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a. Abstract

Habitat protection and restoration is a cornerstone of current strategies to restore ecosystems, recover endangered fish species, and rebuild fish stocks within the Columbia River Basin. There is however, little quantitative information about the effectiveness of different habitat restoration techniques. Such information is crucial for helping scientists and program managers allocate limited funds towards the greatest benefits for fish populations. Therefore, it is critical to systematically test the implicit hypotheses underlying habitat restoration actions.

We propose to develop a multiple watershed framework for assessing the effects of habitat restoration actions on anadromous and resident fish populations, and apply this framework on a pilot basis to selected regions. Our approach involves three phases: 

1 Work with a Core Group of habitat experts and managers to scope out a set of testable habitat restoration hypotheses and candidate watersheds.

2 Identify pilot watersheds with good potential for testing these hypotheses. Gather relevant data for these watersheds at a workshop with 20-25 habitat experts and managers. Compile these data into a database.

3 Explore statistical approaches towards analyzing the effects of restoration ‘treatments’ at nested spatial scales across multiple watersheds. Identify existing constraints to testing hypotheses and opportunities to overcome these constraints through improved experimental designs, monitoring protocols and project selection strategies. 

This proposal is innovative because it integrates existing data, statistical techniques, and an adaptive management approach into a coordinated, multi-watershed approach to habitat restoration. We expect our results to have broad application, both within and outside of the Columbia Basin. Project outputs (briefings, final report, peer-reviewed journal paper) will communicate our findings to agency scientists, program managers, and restoration project sponsors. The project should catalyze a shift in the Basin’s paradigm of habitat restoration, moving from implementation of individual watershed projects towards rigorously designed and monitored, multi-watershed, adaptive management experiments.

b. Technical and/or scientific background

Habitat protection and restoration is one of the cornerstones of current strategies to restore ecosystems, recover endangered fish species, and rebuild fish stocks within the Columbia River Basin. Regional strategies emphasizing habitat protection and restoration include the NPPC Fish and Wildlife Program and subbasin planning process, and the 2000 NMFS Biological Opinion on the Federal Columbia River Power System.
Habitat restoration has been conducted for many years throughout the Columbia River basin and the Pacific Northwest. Despite the large amounts of time and money invested, there is still little quantitative information about the effectiveness of different habitat restoration techniques (Roni et al. 2002). Scientists and program managers in the Columbia Basin would like to allocate limited funds towards the greatest benefits for fish populations. For this to occur, it is critical that considerable effort be devoted to monitoring and evaluating the response of fish populations to restoration actions to determine their effectiveness. Put another way, it is critical to systematically test the implicit hypotheses underlying habitat restoration actions using standard experimental design and statistical principles. This point was strongly made in a recent report by the Validation Monitoring Panel
 convened by the Olympic Natural Resources Center:
“A scientifically and statistically valid experimental design that accounts for the complexities of salmon biology, including temporal variation, is needed to provide constructive feedback on the success of conservation efforts. Simply enumerating salmon numbers over time is insufficient for validation monitoring. To correctly assess trends in salmon populations, one needs to evaluate numbers over time in the context of a statistical framework that guides analysis from data collection through data analysis and interpretation.” (Botkin et al. 2000, p. ii)

While the ONRC was referring to salmon, the same point applies to habitat restoration programs aimed at improving resident fish populations.

Each restoration project represents an individual experiment. However, the landscape-scale of the Columbia Basin presents a unique opportunity to design and treat individual restoration projects as components of larger scale, multi-watershed experiments. Individual restoration projects often involve the same types of activities (e.g., flow augmentation, channel reconfiguration, riparian re-vegetation, barrier removal, etc.) applied in different areas of the Basin. However it is difficult to compare similar projects in different areas, due to differences in project design and implementation, monitoring variables and sampling protocols, as well as other factors (e.g., lack of before-after data for both treated and reference areas). More thoughtful coordination and guidance of the design and monitoring of individual projects can facilitate cross-project comparisons and enable Columbia Basin agencies to conduct the larger-scale, multi-watershed experiments that are necessary to address critical scientific and management uncertainties. The fundamental thrust of this proposal is to conduct a pilot application of a multi-watershed approach to testing habitat restoration hypotheses. Our goal is to thereby accelerate the rate of learning about the effectiveness of restoration actions, and improve the experimental design of future tributary restoration activities.

b.1
A Conceptual Model for Habitat Restoration

Actions to restore habitat are based on the implicit and often unstated hypothesis that improvement of some component of fish habitat will directly or indirectly improve survival rates, growth rates, or other population attributes. Figure 1 shows a simplified conceptual model of watersheds, and examples of some of the hypothesized mechanisms that link habitat restoration and fish production. The biotic responses within a watershed (box 5, bottom) are a consequence of the cumulative effects of watershed inputs and fluvial geomorphic processes (boxes 1 and 2) which generate particular patterns of geomorphic attributes (box 3) and habitat structure, complexity and connectivity (box 4). In many areas of the Columbia Basin, human activities have disrupted watershed inputs, fluvial geomorphic processes and geomorphic attributes (top left Figure 1). This in turn has altered the structure and complexity of habitats (Box 4), together with the direct impacts of such actions as vegetation removal. The net result is profound changes to the abundance and distribution of biota, exacerbated by the direct impacts of barriers and exotic species (bottom left of Figure 1). Other parts of the Basin have been less impacted and can potentially serve as reference systems.

The right side of Figure 1 shows examples of actions that are hypothesized to restore particular watershed components and ultimately benefit biota. In general, restoration actions fall into two groups:

a) actions intended to partially or fully restore particular watershed inputs, processes, attributes or habitat structural features (Boxes 1-4 in Figure 1).
b) actions intended to directly affect the abundance and distribution of biota (Box 5 in Figure 1).
Following the arrows in Figure 1 down the page shows the set of cause-effect linkages or restoration hypotheses that underpin a given action. An example hypothesis for the first category of actions is: augmenting gravel (intervention to boxes 1 and 2) will improve the quantity and quality of spawning habitat (boxes 3 and 4), increasing the utilization of the restored area by spawners and improving overall egg to fry survival rates (box 5). An example hypothesis for the second category of actions is: removal of a barrier to upstream and downstream salmon migration (intervention to box 5) will expand the distribution of adult spawners and their progeny, and gradually increase the abundance of both juveniles and adults. Demonstrating cause-effect relationships becomes more and more difficult with an increasing number of linkages from the original action, due to other confounding factors (Bernard et al. 1993).

Our conceptual model is generally consistent with other recent literature that emphasizes the restoration of natural inputs and processes as a foundation for the restoration of habitat structure and populations (Stanford et al. 1996; ISG 1996; Roni et al. 2002). Roni et al. (2002) recommend a sequence of restoration actions: protecting areas with intact processes and high quality habitat; reconnecting isolated high-quality habitats; restoring hydrologic, geologic, and riparian processes; and then performing instream habitat enhancement. Our purpose here, however, is not to promote a particular restoration strategy. Rather, we merely wish to provide a structure for classifying restoration actions, so as to elucidate (and eventually test) their underlying hypotheses.

b.2
Challenges and Opportunities in Testing Habitat Restoration Hypotheses

It can be difficult to detect population responses to habitat restoration, as illustrated in Figure 2. The actual post-treatment condition of an ecosystem component is a function of three things: its pre-treatment condition, the restoration actions undertaken, and the confounding natural and human disturbances, which occurred concurrently with the restoration actions. The observed post-treatment condition and inferred benefits of the restoration action are a function of the actual post-treatment condition and the experimental design and monitoring effort put in place. Hence, failure to observe any benefit from restoration actions (i.e., unable to reject a no effect null hypothesis) could be a function of severe pre-treatment conditions, inadequate restoration actions, confounding natural or human disturbances that undermine the restoration action, or inadequate experimental design and monitoring. In the absence of monitored control or reference systems for a given treatment, positive confounding factors (e.g., good climate) could imply that an ineffective restoration action actually had some benefit. Conversely, negative confounding factors could mask an otherwise effective action. Traditional monitoring programs that focus on before-after comparisons within single watersheds (without any reference systems) are often insufficient for separating the real effects of habitat restoration actions from these confounding factors. Reference or control systems are best found reasonably close to treated systems to minimize landscape and climatic differences.
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Figure 1:
Conceptual model showing examples of human distuptions to natural watershed development (left side), and example actions (right side) that are hypothesized to restore lost or impaired watershed processes, habitat, and biota. Monitoring of the higher boxes is necessary to confirm that actions were successfully implemented, but monitoring of the lower boxes is required to confirm that the actions were actually effective. Source: Synthesis of ideas from ESSA Technologies Ltd., Stillwater Sciences (Berkeley CA), and McBain and Trush (Arcata, CA).
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Figure 2:
Framework for testing restoration hypotheses.

As noted by the Validation Monitoring Panel mentioned above (Botkin et al. 2000), the responses to habitat restoration actions (and therefore required monitoring) occur at multiple spatial scales:

“Fish productivity and habitat requirements have a high degree of spatial and temporal variation. Therefore, the response of salmon populations to actions that affect habitat must be evaluated at broad spatial and temporal scales. In contrast, the effectiveness of some specific management actions for improving habitat is often best evaluated at small scales. A monitoring design that examines a series of related questions at nested hierarchical spatial scales can provide information on the response of salmon populations to a suite of management actions, as well as generate information on population response to conservation plans.” (Botkin et al. 2000, p. ii)

Adaptive management is an approach that addresses some of these limitations by implementing short-term experimental actions consisting of deliberate changes to a system to provide contrast in treatments (Walters 1986). These actions are implemented in an experimental design that will reduce the confounding of management effects with other simultaneous events such as climate change. The Council’s Fish and Wildlife Program, the Federal Caucus, the National Marine Fisheries Service, and the ISRP have endorsed an adaptive management approach. However, it has been very difficult to rigorously implement adaptive management designs, not only in the Columbia Basin but also in many other parts of the world (McConnaha and Paquet 1996; Walters 1997; MacDonald et al. 1999; Marmorek and Peters 2001). Implementation of adaptive management requires overcoming technical, institutional, legal, policy, and economic barriers. There are however some recent success stories, which provide examples of bridges over these barriers (MacDonald et al. 1999; Walters et al. 2000; Ward et al. 2001).

