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contains a lengthy laundry list of general studies NMFS intends to engage in, without
any attempt to set priorities, evaluate management usefulness, or assess resource

217demands. Its scope was limited to NMFS's own research facilities; it made no
attempt to assess the availability or usefulness of independent academic, state, or other
research efforts. It appears to have had little impact on management-relevant research
needs, even within the agency that produced it. In 2004, a group of NMFS scientists
published a paper calling for a coordinated research plan on the estuarine and marine
phases of the Pacific salmon lifecycle. They noted that although several NMFS
laboratories were involved in such research, there was no coordinated plan for
organizing those activities, or for developing "mutually beneficial and synergistic
research programs with universities, state agencies, and other government
laboratories. 2 8

A better model for priority setting comes from the California Bay-Delta Authority
and emphasizes the importance of outside review of agency research priorities. The
Bay-Delta Authority is the institutional successor of the short-lived state-federal Cal-
Fed program.2 19 While it has had its problems with funding and political acceptance,
this program has made very strong efforts to systematize the development of new
scientific information about the Bay-Delta and to incorporate that information into
management decisions. From the outset, Cal-Fed included a science program as one of
its core program elements. 220 An Independent Science Board and other independent
review panels were also part of the original Cal-Fed structure.22' In a very practical
way, the creation of a single science program has facilitated effective priority setting:
funding for Bay-Delta research and ecosystem restoration grants that had been
scattered among a variety of agencies was suddenly both centralized and subject to
independent review. 222 In addition, the Independent Science Board has been a
persistent force, urging the consideration of multiple disciplinary perspectives,
recommending priorities for research, harping on the importance of monitoring, and
pointing out problems with funding processes.223

Publicity about the lack of good science supporting expensive programs can also
help push agencies toward real priority setting. Just a few years ago, the federal desert
tortoise conservation program was in such disarray that it generated a GAO report

217. See NAT'LMARINE FISHERIES SERv., U.S. DEP'TOFCOMMERCE, NMFS STRATEGIC PLAN
FOR FISHERIES RESEARCH (2d ed. 2001), available at http://www.govdocs.aquake.org/
cgi/reprint/2003/516/5160010.pdf.

218. Richard D. Brodeur, George W. Boehlert, Ed Casillas, Maxwell B. Eldridge, John H.
Helle, William T. Peterson, William R. Heard, Steven T. Lindley & Michael H. Schiewe, A
Coordinated Research Plan for Estuarine and Ocean Research on Pacific Salmon, FISHERIES,
May 2000, at 7, available at http://www.nwfsc.noaa.gov/assets/2/
3287_06172004_104126_salmonplan.pdf.

219. For a description of Cal-Fed's origin and structure, see Jody Freeman & Daniel A.
Farber, Modular Environmental Regulation, 54 DuKE L.J. 795, 837-57 (2005).

220. CALFED BAY-DELTA PROGRAM, PROGRAMMATIC RECORD OF DECISION 74 (2000).
221. Id. at 75.
222. Freeman & Farber, supra note 219, at 865.
223. See, e.g., Memorandum from Tom Dunne, Chair & Denise Reed, Vice Chair to Cal.

Bay-Delta Auth. Indep. Sci. Bd. Members (Feb. 22-23, 2005), available at
http://science.calwater.ca.gov/pdf/isb/ISB-IFEB-MTG-KeyOutcomes-Memo-and-Summary-
FinalDRAFT.pdf.
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highly critical of the lack of a coordinated research agenda. 224 Reacting to that report,
the Fish and Wildlife Service created a dedicated Desert Tortoise Recovery Office and
empanelled an advisory committee of outside experts. The goals of the new office, in
consultation with the advisory committee, included prioritizing and coordinating
research activities, as well as evaluating the resulting data. 225

Priority setting is one of the points at which engaging outside experts can be most
valuable. There has been considerable discussion in recent years of the role of peer
review in administrative decision making, with much of that discussion centered on
individual environmental and natural resource decisions. 226 Under the authority of the
Information Quality Act, the Office of Management and Budget has directed all federal
agencies to have important scientific information peer reviewed before disseminating
it.227 As Dan Tarlock and I have explained elsewhere, peer review of individual
management decisions by individual reviewers employing a journal-style model is
unlikely to provide much additional constraint on agency judgments already bounded
by professional norms and the threat of judicial review. 228 Review of entire

management programs by a standing committee, an ad hoc committee with the
visibility of the National Research Council, or a less high-profile committee with the

ability to publicize its views is a very different matter. On an expost basis, that kind of
review can significantly increase the transparency of agency judgments by forcing

public explanation of the rationale behind those judgments. It can also spur learning, in

part by bringing the latest research developments to the attention of agency scientists

too busy to closely follow the evolving literature. But review is likely to be most useful

in proactively helping to set research agendas, both because that can help avoid costly

mistakes before they are made and because agencies are less likely to react defensively

to input targeted to helping them make better future decisions than to criticism of past
actions.

