative multinationa projects in
areasthat are critical for ecological sustainability.

Recommended Actions:

CC Action 8.Globalize access to ecol ogical
knowledge.

CC 8 a. Routinely trandate key articlesfrom
prominent foreign ecology journasand other
sources into English and vice versa. Too
often language poses a barrier that hinders
accessto ecologica knowledge. Information
relevant to scientists, sudents, managers, and
decison-makersin many countriesmay only
be accessible in one language. Often the
published language is English even if the
science originated in another country, and in
contragt, if it is published in the indigenous
language, it is rarely accessible to those
outsdethe country. At theinaugura meeting
of the Federation of the Americasat the ESA
2003 Annual Meeting, participants
representing six countries identified
trandation of articlesasapriority for action.
They recommended trandation of the ESA

Journal Frontiers in Ecology and the
Environment asaninitid activity.

Global access to ecological knowledge
fostersnovel and collaborativeresearch and
will enhance the quality of ongoing projects.
It will dso make information accessible to
decision makers in those parts of the world
wherebiodiversity and threatsto biodiversity
are highest, but the capacity to respond to
these thregtsis low.

CC 8 b. Ease the exchange of students,
managers, and practitioners among
ingtitutions of different countries. Exchange
programs involving students, managers and
practitioners will have several positive
outcomes: a) an update on ecological
information and new technologiesfrom other
countries; b) agreater appreciation of local
knowledge in developing countries by those
from the developed countries; and c)
international collaborations among students,
managers and practitioners.

CC 8 c. Promote efforts to foster
internationa collaborations among ecological
societies. These collaborations will have a
profound effect on research agendas and
education programs by helping to build
networks of ecologists from different
countries.

CC 8 d. Foster international collaboration
by seeking funds for multinational joint
research programs among academics and
practitioners. These could be similar to
ongoing programs between the European
Union and Latin America

CC Action 9. Promote an international
agenda for global ecological science. ESA

can hold thematic meetings that focus on
sustainability science. They should highlight
international or interdisciplinary needs for
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ecologica sciencethat have come out of forums
such as the Convention on Biologicd Diveraty
and the Intergovernmental Panel on Climate
Change. The results of these meetings can be
published and made widdly available on the Web.
An event at the joint meeting of ESA and
INTECOL in August 2005 would be a good first
dart aswould the meeting ESA isdready planning
to hold in Mexico in early 2006.

CC Action 10.Bolster an international young
ecologists research community.

CC 10 a. Develop an internationa Ecologica

Scholars program. These can be smilar in

nature to the Rhodes and Gates Scholars
rogram.

CC 10 b. Create programs for exchange of
students and postdoctoral researchers to
research labs and mestings.

Summary — Cultural Change

The culture of ecology has grown, adapted, and
changed throughout itsexistence. Wearenow at a
juncture in which change must accelerate to meet
the challenges we face if ecology is to play a
ggnificant role in developing a sustainable future
for our planet. Single scientists, working done in
thefidd andin thelaboratory, have giventheworld
much valuable knowledge aready. But now,
collaboration and inclusion have become the
backbones of addressing global environmental
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issues and achieving sudtainability. To met this
chdlenge, we must consider the range of human
economic, social, political, and management
activitiesand undertake collaborationsthet involve
natural and socid scientists as well as decison
mekersfromthelocd to theinternationd level. We
must work to globalize access to ecological
knowledge and promote international
collaborationsand aninternationa research agenda
that focuseson regiona and internationa problems.
Coordinated efforts to train ecologigts in effective
collaborations and the expanson of the reward
system for such activities will result in credtive,
nove, and productive programs that successfully
address globa sustainability issues.

We envision an ecological community that is
diginguished by mutua respect among different
cultures and among members from the worlds of
academia, industry, NGOs, education,
management, and policy. Collaborationswithinthe
international community of ecologists, as wdl as
among other disciplines, will become business as
usua and a key component of funding programs
and professona success. Membership will mirror
the gender and ethnic diversity of the global
community and will beinformed by theingghtsand
expertise this diverdity brings. These changes will
have far-reaching benefitsand ramifications across
inditutions, disciplines, and internationa borders.
They will pave the way for ecologica science to
be an effective partner in the multicommunity,
multidisciplinary efforts to reach the global
sudtainability that now is 0 essentid.
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Appendix 1. Acronymsand Abbreviations

AAAS — American Association for the
Advancement of Science

AR — anticipatory research

ASLO — American Society of Limnology and
Oceanography

AVHRR — advanced very high resolution
radiometer

BEN — Biological Education Network

CASEE — Center for the Advancement of
Scholarship on Engineering Education

CC — culturd changes

CEIS— Centersfor the Ecological Implementation
of Solutions

CERC — Center for Environmenta Research and
Consarvation

CERES — Council for Environmentally
Responsible Economics

CLEANER — Collaborative Large-scale
Engineering Analyss Network for Environmentd
Research