The number and diversity of past watershed restoration projects in the Columbia Basin could have provided an opportunity to implement a large-scale multi-watershed adaptive management experiment. This would have required these projects to be carefully planned from the outset as scientific experiments, with appropriate spatial and temporal contrasts in treatments, and careful monitoring to assess the effectiveness of these treatments on various biophysical response measures. This would have provided both a framework for maximizing learning from existing projects, and a possible target for the gradual evolution of existing and future projects. However, watershed restoration projects have generally not been implemented in a larger-scale experimental design, for a number of reasons. First, the current set of watershed restoration projects in the Columbia Basin has a wide variety of objectives, actions, performance measures and approaches. Second, there are institutional constraints in that the current set of projects have evolved from local stakeholders, and have not been structured as a regional scale experimental design. Many of the projects implemented by state or federal agencies have had a local rather than sub-regional or regional focus, and even at a local scale many have not had adequate spatial or temporal controls. Reasons for this include funding problems (e.g., maintaining effective long term monitoring), difficulties in coordination (e.g. getting local landowner support) and a lack of training of fisheries managers and scientists in multi-watershed experimental designs.

Even though the current set of watershed restoration projects were not originally implemented in an overall experimental design, the landscape-scale of Columbia River habitat restoration projects still presents a unique opportunity to realize the benefits of such a strategy. 
 This is particularly true now given the intensive effort by Columbia Basin entities and non-government agencies to implement habitat restoration actions. By systematically looking at current projects in multiple watersheds, taking an inventory of the actions taken and the information collected, and exploring the opportunities to make between watershed comparisons, we can enhance learning and optimize the design of current and future restoration actions. More thoughtful coordination and guidance of the design and monitoring of individual projects can facilitate cross-project comparisons and enable CALFED to conduct the larger-scale, multi-watershed experiments that are necessary to address critical scientific and management uncertainties.

b.3
Overall Objectives of this Project

Our overall objective is to develop a multiple watershed framework for assessing the effects of habitat restoration actions on anadromous and resident fish populations, and apply this framework on a pilot basis to selected regions. We believe that an exploration of multi-watershed approaches to testing tributary restoration hypotheses, using both actual data from existing projects and potential data from future projects, can act as a catalyst to improving Columbia Basin tributary restoration programs.

We propose to conduct a pilot project for testing this hypothesis by taking a broad look at major watershed restoration projects currently underway (or planned) in 3 or 4 Provinces of the Columbia Basin (which ones are still to be defined) (see Figure 3) and address the questions summarized in Table 1. We wish to focus on chinook salmon and bull trout, as representative anadromous and resident species whose status is of concern, and which are the subject of considerable attention for both habitat restoration actions as well as monitoring and evaluation programs. Our project team is very familiar with these species in the Columbia Basin from past work on fall chinook (Peters et al. 2001), spring and summer chinook (Deriso et al 2001, Peters and Marmorek 2001) and bull trout (Peters and Marmorek 2002a).
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Figure 3:
Columbia River Basin provinces and subbasins. Source www.nwcouncil.org/maps/basin.gif.

Table 1:
General questions regarding habitat restoration projects in the Columbia River regions to be addressed by the proposed project.

	Category
	Question

	Quantify benefits
	Can one quantify the benefits of particular classes of restoration actions across a number of existing watershed restoration projects? How long does it take to observe such benefits after actions are undertaken?

	Demonstrate cause-effect relationships
	Can we attribute trends in environmental indicators to watershed restoration actions? Or were they due to something else (e.g., changes in climatic conditions, other stressors)?

	Determine roots of effectiveness
	Are there differences in the effectiveness of restoration actions across regions, watersheds, years and species? Which restoration actions appear to consistently benefit particular ecosystem components? Which actions have more variable success? What combinations of actions appear to be most successful in generating intended responses in anadromous and resident fish populations?

	Improve experimental design / monitoring
	Do projects that include similar restoration actions monitor the same variables, using compatible protocols, to facilitate cross-project comparisons? Are similar projects implemented in different watersheds designed in a manner to facilitate comparison? How can statistical power be increased?

	Plan future projects
	What are the priorities for selecting future restoration projects and reference sites? How can the experimental design and monitoring of current, planned, or future restoration projects be improved to facilitate cross-project comparisons?


Our approach looks at individual reaches and watersheds in the Columbia River as experimental units within a nested hierarchy of spatial units in the Columbia Basin. Figure 4 shows an example of this kind of hierarchy using Bear Valley/Elk Creeks in the Middle Fork of the Salmon River (in the Mountain Snake Province) as an illustration. Figure 4 also shows the possible large-scale comparison between the Mountain Snake and Columbia Gorge provinces. Comparisons between spatial units can help to strengthen conclusions within spatial units (Botkin et al. 2000).

A landscape-scale perspective in designing and monitoring individual projects will assist regional scientific and funding bodies (e.g., NPPC Fish and Wildlife Program, the ISAB, state, tribal and other groups). These entities will then be able to design projects or individual restoration actions as replicates, or with deliberate contrasts, thereby enhancing the statistical power of data analyses. Experimental replicates will help the region to better discern the effects of confounding variables and natural variability on ecological trends observed from monitored data, which will be important for assessing the effects of management actions. Deliberate contrasts will allow the region to assess the relative effectiveness of different restoration strategies, or combinations of restoration strategies, applied in different watersheds and/or time periods.
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Figure 4:
An example of a nested hierarchy of experimental units at different spatial scales in the context of a multiple-watershed experimental design. Tributary reaches are nested within tributaries, tributaries within Sub-basins, sub-basins within Provinces, and Provinces within the overall Columbia River Basin. This project would focus on a broad scale evaluation of candidate restoration projects within 3-4 Provinces (to be defined), as well as a detailed examination of specific projects for a subset of sub-basins, tributaries and reaches within these provinces. 

We have deliberately not specified the provinces and sub-basins to be the subject of the pilot application of a multi-watershed approach. That decision will be made through a set of workshop and data reconnaissance activities. The criteria for selecting provinces, sub-basins and tributaries are discussed later in this proposal, and include:

· restoration actions / hypotheses of interest;

· sufficient existing data that hypotheses are potentially testable;

· people who have the data are willing to share it for this pilot application;

· anadromous or resident species of interest are present (i.e., chinook and/or bull trout); and

· ability to build on and contribute to ongoing efforts (e.g., CBFWA/NPPC sub-basin plans, NMFS Technical Recovery Teams).

b.4
Why this Approach is Innovative

The solicitation defines innovative projects as “those which rely primarily on a method or technology that 1) has not previously been used in a fish or wildlife project in the Pacific Northwest, or 2) although used in other projects, has not previously been used in an application of this kind.”

Our proposed approach is innovative in that it provides a practical and feasible approach for integrating existing monitoring data, statistical techniques, and an adaptive management approach into a coordinated, multi-province approach to monitoring the effects of watershed restoration. While this kind of approach has been repeatedly called for by regional scientific and policy groups such as the ONRC Validation Modeling Panel, this is the first project that we’re aware of that proposes to actually apply a coordinated, statistically rigorous, multi-watershed approach in the Columbia Basin. This approach also has not yet been applied to the CALFED tributary restoration program in California. This concept was proposed for the British Columbia Watershed Restoration Program (Keeley and Walters 1994) but unfortunately was not developed in detail or implemented (Marmorek and Murray 2001).

Our proposal is innovative in that it provides a rigorous framework for coordinating the monitoring and evaluation efforts associated with habitat restoration projects in individual watersheds. While coordination itself may not be innovative, a practical and statistically rigorous framework for achieving coordination is both innovative and necessary. Finally, the proposed approach will require the development of novel statistical and analytical approaches (or novel variations on existing approaches) for assessing monitoring data across multiple watersheds (see further discussion in Section e). These approaches will have broad applicability both across the Columbia Basin and other basins.

