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a. Abstract 
The Columbia River estuary serves as an important migration, rearing, and transition environment for juvenile anadromous salmon before they enter the sea. Historical modifications to the estuary, including diking of peripheral wetland and floodplain habitats and regulation of river flows by dams, have reduced salmonid access to shallow rearing habitats and may have eliminated sources of macrodetritus that fuel the estuary’s food webs. Although there is emerging evidence that these estuarine changes are limiting juvenile salmon production and life history diversity, lack of information about historic and modern habitat conditions in the estuary, or the ecological consequences of habitat change, undermine existing salmon recovery efforts of the Columbia Basin Fish and Wildlife Program. This proposal addresses specific information needs identified in a recent interdisciplinary assessment of the hydroelectric system’s impacts on estuarine habitat conditions for juvenile salmon. The primary elements of this proposal include: (1) retrospective analyses to reconstruct historic bathymetric features and assess effects of climate and river flow on the extent and distribution of shallow water, wetland and tidal-floodplain habitats; (2) computer simulations using a 3-dimensional numerical model to evaluate the sensitivity of salmon rearing opportunities to various historical modifications affecting the estuary (including channel changes, flow regulation, and diking of tidal wetlands and floodplains); and (3) life-history specific information based on present and historic food web sources as determined by stable isotope, microchemistry, and parasitology techniques. From these data and additional modeling simulations that will be selected during an estuarine habitat restoration workshop, we will (4) examine effects of alternative flow-management and habitat-recovery scenarios on habitat opportunity and the estuary’s productive capacity for juvenile salmon.
b. Technical and/or scientific background
Estuarine habitat conditions that juvenile salmon (Oncorhynchus spp) encounter may ultimately determine the outcome of recovery efforts throughout the Columbia River Basin. While most restoration activities of the Columbia Basin Fish and Wildlife Program have focused on habitat and other limiting factors upriver, including those related to the construction and operation of large hydroelectric dams, the downstream effects of flow regulation and numerous habitat changes within the estuary potentially impact all anadromous salmon en route to the ocean. One analysis concludes, for example, that small survival improvements in the estuary and coastal ocean could yield some of the most significant population increases for spring and summer chinook salmon  (Kareiva et al. 2000). Recent management policies, including the 1996 congressional amendments to the Northwest Power Planning Act and a subsequent research initiative of the Northwest Power Planning Council (NPPC 1998), concluded: (1) the importance of the estuary and river plume to fish and wildlife populations of the basin; (2) the potential impact of the Columbia River hydroelectric system on these environments; and (3) the need for basic ecological information to guide management decisions affecting the estuary. Despite increased recognition of the estuary’s importance, the lack of quantitative data on historical changes in estuarine and tidal-floodplain habitats, on the ecological consequences of such change, and on the role of the hydroelectric system in mediating these effects remain among the more serious impediments to salmon restoration in the Columbia River Basin.

In 1999, the National Marine Fisheries Service (NMFS) formed an interdisciplinary research team to review the current status of information and evaluate effects of the Columbia River hydroelectric system on the hydrology, habitats, and ecology of the Columbia River estuary. Results of this analysis were summarized early this year in a report to the Bonneville Power Administration entitled “Salmon at River’s End” (SARE; Bottom et al. 2001). The SARE report proposed a new conceptual framework for estuarine assessment based on the linkage between salmon life history and habitat, and applied this framework to identify factors that may affect salmonid performance in the estuary. The proposal herein by the NMFS estuarine research team addresses several key recommendations resulting from this analysis.  These recommendations  are also incorporated in the recent Provincial Review for the Lower Columbia River and Columbia River Estuary Subbasin (Columbia River Estuary Partnership 2001). As a logical extension of the SARE conceptual framework and analysis, this proposal is designed to fill specific data gaps that we encountered in the historical habitat baseline for the Columbia River estuary and to better understand some of the ecological effects of estuarine habitat change on juvenile salmon. More specifically, the goal of this proposal is to reconstruct historic changes in estuarine rearing opportunities and food web linkages of Columbia River salmon and evaluate their implications for managing river flows and restoring estuarine habitats. 

The importance of estuarine habitat to juvenile salmon

More than just a simple corridor for salmon migration, the Columbia River estuary functions as an important transition environment, where individuals should have the opportunity to gradually adapt to salt water, and as a nursery ground, where many young salmon feed and grow to sizes that may increase their chances of surviving in the ocean (Reimers 1973; Simenstad et al. 1982; Thorpe 1994). Juvenile salmon are found in the estuary all months of the year, as different species, size classes, and life-history types continually move downstream and enter tidal waters from multiple upstream sources. The timing and duration of estuarine residence varies widely among salmon species and life-history types within species (Groot and Margolis 1991). Chinook salmon (O. tshawytscha), which has the greatest diversity of juvenile life histories among all Pacific salmon (Healey 1991; Wissmar and Simenstad 1998), has the most varied patterns of estuarine use. Healey (1982) proposed that chinook are the most estuarine dependent salmonid species since virtually all life-history types spend some time feeding and growing in estuaries, and (ocean-type) fry migrants may depend entirely on the estuary for nursery habitats. Chum salmon (O. keta), which may rear in estuaries for several weeks, have been classified as the second most estuarine-dependent species.