It can be difficult to recruit top scientists to serve on these sorts of review

committees, which are time consuming and can embroil the participants in unwanted

controversy. Some will volunteer out of a sense of obligation to make socially valuable

use of their training, or because they care deeply about the success of the programs in
question. Paying them for their time can help, as can the prestige of the sponsoring

institution. Many scientists look at an invitation to serve on an NRC committee as a

sign of professional validation, and their universities are likely to share that view. That

may be a good reason for maximizing the NRC's role in program review. Reviewers

could be encouraged to adapt their reviews for publication in the scientific literature,

and prestigious journals could commit to creating suitable fora for these sorts of

papers. Other sorts of rewards could be envisioned, such as prizes from professional

societies for distinguished public service.

224. See U.S. GEN. ACCOUNTING OFFICE, supra note 210.
225. Desert Tortoise Recovery Office, http://www.fws.gov/nevadaldeserttortoise.
226. See J.B. Ruh], Prescribing the Right Dose of Peer Review for the Endangered Species

Act, 83 NEB. L. REv. 398 (2004) (providing thoughtful discussion of the appropriate role of peer
review in natural resource management); NAT'L RESEARCH COUNCIL, REVIEW PROCEDURES FOR

WATER RESOURCES PROJECT PLANNING (2002).
227. Final Information Quality Bulletin for Peer Review, 70 Fed. Reg. 2664 (Jan. 14,2005).
228. Doremus & Tarlock, supra note 123, at 32.
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C. Encourage Management-Relevant Exploration

Many natural resource conflicts are plagued by limited knowledge of the basic
functioning of the systems being managed. In part, this is certainly due to the
difficulties of studying these systems and of sorting out the complexities of their
processes. But there is more to it than that. There seems to be a systematic disconnect
between the worlds of the exploratory researcher and of the natural resource manager.
This cultural gap, which leads to information gaps, can be narrowed from both sides.

On the research side, we need stronger incentives for untethered, creative
exploratory work on natural systems. One piece of that should be greater funding for
ecological and environmental science, primarily in university settings. In fiscal year
2003, the federal government devoted just over $200 million to grants supporting
university-based research in "environmental biology." 229 Given the billions of dollars
and irreplaceable noneconomic interests at stake in resource conflicts, that investment
should be substantially increased.

But simply throwing money at academic researchers will not guarantee success,
especially if the researchers themselves are put in charge of distribution. Funding is
only one factor in determining the questions researchers choose to tackle. Training and
professional acculturation are also important. Scientists pursue questions their training
equips them to perceive and answer. The quest for career advancement and prestige
drives them toward the techniques and problems with the highest perceived status. In
ecology and related fields, those are not the questions of most interest to managers.
Academics have focused on producing complex mathematical models rather than on
generating the basic life history information needed to drive those models. Paul Dayton
sees a stark and depressing mismatch in priorities: "academics have fiddled while the
natural world they argue about has burned., 230 Dayton explains that natural history and
taxonomy are essential to understanding the declines of species and ecosystems, but
charges that "scientific elitism" has eroded the importance of those fields to the point
that the foundation needed to address conservation problems is missing. 231 As part of
the broad priority-setting exercise advocated above, new investments in environmental
research should target fields important to management efforts but underrepresented
among new graduates. That can be done through targeted graduate and post-doctoral
fellowships, as long as enough qualified mentors are available. It is' important to revive
the "ologies" before the last generation of practitioners disappears from university
halls, lest we face the need to entirely reinvent these fields.232

229. See supra text accompanying note 51.
230. Paul K. Dayton, The Importance of the Natural Sciences to Conservation, 162 AM.

NATURALIST 1, 2 (2003); see also Paul K. Dayton & Enric Sala, Natural History: The Sense of
Wonder, Creativity, and Progress in Ecology, 65 (Supp. 2) SCIENTIA MARINA 199 (2001)
(decrying the "demise of natural history," which the authors view as the essential foundation for
creativity in ecological research).

231. Dayton, supra note 230, at 10-11. Vicky Meretsky echoed those concerns at this
conference, pointing to a shortage of people learning the "ologies," the basic natural-history-
oriented biology fields. Teresa Woods pointed out one consequence of that shortfall, that
analytical tools outpace collection of data to analyze.