CUAHS — Consortium of Univerdties for the
Advancement of Hydrologic Science Incorporated

ECl — Ecologicd CyberInfrastructure
EIN — Ecological Information Network
EPA — Environmenta Protection Agency (US)

ERIC — Educational Resources Information
Center

ERIN — Ecological Research Infrastructure
Network

ESA — Ecologicd Society of America

EUCC — European Union of Coastal
Conservation
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FIRST — Faculty Inditutes Reforming Science
Traning

GIS — Geographica Information System

ICSU — International Counail of Scientific Unions
ID — informing decisons

IEK — informed by ecologica knowledge

INTECOL — International Ecology Education
Conference

IPCC — Internationd Pand on Climate Change
K-12 — kindergarten through 12" grade

LTER — Long Term Ecological Research
Network

NAE — Nationa Academy of Engineering (US)

NASA-EOS— Nationa Aeronautics and Space
Adminigration—Earth Observing System (US)

NCEAS — National Center for Ecological
Andyssand Synthes's

NCSE — Nationd Council on Science and the
Environment

NEON — National Ecological Observatory
Network (US)

NGO — non-governmenta organization
NIH — Nationd Ingtitutes of Hedlth (US)

NOAA — Nationa Oceanic and Atmospheric
Adminigration (US)

NRC — Nationd Research Council (US)
NSF — National Science Foundation (US)

NSF-ERE — National Science Foundation—
Environmenta Research and Education (US)

OBFS— Organization of Biologica Fidd Stations




PIER — Programs for Integrative Ecologica
Research

SBI — Sudainable Biosphere Initictive

SeaWeb/COMPASS — SeaWeb's
Communicetion Partnership for Science and the
Sea

SEEDS — Strategies for Ecology Education,
Development, and Sugtainability

SYEFEST — Schoolyard Ecology for Elementary
School Teachers

TIEE — Teaching Issues and Experiments in
Ecology

TNC — The Nature Conservancy

UC-Santa Barbara— University of Cdifornia at
Santa Barbara

URL — Uniform Resource Locator
USDA — United States Department of Agriculture

WWF — World Wildlife Federation




Appendix 2: Summary of Committee M eetings

Meeting 1: January 6-8, 2003, Washington,
DC

Committee Attendees: Margaret PAmer,
Emily Bernhardt, Liz Chornesky, Cliff Duke, Jm
Ehlringer, Robb Jacobson, Rhonda Kranz, Mike
Mappin, FiorenzaMicheli, Jen Morse, Mike Pace,
Mercedes Pascud, Steve Palumbi, Jm Reichman,
Bill Schlesinger, Alan Townsend, Monica Turner.

Guests: Becky Allee, NOAA; Ann
Bartuska, ESA Past-President, TNC; Scott Callins,
NSF (now University of New Mexico); Jerry
Elwood, USDE; Jef Frithsen, EPA; LaraHansen,
WWF; SueHasdtine, US Geologica Survey; Tony
Janetos, Heinz Center; Katherine McCarter, ESA
Executive Director; Pamela Matson, ESA Past-
Presdent, Stanford; Mark Poth, USDA; Silvio
Olivieri, Conservation Internationa; Peter Preuss,
EPA; Catriona Rogers, EPA; David Rogers,
NOAA; Don Scavia, NOAA; Gerad Selzer,
Nationa Science Foundation.

Pam Matson and Ann Bartuskaopened themesting
with a charge to the Committee to develop a
Strategic Action Planfor ESA. Theplanwill act as
afollow-up to the Sustainable Biogphere Initiative
Report but with an implementation srategy. The
result must go beyond apriority statement. It should

do thefollowing: (1) refresh theagendaof ecology;

(2) identify impediments to progress in ecology;

and 3) suggest mechanisms for overcoming these
impediments. One of the goasof thisinitiativeisto
support the recent shift in thefocus of ESA tomore
applied ecology and to increase the value of
“practica science.”

Severd presentetions were given in the mornings
of the first and second days of the meeting.
Katherine McCarter and Rhonda Kranz gave an
oveview of thegructure of ESA. Thiswasfollowed
by adiscussion of the outcome of the recent NSF
Geosciences-funded workshop through ASLO,
and their future direction ideas. The Committee
heard presentations and had helpful discussons

with representatives from six governmental
agencies and three NGOs. They provided the
Committee with an overview of what their
communities would like from the ecological
community. ldess discussed included: providing
information to act as ammunition for agency and
organizationd programs, more active involvement
in management issues; hep in educating the public
with theideathat policymakerswill fallow the public;
putting good scientists into top positions within
funding agencies, providing research results more
quickly and more widdy; sharing datain order to
accomplish urgent tasks, being bold and thinking
big—asking the critical questions and finding the
money; increasng the math skills anong ecology
graduates;, more ecological training for non
ecologists; increasing minority recruitment;
developing more modeling/forecadting/predictive
capacity; developing more collaborations;
providing moretraining; increasing the convergence
between scientific initiatives and conservation/
management needs, supporting the incresse in
monitoring networks.