The movements of juvenile salmon and their patterns of habitat use within estuaries are size related. Chinook and chum salmon subyearlings (fry) usually occupy shallow, nearshore habitats, including salt marshes, tidal creeks, and intertidal flats (Levy and Northcote 1982; Myers and Horton 1982; Simenstad et al. 1982; Levings et al. 1986). As subyearlings grow to fingerling and smolt stages, their distribution typically shifts toward deeper habitats farther from the shoreline (Healey 1982; 1991; Myers and Horton 1982). In the Columbia River estuary, McCabe et al. (1986) reported that subyearling chinook in shallow intertidal habitats were smaller than subyearlings captured in deeper pelagic areas. Large yearling migrants, on the other hand, may spend relatively little time in shallow-water habitat. A 1980-81 survey of the Columbia River estuary, for example, found most yearling chinook salmon at deeper channel sites rather than at intertidal sites sampled near shore (Bottom et al. 1984). Thus, the occurrence of small subyearling salmon, including those life-history types that stay in the estuary for the longest periods, may be closely linked to the availability of certain shallow-water habitats.

Emergent marshes, forested wetlands, and dendritic tidal channel networks may be particularly important to small salmon because they are (1) areas of high secondary production of insect and other invertebrate prey; (2) sources and sinks for detritus; and (3) places where complex structure provides refuge from predators (e.g., Levy and Northcote 1982; McIvor and Odum 1988; Gray et al. In press). Salmonid production in Northwest estuaries, including the Columbia River estuary, is supported largely by detrital food webs through a variety of pathways involving benthic, epibenthic and even pelagic animals (Healey 1979; 1982; Bottom and Jones 1990). Habitats that produce or retain detritus within the system therefore are particularly important to food webs supporting salmon production and life history diversity. Sources of detritus vary along the estuarine gradient but include terrestrial input of dissolved and particulate organic matter from both riparian and in-river production (e.g., in the case of the Columbia, extensive reservoir phytoplankton production), estuarine phytoplankton, emergent vegetation in tidal wetlands, low intertidal and subtidal aquatic macrophytes and benthic algae (Naiman and Sibert 1979; Sherwood et al. 1990). Presently, relative to other estuarine locations, organic matter is concentrated and invertebrate prey production and fish and macro-invertebrate feeding are elevated within the low-velocity, peripheral bay habitats (e.g., Baker Bay, Youngs Bay, Grays Bay) and considerably so in the turbidity maximum region of the mid-estuary (Bottom and Jones 1990; Jones et al. 1990; Simenstad et al. 1990, 1994).

Effects of estuarine habitat change

Development activities throughout the Columbia River Basin have altered the quantity and distribution of estuarine habitats and may be an important factor affecting the capacity of the estuary to support juvenile salmon. Between 1870 and 1980, tidal marshes in the lower estuary (Puget Island to the mouth) have declined by about 77% and tidal swamps by 62% for a total decrease of approximately 122 km2 of shallow, nearshore wetland. Coincident sediment gains in the estuary since 1870 have increased the area of shallow and flat habitat by about 7% (Thomas 1983; Sherwood et al. 1990). Net changes in estuarine habitat including a 12% loss of deep-water area, have reduced the estuary’s tidal prism from 12 to 20%. About 20% of the original estuary area has been lost through diking or filling of tidal marshes and swamps (Thomas 1983; Sherwood et al. 1990). However, the impact to salmon of exchanging emergent and forested wetlands for shallows and flats is not known (Bottom et al. 2001).

Flow modifications in the Columbia River Basin, alone and in combination with various habitat alterations, have also altered the physical characteristics and availability of estuarine habitats to salmon. While diking of islands and the estuary margins eliminated refugia previously available to salmon during floods, flow modifications from dams and water withdrawals have reduced the spring freshet and the frequency of overbank flooding required for salmon to access off-channel and tidal-floodplain habitats. The average spring freshet in the Columbia has been reduced approximately 43%. Whereas historical bankfull flows on the mainstem below Vancouver were ~18,000 m3s-1, standard project levels for the lower river are now set at ~24,000 m3s-1. Bankfull events occurred frequently before 1900 but only five significant events have occurred since 1948 (Bottom et al. 2001). 

The altered flow regime has probably reduced the productive capacity of the estuary for salmon. Floodwaters that historically inundated the margins and floodplains along the estuary permitted salmon to access a wide expanse of low-velocity marshland and tidal channel habitat. Seasonal stabilization of flow and depth characteristics of the estuary has not only decreased access to these shallow, off-channel habitats but may have reduced the variety of different salmon rearing behaviors (life-history types) that the estuary is now capable of supporting (Bottom et al. 2001). Isolation of floodplain habitats from the tidal river has also likely eliminated important sources of organic matter produced on the floodplain and transported to the estuary during the frequent bankfull flood events that historically inundated the floodplain. No quantitative information exists detailing the historic and present extent of tidal floodplain habitats in the Columbia River estuary, particularly in the large region from Puget Island to Bonneville Dam. This baseline information is needed to evaluate historic changes in salmon-habitat availability and to identify priorities for restoration. In this proposal, we present an approach for establishing a consistent historic habitat baseline for the entire estuary from the river mouth to Bonneville Dam. 