232. Dayton suggests that an entire generation of biologists has already grown up without
the necessary background in natural history, so that some bootstrapping may already be needed
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It is also important to emphasize at the level of graduate training, where much
professional acculturation occurs, the value of problem solving and of real-world
engagement. This is one place where there is cause for optimism. Although academic
incentives are often described as strongly resistant to change, in fact academic fads
come and go with surprising rapidity. The demand for graduate training in particular
sub-fields, and the capacity to provide that training, can respond quickly to changes in
the employment market. Investment in a few dozen faculty positions at major research
universities tied to contributions to the resolution of real-life resource management
problems would go a long way toward encouraging students to pursue that type of
science. In fact, it looks to me like students going into conservation-oriented fields
these days do not need much prodding in that direction; all they need are opportunities
and the endorsement of their mentors or key players in the field. At my own university,
the ecology graduate students are already pushing the faculty toward giving more
respect to problem solving rather than just high theory, and demanding that their
education include, or at least provide room for, experience with policy-relevant issues.
At the same time, university administrators faced with tight budgets and dwindling
public funding commitments are paying more than lip service to the notion that higher
education must prove its value to society by bringing knowledge to bear on the most
pressing societal problems. 233 University scientists who went into conservation-related
fields because they care about the natural world have founded new disciplines,
launched new journals, and created new professional societies to help bring academic
prestige to problem-oriented work.234 Although they still provide only a small
proportion of total research funding, nonprofit, problem-oriented funding sources
increasingly allow practitioners of management-relevant research to support their work
while meeting traditional measures of academic professional success. 235 Even the most
prestigious general-interest scientific journals have begun to respond, publishing high-
quality problem-oriented work, thereby giving that work instant academic
respectability. Studies that are "surprising" from a management perspective are more
likely than work confirming management assumptions to result in high-profile
publications, providing research scientists with an added incentive to probe those
assumptions. 236

to revive these fields. Id. at 11-12.
233. In a 1998 convocation address, for example, the Chancellor of UC Davis emphasized

"the fully engaged university-the university's continuing obligation to full engagement in
addressing societal problems." Larry Vanderhoef, Chancellor, UC Davis, Convocation Speech
at UC Davis, http://chancellor.ucdavis.edu/Resource/commun/1998/convoc98.cfm. Since then,
"the fully engaged university" has been a watchword throughout the UC system.

234. The most obvious example is the field of conservation biology, which was launched as
an explicitly "mission-oriented" field and now has a professional society and several dedicated
peer-reviewed journals.

235. Examples include the Packard Foundation, Resources Legacy Fund, Evan Frankel
Foundation, and Switzer Foundation, among others.

236. As just one example, the Independent Scientific Group on Cattle TB convened by Great
Britain's Department for Environment, Food, and Rural Affairs published two papers on studies
demonstrating that badger culling can actually increase bovine TB. Donnelly et al., supra note
67, at 843; Donnelly et al., supra note 64, at 834. Closer to home, the National Center for
Ecological Analysis and Synthesis (NCEAS) in Santa Barbara has supported several workshops
closely tied to resource management problems that have produced peer-reviewed publications.
For example, one produced a major study of recovery plans under the ESA that became a
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Help in closing this gap can also come from the agency side. Management agencies
should not directly control decisions about what exploratory work is done, because it is
too likely that those decisions would be strongly skewed by agency culture and
mission. 237 But agencies do need to build stronger links with free-wheeling research
scientists and the academic research culture, which is far more tolerant of mistakes
(which can often be "productive" in the sense of advancing knowledge) and strong
directional shifts, and at the same time far more demanding that scientists constantly
defend their intuitions, interpretations, and research choices. Researchers also need
stronger links to management institutions to help keep them aware of the kinds of
challenges managers face and the information they might be able to use. These links
can be encouraged by, for example, making student fellowships available for work
linked directly or indirectly to management decisions, by offering funding for students
to work with agency personnel or for agency personnel to spend "sabbaticals" at

238research institutions, or even just by creating nonthreatening opportunities for
researchers and managers with common interests to meet and exchange experiences,
concerns, and frustrations.

Management agencies can also act to lower bureaucratic hurdles, which can pose
significant practical barriers to independent research. Research scientists are not
known for their patience with bureaucratic procedures and paperwork, especially if
those things create delays, require approval by functionaries who do not (from the
researcher's perspective) fully understand the project, and (again, to the researcher's
eye) serve no useful function. I am told, for example, that controlled experiments
testing the impact of forest fires on water quality could be, but are not, being done on
national forest lands in part because of the frustrations potential researchers have
experienced with the NEPA compliance process.239

With a little creative thinking, agencies can ease these sorts of burdens without
threatening the resources for which they are ultimately responsible. Agencies could,
for example, assign staffers who are familiar with NEPA and ESA processes to

special issue of the journal Ecological Applications. Peter M. Kareiva, Applying Ecological
Science to Recovery Planning, 12 ECOLOGICAL APPLICATIONS 629 (2002) (introduction to the
special issue). On its web site, NCEAS claims to have produced over 1000 publications, many
in leading journals. Evidence of the Impact of NCEAS, http://www.nceas.ucsb.edu/statistics.

237. For evidence of that kind of skewing, one need look no further than the history of
Forest Service research stations. See Rigg, supra note 6, at 86 ("In past decades, USFS research
focused on the growth rate, yield, and genetic resistance of individual species, reflecting an
organizational culture based on traditional resource management values.").