All Committee members provided their vison for
what could be accomplished as a result of the
Ecologicd Vidons project. The group aimed at
developing a short vision statement that was
compelling, easy to understand, inspiring, and just
out of our reach. Thefollowing draft Statement was
proposed:

We are in an era of unprecedented
environmenta changethat demands morefrom
ecologists. The ecology of the future must
explain and predict our shared environmern.
Ecology must aso be embedded in education
to enhance public decison-making. The field
of ecology must be poised to create a
responsive and integrated science that
harnesses the explosion of ecological
knowledge, solves societal problems, and
increases fundamental knowledge about




humansand the natural world. A revolutionary
change is required in the way ecological
information is gathered and used in research,
education, and public decison making.

Thegroup discussed research priorities, concluding
that it was important to use the recommendations
from previous reports such as those of NSF and
NRC, but that the Committee must go beyond
Setting priorities to identifying specific actions to
be undertaken. Four initiatives were identified as
prioritiesin gpeeding progressin ecology. Working
groups were formed to draft adocument on each:
. Information Acquisition By and AccessFor All

Necessary Culturd Shifts

Outreach and Education (to all sectors of

SOciety)

Technologica Innovation & Development.

Meeting 2: April 1-3, 2003, NCEAS, Santa
Barbara, CA

Committee Attendees. Margaret Palmer,
Emily Bernhardt, Scott Callins, Rodolfo Dirzo,
Andy Dobson, Cliff Duke, Barry Gold, Robb
Jacobson, Sharon Kingdand, RhondaKranz, Mike
Mappin, FiorenzaMicheli, Jen Morse, Mike Pace,
Mercedes Pascud, Jm Reichman, Alan Townsend.

Guests: Gretchen Hofmann, UC-Santa
Barbara; John Melack, UC-Santa Barbara; Dar
Roberts, UC-Santa Barbara;, Mark Schildhavuer,
National Center for Ecological Analysis and
Synthes's; NCEAS Post-doctoral Associates.

The Committee welcomed three new members.
Scott Collins (University of New Mexico), Sharon
Kingdand (Johns Hopkins University) and Barry
Gold (Packard Foundation).

The meeting focused on the “Information
Technology” and “Research Innovations’ Visons
(developed from theinformation acquisition by and
access for dl and the technologicd innovation &
development working groups). Presentationswere
given by anumber of scientists from NCEAS and
UC-Santa Barbara scientists.
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Participants identified internationdization as afifth
Vison.

A decison was made to follow arapid timetable
with publishable forms of the Committee’s
recommendations to be complete and submitted
by the end of December 2003. In addition to the
Report to the ESA Governing Board, the
Committee will pursue two publications to unvell
the Action Plan.

The Committee developed a plan to obtain input

fromthe ESA community at large, aswell asfedera

agency representatives, NGOs, and industry
representatives. The plan includes: 1) a series of
breakfast briefings in Washington D.C.; 2) a
guestionnaire to go out to the ESA membership;

3) areport to the ESA Governing Board in May;

4) communication with the ESA Section chairs; 5)

collaboration with the ESA Education and Public

Affars office; 6) a lunch meeting with the Latin
American Ecologicd Society presdentsat the ESA
meseting in Savannah; and 7) an open forum and

discussion about the Initiative at the ESA meeting
in Savannah.

The members of the working groups were
reconstituted and will continue to be fluid
throughout the process. Working groups will
continueto work onthefive Vison areadocuments.

Meeting 3: August 24-28, 2003, Annapolis,
M D

Committee attendees: Margaret Pamer,
Emily Bernhardt, Liz Chornesky, Scott Collins,
Andy Dobson, Cliff Duke, Barry Gold, Robb
Jacobson, Sharon Kingdand, RhondaKranz, Mike
Mappin, Marisa Martinez, Fiorenza Michdli, Jen
Morse, Mike Pace, Mercedes Pascual, Steve
Paumbi, Jm Reichman, Alan Townsend.

Guests: Carol Brewer, Universty of Montang;
David Goldston, the House Science Committes;
Katherine M cCarter, ESA; Diana Rhoten, Hybrid
Vigor, Stanford University; Jeff Ruch, Public
Employees for Environmental Responsibility;




Ashley Smons, SeaWeb; Vikki Spruill, SeaWeb;
Jason Taylor, ESA.

The Committee accepted the resignations of
members Rodolfo Dirzo and Jm Ehlringer, and
welcomed new Committee member Marisa
Martinez (Institute of Ecology,
Universidad Naciona Auténoma de México).