In the SARE review, Bottom et al. (2001) used a two-dimensional, numerical circulation model to evaluate effects of both bathymetric change and river flow on salmon habitat opportunity in the lower Columbia River estuary (from the mouth to Puget Island near RKm 75). Model simulations were used to compare predevelopment (1880) and modern (1997-1999) bathymetric conditions under selected flow regimes. Habitat opportunity was defined by literature values for ranges of estuarine depth (0.1 to 2 m) and velocity (<30 cm s-1) considered most favorable for subyearling salmon. The model results suggest that availability of suitable habitat varies significantly within the estuary in response primarily to bathymetry, but also river discharges. Under modern flows and bathymetry, the model projected increased habitat opportunity for salmon based on the criterion for optimum depths. Yet, these results may not be indicative of habitat changes because historical and present-day floodplain, riparian, and wetland habitats were not well represented in the bathymetric base maps that were available for these simulations. Further progress in modeling rearing opportunities for juvenile salmon will require improved bathymetric and elevation data, particularly for shallow wetlands and floodplains throughout the estuary and tidal river. In this proposal, we will use the improved historic baseline information generated during this project to run systematic simulations of salmon habitat opportunity with a new 3-dimensional numerical model now available for the estuary, and an expanded set of habitat metrics.

An important consequence of the loss of estuarine habitat is the decline in primary production by wetland macrophytes and the associated reduction of macrodetritus (~15,800mt C y-1, 84%) that historically contributed to the estuarine food web. Before the Columbia River was isolated from its floodplain and suffered other wetland losses, considerable macrophytic organic matter was produced within the estuary or imported into the estuary during seasonal freshets and winter flooding events. The loss of macrodetritus to some degree been supplanted by an increase of almost 31,000 mt C y-1 of microdetritus from upriver sources, principally resulting from phytoplankton production from the reservoirs behind dams on the mainstem Columbia River (Simenstad et al., 1990; Sherwood et al. 1990). The shift from a macrodetritus-based to a microdetritus-based food web implies a strong link between changes within the estuary and changes within the watershed, principally through the cumulative impoundment of the river, and this has consequences to the capacity of the estuary to support specific consumers such as juvenile salmon (Simenstad et al. 1990, 1992). 

In addition to these changes in the food web components, changes in carbon sources also likely shifted the spatial distribution of carbon. Whereas the macrodetrital food web was historically distributed throughout the lower river and estuary, the present microdetrital food web is concentrated in the productive but spatially-limited region of the estuary turbidity maximum (Simenstad et al. 1990, 1984). Moreover, abundant copepod prey that are supported by microdetritus within the estuarine turbidity maximum primarily benefit forage fish species such as northern anchovy (Engraulis mordax), Pacific herring (Clupea harengus passasi), and longfin smelt (Spirinchus thaleichthys). The microdetrital pathway may provide little direct contribution to the kinds of prey that are consumed by estuarine-rearing salmon (Bottom and Jones 1990).

Recent stable isotope analyses of zooplankton in the estuarine turbidity maximum suggest that emergent marshes may still be a major contributor to food webs in the Columbia River estuary (Simenstad, unpublished data). However, the carbon sources incorporated by juvenile salmon have not been directly measured. Because the patterns of estuarine residency and habitat use differ for various salmon life-history types (Bottom et al. 2001), trophic pathways supporting salmon may be life-history specific. The estuarine food-web resources that historically supported salmon also have yet to be explored. Stable isotopes can be used to accurately characterize sources of organic matter and, in combination with other, independent biomarkers such as parasite loads, provide some quantification of the pathways of the estuary’s food web. Very recent methodologies, such as otolith microstructure and microchemistry, now allow us to track changes in environmental conditions and food sources as fish migrate from the lower river through the estuary. Validation of the historical food web support of juvenile salmon may be considerably more difficult, but the promise of historical scale samples hold promise for comparable isotope and microchemistry analyses. Finally, parasites acquired through trophic interactions can survive within a host for months to years. Analysis of these parasites can be used to detect small scale spatial habitat variability and extent of migration of fishes between local habitats in both freshwater (e.g. Weichman and Janovy 2000) and marine systems (Grutter 1998). In this proposal, we present an approach for collecting life-history specific information on parasite loads and on historic and present food web sources of salmon using stable isotope, microchemistry, and parasitology techniques.

As a consequence of various salmon-habitat and population changes throughout the Columbia River Basin, the diversity of salmon life histories found in the Columbia River estuary has declined relative to the early twentieth century (Bottom et al. 2001). These changes involve increased proportions of large subyearling and yearling migrants with short estuarine residence times and a decline in the relative contributions of small fry and fingerling life histories. Such changes cannot be attributed entirely to conditions within the estuary itself, since upriver habitat losses, harvest, and hatchery management practices also have likely simplified the structure and diversity of source populations entering the estuary. Nonetheless, our analysis suggests that any effort to expand life-history diversity in the Columbia River basin will likely require recovery of lost estuarine wetland and floodplain habitats used by smaller subyearling salmon. In this proposal, we intend to provide further guidance about the potential benefits of estuarine habitat restoration to salmon diversity and performance in the estuary.