This proposal builds on the ideas advanced in ESSA’s innovative proposal submitted in FY2001 (22019). We have improved on the FY2001 proposal by:

· adopting a workshop-oriented approach that involves both habitat-restoration experts and program managers, which will accelerate the time required to focus on the most critical restoration hypotheses and places to test them;

· doing a considerable amount of preparatory work by contacting a range of habitat experts and program managers, and obtaining both their support for the concept, as well as their agreement to participate in this project;

· reducing the scope to a pilot project which will provide a set of tools and some general recommendations within the 18-month time limit on innovative proposals;

· adopting a more balanced focus on both anadromous and resident fish species (specifically chinook and bull trout); and

· expanded our review of analytical methods that could be applied to this project.

c. Rationale and significance to Regional Programs

Key elements of our approach are the need to evaluate habitat restoration actions, the design of monitoring programs to do this, and the application of adaptive management to Columbia River recovery actions. These elements are central themes in the NPPC Fish and Wildlife Program, the NMFS/Federal Caucus Basinwide Recovery Plan, and the subbasin planning process. In Section c1 we highlight key requirements of these processes that have relevance to this proposal. Section c2 outlines how this project will address those requirements.

c1.
Regional Programs Relevant to this Proposal

c1.1
NPPC Fish and Wildlife Program

Both the 1994 Fish and Wildlife Program (sections 7.0, 7.6, 7.7, 7.8), and the 2000 Program emphasize the importance of habitat protection and restoration as an integral part of stock rebuilding strategies:

“This is a habitat-based program, rebuilding healthy, naturally producing fish and wildlife populations by protecting, mitigating, and restoring habitats and the biological systems within them, including anadromous fish migration corridors.” (NPPC 2000, p. 13; Principles 1 and 4)

Monitoring to evaluate the effects of habitat actions features prominently in both the 1994 Program (e.g., sec. 3.2), and in the 2000 Program:

“to assure that the effects of actions taken under this program are measured, that these measurements are analyzed so that we have better knowledge of the effects of the action, and that this improved knowledge is used to choose future actions.” (NPPC 2000, p. 32)

The Program also endorses an adaptive management approach:

“Management actions must be taken in an adaptive, experimental manner because ecosystems are inherently variable and highly complex. This includes using experimental designs and techniques as part of management actions, and integrating monitoring and research with those management actions to evaluate their effects on the ecosystem.” (NPPC 2000, p. 13; Principle 7)

In addition, the NPPC has recently asked the ISAB to develop a conceptual foundation for habitat restoration in the coming fiscal year, to serve as a foundation for sub-basin planning. While this effort will help to consolidate current scientific hypotheses on habitat restoration strategies, there is still a clear need to develop a systematic approach for testing these hypotheses empirically (C. McConnaha, NPPC, pers. comm.).

c1.2
NMFS Biological Opinion and the Federal Caucus Basin-wide Recovery Strategy

Current efforts to recover endangered fish species have been strongly shaped by the Reasonable and Prudent Alternative (RPA) in the recent NMFS Biological Opinion on the Federal Columbia River Power System, and the Federal Caucus’ Basinwide Recovery Strategy. Both of these documents rely on habitat improvements as one of the main approaches to improving the survival of endangered stocks of chinook salmon in the Snake River Basin (NMFS 2000 section 9.6.2; Federal Caucus 2000 (Vol. I) p. 47). RPA actions for tributary habitat include improvements to water quantity, water quality, passage and diversion, and overall watershed health (NMFS 2000, pg. 9-133). NMFS is interested in finding empirical demonstrations of the habitat and survival benefits of habitat restoration actions, and in coordinating the implementation of these actions with NMFS' Technical Recovery Teams, so that the actions help deal with factors that specifically limit each population (T. Cooney, NMFS, pers. comm).

Another central feature of the RPA is the Mid-Point review process, in which actions are evaluated with respect to how well they are achieving expected survival benefits after 3, 5, and 8 years. Such “effectiveness monitoring” is to be conducted:

“within an explicit experimental (hypothesis-testing) framework, including both treatment and control sites… Information from other monitoring tiers will also provide important controls against which changes in [effectiveness] studies can be assessed.” (NMFS 2000, p.9-168 to 9-169)

The BiOp also specifies that by the 5 and 8-year check-in points the Action Agencies must have initiated:

“pilot studies to evaluate offsite mitigation benefits, particularly the kinds of life-stage specific survival improvements that can be expected from their implementation.” (NMFS 2000, p. 9-46; also top of pg. 9-18)

The Action Agencies therefore have to concretely demonstrate the benefits of habitat restoration actions. These actions are currently implemented by state, tribal and non-government entities without consistent experimental design and monitoring protocols, which are clearly needed (Mark Shaw, BPA, pers. comm).

The Basinwide Recovery Strategy states that:

“Conducting monitoring and evaluation effectively will require that both data collection and the implementation of management actions be highly coordinated. Collecting data to address any of these questions for any listed species will require attention to issues of experimental design, including distribution of monitoring sites, appropriate replication and scale. Management actions must be conducted in the context of an experimental framework that will offer the greatest opportunities for detecting responses in the shortest amount of time. Similarly, it will be imperative that data collection be conducted in a standardized manner and that is reported and managed in a regional database. Failure to maintain a scientifically rigorous, coordinated effort will not only render any monitoring program useless, but will also undercut the importance of the management actions themselves, since they will no longer contribute to our understanding of salmon population responses.” (Federal Caucus 2000, pg. 45)

The BiOP and Basinwide Recovery Strategy thus appear to understand the need for placing habitat studies and actions within a broader experimental design, although neither document provides details on how such a design can be implemented. This proposal will help to convert these excellent concepts into actions.

c1.3
Sub-Basin Planning Process

Led by the NPPC and CBFWA, Columbia Basin entities have recently embarked on an intensive program to develop sub-basin plans. These plans include: a) an assessment of historical and current conditions; b) an inventory of ongoing restoration programs, including associated monitoring and evaluation programs; and c) a 10-15 year management plan. Habitat management is a central theme of the management plans. For example, the “working hypothesis” that underlies the development of subbasin management plans:

“contains the key assumptions relating to species-habitat relationships and/or the effectiveness of strategies to modify elements of the environment.” NPPC 2001, p. 4)

The Fish and Wildlife Program is clear that the subbasin planning process is intended to coordinate existing watershed activities and ensure that local activities are consistent with the overall Program. For example, subbasin plans will be reviewed for consistency with province- and basin-level goals, objectives, and strategies. The Ecosystem Diagnostic Tool (EDT) was created as a tool for developing working hypotheses in subbasin management plans. This tool contains a set of hypotheses about what habitat attributes to restore in a watershed, and where. This leads to a set of recommended actions in specific areas. EDT's hypotheses, however, need to be tested empirically (C. McConnaha, NPPC, pers. comm).

The ISRP, which reviews subbasin planning, has explicitly called for a coordinated, hierarchical monitoring approach:

“For some projects, monitoring is made difficult by the localized nature of the project compared to the larger spatial scale on which the ultimate ecological responses can be expected…  For such projects, monitoring can in part be addressed at the level of the subbasin plan and in part with separate larger-scale monitoring experiments. These parts need to be coordinated, and the overall plan needs to describe and explain the coordination… The large-scale aspects of monitoring may best be addressed by separate projects that have the explicit objective of monitoring ecological conditions and stock status for a large area (e.g., a subbasin, basin, or region).” (ISRP 2001 p. 9)

c.2
How this Project can Advance the Region's Analytical and Planning Processes for Habitat Restoration

Our multi-watershed approach directly addresses the above elements of regional analytical and planning processes. Specific benefits are listed below.

1) Deliberately structuring restoration projects in a multi-watershed experimental design. This can have enormous benefits for decreasing the time required to demonstrate the effects of restoration actions (Keeley and Walters 1994; Mellina and Hinch 1995; Peters and Marmorek 2000). Various actions have time lags associated with their implementation and effectiveness (e.g., regrowth of stream side vegetation, reduction in erosion from decommissioned roads). There is therefore a tremendous need to accelerate learning via various strategies, including larger sample sizes (i.e., a multi-watershed approach with treatments and controls), consistency in performance measures and monitoring, and rigorous design to facilitate integration across spatial scales. Our approach provides a practical framework viewing for viewing habitat restoration actions as experiments within a broader regional experimental design, and implementing the concepts called for by the BiOp, Basinwide Recovery Strategy and ISRP.

Accelerating the rate of learning would have direct benefits for many regional action agencies. NMFS needs to quickly obtain feedback on the success or failure of habitat actions given the precarious status of many stocks, and their commitment to re-evaluate the need for breaching the Snake River dams in 5-8 years. The Council, BPA, USFS, state and tribal fishery agencies, non-government organizations and private industry have already spent hundreds of millions of dollars on restoring fish habitat, and will likely spend even more money over the next few decades. If the rate of learning can be accelerated, remaining funds can be spent in a much more cost-effective manner. Decision analyses have shown that quickly obtaining reliable feedback from adaptive management experiments can have very significant, long term financial benefits (Walters and Green 1997).

2) Constructing a framework that allows the Council to integrate multiple Fish and Wildlife Programs so as to achieve a greater degree of learning. Coordination is called for generally in section 3.1 of the Fish and Wildlife Program, and specifically for habitat projects in sections 7.0, 7.6, and 7.7. While coordination is a necessary step towards accelerated learning, it is not a sufficient step. By rigorously applying principles of experimental design and statistical methods, this project will help to move the NPPC along the path from coordination to integration. The proposed work would also contribute to the region’s StreamNet initiative. StreamNet is essential to the efficient collection and dissemination of information generated by the Fish and Wildlife Program (section 3.3), and regional databases containing information for actions and monitoring conducted as part of the BiOP and Basinwide Recovery Plan. We do not intend to duplicate existing databases and information systems, but rather supplement them. Our proposed project would however develop a database of information relating to the experimental design aspects of a pilot set of Fish and Wildlife projects. The project's database could eventually be integrated with StreamNet and other databases as part of the distributed data access system described by the ISRP (Independent Scientific Review Panel 2000).

3)
Providing a systematic and rigorous mechanism for evaluating the effectiveness of habitat restoration projects, in terms of both biological and informational benefits. Effectiveness evaluations are required by sections 2.2B and 3.2 of the Fish and Wildlife Program. The Council already has a very detailed multi-step technical evaluation process to assess the experimental designs and monitoring within each restoration project, via both CBFWA and the ISRP. There is no need to duplicate these review efforts, though we do intend to build on them. Given the enormous number of projects to be reviewed, it is simply not feasible for either of these groups to examine the broad implications across watersheds. The project is intended to provide CBFWA and the ISRP with a much stronger foundation for evaluating individual projects in a context of multi-watershed hypothesis tests. The sub-basin planning process is also in dire need of guidance on experimental design and monitoring protocols, to determine the actual biological benefits of restoration projects at multiple spatial scales, and to more efficiently allocate limited resources (Brian Allee, NPPC, head of sub-basin planning process, pers.comm.).

