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A SALMON RESEARCH PLAN: THE QUESTIONS AND CONSTRAINTS

“………It is hard to imagine a well-designed experiment or study involving salmon that would not in some way be useful to salmon recovery or provide a valuable specific contribution.  The value of all relevant research, however, is not the point.  Given the dire status of salmon stocks, we must establish scientific priorities, and make sure that we answer the most important questions first.  Indeed, the purpose of producing this research plan is to provide a standard against which each research project can be measured—thus, we should ask of any research project whether it is a substantial attack on at least one of the following ten key questions.  If a research project does not contribute in a major way to the answering of one of these key questions, then the priority of that project needs to be reconsidered…….”


PREFACE

The NWFSC Salmon Science program has three layers:

(i) core research aimed at identifying what factors most imperil salmon, 

(ii) risk management research aimed a determining how to reduce or mitigate the major risk factors identified by the core research, and 

(iii) the design of monitoring and evaluation programs so that the effectiveness of risk management can be assessed.

Concordant with these three layers of salmon science, the NWFSC has prepared three strategic reports that sketch the key steps within each level of analysis.  The first report to be completed describes the handful of basic questions that must be answered before salmon recovery can proceed.  In a sense, everything flows from these key questions.  For example, risk management should address only those factors that basic research has identified as a primary sources of risk.  Moreover, the resources devoted to any risk management program ought to be proportional to the importance of that risk factor as a constraint on salmon recovery.

I.   THE SCIENTIFIC CHALLENGE POSED BY SALMON RECOVERY    

A.   The Status of Salmon

Despite their status as regional icons and their past history as one of the world’s most productive fisheries,  Pacific salmonids throughout the northwestern U.S. are threatened with extinction.  Since the early 1980s alone, wild salmon populations in the Columbia River Basin have declined more than 90%.  In a few instances, a single factor has forced salmon populations to local extinction (e.g., large dams preventing access to spawning grounds); but much more commonly, the massive decline of salmonids has resulted from cumulative impacts of human actions that have occurred over many decades (NRC 1996).  Although special interest groups continue to blame salmon declines on single factors and propose simple solutions (e.g., dam breaching, habitat restoration, or harvest reductions), it is clear that simple actions alone will not redress the problems salmon face (NRC 1996, Lichatowich 1999).  In order to guide decisions, science must pose clear questions, whose answers will provide the information needed by policy-makers.  Before outlining these key questions, it is worth reviewing the limitations of science to date, and asking why science has not delivered more as of the year 2000.
B.   Scientific Failings and Limitations that Need to be Overcome

Scientists have been studying west coast salmonids for half a century, and have produced enough studies and reports to fill a library.  Moreover, since the first listing of Snake River salmon as endangered, hundreds of academic and government scientists have conducted research aimed specifically at guiding recovery actions for salmon.  Given all of this scientific effort on their behalf, why are salmon still in trouble?  Obviously, part of the reason is that the fate of salmon is ultimately in the trembling hands of our political leaders.  But the fact remains that clear, compelling scientific conclusions are in short supply.  Before turning to the NWFSC’s plan for future salmonid research, we discuss the shortcoming of salmon science to date.  Major progress is most likely if we are mindful of past failures.
.

1.  Key questions may require technical innovation before they can be addressed.  Important scientific questions may go unanswered because we lack the technology needed for gathering critical data.  For example, the survival of juvenile salmon as a function of their migration history could not be quantified until PIT tag technology was developed and PIT tag recorders were installed at hydropower projects (e.g., Prentice et al. 1990).  Similarly, the genetic differentiation and population structure of salmonids could not be resolved until several molecular genetic markers were identified (Myers et al. 1998).  These two research tools are only just now beginning to reap their scientific rewards (because of the time lag between a methodological breakthrough and when data are analyzed and published).  