In summary, historic changes in peripheral wetland habitats, bathymetry, and flows of the Columbia River estuary have altered basic estuarine processes and conditions such as sediment transport, detrital input, and the trophic pathways that support salmon. Such changes also have affected availability of shallow-water, off-channel rearing areas that may be particularly important to small subyearling salmon with estuarine-rearing life histories. Unfortunately, salmonid ecology in the Columbia River estuary is poorly understood. Much of what we assume about the estuarine requirements of Columbia River salmon is derived from research in much smaller Northwest estuaries, where ecological processes differ substantially from this large river-dominated system. Salmon-habitat and food web relationships, particularly in shallow tidal wetlands and floodplains, have not been widely studied in the Columbia River estuary. Furthermore, available estimates of estuarine habitat change are restricted to the lower estuary below Puget Island (Thomas 1983) and exclude the extensive tidal floodplain upriver to Bonneville Dam, which also has been extensively modified. Efforts to quantify habitat change or assess the benefits of estuary restoration to Columbia River salmon are limited by the lack of baseline information for modern and historic habitat distributions and food-web linkages. 

This proposal is based on the premise that any changes that sever the link between salmon behavior (life history) and habitat ultimately may reduce the resilience and productivity of Columbia River salmon. Three major factors may determine whether habitat/life-history linkages within the estuary are maintained (Simenstad and Cordell 2000; Bottom et al. 2001): (1) the physical or geographic availability of habitat that salmon need to express particular rearing behaviors (habitat opportunity); (2) the quality of estuarine habitats for supporting the ecological and physiological requirements of salmon (habitat capacity); and (3) the genotypic and phenotypic characteristics of the various source populations entering the estuary (population structure/life history). For salmon, the ultimate outcome of all these factors is measured by indicators of performance within the estuary, including, for example, growth, life-history diversity, or foraging success. Each of these components—habitat opportunity, habitat capacity, population structure, and performance—are in turn affected by a variety of environmental and anthropogenic influences both outside and within the estuary (Figure 1). This proposal emphasizes effects of anthropogenic and climatic factors on habitat opportunity and food webs in the estuary. It is based on a logical and integrated sequence of activities including:

1) Retrospective analyses to reconstruct the historic habitat baseline and evaluate climatic and flow-regulation effects on the opportunities for salmon to access tidal-floodplain habitats (Objective 1). 

2) Simulation modeling to evaluate the sensitivity of salmon habitat opportunity (as defined by depth, velocity, and salinity ranges) to cumulative anthropogenic changes in the Columbia River estuary, including historic wetland diking, channel dredging, and flow regulation (Objective2).

3) Empirical studies using stable isotopes, microchemistry, and parasitology to characterize present trophic pathways to salmon and to test whether historic pathways can be evaluated from archival materials (using scales) (Objective 3).

4) “Prospective” analyses to assess changes in habitat opportunity and food web linkages for selected flow-management and habitat-restoration scenarios (Objective 4).

c. Rationale and significance to Regional Programs
There are a number of important Regional salmon recovery initiatives (i.e., FCRPS Hydropower Biological Opinion, All-H paper, Lower Columbia River Estuary Partnership [LCREP] Comprehensive Conservation and Management Plan [CCMP], and the WY-KAN-USH-MI WA-KISH-WIT [Spirit of the Salmon Report]) that identify protection and restoration of the Lower Columbia River to be vital in rebuilding the productivity of salmon and steelhead runs throughout the Columbia River Basin. Implementation of this proposal will contribute to the development of a fundamental body of knowledge on salmonid life histories and habitat needs that directly support these Regional efforts. In particular, this proposal will provide a strong technical basis to guide salmon recovery efforts in the Lower Colombia River and estuary.

Specifically, the research proposed here is in support of the Columbia River Estuary subbasin summary document, which concludes that understanding the role of the estuary for salmon survival is a critical need. Additionally, the FCRPS Hydropower Biological Opinion identifies a number of action items (Section 9.6.2.2) that the Corps and BPA must carry out to support estuary recovery.  Actions 158 and 162 of the Biological Opinion are supported by this proposal. Proposal objectives 1 and 3, through the reconstruction of historic habitat changes supports the desire on the part of NMFS, the Corps, and BPA to have a mechanism to inventory and evaluate habitat for its potential for salmonid recovery. All of the proposal objectives support Action 162 through emphasizing an understanding of the relationship of hydropower flow releases to habitat changes over time and current/future habitat opportunity for salmonids.

The All-H paper, a basin-wide salmon recovery strategy, identifies the need to assess estuarine habitat important to salmonids, model critical linkages between estuary conditions and salmon population resilience, and identify the flow requirements necessary to support estuarine habitat requirements for salmon. The LCREP CCMP is a document designed to provide a broad framework for managing the Lower Columbia River and estuary.  The Governors of Oregon and Washington recently recognized the CCMP as a key vehicle to support salmonid recovery efforts in this portion of the Columbia River Basin. The CCMP specifically identified 10 actions related to habitat protection, conservation, and enhancement in the Lower Columbia River. Of these, Actions 1 (Inventory and prioritize habitat types and attributes needing protection and conservation.  Identify habitats and environmentally sensitive lands that should not be altered) and Action 10 (Establish or modify minimum flows [including Columbia River flows] to meet instream fish and wildlife needs) specifically relate to this proposal.  The Columbia River anadromous fish restoration plan of the Nez Perce, Umatilla, Warm Springs, and Yakama Tribes (The Spirit of the Salmon Report) identifies a number of recommendations to protect estuarine habitat that relate to this proposal. Those include protecting the remaining wetlands and intertidal areas in the estuary upon which anadromous fish are particularly dependent, undertaking an immediate assessment of remaining and potential estuary habitat, protecting existing estuary habitat complexity, and reestablishing sustained peaking flows that drive critical estuarine processes.  

