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ABSTRACT. Although ecological research is progressing rapidly, the answers to certain key questions continue
to elude us. This paper considers several of the contemporary challenges facing ecology. (1) Terminology is
voluminous and often poorly defined, resulting in inefficient communication. (2) The concept of scale affects our
inferences about system structure and function, requiring us to continue an amost heuristic investigation of
breaks, domains, and integration. New tools that more explicitly incorporate scalar issues will need to be
developed for progress to take place in the field of ecology. (3) Increasingly, it is expected that applied questions
will be solved in less than a year. This demand for solutions from ecologists often produces short-term and
inadequate responses. (4) How can ecologists improve communication between subdisciplines, with
undergraduate students, and with the public? How will ecology be done in the future, and by whom? We provide
some background to these observations and questions, and offer some potential solutions from the viewpoint of

young practicing ecologists.

INTRODUCTION

Ecology has gone through many changes since its
beginnings in natural history, from which it has
evolved into rigorous modern observationa,
experimental, and theoretical analyses of patterns and
process (McIntosh 1985, Real and Brown 1991).
When asked to provide insight into the global
environmental  crisis, ecology spawned new
subdisciplines such as conservation biology (Soulé and
Kohm 1989, Soulé and Orians 2001) and restoration
ecology (Dobson et al. 1997). Although the increasing
demand for ecological research bodes well for those
who practice the discipline, the demand for
environmental solutions outweighs the ability of
ecologists to produce them. Further, there have been
several unflattering analyses of the foundations of
ecology (Sagoff 1985, Peters 1991, O'Connor 2000,
but see Shurin et al. 2001 for arebuttal). What are we
to think of the critiques of our science, and more
importantly, how are we to develop our understanding
of natural systems?

Ecology exhibits periods of explosive growth and
relative stasis as interest in various subdisciplines
waxes and wanes over time (Mclntosh 1985, Real and
Brown 1991). Holling (1998) and Harte (2002)
represent two recent examples of explicit cals for
shifts in dominant modes of thinking, including
changing fundamental properties of the way in which
ecologists do science. This series of shifts in the
dominant ways of thinking is not restricted to ecology
(for an insightful review, see Graham et a. 2002) but
is characteristic of many sciences (Kuhn 1962). These
paradigm shifts emphasize that we must continue to
learn about ecology as well as how to be ecologists.

On the heels of our predecessors, we young researchers
and managers will make important contributions and
changes to ecology in the coming decades. A concrete
understanding of the problems we face in ecology is
important to defining the goals of our science. Seminars
and courses in graduate schools provide fertile ground for
discussing these topics. These discussions typicaly
involve both senior researchers and young scholars,
athough they seldom move beyond the discussion forum
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to the literature (but see Peterson et a. 1997 and Shurin
et a. 2001). This Young Scholars Didogue was
proposed to the editorial board of Ecology and Society in
the winter of 2002 as a means of bringing some of these
idess to the forefront. By the first month of 2003, the
managing editors of Ecology and Society had arranged an
online portal at the Resilience Alliance that authors could
use to post and discuss questions and ideas. More than
300 pages of posts were digtilled into the present paper
after three months of discusson. The authors are all
young researchers completing their graduate or post-
doctoral sudies. Some of the authors work in
multidisciplinary groups that aim to integrate ecological,
social, and economic theory; others use micro- and
mesocosm experiments to look for general rules of
dructure in communities. Still others explore macro-
ecological patterns and mechanisms. The members of the
group range from those working on “pure’ research
questions with little direct insight for conservation per se
to those working as applied ecologists. As graduate
students and post-doctoral researchers, we provide a
synthesis of opinion for both senior and junior members
of the ecological community (in the academic sensel)
intended to provoke discusson and thought on the
emerging direction of ecology in the 21t century. In this
paper, we discuss and explore:

1. problems with terminology that
progress,

2. scaling issuesthat plague our inferences,

3. applied and predictive ecology, and

4, the future of ecology in light of new
gquantitative methods, the diversity of
researchers, and the areas in which ecology
needs to make progress.

impede

We echo the statement of Graham et a. (2002) in the
introduction to a recent special feature in the journal
Ecology: we are presenting these opinions as active
participants in ecological research, rather than as
expert philosophers of science. Input from readers of
Ecology and Society [Erratum] is encouraged and can
be added by following this link: Ecology and Society
Discussion Page.