The meeting centered around three goals: 1)
refocusing the godss of the project and beginning
to prioritize actions, 2) developing the ideas and
framework for Committee products; and 3)
enhancing the “Public Education & Outreach,”
“Catalyzing Cultural  Change,” and
“Internationdization” Visons.

The Committee received considerable feedback
from the ESA membership questionnaire, the
breskfast meetings, and the ESA Governing Board.
The consensus among these groups was that the
priority should be afocus on building an informed
public, including students, citizens, consumers,
managers, and dected officids.

The Committee discussed the until-now implied
god of suganahility in developing an action plan.
Sudanability will be used as the organizing theme
of the Initiative.

The Committee s Vidon satement was revised:

Environmental issues define our future;
ecologica sciencewill hdp determineour fate,
Our world has hillions of people and we, like
al living organisms, modiify our environment and
will continue to do so. Our vison of the future
is a world with sustainable ecosystems that
includethosebillions of people. Ecology done
can not get us there but our input is essentid.
The science of ecology can then make it
possible for society to achieve sustainability.

The purview of the Ecologicd Visons Committee
was discussed. It was agreed that within each of

the Vision areas there are overarching and
ambitious goals for the broader audience of
environmental scientists, funding agencies, and
managers, as well as subsidiary and more
immediately attainable gods that are specific to
ESA.

Five products to be developed by the Ecological
Visons Committee were identified: 1) a Report to
the ESA Governing Board to articulate aplan and
provide specific actions, 2) publication of apaper
in ahigh-profile journd such as Scienceto dicita
“cdltoaction”; 3)apublicforumattheESA Annud
Meeting to get the word out and obtain feedback;
4) presentations at meetings of other societies to
forge partnerships; and 5) anissuein Frontiersto
provide details of the plan and its application to
the broad ecological community.

Meeting 4: October 31 — November 3, 2003,
SevilletaField Resear ch Station, Albuguer gue,
NM

Committee attendees: Margaret Pamer,
Emily Bernhardt, Liz Chornesky, Scott Calling, Cliff
Duke, Barry Gold, Robb Jacobson, Sharon
Kingdand, Rhonda Kranz, Mike Mappin, Marisa
Martinez, FiorenzaMichdi, Jen Morse, Mike Pace,
Steve Pdumbi, Jm Reichmean, Bill Schlesnger, Alan
Townsend, Monica Turner.

Guests: Ashley Simons, SeaWeb.

The god of this meeting was to complete both a
draft of the Report to ESA and a draft of a paper
to be submitted to the journal Science. The
committee condensed the five Vison aress into
three:
- Innovations (will combine the Research
Innovationsand Technologicd Innoveation).
Deveoping an Informed Public.
Culturd Change (which will incorporate
I nternationaization).

The group discussed the form and content of the
Report with ESA President Bill Schlesinger.
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Appendix 3: Ecological VisionsBreakfast Briefings

Margaret PAmer, Clifford Duke and Rhonda
Kranz met with 3small groupsof eight to ten people
for breskfast meetings in July 2003 to discuss the
Ecologicd Visons project, solicit feedback, and
build relationships. Attendees included colleagues
from agencies, NGOs, industry, and associations
(a participant list closes this document). The
discussonswerevery lively, each lagting well over
the scheduled 1.5 hours. Everyone was positive
about the project and asked to be kept involved.
Bdow are some of the most interesting comments
and suggestions. Many of these were common
themes, heard independently from each group.

Collaborations and Users of Ecological

Knowledge:

. We have to be more ambitious about
education—not just classsroom and informd,
but the “democratization” of science and
making the results important and ussble.

A prectica approach for ESA would be to
focus on bridging functions to different
organizations and types of communities.

We need to encourage collaboration and
projects with stakeholders, not just other
scientists.

We need to target “locdl folks’ and get more
ecology into the hands of those making
decisons a the loca level of government,
packaging toolsin such away asto makethem
usable and available.

The perspective of the decison maker must
be incorporated, as ecologists do not
necessarily understand local decision
Processes.

We have to bresk down barriers between
community development specialists and
scientigs.

Regulators and engineers within the local
communities need to work with ecologists.
Datasets that are useful to management must
be developed.

We should keep in mind the importance of the
private sector and NGOs and involve themin
the research community.

We need better dialogue among basic
researchers and practitioners at the corporate
level. Currently they don't fed asif they have
influence and are lft out of the process.

We need ecologists in decision making
pogtionsin government.

We should make use of the large amount of
social science literature on perceptions of
science by the public. Surveys show that the
public respects science. That is part of the
problem, as they want to take what is said by
scientigs asthe find truth and scientists know
itign't.

We need to encourage collaborations with
socid scientists who have done research in
fields such as water use and who are
knowledgeableintheuse of thesetypesof data.
We should figure out how we can help get the
public/community to think about process
instead of issues. Scientigtsthink that “ normal”
peoplecan't dothis, only thehighly trained like
them. But if the process is scaed down and
involves the community it would help with
decison-making.