This proposal supports the identified actions/recommendations in the All-H paper, the LCREP CCMP, and the Spirit of the Salmon Report through the development of a comprehensive understanding of salmonid life history strategies in the Lower Columbia River and estuary, how habitat changes over time have affected those life history patterns, and how flow, bathymetry and habitat changes affect the potential for habitat opportunity for salmonids in the Lower Columbia River and estuary.

d. Relationships to other projects 
Our proposed benefits research from a related monitoring supported by the U.S. Army Corps of Engineers (USACE), “Estuarine habitat and juvenile salmon – Current and historic linkages in the lower Columbia River and estuary”. In this project, henceforth  “Monitoring”, our estuarine research team recently initiated a monitoring program in the Columbia River estuary to track salmon rearing patterns throughout the estuary and to evaluate fish-habitat relationships within selected emergent and forested wetlands. Over the long term, this monitoring effort will provide indices of salmonid performance needed to evaluate the relative effectiveness of basin-wide recovery efforts. The proposal herein complements and integrates extensively with the USACE monitoring program by providing information needed to interpret the performance trends we observe and to help direct future estuarine restoration efforts. On the other hand, this proposal will also benefit from the USACE study. In particular, the proposal relies on new techniques for historical analysis developed during the ongoing study (Objective 1). Real-time physical data also collected during the USACE study will be used to support our simulation model (Objective 2). Finally, our proposed analysis of food-web pathways using stable isotope and microchemistry techniques (Objective 3) will make use of salmon and prey resource samples we collect during the USACE monitoring program, thereby minimizing the need for separate and costly field surveys.

Another project deriving funds from the U.S. Army Corps of Engineers has important synergism with our proposal. Designed to define linkages between timing of entry into the nearshore ocean environment and survival, the project is titled “Evaluation of the relationship among time of ocean entry, physical, and biological characteristics of the estuary and plume environment, and adult return rates. B. Muir and R. Emmett lead the study. They will examine the relationship among time of juvenile salmon ocean entry, physical and biological characteristics of the estuary and nearshore ocean plume environment, and smolt-to-adult return rates (SARs) for yearling chinook and/or coho salmon reared by the Clatsop Economic Development Committee Fisheries Project (CEDC) in the lower Columbia River.  Smolt-to-adult-return rates for serially released groups of coded-wire-tagged yearling chinook and/or coho salmon will be integrated with information derived from this proposal, and the Plume and Optimization proposals, below, to characterize the physical and biological conditions throughout the continuum of the estuary and plume environments.  By understanding of the linkages between ocean entry and the physical and biological estuarine and ocean conditions smolts encounter, it will be possible to optimize SARs through manipulation of transportation tactics and hatchery release dates. 
Plume and Optimization are two proposals also submitted in response to this RFP. Plume, or more specifically “Survival and Growth of Juvenile Salmonids in the Columbia River Plume”, is the continuation of BPA Project 199801400.  Plume focuses on identifying the role and habitat metrics of the Columbia River plume on salmon growth and survival. The nearshore ocean environment, particularly that associated with the Columbia River plume, is a critical habitat to outmigrating juvenile salmon. They propose to characterize, over an extended period, the physical and biological features of the nearshore ocean environment with real-time mesoscale and fine scale surveys with coupled physical-biological modeling projections and retrospective assessment of the Columbia River plume as it interacts with the coastal circulation regime to develop linked habitat metrics, and to develop management scenarios regulating hydropower operations to improve habitat opportunity for juvenile salmon. The development of physical metrics that impact plume survival will be coupled with estuarine habitat metrics refined in this proposal.  Together, Plume and this proposal will thus provide estuary-plume continuity in the evaluation of the impact of FCRPS scenarios on habitat opportunity.

Optimization is a proposal for a new project entitled Optimization of FCRPS Impacts on Juvenile Salmonids: Restoration of Lower-Estuary and Plume Habitats (D. Jay, PI). The Optimization project would provide a detailed physical understanding of lower-estuary and plume processes in relationship to forcing by the FCRPS, coastal circulation and the climate system. Optimization would also analyze the use of uncertain forecast information by FCRPS managers and determine how to structure management scenarios so that they will be useful to FCRPS managers. 
It is a complex challenge to convey the extensive, science-based physical and biological information developed in projects such as this proposal, Estuary and Optimization across PIs with distinctive disciplinary backgrounds, across projects, and to the ultimate consumers (managers, scientists, and the general public). One of us (Baptista) is the lead PI of a recently funded project (NSF, 2001-2005) entitled ITR/IM+AP: Quality-Scalable Information Flow Systems for Environmental Observation and Forecasting. “NSF EOFS” tackles the conceptualization and development of the next-generation of Environmental Information Systems, with the purpose of enhancing the generation and delivery of complex data and model information to heterogeneous consumers, in readily understandable products (e.g., audience-customized web-based products). NSF EOFS builds specifically upon the information technology of the Columbia River observation and forecasting system CORIE (Baptista et al. 1998, 1999; Baptista in press; http://www.ccalmr.ogi.edu/CORIE; Fig 6), which estuarine modeling system is extensively used in this proposal, and which plume modeling system is an integral part of Plume. The NSF EOFS team has identified this proposal, Plume and Optimization as priority targets for customization of physical and bio-physical information products (e.g., see Objectives 2 and 4).