2.  Policy leaders and the courts have often framed questions that isolate salmon risk-factors in a biologically unrealistic way.  Regulatory decisions target very specific actions: harvest, re-licensing of dams, water rights, and so forth.  As a consequence, there has been a tendency for policy-makers to ask questions like, “should dams be removed from the Snake River?”.  From a legal perspective this is a rational question.  However, scientifically, the merits of dam removal can only be assessed in conjunction with an evaluation of the myriad of factors placing salmon at risk.  For example, although dam removal might increase in-river survival by 20%, that improvement will accomplish little if polluted and over-heated spawning areas are what ultimately limit salmon recovery.  Only within the last few years has the NWFSC taken the lead and redirected the policy-maker’s queries towards more fruitful scientific questions.  Specifically, instead of studying each of the “four H’s” (hydropower, habitat, hatcheries, and harvest) separately, the NWFSC is now integrating these risk factors and conducting analyses over the entire salmon life cycle.  However, this life cycle-based risk analysis has been underway for too short a time to have yet reaped its full benefits.

3.  There has been a mismatch of scales, between the scale of study pertinent to recovery versus the scale that is convenient for research.    The recovery of ESUs requires increasing the expected annual rate of population growth for declining populations.  Much research has been focused on detecting and identifying the link between risk factors and plausible determinants of population growth (feeding efficiency, behavioral interactions with hatchery fish, body condition, etc); but only when risks are explicitly evaluated in terms of impact on annual rates of population growth will we understand the relative importance of different factors.  Unfortunately, experiments that link risks to population growth are far more difficult than research linking the same factors to the fate or condition of particular fish.  While the studies at the individual level are necessary and important, unless they are “scaled up” to a population level, scientific uncertainty will remain enormous.  Likewise, population-level studies that focus on single demographic rates (e.g., mortality or birth) during single life-history stanzas are not sufficient for resolving the cumulative effects of all demographic rates during all life history stages.  Of course, the absence of such population-level experiments is not unique to salmon; it is a weakness that generally plagues wildlife and fisheries ecology and has prompted widespread pressure for experimental adaptive management (e.g. Johnson 1999).

4.  The Northwest region prematurely embraced a complex modeling and decision theoretic framework as a way of providing answers to salmon recovery.  In order to provide scientific guidance to the Columbia Basin, NMFS participated in a massive “decision theoretic” collaborative modeling project entitled PATH for the last five years.  PATH was widely embraced as the tool that would provide answers regarding salmon recovery for the Columbia Basin (Mann and Plummer 2000).  Unfortunately the very presence of PATH reduced pressure to conduct important experiments, because PATH promised to resolve uncertainty by comparing the outputs of competing models and looking for robust conclusions.  Now that the shadow of PATH has been removed, the need for direct empirical information is clearly illuminated.  The failure of PATH does not mean that decision theoretical models are wrong-headed; it simply means that before such a modeling approach can offer substantial guidance, some minimum threshold of solid data must be exceeded.  Models are no substitute for basic biological data. 

5.Salmon recovery represents a formidable challenge and requires major advances in basic population biology.

During its lifetime, an individual salmon can span ecosystems that range from mountainous streams, to coastal rivers, to estuaries, to open oceans.  The distances can be vast, and the array of species with which a single salmon might interact is enormous.  Threats to salmon do not come in one form. Whereas most endangered species face a single dominate threat (harvest for whales, DDT for bald eagles, loss of old growth for spotted owls), it is rarely clear what one factor is holding salmon at precariously low populations.  The fact that there are so many culprits contributing to salmon declines means that it becomes important to quantitatively determine the relative risk faced by different salmon populations, and the relative contribution of different human activities to that risk.  To make matters worse, it is not even clear what constitutes a salmon population, and hence where to begin with analyses.   These are hard questions that have not been answered for any wide-ranging species in any environment.  Moreover, collecting data alone is not a panacea.  The fundamental theories of population biology and ecology have not yet come to grips with identifying population units or landscape-level processes on a scale occupied by salmon.  Solving the salmon problem will require moving basic ecological and evolutionary theory forward.