BEN (Biologica Education Network) is an
example of groups of biological societies
working together. They have aready decided
on metadata for sharing information.

The Sdentific Community:

- Reward sysems within the private sector and

agencies, as wdl as in academia, need to be
addressed.
We need to encourage outreach by scientists.
A successful model is the Canon Parks
Fellowship, where sudents have to do a paper
on the gpplication of their work to management
issues in the parks, and they have to make a
public presentation on their work.




The scientific community needs to develop
self-awareness and learn how it is perceived
aswdl as how it conducts science in relation
to other disciplines.

Lessons from Economists on Data Set Collection
Networks:

Economicsbenefitsfrom government programs
that provide periodicaly updated data sets.
Development of an ecologica data collection
network would benefit both management needs
and research.

To sell the idea, we need to do as the
economists have done and make sure the
payoff (benefit) of the network extends beyond
research. We need to get the datato members
of the public, updated year after year, in the
same way that they have become accustomed
to getting economic data.

Even though economics data has holes,
economists have agreed to moveforward with
what they have.

Economists have been able to put economics
into plain, understandable language. Ecologists
need to do the same.

Data and Information

Long-term data sets are key. It is primarily
government resources and indtitutionsthat have
the resources and stability to do this.

Clarify that we are taking about multi-scae,
not just large scde.

Predictive models are very important. In
communicating with the public we need to be
able to say what we can or cannot expect.

A conceptual model on how to usethe datais
needed—not just what is usable but what is
the desirable outcome.

Coordination of standards and technology are
being devel oped and standards and techniques
training taking place globaly. We need more
traning.
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Internationa |ssues

Data and information are not as available to
decision makersin developing countries.

We have to build networks of ecologigts in
developing countries and produce ways to
increase data and metadata access.

The distinction between applied and basic
research is very American and strange to
scientists in other countries.

To internationalize ESA towards those parts
of the planet where biodiversity and threatsto
biodiverdty are highest, and where capacity
to respond to these threatsis lowest, will take
arange of low-tech solutions, aswel ashigh-
tech efforts.

A mgor chdlenge is to get higher priority for
environmental concerns in private sector
planning. Corporations invest in local
infragtructureinternationdly, but environmental
benefits are often alow priority.

In many countries, environmental knowledge
is held locally and is political. We need
knowledge about the different loca ways of
understanding.

In developing countries, ecology only makes
sensewhen related to improving quality of life,
Urban ecology is increasingly important in
developing countries.

Weshould vet ideaswith peoplewho arefrom,
and work in, the international community.

Framing the Discusson:

We need to ask great S mple questionsthat the
public can get excited about. Successful large-
scale infrastructure projects draw support by
posing clear, Smple questions and Stating that
the project will answer the question.

Security is an idea people understand. For
example, we need to understand the watershed
to be able to protect it againg terrorism. But
we have to be careful, as mentioning security
can dso be seen as “ambulance chasing.”




The vision has to be from more than the
perspective of a research ecologists.
Switching the issues around to “what can
be learned from ecology” would be more
effective.

Sustainability is a way to encapsulate big
ideas. It brings together social science,
economics, and ecology in one
framework.

We should emphasize the fundamental
importance of taxonomy and systematics and
the current extinction crisis.

People need to be part of the vison. There
needsto be asense of human valuein addition
to being scientificaly interesting and ingpiring.
We need to include the words “private’ and
“public’ in the language we use in the Report.
The private sector generates|ots of information
but generdly the research is not driven by
understanding functions of asystem, but rather
by getting the information needed for a permit
or other immediate need. It is often the
consultants who do the interconnecting.

Direction of Research and Funding:

. Future directions of funding are changing for
agencies and in many cases going from a
disciplinary baseto large megaissues. Funding
may be iminated in the competitive process
within agencies. Agencies will be moving
toward projects that focus on regional
problems and involve multidisciplinary teams.
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We need to creste financia incentivesto cross
interdisciplinary boundaries.

Lots of government funding for research is
datic or down.

We should be looking to NIH to fund
ecologica researchinitsconnectionsto human
hedith.

Participants in the July 2, 11, 18 Breakfast
meetings:

Al Abee, USFS; David Blockstein, National
Council for Science and the Environment; Peter
Boice, DOD; Tom Brooks, Conservation
Internationd; Jm Clark, ExxorVMohil; Mike Frame,
US GS; Thomas Franklin, Wildlife Society; Jeff
Frithsen, EPA; Stephen Gasteyer, Rural
Community Assistance Program; Susan Hasdltine,
USGS; Ted Heintz, Council on Environmental
Qudity; Tony Janetos, Heinz Center; DianaJerkins,
USDA; JaniceLarkin, DOD; NadineLymn, ESA;
Shirley Macolm, AAAS; Katherine McCarter,
ESA; Peter Preuss EPA; Samud Rankin, American
Mathematical Society; Douglas Ripley, Air
National Guard; Keith Robinson, United Nations
Environment Program; Craig Schiffries, Nationd
Council for Science and the Environment; Fran
Sharples, Nationd Academy of Sciences, David
Simpson, Resourcesfor the Future; Maggie Smith,
ESA; Jason Taylor, ESA; Robin White, World
Resources Indtitute.