The CORIE estuarine modeling system (Figs. 8 and 9) is currently undergoing a rigorous calibration and validation through the BPA-funded project 3D Circulation modeling infrastructure for the Columbia River estuary. One of us (Baptista) is the PI of the one-year program, which began on September 2001. Henceforth-denoted Model Certification, the program is using data from the estuarine stations of the CORIE observation network (Fig. 7) for a rigorous and systematic process of benchmarking of the modeling system’s ability to simulate circulation in the estuary. A Regional Advisory Board, composed of seven agencies with direct involvement in the Columbia River, is providing guidance on the process required to gain cross-agency trust on the model. We anticipate that the model will be fully operational by the beginning of our proposed studies.
e. Project history (for ongoing projects) 

New proposal.
f. Proposal objectives, tasks and methods
Recent reviews of the Columbia Basin Fish and Wildlife Program (NRC 1996; ISG 2000) and of the effects of ocean variability on emphasize the importance of life-history diversity to salmon resilience and productivity salmon (Bisbal and McConnaha 1998). Life-history variations, including for example, different times and sizes of downstream migration or periods of estuarine residence, represent alternative “solutions” to environmental variability and constitute an evolutionary strategy for spreading risks and avoiding brood failure (Healey 1991). Life-history variations also maximize the productive capacity of a river basin by dispersing habitat use in time and space so that not all individuals are competing for the same resources at the same time. Distinct salmon rearing behaviors are linked to particular physical and geographic features of the aquatic (freshwater, estuarine, and ocean) environments that salmon can “use” to complete each developmental stage (egg, fry, smolt, adult, etc.) and successfully bring their life cycle to closure (Sinclair 1988; Bottom et al. 2001). Healey and Prince (1995) describe such life-history variations as the consequence of unique salmon genotypes interacting with available habitat features. 

Objectives 

1. Reconstruction of Historic Conditions: Reconstruct the historic extent of estuarine and tidal-floodplain habitats (Columbia River mouth to Bonneville Dam) and historic changes in climate, river flow, and sediment transport from Astoria to Bonneville Dam

2. Simulation of Habitat Change: Evaluate effects of cumulative changes in bathymetry and flow on habitat opportunity for juvenile salmon 

3. Food web and Life-History Responses to Habitat Change: Evaluate effects of habitat change and flow regulation on historic and current estuarine food webs and on juvenile salmonids with estuarine life histories 

4. Implications for Estuary Restoration: Evaluate implications of historic habitat change for flow management and habitat restoration efforts in the estuary.

Tasks and Methods

Objective 1: Reconstruction of Historic Conditions. 

The goal of Objective 1 is to reconstruct historic Columbia River estuary habitat conditions and the physical processes influencing habitat over the last 150 years, and compute historical changes in habitat areas, volumes, and elevations on a prototype basis. We also propose to define the hydrologic and climate contexts for the Columbia River estuary over the last 150 years, and separate the influences of climate processes and hydropower system (FCRPS) on hydrologic factors influencing habitat. Finally, we will provide the physical basis for other analyses of historic habitat described under Objectives 2 to 4


Quantification of habitat change in the Columbia River estuary is hindered by a lack of base level information from which change can be assessed. The first two tasks of Objective 1 extract habitat information from historic hydrographic (“H-Sheets”) and topographic (“T-Sheets”) data collected by the US Coast and Geodetic Survey (Figure 2). We will provide a base, historic level of ecological and physical information through the digitization of the 27 T-sheets and 24 H-sheets collected between ca. 1850 and 1910. Additionally, we will transform the base-level ecological and physical information to a commonly used horizontal datum, the North American Datum of 1927 (NAD27). Transforming the ecological and physical information to NAD27 will allow comparisons to be made with 21st century ecological and physical information. While most of the comparison work is being supported by the USACE project, this project will analyzed changes in estuarine areas, volumes and depths over time. 


A major uncertainty in considering current and future juvenile salmonid habitats is the degree to which changes in flow patterns induced by climate, the FCRPS and irrigation depletion have altered the basis for estuarine habitats and constrain future habitat restoration. Restoration of estuarine habitat requires determining how habitat has evolved over time in relation to physical forcing, how historic habitats functioned relative to the river flow and tidal regimes, and how future climate conditions and FCRPS operation will constrain restoration efforts. Therefore, the remaining tasks for Objective 1 reconstruct and analyze historic hydrographic, tidal, and climate data. 