TERMINOLOGY: CONFUSION OR
CLARIFICATION?

There is genera agreement that ecology has a
terminology problem. For example, Shrader-Frechette
and McCoy (1993) emphasize that there are an
abundance of similar but nonidentical definitions for
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fundamental  concepts such as  “stability,”
“community,” and  “ecosystem”  taught in
undergraduate ecology. This imprecise terminology
has been repeatedly recognized as contributing to the
misunderstandings that occur within and outside of
ecology (Peters 1991, Shrader-Frechette and McCoy
1993, Mikkelson 1997). Often, ecologists do not know
if the confusion in their work is the result of
misunderstanding the terminology involved or the
research itself. A recent review of the meaning and use
of “connectivity” (Tischendorf and Fahrig 2000)
provides an excellent illustration of an attempt to
rectify the ambiguous use of a term that was causing
confusion within the discipline of landscape ecology.
It isclear that terminology problems hurt our science.

We have noted that the terms that tend to be the most
problematic often share the following characteristics:
(1) they are not mathematicaly defined, although we
note that this is not aways possible or desirable, and
(2) they involve the interactions of several individuals,
e.g., population ecology and more complex scales of
organization.

We support the explicit clarification of terminology by
urging researchers to do the following:

1. Include in all papers a section that contains
definitions of terms, with references, similar to
the terminological boxes used in the journal
Trends in Ecology and Evolution.

2. Develop an on-line searchable database of
terminology to which everyone can donate
terms. The terms submitted for inclusion
would be subject to a rigorous peer review
process before they were finaly accepted by
the research community. Multiple definitions
could be supported when they are significantly
different, and referenced to the author when
used.

3. Encourage leading journals to have a section
on definitions that focuses on a detaled
review of terminology and makes
recommendations related to  ecological
concepts and definitions.

These solutions would create easily accessible and up-
to-date compendia of ecological terms. Making it easy
to find terms that an author is introducing or using in
his or her manuscript would benefit both authors and
readers.
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SCALE, GLORIOUS SCALE!

Scale has long been recognized as important in
ecology (MacArthur and Levins 1964, Wiens 1989,
Levin 1992), and it remains a sort of “fina frontier”
(Kareiva 1994). Scale can be considered through time,
space, taxonomy, and discipline. Because ecology is a
science of scale, practitioners continue to struggle to
both incorporate scalar intricacy into their research and
interpret their research with respect to scale.

Experimental science in genera and ecology in particular
are, by their very nature, scaling. Every datistical
inference essentialy takes observations on the scale of
the sample and generalizes them to that of the population.
We are further pressed to generalize the patterns inferred
for one population to others. Complex ecologica
phenomena may not be cleanly assigned to a small
number of categories, but are thought to represent a
continuum of space and time. This begs the question of
whether there is a single best scale at which to conduct
our experiments or couch our theory. Intuitively, many
would say that there is not, but pragmatically we are
always forced to narrow our focus. Below, we use time
as an exampleto illustrate some scale conundrums.

Strayer et al. (1986) and Likens (1989) suggest that
long-term studies are necessary for understanding
ecological phenomenathat:

occur slowly or infrequently in time;

exhibit such high tempora variability that
long-term trends are required to observe
patterns;

3. are interdependent and cumulative, so that
historical events constrain future possihilities;
and

4. exhibit timelags.

However, the definition of “long-term” used in studies
is itself quite varied. In fact, ecologist have
distinguished short- from long-term study in relation to
at least seven different factors:

1. the natural temporal variation of a process,
e.g., the time span encompassing a given
confidence interval of observations of the
dependent variable (Walters 1986, Carpenter
1988, Franklin 1989);

2. the life-span or reproductive cycle of the
organism of interest;
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3. the cycling time of the process, eg., the
turnover period of a nutrient, prey item, water
molecule, etc. (Franklin 1989);

4. the successiona period of a community, i.e.,
the time it takes the study system to reach
some “steady state” following a perturbation;

5. the return interva of rare or episodic events
such as disturbances (Franklin 1989);

6. the time lag between an ecological cause and
its effect (Magnuson 1990); and

7. adidtinct time period, eg., long-term is > 5
years (Likens 1992).