4) 
Taking a holistic view of individual watershed projects across provinces and sub-basins. This holistic view is consistent with and complementary to the subbasin planning program and its role as a coordinating mechanism for subbasin plans and activities. For example, conclusions about the importance of various watershed-level variables (or performance measures) in detecting broader-scale trends and effects can guide the development of appropriate province- and basin-level objectives for subbasin monitoring programs, including learning objectives. The analytical framework developed through this process can serve as a framework for technical review of the consistency of individual projects with these higher-level objectives. In exchange, the information on existing monitoring programs (in sub-basin summaries) will serve as an important information source for the inventory phase of the proposed project.

5)
Complementing the EDT model by providing information with which to test EDT’s underlying hypotheses about the linkages between habitat attributes and fish productivity. EDT includes hypotheses about what is most important to restore, and where. There is a pressing need to rigorously think through and implement analyses to test some of EDT's hypotheses (C. McConnaha, NPPC, pers. comm), which strongly overlaps with the thrust of the proposed project. In addition, the data gathered through the EDT development process can help to clarify contrasts in both restoration actions and background conditions, helping to define the stratification required for multi-watershed experimental designs.

6) 
Attract researchers to the region. A well designed watershed restoration program will help Columbia Basin entities to attract academic scientists and independent funding sources, widening and deepening the range of response measures evaluated across a range of tributaries and treatments. This has benefits not only for Columbia Basin entities, but also for the many watershed groups and government agencies that have initiated projects, as well as for other entities in North America and Europe that are attempting similar programs.

d. Relationships to other projects 
In proposing this project, we seek to work very closely with individuals within various Columbia River entities who have been working to inventory, coordinate and standardize the monitoring of ecological components within ongoing tributary restoration projects. This includes federal agencies (USFWS, NMFS, BPA, USFS); state fish agencies (WA, OR, ID, MO); tribal fish agencies (CRITFC, the Upper Columbia River United Tribes, Snake River Tribes); coordinating and review agencies (NPPC, ISRP, CBFWA); and information centers (StreamNet, the Fish Passage Center). Many of the scientists working in these agencies were in involved in PATH, and they are very familiar with what data are available and where they are located.

We emphasize that we do not wish to duplicate any efforts currently ongoing within the region. Rather, we propose to complement these efforts by adding our expertise in experimental design and statistical analysis for regional scale problems. We also recognize that many existing restoration projects have a grass roots, “bottom-up” origin. This project does not attempt to impose a “top-down” approach, but rather seeks to explore what benefits can come from rigorously evaluating and integrating the information generated by all of these projects.

The benefits of this project are consistent with the ISRP (2000) recommendations that call for the development of a decentralized distributed data access system within the Columbia River basin. Specifically, we intend to extract the relevant “metadata” on experimental designs and sampling for a strategically selected subset of watersheds, and design a consistent data structure for archiving this information. (This information is currently available only in documents.) The structure of the pilot database will allow it to be linked to other existing databases, and will stimulate future improvements in data collection, organization and synthesis.

e. Proposal objectives, tasks and methods
e.1
Objectives

Our overall goal for this project is to act as a catalyst to improving the effectiveness of habitat restoration programs in tributaries of the Columbia Basin. We intend to achieve this goal by developing a multiple watershed framework for assessing the effects of habitat restoration actions on anadromous and resident fish populations, applying this framework on a pilot basis to selected regions, and using that application to develop recommendations for improving current and future programs.

The objectives of the proposed work are outlined below.

Objective 1
Scope and formulate hypotheses related to habitat restoration, to test with pilot analyses.

In conjunction with a Core Group of habitat scientists and managers, we would formulate a set of habitat-related hypotheses to test in the pilot project. The Core Group should include two types of habitat experts:

a) Habitat scientists, who have conducted extensive habitat-related field research, are familiar with the technical protocols used to measure habitat and fish population variables, and understand the challenges involved in testing specific restoration hypotheses. We would like four or five of these in the Core Group, representing different regions in the Northwest (e.g., Idaho, Washington, Oregon) and different agencies (e.g., State Fish and Wildlife Agencies, Tribes, U.S. Forest Service). We have had preliminary conversations with eight scientists in this category, all of whom have expressed support for the project, and seven of whom are able to participate in workshops (Table 2).

b) Habitat project managers, who are familiar with the types of habitat restoration projects that are going on in the region, the kinds of monitoring information that are collected, and the nature and location of databases where project information is compiled. We would like to have four or five of these experts in the Core Group, representing different regions and funding agencies (e.g., Northwest Power Planning Council, BPA). We have had preliminary conversations with 5 people in this category, who have all expressed enthusiasm for the project concept, and a keen interest in participating (Table 2).

The initial hypotheses represent the specific questions that we want to address with the pilot analyses. By including both types of habitat experts, the project will have a solid grounding in the technical aspects of data collection and analysis as well as the legal, institutional, and economic contexts for individual watershed programs. This will ensure that the set of hypotheses that we test in the pilot analyses are both feasible (from a technical and institutional perspective) and relevant to managers who oversee habitat restoration projects and make decisions based on their results.

Objective 2.
Identify pilot watersheds and compile relevant information into a database.

Once a preliminary set of habitat hypotheses are formulated (Objective 1), we will need to identify a small number of candidate watersheds where these hypotheses can be tested in our pilot analyses. The candidate watersheds will be selected at a multi-agency workshop attended by 20-25 habitat scientists and managers (including the Core Group identified in Objective 1) and facilitated by ESSA. Selection of workshop participants will be based on suggestions of the Core Group.

Once the candidate watersheds have been selected for the pilot analysis, we will need to compile data from ongoing restoration projects within those watersheds. This would include a classification of the restoration actions being undertaken in these sub-regions, the variables being monitored, and the hierarchical spatial/temporal scales at which actions and monitoring are taking place. A large portion of this can be done at the workshop (participants will be asked to bring data and reports with them), but some follow-up and consolidation will be required. We would also use existing databases (e.g., BPA databases for BPA-funded projects, Fish Passage Center, DART, StreamNet, ICBEMP, etc.), subbasin summaries / plans, and EDT applications to collect information on existing projects in pilot watersheds. The primary output of this objective would be a database of information about the various restoration projects in pilot watersheds. The database would not repeat information in existing databases, but rather would focus on the experimental design of existing projects.

We would use the database to organize information on the feasibility of assessing habitat hypotheses within existing projects (e.g, do they have before/after, control/treatment types of contrasts?). Given the heterogeneity of watersheds, commonly found gaps in before-after data, and the rarity of monitored reference sites, we have fairly low expectations that ideal contrasts will be found. However, we would explore ways of aggregating or standardizing measurements to get common metrics and spatial scales (e.g. Bradford 1994; Bradford and Irvine 2000).

Objective 3.
Explore statistical approaches towards analyzing the effects of various restoration ‘treatments’ at several nested spatial scales across multiple watersheds, identifying both existing constraints and future opportunities for improving experimental designs, monitoring and restoration programs.

For these pilot systems, we would explore what statistical approaches could be used to test hypotheses of interest, and what statistical inferences could emerge from such tests over different time frames of monitoring. We would work with both actual historical data (compiled in Objective 2) and simulations of a reasonable range of future responses to restoration actions. Recent work by one of our team members (Parnell in review) provides a strong foundation for this approach; his research explores the statistical power of different experimental designs for detecting important increases in salmon variables in the Snake River basin tributaries.

We will apply available statistical tools to perform quantitative evaluations of restoration hypotheses across the selected pilot watersheds. We will also use the statistical tools to assess how much additional information could be obtained from existing projects to improve these hypothesis tests, and in what time frame. We will then evaluate what types of complementary restoration and monitoring activities would fill gaps in the current data, and increase the power to test hypotheses of interest. These analyses will show how much benefit (in terms of faster and increased learning) can be realized by adopting a multi-watershed approach to analyzing current projects, and designing future projects. We will explore the relative benefits of decreasing measurement error, increasing the number of treated and reference sites, and increasing the number of years of monitoring before and after treatments are applied.

The primary outputs of this objective would be a summary report and a briefing for interested agency personnel, habitat scientists, and implementers of restoration projects. The purpose of the report and the workshop would be to document our approach and discuss our recommendations for improving the experimental design of restoration projects in the pilot watersheds. The report and workshop presentations would be structured to provide information to multiple audiences – ‘bottom-line’ recommendations for project implementers and managers, and more technical information for habitat scientists.

As a pilot project, we expect that our results from this phase of the project will have potentially broad application, both within and outside of the Columbia Basin. Therefore, the report will form the basis for a multi-authored, peer-reviewed journal paper. The workshop, report and journal paper will communicate our findings to this larger audience and satisfy the reporting requirements for innovative proposals.

e.2
Tasks and Methods 

e.2.1
Scope and formulate initial habitat-related hypotheses to test with the pilot analyses

e.2.1.1  Identify Core Group and prepare for scoping meeting

The purpose of the Core Group is to provide locally-based oversight of the project and to serve as a contact point for restoration projects around the Columbia Basin. We have already contacted several potential members of a Core Group and obtained commitments to participate in the project (Table 2). As described above, the Core Group would include both experts in conducting field habitat assessments and projects, and habitat project managers who are familiar with the kinds of restoration activities going on around the Basin. With the guidance of the Core Group, we would do some initial data reconnaissance and formulate a list of potential hypotheses to focus on prior to our scoping meeting.

Table 2:
Potential members of a Core Group to guide this project. Each of these habitat scientists and program managers have been contacted and indicated their support for this proposed project, as well as their willingness to participate in project workshops.