238. The University of California and the California Resources Agency launched an
innovative fellowship program in 1995 designed to bring agency personnel into the university
for a year or less and vice versa. University of California-Davis, Public Service Research
Program, State and Regional Agency Partnerships and Collaborations, http://psrp.ucdavis.edu/.
It has proven easier to attract agency personnel to academia than the other way around, but
providing additional rewards for academic problem solving, and offering roles in the thick of
interesting problems, could potentially correct that imbalance.

239. After spending a year working with the staff at one national forest to set up a controlled
study of the impacts of fire on forest ecosystems and faced with the possibility that an
environmental assessment could take another two years or more, one UC Berkeley professor
moved his study to a University of California research forest, where exhaustive environmental
analysis was not required. E-mail from Scott Stephens, Assistant Professor of Fire Science, UC
Berkeley (Aug. 15, 2006) (on file Indiana Law Journal).
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shepherd high-priority research proposals through the bureaucratic maze. Ramping up
the level of resource commitment a bit, management agencies could designate specific
geographic areas for wide-ranging exploratory studies. They could carry out any
required enviromnental assessments at the time of designation, or on a "worst case"
basis if it is not possible to predict what sorts of studies might be carried out, rather
than waiting until they receive research proposals.

A somewhat more systematic version of the Forest Service's existing network of
experimental forests could greatly enhance the opportunity for resource management
experimentation. Designation of experimental forests began in 1908; today there are 77
experimental forests scattered around the country, including the famous Hubbard
Brook National Forest, site of the experiments that first convincingly revealed the
effects of acid precipitation. 2 4

0 Although the system has grown in a fairly ad hoc
manner, it contains representatives of twenty-one of the twenty-five forest cover types
in the United States and covers a broad range of environmental conditions.241 Many
units host long-term studies with important management implications.242 Work at the
experimental forests is not, however, well networked, nor have the individual sites
been selected for importance to current and future management issues.

Should a priority-setting exercise be undertaken as recommended above, 243one of
its tasks could be to identify other sites that might be added to the experimental forest
system. Another could be to outline a strategic research plan integrated across the sites.
An integrated research network could reduce bureaucratic barriers by, among other
things, giving managers the confidence to sanction risky but potentially promising
management experiments. Experimental locations should be chosen for their potential
value to management decisions, but that does not mean they must necessarily be in the
core habitat of protected species, where experiments might present greatest
conservation concern. For species with a wide range, secure protection in one location
might allow another location to be used freely for controlled experimentation, even if
that means possible extirpation from parts of the experimental area. At least some
types of experiments can be monitored, and treatments that show a strong adverse
effect on resources of concern can be terminated early, as they are in human drug
trials.244 Furthermore, if researchers are thinking creatively, they may be able to reason

240. Ariel E. Lugo, Frederick J. Swanson, Olga Ramos Gonzalez, Mary Beth Adams, Brian
Palik, Ronald E. Thill, Dale G. Brockway, Christel Kern, Richard Woodsmith & Robert
Musselman, Long Term Research at the USDA Forest Service 's Experimental Forests and
Ranges, 56 BIOScIENCE 39 (2006).

241. Id. at 43-44.
242. Id. at 45-46.
243. See supra Part H.B.
244. See Fischman & Meretsky, supra note 6, at 94 (noting that experiments might have to

be ended early if they might jeopardize a listed species). There is apparently no clear formula
for when drug trials must be halted due to adverse effects, but certainly if patients die
unexpectedly or of unexpected causes a red flag is raised for researchers. See Matthew C.
Lovell, Second Thoughts: Do the FDA's Responses to a Fatal Drug Trial and the AIDSActivist
Community's Doubts About Early Access to Drugs Hint at a Shift in Basic FDA Policy?, 51
FOOD & DRUG L. J. 273 (1996) (explaining the drug trial process and recounting an instance of
fatal liver complications during trial of a hepatitis drug). Naturally, there is always room for
argument about the degree of acceptable risk in a research trial, as well as about the extent to
which potential negative consequences should be foreseen or detected early.
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by analogy, extrapolating from observed effects on suitable but unoccupied habitat, or
on similar but not endangered species.

Finally, learning could become a performance measure for managers. Too often,
performance in management agencies is measured simply by "bean counting," keeping
track of the number of management actions or the amount of money spent on
management. That sends precisely the wrong message to managers, encouraging them
to act without either reflection before the fact or evaluation after. Evaluating managers
on the extent to which they produce new knowledge about the system would provide
career incentives for learning. Measuring learning, however, is a tricky proposition.245

It will not always be reflected in measurable improvement in the resource in the short
run; indeed, tying performance evaluations too closely to resource status can
discourage experimental approaches. Management learning might be usefully
evaluated through the kinds of performance screens applied in academic science-by
publication in the peer-reviewed literature, or if that seems too slow and labor-
intensive, by outside scientific review of written or oral explanations of what is known
about the system and how gaps are being addressed. 246 Even simply setting into place
periodic exercises in active reflection and evaluation by, for example, requiring regular
written reports on how the knowledge base has (or has not) changed can facilitate
learning.