Because most ecological processes of general scientific
and societal concern span a continuum of time, no single
definition of “long-term” is sufficient for research. The
above lig illustrates the need for a clearer definition of a
study's time and space to encourage rigor and flexibility
in any application beyond its domain. It could dso be
argued that the world is dominated by small organisms
that spend their short lives in small spaces processing
materials quickly. As such, their long term is our short
term when it comes to relative tempora cycles. If we
continue to make progress in understanding what drives
these systems (e.g., Srivastavaand Lawton 1998, Lawton
1999, Mora et a. 2003), the hope is that these driving
factors may be generalized toward universal ecological
structures and organizing principles within and among
communities (Lawton 1999). An intriguing possibility is
the conceptua framework of the “tempora diding
scale” Holling (1992, see aso Holling and Allen 2002)
suggedts that the “temporal and geometric properties [of
a system] were distributed in a lumpy, or discontinuous,
manner [such that] the frequency of occurrence of
attributes in time and space were clustered into a small
number of categories along an axis of increasing
magnitude of scalein space and time.” If thisis the case,
ecological research may need to focus more on
determining what these frequencies are, and the rules that
govern them. These frequencies could be focal scales of
research. Studies that use small, contained ecosystems
such as phytotelmata (e.g., Pitcher plants, bromeliad
tanks) or moss patches might quickly produce results
concerning these scale lumps.

Although long-term studies often produce very
important results, e.g. the impacts of drought on the
recovery of lakes from acidification (Yan et a. 1996)),
we do not think that it is justifiable to suggest that
ecologica phenomena are best described by long-term
studies, with short-term research as second-best. There
are clearly benefits to short-term ecological research
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compared with long-term studies. For example, short-
term studies (1) are generally less costly and easier to
complete, so that progress is more rapid as results are
communicated and used quickly, and (2) inherently
lend themselves to experimental manipulation and
control. Thus, results and/or causal pathways are often
less ambiguous than in long-term studies.

It thus follows that short-term studies are generaly more
efficient, giving greater knowledge per dollar or unit
effort. Unfortunately, this is not aways the case, and we
wish to argue that both short- and long-term research is
important in the development of understanding. It seems
that the solution to the multiscae dilemma may liein our
ability to assess and incorporate information across
various scales rather than to collapse information into a
single “most appropriate’ scale.

Advances in satisticd and computational methods are
providing frameworks that alow researchers to consider
multiple scales at the same time when analyzing data. For
example, in the last decade there have been important
developments with hierarchicd linear models and
generalized linear mixed modes. This family of models
enables explicit declaration of correlation structures in
the data that are inherent to multiscale designs
(Raudenbush and Bryk 2002, Krawchuk and Taylor
2003) within the flexibility of the generdized linear
mode framework (McCullagh and Nelder 1989). Even
more complex methods are being developed to assess
correlations in time and space through the use of
Bayesan Markov-chan Monte Carlo methods, eg.,
BUGS. Generdized estimating equations/functions also
fal into this category.

Some of the most exciting analytical methods to arise
in recent years explore scale independence in systems.
Network theory, which explores the generalities
among and particularities within biotic and abiotic
networks (Strogatz 2001), has provided new ways to
describe scale-dependent and scale-invariant patterns
and processes in food webs and pollination networks
(Dunne et a. 2002a, Jordano et a. 2003), as well as
ways of exploring the relationship between community
structure and robustness (Dunne et a. 2002b). Harte
and Kinzig (1997) and Ritchie and OIff (1999) have
used fractal indices to characterize environmental
heterogeneity and to express scale-invariant ecological
patterns mathematically.
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APPLIED AND PREDICTIVE ECOLOGY

The field of applied ecology includes research that
addresses issues in conservation biology, the
extraction of natura resources, environmenta
pollution, the effects of climate change on the biotic
world, and the management of habitats and species.
Applied ecology often acts as an interface between the
scientific and academic worlds and the larger worlds
of business, government, and the public. Thus, one of
the fundamental challenges in applied ecology is to
outline predicted outcomes and trade-offs of possible
policy actions that managers must negotiate among
diverse interest groups.