C.  Now is the Time for Major Advances in Salmon Science

It is easy to smugly comment on everything that has been done wrong with salmon science in the past with the benefit of current information.  But the sense of clarity about the needs of salmon science has arisen largely because of necessity, as opposed to any special claim to superior insight on the part of today’s salmon researchers.  The shortcomings of applied science often become evident only when that science is finally called upon to inform a major decision.  In the case of salmon, the preparation of the recent 2000 FCRPS Biological Opinion concerning the Columbia River Federal Hydropower System has made stark the uncomfortable ambiguity clouding much of the pertinent scientific counsel.  It now seems clear what, perhaps, should have been done ten years ago.  Indeed, having gone through the experience of the FCRPS Biological Opinion, and having begun to obtain data from innovative new technologies (e.g., PIT tags and molecular markers), the NWFSC has identified ten big questions that must be at the forefront of salmon research.  These are the questions that must form the core of research aimed at salmon recovery.  What follows emphasizes “questions” and hypotheses, in a direct manner, stripped bare of details, and without the “padding” of any conceptual framework.  All the conceptual unification and elegance in the world will not matter unless the following ten questions are answered.

II.   TEN KEY QUESTIONS FOR SALMON RECOVERY

The point of identifying “ten key questions” is to ensure that all research aimed at salmon recovery is of the highest priority.  It is hard to imagine a well-designed experiment or study involving salmon that would not in some way be useful to salmon recovery or provide a valuable specific contribution.  The value of all relevant research, however, is not the point.  Given the dire status of salmon stocks, we must establish scientific priorities, and make sure that we answer the most important questions first.  Indeed, the purpose of producing this research plan is to provide a standard against which each research project can be measured—thus, we should ask of any research project whether it is a substantial attack on at least one of the following ten key questions.  If a research project does not contribute in a major way to the answering of one of these key questions, then the priority of that project needs to be reconsidered.

A.  Five “Old Standards”: Research the NWFSC Already Has Well Underway.

All questions are not new.  In fact the NWFSC has been working over the last decade to answer several questions that are absolutely essential to salmon recovery.  These five “old standards” tend to fall within the traditional organizational structure of NWFSC (i.e., within the five research divisions that comprise the NWFSC).

1.   How can we identify the specific attributes of a viable salmon ESU so that we can in turn provide quantitative goals for recovery?

NMFS cannot expect society to make sacrifices for salmon unless it provides unambiguous goals towards which management is aimed, and that when satisfied, would mean the job of recovery had been accomplished.  Clearly these goals should include an adequate number and diversity of populations, with sufficient abundance and productivity that extinction is not a substantial risk.  In order to establish these goals a great deal of basic population biology and evolutionary biology needs to be accomplished (extensions of existing theory are needed) and then applied to particular ESUs.  The component research comprises questions about population structure, life history theory, and spatially structured population dynamics. 

2.   How do different harvest management schemes affect salmon population viability? 

The NMFS and fisheries managers around the world have been criticized for their failure to manage abundant stocks in a way that prevents over-fishing.  One of the major criticisms leveled against current practices of stock assessment and harvest management is the failure of existing methods to accommodate incomplete and variable data and to account for the effects of environmental fluctuations (NRC 1998).  These problems are even more severe when one considers harvest of threatened and endangered ESUs, for which it is not even clear whether traditional population models are pertinent.  In general, harvest management theory has not  developed formal methods for linking particular levels of harvest or by-catch mortality to extinction risk.  Of  particular interest is the possibility that selective fisheries might mitigate extinction risks, while at the same time allowing some harvest.

3.    To what extent do hydropower operations contribute to the declining population trends evident in many salmon populations, and how can we quantify the benefits of major alterations in hydropower operations?   