247

D. Make Sure Extraction Keeps Pace

No matter how productive exploration is, if the data it makes available are not
extracted it can never play a role in management decisions. It's not surprising, given
the ease of cataloging extraction shortfalls, 248 that scientists and managers alike
express frustration at the failure of fundamental data production to keep up with
theoretical advances. In 1994, Mark Shaffer and colleagues complained that, twenty
years after population viability analysis was developed, lots of sophisticated computer
modeling had been done, but the models were of limited usefulness because little of
the field data needed to ground-truth and drive them had been produced. 249 The
situation does not seem to have improved much in the intervening decade. Resource

245. Stankey et al., supra note 56, at 46 cite the need to make learning a management
"performance element" in order to encourage adaptive management, but do not elaborate on
how that might be done.

246. The Cal-Fed Bay Delta science program in its first iteration emphasized peer review by
standing advisory committees, which seems well-suited to this kind of function. It is difficult,
however, to persuade reviewers to commit the kind of time and effort needed for an engaged,
long-term review process. Where the management effort is sufficiently important or high
profile, that alone may have considerable motivating power. Cal-Fed provided generous
consulting payments to its outside reviewers, which may not only encourage agreement to
participate but "guilt" committee members into robust engagement. Encouraging reviewers to
get involved in ways that facilitate publication and joint thinking beyond the narrow specifics of
the management measures evaluated might provide additional intellectual incentives.

247. loan Fazey, John A. Fazey & Della M. A. Fazey, Learning More Effectively from
Experience, 10(2) ECOLOGY & Soc'Y 4 (2005) available at http://www.ecologyandsociety.org/
vol10/iss2/art4.

248. For a very partial list, see supra text accompanying notes 95 to 105.
249. Shaffer et al., supra note 5, at 130.
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managers participating in this conference noted that they have plenty of data analysis
tools, but not enough data to analyze.25 °

As explained above, there may be reason for optimism that evolving academic
incentives will help address this shortfall. 25 Nonetheless, more directly targeted steps
should be taken to address the extraction shortfall. Leadership from the political and
nongovernmental arenas will be essential.

Targeted funding, free from annual appropriations struggles, ought to be provided
both for general indicator tracking and for specific high-priority extraction efforts.
Investment in development and regular monitoring of a broad range of indicators may
produce some short-term results relevant to specific management situations, but its
greater value is likely to be in inspiring novel exploratory studies and highlighting
impending resource conflicts over the longer term.

The government should finance much of the big-picture monitoring and extraction,
as well as the lion's share of exploration. It is common for government to subsidize the
research and development costs of private industry when the research is costly and
carries a high risk of failure and the industry is seen as important to societal
interests.252 The case for subsidizing the supply of information to natural resource
managers is even stronger. Private actors will not voluntarily assume the costs of
information supply to a process that ultimately is more likely to limit than to enhance
profits. It can be argued that extractive interests should internalize the costs of assuring
that their actions are consistent with societal conservation goals, but exploratory
research and generalized environmental monitoring efforts typically do not enable any
particular extractive activities. 53 Later in the process, when identified private resource
users are involved, it will generally be appropriate for those users to share in the costs
of information production, although it may still be desirable for government or
university scientists to actually do the work.

250. See also Jordan S. Rosenfeld & Todd Hatfield, Information Needs for Assessing
Critical Habitat of Freshwater Fish, 63 CANADIAN J. FISHERIES & AQUATIC SCI. 683,686 (2006)
("sufficient information to perform a PVA is often lacking for listed species, usually because
time and resources have not been available to obtain the necessary demographic parameters").

251. See supra text accompanying notes 232 to 236.
252. The oil industry, of course, has benefited from a range of government subsidies since its

inception. See Mona Hymel, The United States'Experience with Energy-Based Tax Incentives:
The Evidence Supporting Tax Incentives for Renewable Energy, 38 Loy. U. CHI. L.J. 43, 46-53
(2006) (documenting range of tax incentives offered to the oil industry); Roberta F. Mann, On
the RoadAgain: How Tax Policy Drives Transportation Choice, 24 VA. TAx REv. 587,651-653
(2005) (noting ongoing tax subsidies in various forms). More generally, since 1981 a federal tax
credit has been in place for a portion of the research expenses of any business. 26 U.S.C. § 41.
The total subsidy from the research tax credit was reportedly more than $24 billion by 1994,
with over $4 billion of that going to the pharmaceutical industry alone. NATIONAL SCIENCE

BOARD, SCIENCE AND ENGINEERING INDICATORS-1996, at 4-20 to 4-21 (1996).
253. Professor John Applegate argues that government, rather than industry, should play the

primary role in filling data gaps "when there is structural or systematic market failure, when
government is in a position to generate the information, and when industry's credibility gap is
particularly acute." Applegate, supra note 3, at 269. All of these factors point toward
government funding in the typical natural resource management context.
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While government funding is appropriate it is also, as the discussion above
demonstrated,2 extraordinarily difficult to obtain. Strong political leadership might
help, but even that will not be enough if it comes from only one side of the aisle, as
Bruce Babbitt learned when he created the National Biological Survey. Bipartisan
agreements on the value of information, however, can shake loose funding, at least
temporarily. The dedication of a substantial portion of Cal-Fed's initial funding to a
highly independent science program is one hopeful example.