Predictions drawn from research in applied ecology
play an important role in identifying suitable and
successful management actions. Applied ecology thus
needs to make reliable predictions as well as gain a
functional understanding of system mechanisms.
However, when addressing applied questions, there are
at least two potential problems with regard to
obtaining a detailed understanding of system
mechanisms. In many cases it may be necessary to
take action before an in-depth understanding has been
achieved. Mechanisms take along time to unravel, and
answers to applied questions are generally needed
before the system can be fully understood. However,
an improved understanding of the mechanisms that
drive particular phenomena will not necessarily lead to
improved predictions about them. One example of this
are the chaotic dynamics that emerge from slight
differences in the initial conditions of a system.
Because we can never measure those initial conditions
precisely, we cannot necessarily predict the trgjectory
the system will take.

As an dternative, it is possble to make reasonably
accurate predictions with little understanding of
mechanisms because many patterns repeat themselves.
We can often come up with an answer, i.e., a predicted
pattern or response, to applied questions before we really
understand the processes behind them. This is only
sufficient when the most important thing is an “answer,”
and not the understanding. This is often the case with
short-term management actions. By taking action early
rather than further studying the mechanisms, we can use
the action as an experimenta manipulation to unravel the
operating mechanisms in the system (Walters 1986).
When management decisions are made, we should take
full advantage of the dtuation to test hypotheses.
Ecologists and managers should be more explicit in
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thinking through the potential outcomes of these actions,
organizing these “perturbations’ to test multiple
hypotheses whenever possible, and learning from their
actions. This leads to a reliance on adaptive management
programs.

Prediction, of course, is not aways possble.
Limitations include the fact that:

1. ecological systems do not remain stationary,
and even long-term data do not guarantee that
short-term predictions will hold (Hellmann et
al. 2003);

2. predictive ability generally decreases with
projection time. Predictions become less
reliable over longer time periods because of
the compounding effects of small errors;

3. there are trade-offs between accuracy/detail
and robustness/generality. In contrast to more
detailed models, simpler models may forecast
less accurate predictions in the short term, but
might be a better predictor of general behavior
in the long term (Hilborn and Walters 1992);
and

4. the magnitude of impacts on a system is
frequently misunderstood. Unless we apply
treatments ourselves, we may have a poor
knowledge of the experimental manipulations
from which we try to assess effects.

In making predictions, we should explicitly outline the
time frame over which we expect our predictions to hold.
We must be clear about what our predictions cannot do.
Continually updating these predictions with new
information may extend their religbility as well as
increase their accuracy. For example, a Canadian Forest
Service modd for forecasting human-caused forest fires
uses a Bayesian framework and updates the model by
including “prior” information from recent events, in
addition to longer-term relationships with historical data
(Todd and Kourtz 1991).

All predictions for ecological management are uncertain
to some degree, and this uncertainty affects how this
information can be used by managers. Ecologists are
learning to deal more efficiently with this prediction
uncertainty. For example, fisheries ecologists historically
presented managers with a number that represented the
alowable catch or the level of fishing mortality. Because
these numbers did not alow for the evauation of
dternatives, the managers receiving them had few
options. Advice to managers now generdly includes
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probability distributions of expected outcomes and levels
of risk for possible policy actions, thereby incorporating
uncertainty. These data present a more informative base
on which decisions can be made. This incorporation of
uncertainty alows managers to react to a “surprise” in
gystem response, a “safe-fail” rather than “fail-safe”
methodology (Peterson et a. 1997). Because models can
never predict the effect of management with 100%
accuracy, potentia management actions should be
evduated in smulation models according to various
future scenarios. The best management action can be
chosen based on which is the most robust to these
uncertainties (de laMare 1998, Sainsbury et al. 2000).

One of the bhiggest obstacles to incorporating
uncertainties into management is the fact that scientists,
managers, and the public do not clearly understand the
term “uncertainty.” This hinders the effective use of
scientific uncertainty in management decisions. The third
assessment  report on climate change from the
Intergovernmental Panel on Climate Change (IPCC
2001) illustrates a clear bridging of this communication
gap, although some parties have chosen to ignoreit. This
report iswritten for policy makers, and the clear language
reflects the nonscientific audience. Terms of scientific
uncertainty have been converted into simple phrases
ranging from “X is very unlikely to occur,” to “X is
probable,” to “X will very likely occur.” In addition,
“scenarios’ are used to illustrate the range of possible
outcomes so that uncertainty is built into the figures.
Further, the pand has mechanisms in place to avoid
inaction, often citing “collective judgment” or “best
guess’ when a scientific consensus is obvioudy not a
possibility. We would like to see more studies that
explicitly incorporate this type of uncertainty into their
management advice, so that we can communicate our
best guesses for questions of applied importance.