As a result of PIT-tag technology, we are developing a good understanding of the direct effects of hydropower operations on in-river salmon survival (Williams et al. in press), and the results have played a key role in the FCRPS 2000 Biological Opinion.  The big remaining questions concern the indirect effects of hydropower operations.  Specifically, to what extent do different in-river migration routes (“natural river”, spill and by-pass, transportation, etc) or changes in migration timing and river flows due to hydropower projects alter the survival and fitness of salmon outside of the migration corridor.  The initial PIT tag technology allowed NMFS to quantify direct hydropower effects, but further improvements in technology will be needed to assess the indirect effects expressed after the fish move out into the estuaries and ocean.

4.  To what extent do hatchery operations of any kind contribute to or mitigate the risk of extinction faced by small wild salmon populations?

Some scientists claim hatcheries represent part of the solution to the salmon crisis, and other scientists claim that hatcheries are a large part of the problem.  The debate is muddied by the fact there is no “one type of hatchery”, and that hatchery operations vary so widely that blanket answers are unlikely.  Nonetheless, even though it is a highly charged and controversial issue, NMFS must take the hatchery question head-on, and empirically examine the impact of hatcheries on the population growth rate and evolutionary fitness of wild fish.  The important impacts are both genetic (potentially reduced fitness of hybrids between hatchery and wild fish) and ecological (reduced survival of wild fish because of large numbers of hatchery fish in the system). 

5.  Can we establish explicit links between salmon productivity and habitat attributes that can be protected or restored via management actions ?

States, counties, water districts, cities and the regulatory branch of NMFS are rushing ahead with plans for restoring or protecting fresh-water salmon habitats.  In principle, no one can argue with these enthusiastic efforts.  Unfortunately, we do not know what these habitat actions are likely to yield in terms of enhanced salmon numbers or production.  The scientific challenges of linking habitat actions to salmon recovery include: identifying the correct scale of analysis, quantifying the effectiveness of restoration efforts, factoring in sublethal effects of water quality (and pollutants such as pesticides), and recognizing that  “habitat” implies a fixed trait, while we are really trying to restore processes (Beechie and Bolton 1999).  In doing this research, the NWFSC is put in the uncomfortable position of  “raining on the habitat-restoration parade”, and saying, “wait a minute, this may not do as much as you hope”.  Given the unpopularity of such a message, the need for compelling scientific results is enormous.  

B.  Five New Interdisciplinary Questions.

In preparing the 2000 Biological Opinion for the FCRPS, it became clear that even if we had the answers to all of the above questions, there would still be major uncertainties about how to foster recovery.  Most of the gaps have to do with interactions among risk factors, and types of questions that are only now being asked of any fish resource.    The questions below have required and will require in the future hiring more researchers with broad backgrounds in interdisciplinary research.

6.    How do ocean and estuarine conditions and the “4-H” risk factors of questions #2-5 interact ? and how does this interaction constrain opportunities for recovery?

Initial results from research aimed at questions #2 through #5 above indicate that the answers almost always include, “it depends on”.  For example, the ecological impacts of releasing large numbers of hatchery fish may depend on ocean conditions and the resultant productivity available to support salmon growth (Cooney and Brodeur 1998).  Similarly, the sublethal effects of habitat degradation or hydropower operations may depend on ocean conditions or the presence of other species in the system (such as predators).  If research directed at questions 2-5 does not explicitly consider these contingencies, then results may either be misleading (because the data are collected under only one set of circumstances) or erroneously equivocal (because variability in results is interpreted as unexplained variance, and result yield non-significant statistical metrics).  
In order to address interactions between risk factors, the NWFSC will need to conduct research in teams that cut across traditional division boundaries. 