If the government cannot or will not fund extraction, the conservation community
can, and to some extent already does, help take up the slack. Scientists throughout the
world provide data on the status of species to the International Union for the
Conservation of Nature and Natural Resources (IUCN), which periodically compiles
those data to produce its Red List, the standard resource on global biodiversity
threats. 255 The use of nonspecialist volunteers to perform certain types of data
gathering can also reduce the costs of extraction, while producing information that is
both useful and reliable. In the United States, for example, National Audubon Society
chapters across the country coordinate a Christmas Bird Count. Begun in 1900 by
twenty-seven birders in twenty-five locations, mostly in New England and the mid-
Atlantic, the Christmas Bird Count has grown to encompass nearly 2000 sites and
more than 50000 participants. With no cost for the data collection itself, the Count
provides valuable information about changes in the distribution of North American
bird populations over time and space. 256 More recently, Audubon has initiated other
"citizen science" programs, including a nationwide backyard bird count and a web site
that allows birders to contribute other sightings to an online database. 257

Government efforts would be enhanced by the creation of an agency or office
whose mission explicitly included prioritizing, carrying out, and overseeing
information extraction. That institution should be instructed to take a big-picture view,
prioritizing extraction needs, and to commit to target dates for implementing specified
measures. 25 8 The National Biological Survey (NBS) might have served this purpose,
but of course it was derailed by political opposition. Today, the USGS, or its
Biological Resources Division, are the most obvious candidates for this role. It is
unlikely that the political landscape has changed so much since the NBS debacle that it
would be easy to get Congress to endorse the concept of a natural resources
information agency, especially one explicitly serving management needs. But perhaps
it could be more effectively sold by pointing out that better information can sometimes

255. See supra text accompanying notes 94-112.
256. IUCN, Species Survival Commission, 2006 IUCN RED LIST OF THREATENED SPECIES,

available at http://www.iucnredlist.org/.
257. National Audubon Society, Christmas Bird Count, History and Objectives,

http://www.audubon.org/bird/cbc/history.html.
258. National Audubon Society, Citizen Science, http://www.audubon.org/bird/citizen/

index.html.
259. The USGS BRD strategic plan includes an impressive list of data extraction efforts, but

it does not show evidence of big-picture evaluation, nor does it include target dates. Paul V.
Dresler, Daniel L. James, Paul H. Geissler, Timothy M. Bartish & James Coyle, Strategic Plan
for the U.S. Geological Survey Status and Trends of Biological Resources Program: 2004-2009,
Circular 1277 (2004), http://biology.usgs.gov/status-trends/Ststrategicplan.pdf. It is impossible
to determine from the agency's web site to what extent the plan has been implemented.
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release, rather than add, management inhibitions. In any case, it can't hurt to publicly
point out the inconsistency of demanding "sound science" for resource management
while at the same time refusing to invest in that science.

Finally, although many others have said it before, it bears repeating: in order to
create incentives that favor information extraction we must avoid rewarding
ignorance. 25 9 To the extent that information extraction requires access to private lands,
it is essential that landowners who fail to provide access find it more difficult, rather
than easier, to develop. 26° Even when government agencies have full access to the
resource, political pressures are likely to inhibit extraction if lack of knowledge means
economic activity can proceed unhindered.

E. Break Down Disciplinary and Institutional Barriers

One of the biggest barriers to both the production and the use of information is the
landscape of isolated disciplinary and institutional silos confining researchers and
managers.

On the research side, those trained in established disciplines tend to see
management problems through their peculiar disciplinary lenses and to push as
universal solutions whatever maximizes the importance of their discipline. 26' As with
exploration and extraction, there are some hopeful signs of change in academia with
respect to the importance of disciplinary boxes. Universities are increasingly
acknowledging the importance of interdisciplinary approaches, especially to
environmental problems, and establishing interdisciplinary centers and programs.262

Government funding institutions are rewarding, or even requiring, grant proposals
encompassing multiple participants from diverse disciplines. 263

Still, much more remains to be done. Many observers consider the current emphasis
on multidisciplinary training and research in universities and funding agencies to be
superficial. It is widely believed that academic incentives still favor disciplinary depth

260. See Wagner, supra note 18.
261. Polasky & Doremus, supra note 90.
261. See supra text accompanying notes 120-21.
262. Recently established multi-disciplinary academic institutions include the Nicholas

School of the Environment and Earth Sciences at Duke University and the Donald Bren School
of Environmental Science and Management at the University of California, Santa Barbara.