	Experts in Testing Habitat Restoration Hypotheses
	Experts in Management of Habitat Restoration Programs

	Howard Schaller, USFWS
	Maureen Smith, USFWS

	Bruce Rieman, USFS
	Karry Overton, USFS

	Bruce Ward, B.C. Ministry of Water, Air and Land Protection
	Laura Gephardt, CRITFC

	Chip McConnaha, NPPC
	Brian Allee, NPPC

	Dave Hankin, Humboldt State, CA*
	Mark Shaw, BPA

	Peter Bisson, USFS Olympia
	

	Dale Mccullogh, CRITFC
	

	Tom Cooney, NMFS
	


* very supportive of project, but would prefer to focus on restoration of California tributaries.

e2.1.2  2-day scoping meeting with Core Group

The purpose of this meeting would be to:

a)
 Finalize a set of preliminary hypotheses to test in the pilot analyses. Example hypotheses include:

· Excluding cattle from stream banks will improve egg to fry survival rates of chinook salmon

· Restoring riparian vegetation will reduce summer rearing temperatures and improve juvenile bull trout survival rates

The set of hypotheses developed by the Core Group will be reviewed at the workshop organized as part of Task 2, and will form the basis for the statistical analyses conducted under Task 3.

b)
Review / revise a draft set of criteria for selecting candidate watersheds, and list possible watersheds based on the experience of the Core Group.

c)
Establish a list of potential participants for the 3-day watershed reconnaissance workshop (see Objective 2). The participants should represent a balanced mixture of both types of habitat experts (field scientists and project managers), and should provide broad regional and agency representation. We will also invite the coordinators of the 11 provincial subbasin reviews.

e2.1.3  Summarize scoping meeting results

We will summarize the results of the scoping meeting in terms of a set of initial hypotheses to test, a set of criteria for selecting candidate watersheds, and a preliminary list of possible watersheds suggested by the Core Group. This will be sent to the potential workshop participants identified in the scoping meeting in preparation for the watershed reconnaissance workshop. We will also send some “primer” material on adaptive management and experimental design so that all workshop participants are familiar with the general theme and purpose of a multi-watershed approach. ESSA has developed and delivered courses on adaptive management for a wide range of clients, and has considerable experience in preparing this kind of instructive material.

e.2.2
Identify pilot watersheds and compile information

e2.2.1  Prepare for workshop

We will review existing databases and have discussions with the Core Group to familiarize ourselves with regional watershed restoration activities and candidate pilot watersheds. We will also work closely with invited restoration program managers (prior to the workshop) to guide them in the selection of candidate watersheds and restoration projects. This task will also include logistic preparations for the workshop.

e2.2.2  Conduct 3-day watershed reconnaissance workshop

We will hold a 3-day workshop with habitat scientists and project managers. The purposes of the workshop will be to:

a)
Finalize the list of habitat-related hypotheses we wish to test; and

b)
Identify 2-3 pilot watersheds where the hypotheses can be tested. Appropriate test watersheds will:

· have ongoing habitat restoration projects that are relevant to the hypotheses we wish to test.

· represent both anadromous (e.g., chinook salmon) and resident (e.g., bull trout) fish populations.

· have a readily available and relevant dataset to allow development of statistical methods.

· share similarities and differences with other test watersheds that allow the development of an overall multi-watershed experimental design. For example, watersheds that share important physical attributes such as gradients and water quality but have different management actions going on within them would make good experimental units for testing hypotheses about the relative effectiveness of different management actions. Specifically, we would look for sites that were a) undisturbed; b) previously disturbed, but with limited restoration efforts; c) previously disturbed, with current restoration efforts of different types and intensities.

· be represented by researchers and managers that are supportive of the multi-watershed approach. It will be important to emphasize that our purpose is not to evaluate or critique existing projects, but to apply information from individual projects across a broader spatial scale to enhance and accelerate the amount of learning. We hope to foster the cooperation of researchers and managers by developing products of benefit to them, and involving them in the publication of results of the pilot analyses.

Initial discussions with several scientists and program managers have suggested several potential candidate watersheds (Table 3).

Table 3:
Some examples of potential Columbia River watershed pilot project sites.

	Province
	Sub-Basin
	Species impacted
	Tributaries to Compare

	Mountain Snake
	Salmon R. (Middle Fork )
	Spring-run chinook
	Bear Valley, Marsh Cr., Sulphur Cr., Upper Big Cr.

	
	Salmon R. (South Fork) 
	Summer-run chinook
	Poverty Flats, Secesh, Stoley Meadows

	
	Salmon R. (Upper)
	Spring-run chinook
	Lemhi R., Pahsimeroi R.

	
	
	Spring-run chinook
	Upper Salmon R., N. Fork Salmon

	
	
	Spring-run chinook
	Valley Cr., E. Fork Salmon R., Yankee Fork Salmon R.

	
	Clearwater R.
	Spring-run chinook, steelhead
	Selway, Locksaw, S. Fork Clearwater R.

	Mountain Columbia
	Pend Oreille, Coeur d'Alene
	Bull trout, brook trout
	Clark Fork

	
	Flathead
	Bull trout
	North Fork: Trail Cr., Whale Cr.

Mid Fork: Morrison Cr., Granite Cr.

	Columbia Plateau
	Yakama
	Bull trout, summer chinook, steelhead
	Ahtanum Cr., American R., Crow Cr., Indian Cr., SF Tieton R.

	Lower Columbia
	Lewis R.
	Fall-run chinook
	Cedar Cr.

	Columbia Gorge
	Wind R., Klickitat
	Fall-run chinook, spring-run chinook
	


At the workshop participants will rate the ability of different watersheds to test the restoration hypotheses of interest, based on a written set of criteria (e.g., availability of reference sites; consistent monitoring of fish populations in treated units before and after restoration actions).

c)
Begin to compile relevant project and monitoring information for pilot watersheds. Participants will be asked to bring data reports and actual data with them, so that we can begin the process of collecting datasets.

It is very important to have a broad range of participants at the workshop.  To facilitate this, we have included some funds in the Travel item of the project budget to help non-agency experts (e.g. academic experts, local contractors) to attend the workshop.

e2.2.3  Consolidate inventory of restoration projects and monitoring in pilot watersheds

After the workshop, we would consolidate information received at the workshop. Wherever possible, we would supplement this information from existing sources (e.g., BPA databases for BPA-funded projects, USFS databases, subbasin plans, EDT documentation).

To achieve the proposed project objectives, the inventory would include details on:

1. location (basis and sub-basin) of the project;

2. type of project (e.g. riffle construction, LWD addition);

3. species of interest;

4. the hypotheses being tested (i.e., the anticipated effect on biological populations);

5. what is measured;

6. where these variables are measured (ideally, both with and without treatment);

7. how these variables are measured (sampling protocols);

8. the frequency at which these measurements are taken; and

9. how the data are analyzed (e.g., the statistical evidence or other trends that proponents believe would demonstrate a success).

e2.2.4  Summarize existing monitoring data in database

We would develop a simple database specifically for this project to consolidate the inventory information. The database content would focus on the experimental design aspects of each restoration project [i.e., the hypotheses being tested (explicitly or implicitly), performance measures used, and the sampling design used to obtain evidence about the response of a particular species/response variable to the restoration action(s) (Figure 5, Table 4)]. This database would house the raw information for statistical analyses of multi‑watershed experimental designs (as part of achieving objectives 2 and 3). We will design the pilot project’s database so that it could in future be readily linked to other existing databases using common identifier keys.
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Figure 5:
Content of the proposed database for selected restoration projects in pilot watersheds. Shaded boxes are those elements tracked by existing databases. Un-shaded boxes indicate components that are not available in a single readily accessible repository. Table 4 outlines the rationale for this information. Note that the subset of restoration actions of interest for this study will also need to be categorized to provide treatment contrasts.

While this project is focused on analysis and recommendations, the database will have several benefits. First, this structure will make it easier to organize sampling design information about current restoration projects and provide a mechanism for querying the data in different ways.
 Second, the database would help to highlight gaps in existing information by showing how many tributaries (or how few) have data sets with certain desired characteristics. Third, this approach will facilitate building hypothetical data sets to use in statistical analyses of alternative multi‑watershed experimental designs. 

Table 4:
Rationale for collecting sampling design information on Columbia River watershed restoration projects.

	Database component
(“information on…”)
	Example of how used / Why collected

	Sampling schedules
	· Derive expected sample sizes (n)

	Measurement methods
	· Help approximate magnitude for measurement error ((meas) for statistical power calculations

	“No-treatment” baseline data (yes/no)
	· Reduce suspicion that something besides restoration action already causing the observed response in the performance measure

	Control sites/Treatment sites
	· Effects of an impact cannot be reliably demonstrated without the presence of control or reference sites

· Reveal structure of replication of treatments over space (real replicates or pseudoreplicates in time?)

· Is there paired sampling?

	Sampling traits
	· Check assumptions of statistical analyses (e.g., statistically significant results can be obtained erroneously if necessary assumptions violated, like randomization, independence among spatial units)

· Assess representativeness of sample information

	Proposed method of statistical analysis
	· Identify list of statistical assumptions associated with the test

· Different statistical analysis models provide different information / levels of inference

· What do project proponents believe will indicate a success?


e2.2.5  Analyze inventory data to identify potential control/treatment contrasts 

We will use the database developed in the previous task to group watersheds in different ways, to address interesting restoration hypotheses at multiple spatial scales. Analysis of the inventory database will allow us to identify constraints that limit the rate at which Columbia Basin agencies can learn from current restoration projects. For example, we could use the database to group streams with similar restoration goals and actions, and examine the consistency of the metrics being monitored to see if we could use the systems as experimental replicates. Understanding the similarities and differences among watersheds will allow us to identify experimental design alternatives that remove or reduce the influence of current constraints on hypothesis tests. By examining a range of such alternatives, we will be able to make recommendations on structured ways to coordinate restoration operations within current projects and improve implementation of future projects to ensure faster, more cost-effective, rates of learning.

e.2.3
Pilot Analyses

e2.3.1  Develop statistical methods for analyzing the data and from pilot watersheds

Specification of a statistical model requires one to specify an effect size (change in the performance measure) that one wants to be able to detect. This information will depend on two things: 1) what the proponents of the project want to achieve (if specified in restoration plans); and 2) what the work can feasibly achieve based on evidence from the literature. Note that the effect size of interest is different from the level of statistical significance, which also must be specified (i.e., probabilities of detecting a response when none occurred (Type I error), and of not detecting a response that actually did occur (Type II error)).