7.    Do exotic species substantially inhibit salmon recovery? 

Salmon interact with a broad range of species, and the abundance or even presence of many species  in salmon habitats have been severely altered by human activities.  Caspian terns are an exotic species in the sense that before humans dredged  and altered the Columbia River system, they were virtually nonexistent in Washington and Oregon.  Since the late 1800s over 20 species of predatory fish have been introduced into the Columbia River Basin (Poe et al. 1994).  America shad were introduced into the Columbia River in 1885 and now number 4 million, representing one of the few growing fish populations in the Columbia basin.  Atlantic salmon, which are increasingly used for pen-aquaculture on the west coast, pose a risk to wild pacific salmon if they escape (which they do in sometimes large numbers), and if they establish feral populations (which they may).  Even the invasion of exotic plant species can be important to salmon – for example, the spread of Atlantic smooth cordgrass throughout the west coast promises to substantially alter estuarine and nearshore ecosystem functioning and processes.  It is with good reason that there is an Executive Order for all federal agencies to evaluate their policies in terms of impacts on the “exotic species problem”, a problem that many ecologists have suggested is our greatest environmental hazard (Vitousek 1994)
8.     Is there a way of making the ideal of “ecosystem and multispecies management” operational for salmon?

Both government and academic conservation biologists have realized that dealing with each species, one at a time, is both impractical (because there are too many species of concern) and possibly erroneous (because ecosystem processes might degrade while populations lag behind and still appear healthy). Consequently, there is widespread clamoring for “ecosystem management” and multispecies recovery plans.  For salmon, the notion of “ecosystem management” becomes “ecosystems management” because salmon life cycles span several different ecosystems.  Moreover, because of their complex and migratory life cycle, one cannot simply identify one particular ecosystem that needs to be protected.  This does not mean the concept of ecosystem management or protected areas is invalid.  For other migratory species (such as whooping cranes), large terrestrial habitats are protected as “flyways” and such an approach may be successfully applied to salmon as well.  While population biology will always be at the core of salmon recovery, we need to replace platitudes such as “return to the natural river” with concrete, hypothesis driven science. 
9.   Global climate change is upon us.  Should our strategies for salmon recovery take this climate change (as it alters ocean conditions, the terrestrial environment, and fundamental physical processes) into explicit consideration? Global climate change and massive human impacts are stressing ecological systems to an unprecedented degree (Houghton et al.1995).  The underlying assumption of virtually all fishery management is that the processes governing population dynamics today today will continue unchanged into the future.    This is clearly not true.  Terrestrial conservation groups have begun to design explicit land management strategies in anticipation of the impact of climate change on plant communities (Groves et al,  2000).  A critical question for NMFS is whether it should alter its thinking regarding recovery planning to accommodate ocean and climate changes?  For example, should recovery goals place an extra premium on genetic diversity so that evolutionary flexibility is maximized?  Should higher fresh-water productivity be required to compensate for potentially reduced oceanic productivity?  In order to answer these questions salmon biologists will have to develop deeper collaborations with oceanographers than has traditionally occurred.  Tying salmon risk analysis into large collaborative efforts such as GLOBEC and PISCO (Partnership for the Interdisciplinary Study of Coastal Oceans – Oregon State University, University of California Santa Cruz, U.C. Santa Barbara, Stanford, Arizona State Univ., Santa Clara University, Scripps Oceanographic Institution, U.S. Navy, Monterey Bay Aquarium Research Institute) offer opportunities for this line of research.

10.    Can biology and economics be combined in a meaningful way for identifying conservation priorities, whereby emphasis is given to management actions that deliver the greatest benefit per unit of societal cost?   Biological information determines whether or not a species is federally listed under the endangered species act.  When actual management actions are considered, however, it is important that we 
also consider the economic costs of actions relative to the biological benefits they provide.  It would be foolish to engage in management that was extremely costly to society while yielding very small benefits, if less costly actions could yield larger benefits.  While the merits of such thinking are obvious, analytical tools for melding economics and biology are lacking.  Indeed, a recent General Accounting Office report to congress (GAO/RCED-00-69,  April 2000) chastised the NMFS for inadequately taking economics into consideration when making management decisions. The development of a life-cycle approach to salmon risk analysis provides an excellent opportunity to combine economics and biology through the metric “lambda”, or annual population growth rate.  The NWFSC has just initiated pilot research into this area by collaborating with leading academic economists.  