Task 1a: Analysis of horizontal datum information: (Senior Investigators: Sanders) Historic habitat information provided by H- and T-sheets can only be used to understand habitat changes once horizontal position information has been converted to a consistent standard and the elevation information has been digitized. This process involves three steps (1) acquire positional benchmark data to determine NAD27 positions; (2) geo-reference the historic T-Sheets and H-Sheets; and (3) digitize the historic topographic and bathymetric features. 

Task 1b: Build the historic Coupled Bathymetric/Topographic Model (CBTM) and analyze historical changes: (Senior Investigators: Sanders) We will use the point elevation and point bathymetric data acquired in Task 1a to build a fully three-dimensional view of the study area. The historic CBTM (ca. 1868-1900) will extend from the deepest bathymetric depths to approximately 40 feet above local Mean Lower Low Water (MLLW), thus encompassing the aquatic, intertidal and flood plain regions of the study area. Prototype comparisons of the historical model to modern conditions will be made to illustrate how the CBTM model may be used. The comparison of changes in areas, elevations, and volumes carried out will be similar to those of Sherwood et al. (1990). Comparisons to current topography, bathymetry, and vegetation will form the basis for analyses of the effects of habitat change on salmonids. 

Task 1c: Analyze historical stage and tidal data from Tongue Pt to Bonneville Dam. (Senior Investigators: Sanders and Jay) The surface elevation record for the Columbia River at Astoria is the oldest on the West Coast of the United States. Stations were occupied by the USC&GS in conjunction with hydrographic and topographic surveys throughout the system below Cascade Lock ca. 1852 to 1900. Other important data sets were collected between 1935 and 1942 and 1947 and 1959 in conjunction with hydrographic surveys and construction of Bonneville Dam. These tidal data are a valuable resource for understanding historic habitat properties and system processes before the onset of human modification of the system (Figure 3). The historic tidal record will allow us to (1) reconstruct historic river flow; (2) determine bathymetric changes and the historical intertidal and floodplain habitats; and (3) provide an independent measure of confidence on numerical simulations of tide and river stage with historic bathymetry. The analysis will provide a compact representation of the tides throughout the system as a function of the tide at the mouth of the estuary and the river flow. 

The steps in the analysis are to obtain and digitize data and then apply wavelet transform tidal analysis to model non-stationary river tides (Jay and Flinchem, 1997; Flinchem and Jay, 2000). Additionally, because average summer river stage changed by as much as 1-2 m from year to year before 1900, there are large elevation uncertainties in estimates of habitat change based on surveys made before definition of the Columbia River Datum. For surveys conducted before 1878 (the beginning of the USGS daily river flow record), river flow will have to be reconstructed, so that an analysis of datum levels can be carried out; see Task 1a.


In summary, the results of Task 1c will be a compact, complete description of the river stage and river tides, and their response to forcing by river flow and ocean tides. This can be used to predict river flow 1853-1877 (Task 1d), and support habitat analyses based on H- and T-Sheets and numerical models (Objectives 2 to 4). 

Task 1d: Estimation of total Columbia River flow before 1878: (Senior Investigators: Jay) The total flow at Beaver is the flow that influences the estuarine habitat opportunity experienced by seaward migrating juvenile salmonids. Because Columbia River flow is closely correlated to the Pacific Decadal Oscillation (PDO) index, and the PDO record before 1900 remains uncertain (Mantua and Hare 2001), extending the Columbia River flow record back in time would be extremely valuable, both for understanding historic climate influences on estuarine habitat and for future habitat restoration. Two complementary approaches to estimation of historic flow levels before the beginning of the US Geological Survey (USGS) gauge record (1878-date) will be employed:

· Columbia River flow (averaged over periods of 15 to 30 d) will be predicted from historic tidal data using a method based on Kukulka and Jay (2001). This model can then be used to hindcast river flow. This relationship will then be used with tidal data collected at Astoria between 1853 and 1877 to hindcast river flow for this period. 
· Historical accounts (e.g., the records of the Hudsons Bay Company post at Vancouver) will be scrutinized to determine the historic climate and flood history of the system from ca. 1810 to 1878. 
Task 1e: Reconstruction of Columbia River hydrologic properties after 1878:  (Senior Investigators: Jay) The Columbia River flow record (1878-date) for The Dalles captures ~75% of the total flow of the Columbia River basin. Sediment transport hindcasts based on The Dalles flow and Vancover sediment transport data (Bottom et al., 2000; Jay and Naik, 2001) capture a comparable fraction of the sand transport. But the 25% contribution to total flow from the Western sub-basin has a different timing from that at The Dalles, and the Western sub-basin contribution of fine sediment and organic matter is probably >25% of the total. Moreover, the climate response of Willamette River flow to PDO and ENSO cycles is more pronounced than that of the flow for The Dalles. Finally, Western Sub-basin winter flows were higher and likely supplied more sediment before 1900 than has been the case since. The subtasks to be carried out are:

· Construct the best possible estimate of routed daily flows at Beaver 1878 to date, using flows from The Dalles, the Willamette, and (after ca. 1910) the Cowlitz, Kalama, and Lewis Rivers.

· Estimation virgin flow at Beaver, following the method developed by Naik and Jay (2001). This will be the first estimate of total virgin Columbia River flow, including both the Interior and Western Sub-basins.

· Estimate frequency of overbank flow seaward since 1878 for both observed and virgin flows.