In Table 5, we show a toolbox of possible approaches for testing hypotheses on a multi-watershed scale, beginning with the best experimental design situation, and moving down to the least preferred. Which methods are appropriate will depend on the quality and quantity of available data, which is expected to vary with different hypotheses and projects. Starting from these existing tools, we will develop a set of tools (either existing tools, modification of existing tools, or new tools) to apply to the data compiled in Objective 2 to test the hypotheses developed in Objective 1. Given the pilot nature of this analysis, our preference will be to use or modify existing tools using widely available software (e.g., Excel, SAS, S+). We have included a Statistical Advisor (Dr. Carl Schwarz) to advise us in the development and application of these tools.

Table 5:
An example toolbox of analytical methods for retrospective testing and evaluation of restoration hypotheses.

	Type of data/design 
	Analytical “Toolbox” 
	Benefit of method
	Example references

	1.
Same metric, measured in control and treatment sites before and after treatment.
	“Before-After-Control-Impact” design (BACI).
	Reduce confounding, improve inferences about treatment effect.
	Bowles and Leitzinger 1991: experimental design and statistical power analysis for salmon supplementation in Idaho streams (multi-agency project), involves monitoring standardized set of response variables using consistent methods in multiple watersheds in Idaho, allowing comparisons among watersheds.

	
	“Before-After-Control-Impact-Paired series” design (BACIP), Repeated measures (BACIR)
	like BACI,  plus remove variance due to common environmental effects 
	Stewart-Oaten et al 1986: describes basic assumptions of the BACIP model. Osenberg et al 1994: assessed impact of a nuclear power plant’s cooling water release on kelp forests along the Southern California coastline. Green 1993: explores application of repeated measures models to environmental questions.

	
	Modified BACI 
	Incorporate multiple controls
	Underwood 1994

	
	“Staircase” type designs
	Detect “transient” effects by initiating treatments at more than one time.
	Walters et al 1988, 1989: estimates “transient” response to management actions (a “time-treatment” interaction); includes treatment and control systems, with treatments initiated at more than one starting time. Method developed to address logical weaknesses of other “single-site” type designs such as the BACIP; works well for watershed restoration situations (Mellina and Hinch 1995). Peters and Marmorek 2000: explored experimental designs for applying carcass fertilization treatments and control (no actions) to 16 streams, including staircase designs. Ward et al. 2001 applied a staircase design to evaluate the benefits of fertilization and/or in-stream structures for steelhead.

	2.
Same metric measured Before-After treatment, no controls
	Intervention analysis
	Can detect before / after differences by examining time series; need many data points
	Carpenter et al 1989

	3.
Same metric measured After treatment only, multiple treatment and controls
	Multiple paired treatment-control watersheds
	Can detect effects of treatment despite having no before-treatment measures
	Keeley and Walters 1994: developed experimental design for BC Watershed Restoration Program, exploring statistical power and expected value of different multiple-watershed designs (varied number of Treatment-Control watershed pairs and the duration of experiment).

	4.
Same metric, after only, no control
	Spatial analyses
	Similar systems can serve as “pseudocontrols”
	Bradford 1994: Effects of Nechako water diversion on chinook salmon, using escapement data for multiple stocks. 
Schaller et al 1999; Deriso et al. 2001: Effects of Snake and Columbia river dams on Snake river chinook salmon.

	5.
Different, but comparable metrics, still amenable to statistical analysis
	Spatial regression models
	Use existing spatial information to test hypotheses about the relationship between watershed conditions and response variable of interest.
	Sharma and Hilborn 2001: explored coho production in relation to stream and watershed characteristics. Thompson and Lee 2000: explored relationship between landscape level variables and chinook salmon and steelhead parr densities.

	
	Spatial covariation analyses
	Use existing spatial information to evaluate covariation between systems; use to select treatment and control sites.
	Botsford and Paulsen 2000: estimated covariation in survival indices for a suite of chinook salmon index stocks in the Columbia River basin. Bradford and Irvine 2000: evaluated the effects of land use, fishing and climate change on coho recruitment.

	
	Formal Meta-analysis
	Combine results of multiple, unrelated, but similar studies to estimate the size of treatment effects.
	Osenberg et al 1999; Fukushima 2001

	6.
Different metrics only comparable on a qualitative basis
	Qualitative assessment of proportion of cases with evidence for/against hypotheses
	Provides an indication of consistency of treatment effects.
	- used frequently in literature reviews of diverse studies (e.g. Marmorek and Korman 1993)


Each of the pilot data analyses will require specification of an experimental design including:

· the management hypotheses to test;

· the spatial and temporal horizon of interest;

· the applicable hierarchy of spatial scales for experimental units (i.e., reach, tributary, watershed, subbasin);

· the suite of performance measures to use;

· the effect size that we wish to detect for selected performance measures;

· the level of statistical significance (acceptable rates of Type 1 and Type 2 errors); and

· any temporal and spatial contrasts in the data that can aid in the selection of experimental units for treatment, sampling frequency, spatial grouping, etc.

We will define a set of candidate designs and accompanying statistical methods that address the bulleted items above and the properties of the existing data as revealed from the Inventory in Task 2.3. The experimental designs and statistical methods should:

· test important hypotheses,

· recognize the current and/or future limitations of the program (e.g., number of available experimental units);

· recognize data limitations, both now and in the future (e.g., data quality, frequency of collection, etc.); and

· incorporate the required components of variance for the selected performance measures.

We will then apply the selected statistical methods, draw defensible inferences from the analysis regarding the effectiveness of different restoration actions and highlight the constraints in existing methods and data sets which weaken these inferences. We will note “barriers” to testing hypotheses in the pilot analysis, including problems with confounding influences, inconsistent methods, and data gaps. 

e2.3.2  Evaluate existing restoration and monitoring programs in pilot watersheds

In this task, we will explore what improvements to the existing, ‘informal’ experimental design would provide more powerful tests of restoration hypotheses (i.e., methods nearer the top of Table 5). An experimental design is the logical framework that organizes the way treatments are applied and the type of data that are collected. It is constructed to test a hypothesis, and should control for known confounding factors. Some fundamental components of multi-watershed experimental designs include:

· a nested set of experimental units, the basic unit to which treatments are applied, such as reaches or tributaries (see Figure 4);

· the treatment(s) or action applied to each unit (e.g., adding gravel to a reach, or all the restoration activities in a watershed);

· replication of treatments to more than one experimental unit (e.g., testing a type of restoration action on several tributaries to gain more powerful tests of hypotheses
);

· randomization in the assignment of treatments to each unit to increase the confidence one has in extrapolating results to untreated systems (while ideal, this is rarely done in watershed restoration projects); and

· controls or reference systems: untreated experimental units that show what would have happened to the experimental unit if it had not been treated (e.g., a reach, tributary or river section that doesn’t get treated, see Figure 6).

[image: image5.emf]Time

After 

Treatment

Before 

Treatment

0

50

100

150

200

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Relative Recruitment Success

 _

A

Before 

Treatment

After 

Treatment

0

50

100

150

200

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

B

Before Treatment After Treatment

0

12345678910111213141516171819202122232425262728293031323334353637383940

Lower Columbia R. ("Control")

Snake R. ("Treatment")

Difference


Figure 6:
The BACI-P design, applied at large river scale. The change in a measured variable from multiple random sampling (before and after the impact) in both control and impact sites. Panels A and B represent two alternative outcomes of the same experiment. Prior to the treatment, relative recruitment success (e.g. smolts per spawner) in the unit to be treated (Snake River) is lower than in the control (Lower Columbia River). In panel A, there is no benefit from the treatment. In panel B, the treatment has a beneficial impact, and the mean level of the difference in recruitment decreases over time. With watershed restoration experiments, one hopes to see an improvement after treatment, relative to controls. The BACI-P approach can be applied at multiple spatial scales. Adapted from Marmorek et al. (1999) and Schwarz (1998).
An experimental design specifies some pattern of treated and untreated experimental units in space and time. These spatial and/or temporal contrasts are necessary to test hypotheses. The size and uniqueness of natural systems and the presence of large-scale spatial and temporal processes make it difficult to apply these classic features of planned experimental design. However, opportunities to implement good experimental design provide many benefits: improved project coordination and consistency of data collection; more precise estimates of effects in shorter periods of time; more powerful tests of hypotheses and greater confidence in conclusions; greater ability to generalize results to other systems; and improved decision-making.

In this task we will explore different experimental designs and statistical approaches, which will likely yield different answers. Tradeoffs may therefore have to be made between what managers ideally want to know about (e.g., clear tests of the relative effectiveness of different restoration actions) and the types of designs supported by data potentially available for the selected set of pilot watersheds. Once a candidate set of experimental designs and statistical models are defined, we will compare their abilities to meet management objectives and test hypotheses. We will consider:

· Statistical power to detect the effect size of interest. Since important effect sizes are not likely to be defined for multi-watershed designs, we will estimate statistical power for a range of plausible effect sizes.

· Bias in parameter estimates (using simulated data sets that display the characteristics of the data observed in the database).

· Precision of parameter estimates.