III.  THE NEED FOR LARGE-SCALE MANAGEMENT EXPERIMENTS AND MORE DISCIPLINE AND COORDINATION IN DATA MANAGEMENT AND DATA REPORTING.

There is more to the salmon research plan than questions and hypotheses.  In section I.B, limitations and failings that had hindered salmon science up until now were mentioned.  Some of those limitations have been rectified (adoption of an integrating life cycle approach, major technical innovations, emphasis on empirical research as opposed to complex models).  Two major shortcoming remain to be overcome:

1.)  The response variable of interest is often annual population growth (“lambda”), and the effect of risk factors on that response variable can only be unambiguously addressed with large scale manipulations that impact entire populations.  Until these sorts of manipulations are performed, there will remain substantial uncertainty about the impact of hatcheries, habitat restoration and even dams, no matter how many small-scale studies are performed. 

2.)  Basic data such as smolt counts and spawner counts are in total disarray.  There is no region-wide coordination or storage house for data, no reporting standards, and little documentation of what data are publicly available.  In fact, it is so bad that we cannot assess the viability of most wild populations because hatchery-origin fish on wild spawning grounds 
make it difficult to know what the true recruit per spawner ratios are for wild fish.  

Until the above inadequacies are addressed,  the research plan outlined in this document will not achieve its potential, and may, in fact, fail. 

III.A.  Are Large-Scale Experiments Practical?

Research at the scale of entire ecosystems uses several approaches, including theory, long-term observational studies, comparative studies, and, on occasion, experiments.  Experiments are unique among these approaches because they reveal how ecosystems respond to natural or anthropogenic perturbations.  “To find out what happens to a system when you interfere with it, you have to interfere with it (not just passively observe it)” (Box 1966).  Manipulative, landscape-scale experiments are clearly the ideal means to test hypotheses concerning salmon recovery, but in most situations such experiments are impractical, if not impossible.  Planned management activities, however, provide opportunities to conduct such experiments.  While such management actions are rarely designed as “good” experiments, they provide unique opportunities for the resolution of uncertainty.  However, the goals of management actions must be clearly stated (i.e., there must be a clear statement of the hypothesis that can be tested) and researchers must play a role in the planning and execution of these actions.  The use of BACI (before-after-control-impact) experimental designs have been used with great success to resolve uncertainty associated with environmental impacts, but require the identification of appropriate control sites and a time series of “before” data in both control and treatment sites (Underwood 1994).  Scientists could apply a BACI analysis to many management actions impacting salmon if they had the foresight to identify control sites and collect critical “before removal” data at both the dam-removal and control sites. Management itself will be well-served if it is used experimentally to test critical hypotheses about salmon recovery (Romesburg 1991)
III.B.  What Are the Opportunities for Better Data Management ?

Much of the critical salmon data is collected by state and tribal fishery biologists and thus out of NMFS’ direct control.  However, there is a growing regional and national recognition that the “data coordination, access, and quality control problem” is major.  With resources it can be solved.  From the perspective of the NWFSC,  the need is to contribute sufficiently to plans for data coordination such that bureaucratic concerns about “coordination” do not overshadow critical scientific necessities (such as metadata standards, and ready web-access for rapid analysis).  The NWFSC is investing heavily in data management and information technology so that it can contribute to the solution of the “data problem”.  Of course, if pressure is not put on the states and other data-collecting arms to rapidly upgrade their data reporting and dissemination, all of the personnel hired by the NSFSC cannot correct the problem.  In addition, there are needs for new data and more systematic monitoring, a topic addressed in chapter III of the NWFSC Salmon Science Plan.
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