Appendix 4: Summary of Responsesto the Web-based Survey

A web-based survey was created and posted on
the Ecologica Visions website from June 3 to
August 20, 2003, to solicit input and feedback from
ESA members on the project’s objectives and
progress. The survey was publicized by e-mail to
ESA members and a the ESA Annud Mesting in
Savannah.

Approximately 280 people (85 percent of whom
were ESA members) participated in the survey,
answering questions and providing ther idess to
improvethe Ecologica Visonsproject. About two-
thirds of respondents held doctorates, 21 percent
had masters degrees, while the remainder had
bachelors degrees or other education.
Respondentswere largely affiliated with academic
institutions (68 percent), with 16 percent
government, 8 percent non-profit, and 3 percent
indudtry affiliations

The survey was comprised of five sections on the
individud Vidonsareasand one concluding section.

Section 1. Ecological Research in the 21¢
Century: A Vision of aDiver se, High-tech and
Multi-scale Scientific Approach

Current ESA initiativesto advance ecological

research and insight. Participants were asked
to provide examples of current ESA projects that
will leed to sgnificant advancesin ecology. ESA’s
support for existing programs such asNCEAS and
the LTER system, and this Ecologica Visons
initiative were the main responses, though replies
to this question were not numerous.

ESA initiativesto improve ecologists' ability
to answer key ecological questions of the
coming decades. Each participant was asked to
submit three imagindtive idess for ESA initidives
on this topic. Comments were wide-ranging,

induding fadlitating training in new technologiesand
methods, helping ecologists to develop working
relationships with agencies; defining research
priorities, and promoting coordinated research
approaches and applied research for solving
environmenta problems.

Barriers to innovation and new technology.
Participants ranked alack of adequate funding as
theprimary barrier toincorporating innovativetools
and approachesinto ecological research; followed
by culturd barriersto large, coordinated research
efforts insufficient quantitativeand technicd training
of ecologists, and, finaly, alack of gppropriate or
affordable technology. Other comments included
inadequate theoretical basisfor research questions;
the pressures of publishing; and funding decisons
based not on innovation but other godls.

Intheir own research, respondents said that alack
of money (39 percent) and alack of training (30
percent) were the main obstacles to using cutting
edge technology. Other responses indicated no
interest in changing methods (18 percent) or no
need for new technologies (7 percent). Only 6
percent of those that responded said that they
lacked information about new tools and less than
2 percent said that the toolsthey need do not exi<t.
Other submissions included concerns about
reviewers of proposas and manuscripts, as well
as resistance to the implication that big,
interdisciplinary research with new technology is
the only way to address ecologicd questions.

Innovative tools. This last question asked
participants to describe any single tool that would
improve their research. Many responses were
intentionally humorous. The serious responses
wished for remote sensing and GIS, with land
cover, data visudization, or soil moisture sensng
capabilities; others included nanosensors; satdllite
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radio collars for birds; and automated
instrumentation for plankton measuring.

Section 2. Representing Ecological
Knowledge

Synthesis efforts and data sharing. Morethan
half of respondents (57 percent) said they had
contributed their datato a synthesis effort, and 36
percent of those had actually participated in the
synthesis effort. Twenty-eight percent of
respondents said they had been the principal
authors of asynthesis paper. Proprietary concerns
over sharing data (57 percent) were the greatest
barrier to data sharing, followed by data
compatibility (51 percent), lack of recognition for
sharing data (49 percent), difficulty in providing
documentation (37 percent), and non-electronic
data storage (18 percent). Twenty-seven percent
of respondents said that no one had asked for their
data, while 2 percent said they preferred not to
sharether dataat al. Other answersincluded: time
and training barriers to preparation of data for
sharing; database compatibility; lack of standards
for documentation; lack of clearinghousesfor data;
and thefeding thet the origind data.collectorsshould
have priority in andyzing their data before being
expected to share them.

Data storage and documentation. Lessthan haf
of the respondents (35 percent) said they had
compiled dectronic metadatafor their datafiles. A
standard protocol was favored by 60 percent to
fecilitate the maintenance of metadata, while 54
percent and 44 percent said that more time and
money would make it easer. Two technologica
barriers, appropriate software (41 percent) and
more storage space (14 percent) were also Sited.
From the other responses submitted, it was clear
that many participants did not understand the term
“metadata’ to mean the documentation of data
attributes, thus illustrating part of the barriers to
data sharing. Data were most frequently stored in
field or laboratory notebooks (63 percent), on
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floppy disks (41 percent), on hard disks (79
percent), in persona databases (49 percent), in
managed databases without public access (26
percent) and with public access (18 percent).