· Sensitivity to violation of statistical assumptions (e.g., using wrong model specification).

These tests will by necessity require the simulation of plausible data sets under a range of conditions, including: different number of years before and after treatment; different sample sizes or numbers of systems; different (feasible) rates of measurement error; and treatment effects of different sizes. Thus we will have to develop tools for the application of the designs and models to simulated data. While the specific tools will depend upon the nature of the designs used and the statistical models, we will strive to use existing tools such as Excel, SAS and S+ to avoid spending time on software development. We have some existing tools developed for other systems (e.g., Parnell in review; Alexander et al. 2000a) that may also be useful.

e.2.3.3  Evaluate alternative restoration and monitoring programs

Task 3.2 will allow us to identify constraints that limit the rate at which we can learn from current restoration projects. Understanding these constraints will allow us to identify opportunities, or experimental design alternatives, that remove or reduce the influence of these constraints. This would include:

· implementation of particular combinations of restoration actions at additional sites;

· new reference sites / controls for specific treatments; and

· standardized monitoring procedures and indicators.

By examining a range of such alternatives, we will be able to make recommendations on structured ways to improve the design and implementation of future projects to ensure faster, more cost-effective, rates of learning. 

No single experimental design will optimally address all objectives. Tradeoffs will have to be made. For example, there are tradeoffs between the learning objective of clearly evaluating the effectiveness of management actions, the management objective of  quickly implementing ecosystem improvements to benefit fish, and cost. A range of alternative candidate designs will allow us to consider additional information such as the cost of different experimental designs and the costs of making inferential or management errors at the conclusion of a restoration experiment. These errors include:

· continuing to implement restoration actions that don’t benefit fish populations;

· not implementing actions that actually do benefit fish populations; and

· failure to recognize the combination and sequence of actions that are required to improve fish production.

Formal decision analysis is a method by which these design considerations can be combined (e.g., Walters and Green 1997). This process will allow us to rank alternative designs based upon both expected value and statistical power. Such an analysis would allow the NPPC and other entities to conduct a quantitative exploration of the tradeoffs associated with different alternatives.

We acknowledge that for logistical and other reasons, it may not be possible to develop an ‘optimal’ experimental design that reaps the full benefit of conventional statistical approaches. However, the application of consistent monitoring practices and a suite of common response variables may allow the use of various techniques (from formal meta-analyses to informal sharing of data) that will vastly improve the rate of learning about the effects of restoration actions in watersheds. We therefore will focus much effort on the recommendations for standardized methods of sampling, monitoring and experimental design.

e2.3.4  Summary Report and Journal Article

The summary report will document:

a) the rationale for a multi-watershed approach;

b) the selected set of restoration hypotheses and candidate watersheds (based on Tasks 1 and 2);

c) our pilot analysis of selected restoration hypotheses for the candidate watersheds, including the results of hypothesis tests, barriers to hypothesis testing, and bridges over these barriers; 

d) our evaluation of different experimental designs and statistical approaches, and the potential improvements in learning and effectiveness evaluations that are achievable by applying these methods; and

e) our strategic recommendations for improving the overall experimental design of habitat restoration programs, and associated monitoring and evaluation efforts.

The Summary Report will be structured for two audiences:

1. practical “bottom-line” recommendations for project implementers and restoration program managers; and

2. more detailed technical information for habitat scientists.

The journal papers will focus more on our methods as an example of how such an approach can be used to examine and improve the rate of learning from watershed restoration projects.

e2.3.5  Multi-agency Briefing to Review Results

Along with the report, we will conduct a briefing to summarize the practical implications of our findings for the pilot watersheds. The briefing should be attended by personnel from the agencies responsible for restoration activities in the pilot watersheds. We anticipate, though, that the briefing would also be useful for any agency or watershed group that is currently engaged in restoration projects.

f. Facilities and equipment
The work would be carried out in the offices of ESSA Technologies Ltd. with the exception of the Scoping Meeting (Task 1), the Workshop (Task 2) and the briefing (Task 3), which will be held at an easily accessible location (e.g., a facility near the Portland Airport). No special facilities or equipment are required.
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Section 4. Key personnel

ESSA Technologies Ltd. (ESSA) is an independent Canadian company, originally incorporated in 1979 under the name ESSA Environmental and Social Systems Analysts Ltd. Information on ESSA and our corporate experience can be found at www.essa.com. ESSA staff have been involved in several projects to develop multi-watershed experimental designs for habitat restoration in the Columbia Basin, using active adaptive management as a guiding strategy (Walters et al. 1988, 1989; Marmorek et al. 1999; Peters and Marmorek 2000; I. Parnell (in review); Peters and Marmorek 2002b]. Most recently, ESSA led the effort by PATH to develop and quantitatively evaluate experimental management designs to assess critical uncertainties in the hydrosystem, hatchery and habitat domains (Peters and Marmorek 2000; Marmorek and Peters 2001). Over the last two decades, ESSA has also been active in other parts of North America, advancing the application of adaptive management and experimental design to a diverse set of watershed restoration efforts (examples include Alexander et al. 2000a, Alexander et al. 2000b). We have recently consolidated much of this experience via the development and delivery of a very successful training course in adaptive management for resource managers (Murray et al 2000a and b), which has been delivered in British Columbia, Ontario and Mexico. Key project members are described below.

David R. Marmorek

Birthdate:
December 6, 1952 
Citizenship:
Canadian
Post-Secondary Education

(
M.Sc. Zoology, University of British Columbia, 1983. Thesis topic: Effects of lake acidification on zooplankton community structure and phytoplankton-zooplankton interactions: an experimental approach. 397 pp.


(
B.E.S. (Honors), Man-Environment Studies and Mathematics, First class honors, University of Waterloo, 1975.

Professional Experience
1993 - now
Director,  ESSA Technologies Ltd.

1991 - now
Adjunct Professor, School of Resource and Environment Management, Simon Fraser University.

1983 - 1993
Director,  ESSA Environmental and Social Systems Analysts Ltd.

1981 - 1983
Systems Ecologist, ESSA Environmental and Social Systems Analysts Ltd.

1975 - 1978
Applied Ecologist/Urban Planner, Proctor and Redfern Ltd.

Relevant Experience and Publications
· 1998-2000: developed experimental designs for adaptive management experiments to understand how flow affects whitefish in the Canadian Columbia River, and fall chinook in Clear Creek, California

· 1995-2000: coordinated an interagency group of fisheries scientists and peer reviewers in decision analyses of endangered Columbia River salmon (PATH: Plan for Analyzing and Testing Hypotheses)

· 1982-1995: developed experimental designs and models for a series of major projects in Canada and the United States concerned with watershed restoration and monitoring related to acidic deposition

· 1993-1995: guided research, monitoring and modelling activities to restore salmonid populations in Kennedy Lake, BC, working with natives, fish agencies, logging companies, and community groups

· 1992-1993: developed experimental designs for the Fraser River Basin Assessment Program, and the EPA’s Environmental Monitoring and Assessment Program
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Qualifications Summary

FTE: 0.25

David Marmorek would manage this project. As the President of ESSA Technologies Ltd., David has over twenty-five years of experience in environmental consulting, including simulation models, ecological risk assessments and environmental monitoring plans for a wide variety of resource management problems, spanning local watershed to continental spatial scales. Recent relevant projects include a project on Clear Creek (Redding, California) to rigorously assess the benefits and costs of adaptive management experiments to generate variations in flow, as part of a watershed restoration project, and a similar project on the Canadian Columbia River (downstream of the Keenleyside Dam). He played a key role in the development of experimental designs for the Fraser Basin Assessment Program, the EPA’s Environmental Monitoring and Assessment Program, and the National Acid Precipitation Assessment Program. From 1995 to 2000, he led an inter-agency team of 25 modelers, managers and policy makers, assessing risks to endangered chinook salmon stocks in the U.S. Columbia River and alternative rebuilding strategies, known as the PATH process (Plan for Analyzing and Testing Hypotheses). Mr. Marmorek has an Honours Degree in Environmental Studies and Mathematics from the University of Waterloo, and an M.Sc. in Zoology from the University of British Columbia. He is the author of over 25 peer-reviewed publications, and over 100 technical reports. He serves as an Adjunct Professor at Simon Fraser University. In 1985, Mr. Marmorek was awarded the prestigious Bronze Medal by the U.S. Environmental Protection Agency.

Calvin N. Peters

Birthdate:
April 26, 1967
Citizenship:
Canadian
Post Secondary Education
· Masters of Resource Management, Simon Fraser University, Burnaby, BC, 1996

Interdisciplinary training in integrated environmental management, specialization in policy analysis and quantitative approaches to decision-making in fisheries management


B.Sc. Ecology, Simon Fraser University, Burnaby, BC, 1992.

(Specialization in evolutionary and behavioural ecology)


Diploma of Technology (Honors), BC Institute of Technology (1988)
Professional training in financial management, capital budgeting and financing, and computer systems analysis, design, and programming.

Professional Experience
1996 - now
Systems Ecologist, ESSA Technologies Ltd., Vancouver, BC.

(Sept-)
Responsibilities include: proposal preparation, workshop facilitation, data analysis, ecological modelling, statistical and decision analysis, and report writing.

Jan. 01/96-
Research Assistant, Simon Fraser University, Burnaby, BC.