263. One example is the National Science Foundation's Integrative Graduate Education
Research and Training grant program which, according to NSF "has been developed to meet the
challenges of educating U.S. Ph.D. scientists and engineers . . . with the interdisciplinary
backgrounds, deep knowledge in chosen disciplines, and technical, professional, and personal
skills to become, in their own careers, leaders and creative agents for change. The program is
intended to catalyze a cultural change in graduate education, for students, faculty, and
institutions, by establishing innovative new models for graduate education and training in a
fertile environment for collaborative research that transcends traditional disciplinary boundaries.
It is also intended to facilitate diversity in student participation and preparation, and to
contribute to the development of a diverse, globally-engaged, science and engineering
workforce." National Science Foundation, Integrative Graduate Education and Research
Traineeship Program (IGERT), http:lwww.nsf.gov/fundinglpgm-summ.jsp?pims-id'
12759&from'fund.
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over interdisciplinary breadth. 264 Those two, of course, need not be in tension.
Excellent disciplinarians could be encouraged to work with similarly excellent
practitioners of other disciplines, rather than being told that they alone must master all
the disciplines relevant to the environmental problems that most interest them. This
process must begin at the graduate student level, if not before. Simply exposing
students to the perspectives, importance, and complexities introduced by other
disciplines can go a long way toward breaking them free of their silos. 265 Not all
graduate students should be expected to do interdisciplinary work; there is still
considerable value to be gained, on an academic and management level, from studies
within a single discipline. But no challenging modern environmental problem is strictly
within the realm of any one discipline, so none can be solved without some researchers
breaking the disciplinary mold.

Faculty too can be encouraged to break out of these silos. Perhaps the best incentive
for doing so is the realization that their colleagues in other disciplines can provide a
new perspective on problems they have seen as intractable, or can highlight the
importance of complications they had not understood. The first step might be informal
interaction-once faculty from disparate disciplines know and trust one another, they
can explore overlapping research interests 266 and begin to break through the jargon that
separates them. 267 The next might be institutional incentives to attempt the first
collaboration.

On the management side, the analogous need is for personnel willing and able to
transcend institutional boundaries. Resource conflicts almost by definition are not
readily confined either by political or by institutional limits. In order to pursue a big-
picture approach, not only to management itself but also to the information demands of
management, institutions must break free of their geographic, media-specific, and
mission-oriented boundaries. There are some hopeful signs in the recent creation of

264. See, e.g., Bammer, supra note 132, at 6.
265. A group at UC Davis funded by the National Science Foundation has had great success

exposing graduate students in ecology, population biology, history, economics, and other
disciplines to the multi-disciplinary perspectives required to get an intellectual grasp on the
problem of biological invasions. For a description of the program, see
http://www.cpb.ucdavis.edu/bioinv/.

266. See, e.g., Degnbol et al., supra note 69, at 542 ("Before cross-disciplinary interaction
works on an informal basis, we cannot assume that it will work on a formal basis. Colleagues
need to know each other well and respect each other before they can be expected to be creative
together and to take on shared responsibilities, for instance a joint research grant."). My own
experience suggests this statement may be a bit too strong, but it has more than a grain of truth.
Where a funding call demands multi-disciplinary participation, one researcher or disciplinary
group may take the initiative, and later call on another discipline to endorse what is already
almost a fully-fleshed out project. Quite often that serial disciplinary approach produces
resentment, but sometimes it may be an effective ice-breaker. It's unlikely to produce top-flight
cross-disciplinary research the first time out, but it may lead to the kinds of mutually respectful
interpersonal relationships, and the familiarity with one another's research interests, that are the
foundation of the best cross-disciplinary research.

267. See Katharine Jacobs, Gregg Garfin & Melanie Lenart, More Than Just Talk:
Connecting Science and Decisionmaking, 47(9) ENV'T, Nov. 2005, at 6, 13 ("Use ofjargon may
be one of the most significant limitations to applied interdisciplinary work and integrating
science with decision making.").
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novel eco-regional institutions, such as the Cal-Fed Bay-Delta program, the
Comprehensive Everglades Restoration Plan, and the Platte River Collaborative
Watershed Planning Process. 268 Clearly, though, much work remains to be done.
Although all of these programs cross political jurisdictions and bring together multiple
mission-oriented agencies, none of them is fully integrated across the environmental
spectrum. All concentrate on the distribution and quality of geographically discrete
water resources, focusing on a relatively small universe of big users or major pollution
sources. Furthermore, none has yet demonstrated staying power in the face of tough
budget climates. The Cal-Fed experience sounds a particularly cautionary note. The
Cal-Fed program in its original, cooperative federal-state form, is essentially dead.
Attempts are ongoing to revive it as a strictly state institution, but whether that will
work at all, and if so whether it will prove adequate to the scope of the challenges,
remains to be seen.