Publicly available data for synthesis Only 11
respondents answered the question as to whether
they would be likely to use publicly available
ecologicd datafor synthesis purposes. Sx said they
would be very likely and 5 not a dl likely to use
these data. However, 162 people expressed their
concernsabout using publicly availabledata, citing
data quality (78 percent), documentation (65
percent), compatibility of units and methods (52
percent), and alack of clear guiddinesfor crediting
contributors of data (38 percent). Other concerns
included possible bias in data submitted to a
repository; using datafor other than their intended
purpose; and lack of knowledge about the methods
of data collection.

Rolesfor ESA tofacilitate data sharing. Ideas
submitted included the following: support of a
dandardized data protocol and criteriafor citations
in its journds, including guiddines and codes of
ethics for using others' data; lobbying for
establishment of a National Ecologica Data
Archive; and expanding the Ecologica Archives.

Section 3. Catalyzing Cultural Change

Collaboration/Interdisciplinary Research.
Respondents were asked about barriers to
performing collaborative and/or interdisciplinary
research. Nearly half cited concerns about
impeding professond devel opment (45 percent),
closdy followed by lack of credit given to multi-
authored efforts (38 percent), lack of a common
language with other disciplines (34 percent),
publication barriers to interdisciplinary work (32
percent), and lack of opportunitiesto interact with
potentia collaborators. Only 1 percent said they
preferred not to engage in collaborative or
interdisciplinary research. Other responses cited




lack of time and funds. In particular, respondents
described a lack of funding mechanisms for
multidisciplinary research and collaboration. Some
people dso fdt that their indtitutions discouraged
interdisciplinary work and collaboration. Others
expressed difficulties in identifying potential
collaborators. However, many respondents
reported no problems or barriers to their
collaborative work.

Mentoring. Fifty-four of 154 respondents
reported that they had trained graduate students.
At the Ph.D. level they produced an average of 5
academic faculty, 3 government scientists, 2
consultants, 2 NGO staff, 2 students who chose
other careers, and 1 industry scientist at the Ph.D.
levd. Atthemadterslevd, they advised an average
of 3 academic faculty, 4 government scientists, 3
consultants, 1 science writer, 3 NGO staff, 2
industry scientists, and 3 studentswho had pursued
other careers.

I nstitutional support. Academic participants
were asked whether the graduate program at their
ingtitution provides training, support, and rewards
for graduate students interested in pursuing non-
academic career paths. More than half of
univergities (60 percent) in which the respondents
worked were said to provide some support, and
twiceas many indtitutionswere reported to provide
great (26 percent) support compared to no support
(13 percent) for non-academic careers.

I mpediments to communicating ecological
information. Nearly three-fourths (71 percent)
of respondents felt that poor communication of
ecologicd information to the public and confusion
about the distinction between environmentalismand
ecology were the main barriers. Lack of
communication, distrust, or misunderstanding
between academic and nonacademic ecologists
(38 percent) and between ecol ogistsand scientists
from other disciplines (31 percent) were aso
strongly noted. Other impedimentsidentified were
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alack of scientific understanding or interest by the
public; concerns about compromising scientific
objectivity; academiad slack of support for outreach
and education; and an inability on the part of
ecologigsto connect ecologicd information directly
to issues that matter in peoples’ lives.

Ecological knowledge in decision-making.
Respondents fdt that ecologica knowledge is not
used more often and in more effective and
meaningful ways in management and decison-
making because: thereisalack of politica support
(64 percent), or practitioners lack understanding
of ecology (55 percent), funds (40 percent) or time
to incorporate ecology into their work (36
percent). Respondents aso felt that there were
problems on the supply side of ecological
information: recommendationsby scientitsaretoo
vague or not achievable (60 percent) and the
applicable science has not been done (23 percent).
Other views included quick and short-term
decision-making; distrust or hostility toward
ecological science; and the different goals of
ecologica science and management.

ESA initiatives. Many respondents expressed
interest in ESA’s expansion of its education
programs to increase ecological and scientific
literacy among the public; forming working
relationships with agencies and practitioners to
improve communication and accessto information;
fogering better rdaionshipswithlocd communities
(for example, with cities that host the annual
meetings); expanding Issues in Ecology;
broadening ESA’s outlook to address the views
and interests of its non-academic members, and
better training opportunities for ecologists to
becomeinvolved in outreach and public education.