NEW QUANTITATIVE METHODSIN
ECOLOGY

Almost every dement of scientific inference is the result
of “testing a hypothesis,” no matter what the scale of the
question. Although we can creatively theorize around
complexities and hypotheses, we need to improve our
ability to articulate these ideas through data and analysis.
We suggest that a stronger educationa focus on stetistical
techniques would be very valuable in advancing our
understanding of ecological systems.

Often, students drawn to our field have little interest in
statistics. Nevertheless, this must become a core
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element of our education as ecologists. The basic
requirement for all ecologists must include a good
course in basic statistical methods (many of us have
sampled ineffective statistics courses), preferably with
an ecological focus, and one or more electives in any
other dtatistics class. This acknowledges that
ecologists have very different foci, and not al have
time to become experts in the intricacies of statistics.

For students with a more analytical bent, the
introduction to a spectrum of alternative current
methods in statistics is necessary. A showcase of
methods in the form of areading group that provides a
brief but thorough familiarization can be valuable. For
those students with the mathematical skill to really get
into the foundations of new techniques, expectations
are high to popularize methods within the broader
ecological community. Although many universities
aready provide one or more forma courses in
ecological statistics, active discussion groups that
focus on statistical issues in ecology are lacking in
many ingtitutions. We believe that this latter element is
critical. One important benefit of a more thorough
understanding of statisticsis a reduction in the number
of errors made in data analysis by ecologists, such as
the adoption of inappropriate methods, assumptions,
and interpretations. Although this has always been a
problem in ecology, it may be exacerbated by the
abundant  “point-and-click”  statistics  packages
currently available that allow users to ignore important
assumptions. Correcting this may help increase our
understanding of ecological systems by providing
more accurate quantification of the ecological data
from which we make our inferences.

More room for model uncertainty in statistical
assessment is also needed, to allow the reader of a
paper to interpret the results with the author. In the
classical, frequentist approach, this amounts to giving
the reader enough information to make an independent
assessment, which includes, but is not limited to,
providing a family of models, not only the single most
significant model as suggested by the touted alpha.

We believe that encouraging the expanded use of
meta-analysis may be important both in developing
and testing theory and in advancing ecology.
Numerous data sets exist that could be profitably
analyzed for new ecological understanding and would
complement our experimental and theoretical research
programs. This relies on something that ecologists are
generally not very good at: sharing their data
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Ecologists must become better at this. Programs are
being developed to further facilitate data sharing, e.g.,
SEEK Ecoinformatics .

Finaly, we do not imply that there will be any specific
satistical methods that will push ecology forward.
Rather, it is the mind-set and level of understanding
under which we assess data and models that will be
paramount. Although the continuous development in
analytic techniques opens new doors, smpler traditional
techniques complement complex and recently developed
methods. We predict much progress in ecology
associated with our relatively simple suggestion that we
improve our statistical literacy.

WHO ARE THE RESEARCHERS OF THE
FUTURE?

As ecology prepares itself for the challenges that it
will face in a century characterized by intense human
impacts on the environment, these questions are worth
asking: Who are the researchers of the future? What
characteristics will they have?

Geographic diversity

Most practitioners of ecology are Western white
males. The lack of widespread geographic
representation among ecologists is likely to continue
unless there is financial support either from home
governments, international institutions, or sympathetic
wealthy countries. Environmental crises will play an
important and unfortunate role in increasing the
geographic diversity among ecologists: there are likely
to be continued upswings in trained ecologists and
research funds in countries that face immediate and
economically relevant environmental crises.

Training diversity

Most people who currently do ecological research
were trained as ecologists. Collaborations between
ecologists and other scientists have been very
profitable. Disciplines represented include physics,
applied mathematics, computer science, economics,
demography, and quantitative sociology. Currently, we
see many cross-boundary research programs that
successfully combine the expertise of ecologists and
physicists (West et a. 1997), ecologists and
economists (Carpenter et a. 1999), and others. We
advocate that increased funding be made available for
these cross-discipline collaborations.
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Further to this point, we would like to see more students,
or ecologigsin-training, involved in applied ecology
work. There is an unfortunate resistance to such an
approach in applied ecology where government agencies
and other bureaucracies are the primary directors, eg.,
conferences of invited speskers only, or conference cogts
inaccessible to students. This will require a more
concerted effort for communication between government
agencies and universities.