Aug. 31/96
(Contract position with Dr. Randall Peterman) 

1994-1995
Recreational Fisheries Policy Analyst, Fisheries Branch, BC Ministry of  Environment, Lands, and Parks

Publications and Reports
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Qualifications Summary

FTE: 0.5

Calvin Peters would assist with the collection of information, database development, data analyses, and development of statistical tools for evaluating experimental designs. Mr. Peters is highly skilled at integrating the biological, economic, and social components of environmental problems into comprehensive, practical solutions. He specializes in quantitative and analytical tools for the evaluation of environmental policy and research. From 1996 to 2000, Mr. Peters worked with over twenty scientists from a variety of agencies and interests in a comprehensive evaluation of the biological benefits and trade-offs of alternative recovery strategies, and research, monitoring, and experimental management for endangered Columbia River salmon stocks in Washington, Oregon, and Idaho. In this capacity he led the development of a decision analysis framework to evaluate alternative hydropower system management actions and alternative experimental designs for adaptive management and ongoing research and monitoring. Other projects include an environmental review of salmon farming operations in British Columbia, assessing the biological effects of restoration options for sockeye salmon in Okanagan Lake, planning an experimental re-introduction of sockeye salmon to Skaha Lake in the Okanagan Basin, and development of a decision-making framework for lake stocking policy in the management of BC freshwater fisheries. Mr. Peters has considerable expertise in analytical and technical writing, and has co-authored chapters on decision analysis for a BC Ministry of Forests Statistical Handbook on Adaptive Management, and for a volume on Fisheries Management published in 1998. He has also prepared technical documents for a Royal Society of Canada expert panel on Canadian Marine Fisheries. Mr. Peters has an inter-disciplinary background in computer systems, financial management, and ecology, and has a Masters degree in Resource and Environmental Management from Simon Fraser University. He has received numerous academic awards.

Clint A.D. Alexander
Post Secondary Education

(
Master of Resource and Environmental Management, Simon Fraser University, Burnaby, BC, 1995-1999.


(
B.Sc. (Ecology and Environmental Biology), The University of BC, Vancouver, BC, 1991-1995.

Seminars Attended


(
Faciliation Skills for Leaders, UBC Commerce - Centre for Management Development, Oct. 13-15, 1999.

Professional Experience
1997 -present
Systems Ecologist, ESSA Technologies Ltd. As a member of the aquatic ecosystems, fisheries and environmental monitoring group specializing in quantitative methods, responsibilities include: design and development of computer simulation models and other decision support tools; evaluation of sampling (e.g., creel surveys) and experimental designs; development and assessment of appropriate research methods; conducting statistical analyses (using Bayesian, classical and Bootstrap methods); decision and risk analysis; statistical power analysis; technical writing (e.g., progress, model documentation, final project reports); identification of new research areas, and proposal writing; and coordination and facilitation of workshops.

1996 -1997
Principal Researcher (contract position), Department of Fisheries and Oceans, Burnaby, BC.

1996
Teaching Assistant (Ecology), School of Resource and Environmental Management, SFU, Burnaby, BC. (Sept.-Dec.)

1996
Research Assistant, School of Resource and Environmental Management, SFU, Burnaby, BC. (Jun.-Aug.)

1995
Research Assistant / Technician 2, UBC Fisheries Centre, Vancouver, BC.

Recent Publications and Reports
Alexander, C.A.D., D.R. Marmorek, and C.N. Peters. 2000. Applying decision analyses to whitefish management in the Columbia River: Is it worth varying flows to reduce key uncertainties? Model description and preliminary results. Prepared by ESSA Technologies Ltd., Vancouver, BC for BC Hydro, Burnaby, BC. 52 pp. and appendices.

Alexander, C.A.D., D.R. Marmorek, and C.N. Peters. 2000. Clear Creek Decision Analysis and Adaptive Management Model: Results of a Model Design Workshop held January 24th‑26th 2000. Draft report prepared by ESSA Technologies Ltd., Vancouver, BC for CALFED Bay‑Delta Program, 1416 Ninth Street, Suite 1155 Sacramento, CA 95814, 96 pp. and appendices.

Alexander, C.A.D. 1999. Contradictory data and the application of the precautionary approach: a case study for setting escapement targets for the Early Stuart run of Fraser River sockeye salmon (Oncorhynchus nerka), British Columbia. Rep. No. 237. Master’s thesis, School of Resource and Environmental Management, Simon Fraser University, Burnaby, BC.

Marmorek, D.R., I. Parnell, C.N. Peters, and C.A.D. Alexander (compls./eds.). 1999. PATH: Scoping of candidate research, monitoring and experimental management actions: concurrently reducing key uncertainties and recovering stocks. Working draft prepared by ESSA Technologies Ltd., Vancouver, BC. 232 pp.

Qualifications Summary

FTE: 0.5

Clint Alexander is highly skilled in the identification of appropriate management policies in settings pervaded by uncertainty. Primary skill areas are the use of quantitative methods that permit the clear identification and credible accounting of key uncertainties (e.g., probabilistic simulation modeling, decision analysis, adaptive management, and statistics). Emphasize the importance of clarity in objectives and design by drawing on facilitation skills to bring out the client’s best thinking and creativity, manage expectations. Practicing Object Oriented Design, an accomplished software solutions engineer specializing in component development for Microsoft Office and Visual Basic using ActiveX, ADO, ODBC, SQL, and relational database technologies.

Ian J. Parnell
Post-Secondary Education
· Master of Resource and Environmental Management, Simon Fraser University, Burnaby, BC (Candidate, Summer 2002).

· B.Sc. (honours) Ecology, Simon Fraser University, Burnaby, BC, 1990.

Professional Experience

1998 - 2002
Systems Ecologist, Fisheries and Aquatic Sciences Team, ESSA Technologies Ltd.

1996 - 1998
Graduate researcher, Fisheries Management, Simon Fraser University.

1994 - 1996
Systems Ecologist, Fisheries and Aquatic Sciences Team, ESSA Technologies Ltd.

1993 - 1994
Research Assistant, ESSA Technologies Ltd.

1992 - 1993
Research Associate, Fisheries and Aquatic Sciences Team, ESSA Environmental and Social Systems Analysts Ltd.

Publications and Reports
Parnell, I.J. (in review). Use decision analysis to design a habitat restoration experiment. Master’s thesis, School of Resource and Environmental Management, Simon Fraser University, Burnaby, BC.

Marmorek, D.R. and I.J. Parnell. 2002. Cheakamus River Water Use Plan Consultative Committee Report. Prepared for the Cheakamus River Water Use Plan Consultative Committee. Prepared by ESSA Technologies Ltd. A BC Hydro project. pp 91 + app.

Deriso, R.D., D.R. Marmorek, and I.J. Parnell. 2001. Retrospective patterns of differential mortality and common year effects experienced by spring and summer chinook salmon (Oncorhyncus tshawytscha) of the Columbia River. Can. J. Fish. Aquat. Sci. 58: 2419-2430.

Marmorek, D.R., G. Lacroix, J. Korman, I. Parnell, and W.D. Watt. 1998. Modelling the effects of acidification on Atlantic salmon: a simple model of stream chemistry. Can. J. Fish. Aquat. Sci. 55: 2117-2126.

Parnell, I. and G. Lang. 1998. Statistical power analysis of the Theodosia River water quality monitoring program. Prepared for the British Columbia Ministry of Environment, Lands and Parks. Prepared by Klohn-Crippen Consultants Ltd.

Qualifications Summary

FTE: 0.5

Ian Parnell has been a member of ESSA’s Fisheries and Aquatic Sciences Team for nine years, and would contribute significantly to the experimental design themes of this project. His training rests upon a solid technical foundation of programming, simulation modeling, data analysis, and technical writing. He is skilled at the development and application of quantitative tools and methods to support decision-making in resource management. Mr. Parnell has applied his skills to the statistical evaluation of water quality monitoring programs, the analysis of statistical relationships between fish production and indicators of freshwater habitat quality, and the use of statistical power and decision analysis to select the “optimal” design of large-scale watershed restoration experiments.

Carl J. Schwarz, Statistician

Qualifications Summary

Dr. Schwarz is an Associate Professor in the Department of Mathematics and Statistics at Simon Fraser University (http://www.math.sfu.ca/stats/stat_home.html). In this project he would serve to provide advice and review on statistical methods. His research program is in three areas: capture-recapture modeling of animal population dynamics; statistical consulting; and linear and generalized linear models. The research in capture-recapture models requires the development of new stochastic models, the development of model fitting and testing procedures, and the development of computer software. In large part, it is motivated by real problems encountered by ecologists. His interest in statistical consulting involves assistance in experimental design and analysis in complex experimental situations where the “standard textbook” results are not appropriate. Both of these areas give rise to linear and generalized linear models. Relevant research projects include: the development of capture-recapture methodology to estimate population parameters of temporally stratified populations, with applications to salmon escapement and smolt counts; the development of tag-recovery methodology to study migration among geographically-stratified populations (e.g., herring, mallards); relationships between GIS and ground-based habitat data; and the development of statistical methodology to study the effects of restrictions on randomization upon analysis of variance models.







� 	Panelists were Dr. D.B. Botkin (U.California), Dr. D.L. Peterson (USGS), Dr. F. Allendorf (U. Montana), Dr. R. J. Beamish (Canada DFO), Dr. G.Belovsky (Utah State), Dr. R. Bilby (Weyerhaueser), Dr. P. A. Bisson (USDA Forest Service), Dr. K.W. Cummins (Humboldt State), Dr. T. Dunne (U. California), Dr. J.F. Franklin (U. Washington), Dr. J. Innes (U. British Columbia), Dr. M. J. Sobel (Case Western Reserve University), Dr. D. Schneider (Memorial U.), Dr. F. B. Schwing (NMFS), and Dr. J. Zedler (U. Wisconsin)


�	Dr. David Hankin (Humboldt State) commented when we described this proposal: “It should have been done 25 years ago, but it’s still a great idea.”


�	Note, if desired and appropriate this database could be made available over the Internet at a later date, consistent with the recommendations in ISRP (2000).


�	A powerful hypothesis test is one where there is a high probability of detecting an effect if it actually exists.
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