Section 4. International Outreach
Working internationally. Suggestions for how

ESA, itsmembership and other colleaguescan help
foster greater international collaboration in




ecological research were solicited from those who
have had experience working internationally,
attending international meetings, or teaching
internationd students. More internationa funding
opportunitieswereat thetop of thelist (58 percent),
followed by better languagetraining for Americans
(47 percent), streamlined visa processesand more
visas for internationa researchers (39 percent),
wider access (33 percent) and better infrastructure
(33 percent) for internationa research. Participants
commented on various successful international
collaborations they had been involved in, such as
an international Dragonfly Associgtion, American
Ornithologists Union, NCEAS working groups,
and the Fulbright program. Respondents said they
sometimes (43 percent) or never (35 percent) work
outside the US. Fourteen percent said they often
or dways working internationdly. International
collaborations were more common: 6 percent
responded that they aways work with scientists
from countries other than their own; 53 percent
responding that they sometimes do; 20 percent
responding that they often do; and 14 percent
responded that they never do.

| nternational members of ESA. Memberswho
were not US citizens were asked why they joined
ESA. The reasons given were that ESA is the
premier ecologica society, and because of the
journals.

General comments on internationalization
and ESA initiatives. Many answerstouched on
theimportance of nonacademic programsinforeign
countries, particularly in the tropics, as important
aress for research and exchange of ideas. Global
guestionsin ecology and marine ecosystems, and
the opportunitiesfor internationa collaboration and
outreach, were seen asexciting. Many respondents
asovoiced thar interestin ESA’ scooperating with
other societies such as INTECOL, the British
Ecologicd Society, and others, especidly in Latin
America and Canada, but without losing the
American focus of ESA.

I ncreasing I nternational Member ship of ESA.
Of those who responded, 71 percent (88 percent
US ditizens) thought that increesing internationd
membership in ESA was not important. Morethan
haf of those who fdt it is important thought the
following would be hdpful: providefundsfor foreign
members to help offset the cost of atending ESA
mestings (54 percent); increase the internationa
focus of ESA journas (53 percent); and hold an
annual symposium to highlight the work of
internationa ecologigts. Holding annud meetings
in other countries (32 percent) and reducing costs
of membership (39 percent) and of ESA journds
(39 percent) were a so supported. Other responses
ranged from recaling that ESA is the Ecologica
Society of America and so should not stray far
afield, to providing free or reduced cost journas
to foreign educationd indtitutions and scientigts, to
holding joint meetings with other ecological
Societies.

Section 5. Building an Informed Citizenry and
Public Policy

Public outreach. Of 150 respondents, 67
percent said they had taken part in public outreach
activities as volunteers, 44 percent in their
professional capacities, 43 percent through the
media, 18 percent as expert witnesses, 36 percent
as science writers, 5 percent through art, and 4
percent not at al. Other avenuesof participationin
public outreach were through K-12 education,
activiam, lobbying, and working with community
groups. Asked to identify the top target groupsfor
education and outreach programs by ESA, K-12
teachers were overwhelmingly the top choice,
followed by e ected representatives, K-12 sudents,
media, government agency daff, loca community
groups, undergraduates, private businesses, and
NGOs.

ESA initiatives. A wide variety of potentia
projectsandinitiativesfor ESA wereidentified that
might lead to significant change in public




understanding and use of ecology. Place-based
learning in K-12 schools was cited, as were
engaging local communities; improving teacher
education and resources, engaging with the private
sector; providing more web-based resources for
content and linksin ecology; and improving training
opportunities for ESA members to communicate
their information to the public.

Other initiatives outside ESA. Ideasfor mgor
initiativesthat could befacilitated by ESA, through
members, other professona societies, or other
groups, were aso solicited. Responses included
improving access to ecologicd information for K-
12 teachers and students, becoming more active
inthe mediato explain ecology asasciencedistinct
from environmentdism; or networking with other
professiona societiesto creste aclearinghousefor
information on natura resources and sciences to
better inform policymakers.

Section 6. Conclusion

Rating of the 5 Visions. Respondents were
asked to rate the Vison areas in terms of the top
priority for fostering ecology over thenext 20 years.
Respondents overwhelmingly chose improving
public understanding of ecology (55 percent) as
the top priority, followed by culturd changein the

ingtitutions where ecologists work (23 percent),
increasing or developing tools and capacity for
research (9 percent), increasing access to
ecological data (7 percent), and increasing
internationa cooperation in ecological research (6

percent).

General comments. Commentsincluded the need
for: more money and institutional support for
environmental science in generd; a higher profile
for ecology; development of decision tools for
managers and policy makers, funding specificdly
for developing new idess into research tools, and
broader cultural changesamong ecologigtsto think
of innovative approaches to ecological questions.

Feedback on the survey and on the Ecological
Visions effort. Respondents were supportive of
the Ecological Visions process and were
encouraged that ESA istrying to advance ecology
inthese different ways. Some respondentsfelt that
the project so far was too focused on academics
and graduate institutions, to the exclusion of
practitioners, undergraduate liberal artsprograms,
and dudents at dl levels. The tensons between
theoretica ecology and applied ecology surfaced
repeatedly, as well as those between large-scae,
ecosystems science and morelocal, community or

population ecology.
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