Racial diversity

The inadequate representation of racial minorities in
ecology stems from many things, including the lack of
role models/mentors, poor high school science
education, a desire to pursue more lucrative academic
paths such as biotechnology, and problems with fitting
into the dominant academic culture. A few necessary
improvements include better high school and college
education and outreach, a greater geographic
representation of ecologists from non-Western
countries, and active recruitment and retention of
minority candidates into faculty and role model
positions. Further, programs encouraging interchanges
of ecologists between Western and non-Western
countries may be important. Investment by richer
nations in training more ecologists in less
economically robust countries is needed.

Gender diversity

Although women are well represented at pre-doctoral
levels, there are fewer of them at the post-doc level
and beyond. Some of this may be explained by strong
lifestyle and cultural barriers, eg., the issue of
effectively having to choose between becoming a top
scientist or having children. We believe that more
should be done to encourage women to pursue careers
in ecology; one way is to increase the number of
career options as outlined below.

Lifestylediversity

Only a few paths are currently available for Ph.D.s in
ecology. These include full-time faculty positions,
consulting, government jobs, and NGO work. There is
a lack of flexibility in possible career choices for
ecologists both within and outside of academia. Thisis
a mgjor contributor to the drop-out syndrome among
women. For ecology to thrive in the future there will
need to be greater development, support, and
acceptance of unconventional career paths.
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Finaly, we believe the future of ecology lies in the
collaborative efforts that will be required to address
complex environmental problems that cross
disciplinary and system-specific boundaries. As a
consequence, those poised to make some of the
greatest contributions are people who are broadly
trained and who have the skills to interact outside of
their particular realms of knowledge. This will require
many graduate programs and post-doc opportunities to
increase the diversity of curricula and research
experiences. Excellent examples of such programs
currently exit, e.g., the Graduate Program in Regional
Resilience and Adaptation at the University of Alaska-
Fairbanks and the Santa Fe Institute, although more
are needed. We adso believe that young ecologists
should prepare by routinely incorporating literature
from outside of ecology as part of their normal reading
and be prepared to actively engage in cross-discipline
research environments.

THE PRESENT AND FUTURE OF
ECOLOGY

Ecology will continue to play a mgjor role in the use of
theory and data to provide insight into specific and wide-
ranging environmental problems. Current examples
include the introduction of adaptive management
(Holling 1978, Waters 1986), population-specific
management designs such as reports from the Committee
on the Status of Endangered Wildlife in Canada and the
Environmental Protection Agency, and the broad linking
of socid, economic, and ecologica sysems (e.g., Berkes
and Folke 1998, Costanza et a. 1996, Perrings et al.
1995). The fact that the word “ecology” has been co-
opted by the environmental movement may decrease our
ability to seem aobjective to the public and to policy
makers (Westoby 1997). We may also engage in very
academic debates that lose sight of the conservation
values of research, eg., in biodiversity-ecosystem
function (Srivastava 2002). These should not slow our
drive to find the processes underlying patterns in the
natural world, nor should it decrease our ability to
contribute to the solution of important applied problems.

The amount of available information continues to
increase, and ecologists are congtantly presented with
new opportunities and methods for sharing, andyzing,
and collecting data. In particular, the rapid advances in
computer technology are causing enormous changes, not
only inthefield of ecology but also in science in general.
Current popular and important research areas using these
advances include network theory (Albert et a. 2000,
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Strogatz 2001, Dunne et a. 2002a,b); the resilience,
robustness, and stability of ecosystems (Walker et 4.
2002); ecoinformatics, eg., SEEK Ecoinformatics;
species/system response to climate change (Parmesan
and Yohe 2003, Root et al. 2003), and macroecology
(Brown 1995, Williams and Martinez 2000, Harte et al.
2001). Landsat and other remote sensing technologies are
being used to understand large-scde patterns and spatia
relationships between components of the landscape
(Turner et d. 2001, Bawa et a. 2002). Easy access to
these new sources of information enables a wider array
of researchers to make progress in ecology, and we
reiterate our belief that rapid development of online
databases would be extremely valuable in sharing data
for new discoveries.