F. Archive Information in Accessible Places and Useable Forms

Too often, resource managers find themselves reinventing the wheel or unable to
evaluate the success of similar management actions because information that has been
gathered is not made available, or is not available in a standardized format. Given
modem information management and distribution tools, relatively small investments
ought to be able to make a big dent in that problem.

There are conspicuous examples of failures to take the seemingly simple step of
making information extracted for one purpose at one time by one source available for
others for subsequent use or reevaluation, 269 but there are also some successful
examples to draw on. One is FishBase 270 , a publicly accessible, free intemet database
compiling primarily biological but also some other information about nearly thirty
thousand fish species. 271 FishBase is heavily used, receiving about 20 million hits per
month from users worldwide. 272 Its usefulness to fisheries researchers is attested to by
the long and rapidly growing list of scientific papers that cite to it as a data source. 273

268. See Joseph L. Sax, The New Age of Environmental Restoration, 41 WASHBURN L.J. 1
(2001) (describing all three). Dan Farber and Jody Freeman propose the need for "modular"
institutions, characterized by flexible coordination between government agencies, and with
private entities. They describe the Cal-Fed program as an example of modularity. Freeman &
Farber, supra note 219 at 795.

269. See supra text accompanying notes 146-48.
270. http://www.fishbase.org.
271. Cornelia E. Nauen, Implementing the WSSD Decision of Restoring Marine Ecosystems

by 2015-Scientific Information Support in the Public Domain, 30 MARINE POL'Y 455, 457
(2006).

272. Id. at 456.
273. By early 2006, FishBase reportedly listed some 1125 publications citing it, with most of

those dated after it became available on the internet (instead of solely on CD) in 1999. Id. at
458. By July 2006, the number had grown only slightly, to 1169, suggesting perhaps that some
of those citations were for novelty alone. Not all of those citations appear in traditional papers.
Many are in web sites. Perhaps FishBase is most useful as a communication mechanism
available to share with wide audiences.
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FishBase also reaches out to take advantage of its user community's expertise,
allowing easy submission of comments, links, and suggestions. 274

In order for scientific information to be usable by interested stakeholders as well as
by specialists, it must be expressed in accessible formats. Here, the fisheries world
provides another positive example. The Sea Around Us Project has a web site 275

intended to make information about fisheries status available to the public. It displays
graphically, and in eye-catching spatial displays, information that might otherwise lie
buried in obscure scientific publications.2 7 6

CONCLUSION

Management of natural resources subject to conflicting demands is a challenging
business for any number of reasons, but certainly the dearth of available information
about the consequences of management choices is one of the most important. We
should not underestimate the barriers to understanding the complex natural systems we
are now in the business of managing, falling prey to what has been described as "a
naively generous comprehension of how much ecologists and wildlife biologists know
of the natural world, and the ease and rapidity with which that knowledge can be
increased.''277 Expecting too much of scientists leads to the "sound science" movement
and unrealistic thresholds for changes to the status quo. That is hardly a recipe for
effective conservation.

But it is just as wrong-headed, and potentially just as harmful to the conservation
enterprise, to assume that data gaps are an irreducible natural phenomenon.
Considerable uncertainty will always remain, but there are opportunities to make better
use of existing information, to maximize extraction of information where feasible, and
to more effectively explore for new information sources.

Taking advantage of those opportunities will require committed leadership from
both sides of the research/management divide. That leadership must be attentive to
shortcomings on its own side of the ledger, sensitive to challenges on the other, and
dedicated to problem solving above personal advancement. Bridging the cultural gaps
that interfere with effective data supply is necessarily a long-term process that will
require adjusting training and professional expectations on both sides.

Reducing data gaps will also require commitment from political actors, who must
make funding available, construct new management institutions with the ability to see
and act across traditional boundaries, and establish a balance in those institutions
between the flexibility needed for experimentation and the oversight necessary to
demand evidence of learning. It will have to be an incremental process; the needed
changes are systemic and cannot happen overnight. One good place to start would be
with a broad overview of the types of exploratory research that might be of greatest
value to management, and how research funding might help promote that research.
Another is with the project of cataloging resource data as they are produced; making
them accessible to managers, researchers, and the public; and making them useful,

274. Id. at 459.
275. http://www.seaaroundus.org.
276. Nauen, supra note 272, at 459.
277. Shaffer et al., supra note 5, at 129.
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through format uniformity and database searchability, across the broadest possible
spectrum.

The first step toward a cure is always to admit that the patient has a problem. In the
case of natural resource management, that means getting beyond the misleading and
oppositional claims that, on the one hand, we need to act in the face of uncertainty and,
on the other, we need enough information to know what we're doing. Once we admit
that less-than-perfect information may be both useful and attainable, we can ask the
key questions: what information we have, whether we are making full use of it, what
additional information would be useful, and what it would take to obtain that added
information. Perhaps when we are able to take a close look we may find that, while not
full, the glass is less empty than either side has believed.