Cross-boundary research is also becoming increasingly
important in ecology. The term “cross-boundary”
pertains not only to boundaries between disciplines but
also to other obstacles that prevent the integration of
research, e.g., cultures, languages. An example of this
is found in the literature on resilience and adaptive
cycles. This theory is rooted in socia as well as
ecological systems, making cross-boundary work
essential (Gunderson and Holling 2002).

Intense, focused communication and discussion are
crucial for cross-boundary research. Small working
groups may provide the best means of focusing
research efforts in cross-boundary collaborations,
which will result in improved communication among
disciplines. At least some of the progress of these
projects must be measured in the success of achieving
cross-boundary dialogue, regardiess of the outcome.
For example, attempts to analyze and manage for
socio-ecological resilience and/or specific
environmental issues are often challenged by different
groups, hence the emphasis on participatory processes
in this area (e.g., Walker et al. 2002). As important as
the structure of cross-boundary research are the people
involved, who must be willing to abstract the ideas in
their disciplines from the details, question their
assumptions, and seek inconsistencies among fields.
These integrative skills can be developed over time.
They should be emphasized in the education of our
young scientists, both undergraduates and graduates
(Holling 1998, Gass 2002), and will also aid in our
ability to communicate our science to the public.

Ecosystem restoration and mitigation, already
important, are likely to become more so. We believe
that the best complement to continued progress in
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restoration ecology will be research on how
ecosystems adapt to ongoing anthropogenic
disturbances and how these disturbances affect
ecosystem goods and services. This is the current
research agenda in freshwater lake studies: not to
return these bodies of water to predisturbance levels,
but rather to predict how changes will occur in
response to inevitable climate change and what this
will mean for fisheries and water quality (Carpenter et
al. 1999). Ecologica restoration and mitigation must
incorporate more ecological theory and empirical
results into its practice, because it is currently doing a
very poor job of this. The highly litigious nature of our
society will make mitigation of environmental impacts
commonplace, and there will be an increasing need for
good science to inform these efforts.

We need continued progressin:

1. community assembly rules. Are communities
random or nonrandom associations of taxa,
and are there rules that govern how
communities assemble?

2. dternative stable states. Are human impacts
reversible or irreversible? Can a system that
might aternate between multiple states be
shifted back to the state it was in prior to the
disturbance?

3. community structure vs. function. Which is
more sensitive to human impacts, and which is
the better measure of a“natural” system?

4. loca wvs. regional controls on species
characteristics such as abundance, occurrence,
and coexistence. What is the relative
importance of the within-habitat vs. the
between-habitat processes that affect these
characteristics?

5. the role and structure of species invasions.
How do species invasions affect the
ecosystems they become part of ? What makes
a species a good invader? What makes an
ecosystem open to invasion? What potential
niches are widely invasible?

6. ecological economics. Placing an economic
value on nature's services will likely increase
public recognition of the need to protect
resources.

Ecologists must better communicate their findings and
understanding of ecosystem structure and function to
the public while walking a fine line between
communication and advocacy. We are doing research
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as important and novel as that being carried out in any
other field; one charismatic breakthrough may be all
that is needed to elevate the status of ecological
research in the eyes of the public. Ecology is ripe for
this breakthrough. We strongly urge ecologists to
enhance their skills for communicating with the public
and other researchers.

CONCLUSIONS

For ecology to progress, it must incorporate both its
scientific foundations and the ability to develop and
integrate novel methods and ideas into ecological
theory and research. Only by cultivating both
approaches will ecologists be able to address the
critical questions the field faces. We have discussed a
number of current problemsin ecological research and
made an attempt at some simple solutions. We are
optimistic about the future of ecology despite the
problems we outline. We fully expect, over the course
of our careers, to make great gains in understanding
how nature works. There is no shortage of interesting
guestions to tackle, and, as young scholars, we have
provided a modest framework for how some
improvements in our science might help to make these
explorations more efficient and more effective.

Responses to this article can be read online at:
http: /Amwwww.ecol ogyandsoci ety.or g/vol 9/issl/art14/responses/i
ndex.html
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