· Estimate the total sediment load and sand fraction at Beaver after 1878, for both observed and virgin flows. 

Task 1f: Analyze Columbia River hydrology in relation to climate processes. (Senior Investigators: Jay) Understanding how the Columbia River has responded to previous climate fluctuations (PDO and ENSO cycles) and trends (warming since the end of the "Little Ice Age" in the middle of the 19th Century) is key to future management of the system (Figure 4): Monthly river flow predicted by a tidal model (y-axis) vs. routed Beaver flows (x-axis) for three high-flow years. 1948. 1956 and 1981. The agreement for flows >6,000 m3s-1 is (5%. For the peak flows of 1948 and 1956, there is some deviation from the line that may represent the effects of overbank flow. Improving the accuracy of this model will be part of the proposed work, and multiple tidal statistics will be needed to cover the entire flow range from ca. 1,000 to 35,000 m3s-1. 

. Comparison of available estimates of 19th Century climate indices (e.g., Kaplan et al. 2000) to the flow and sediment transport estimates derived in Tasks 1e will be very helpful in understanding how the system has responded and will respond. Flows at Beaver are, however, more relevant to estuarine habitat than those at The Dalles, and winter west-side freshets are important to sediment supply. It is crucial, therefore, to use Beaver flows in our climate analyses. The following sub-tasks will be carried out:

· We will compare the Columbia River flow record from 1853-date (the output from Tasks 1d and 1e) to the PDO index (1856-date) and to ENSO indices (one of which dates back 1854; http://tao.atmos. washington.edu/data_sets/soicoads2/) to better understand how the flow responds to climate forcing.

· We will determine how the different winter and spring freshet styles defined in Bottom et al (2001) vary with large-scale climate processes, and evaluate the effect of these freshets on overbank flow.

· Hindcasts of total load and sand fraction at Beaver will be used to examine the implications of ENSO and PDO cycles and long-term regional warming for sediment supply.

Anthropogenic impacts on hydrologic processes in the Columbia will be estimated via the separation of historical changes in flow and sediment transport into human and climate components, following the method applied for the flow at The Dalles, 1878-date (Jay and Naik 2001). 

Objective 2. Simulation of Habitat Change
A range of development activities throughout the Columbia River Basin have combined with natural hydrologic and tidal variability and with regional effects of global climate changes to alter the quantity and distribution of physical estuarine habitat. Research elsewhere in this proposal (Objectives 3 and 4) and in other efforts (Monitoring project, Section d) is addressing the relationship between change of physical estuarine habitat and the capacity of the estuary to support juvenile salmon. 

Here, we seek to develop an objective understanding of the change of physical habitat in the estuary, from its entrance to Bonneville Dam. We will track such change through a set of metrics of habitat opportunity originally developed by Bottom et al. 2001, recently expanded by Baptista et al. 2001 and to be further expanded in the present effort. Each metric defines conditions for favorable habitat based on the value of a target physical parameter, integrated over flexibly chosen scales of space and time. In this study, target physical parameters are water depth, water velocity, salinity, and temperature.

The spatial and temporal variability of each of these variables can be simulated through detailed 3D numerical modeling of estuarine circulation, over a range of target periods and development conditions. The resulting circulation database can then be systematically processed for each metric of favorable habitat, leading to a spatially and temporally explicit database of habitat opportunity for the same periods and development conditions. Habitat opportunity can thus be compared across periods and development conditions, leading to an objective characterization of baseline historical and contemporary change of habitat opportunity, in the context of varying river and ocean forcings.

 
Ideally, we would examine habitat opportunity change continuously from pre-development conditions to the present. This approach is prevented both by the logistics (e.g., computational and storage requirements) of modeling circulation in the estuary for such a long period, and by our limited ability (e.g., Objective 1) to reconstruct in the required detail the chronology of changes in bathymetry, development conditions, and forcings. Short of a continuous representation of the system, we will focus on the finite number of representative development transitions and issues discussed below. Unless otherwise noticed, we will concentrate on the period of the year (April-September) where juvenile anadromous salmon more extensively uses the estuary as a migration, rearing, and transition environment. 

Baseline variability in the modern estuary (circa 2000): For any given development condition, estuarine circulation and thus physical habitat opportunity in the Columbia River vary dramatically in response to river and ocean forcings. Understanding the baseline variability of the modern system is essential to understand response to development actions. We hope to simulate estuarine circulation and associated habitat opportunity year-round for the decade of 1995-2005. If we are logistically constrained by computational costs of modeling or by storage resources, we will restrict simulations to 2-3 representative years in the period, and will focus on the default salmon-relevant period. Natural candidates would be water year 1997, with the largest freshet since 1974, the driest year of historical record, and a ‘typical discharge’ year for the decade.

Baseline variability in the pre-development estuary (circa 1880): Fundamental differences in bathymetry and flow regulation make circulation and its baseline variability dramatically distinct in the pre-development estuary relative to the modern estuary. Bottom et al. 2001 began analyzing the impact of those differences on habitat opportunity, but findings were constrained by the bathymetry/topography and circulation models available at the time of the investigation (circa 1998). Leveraging major improvements in both counts (Tasks 1a-b and Task 2a), we anticipate simulating estuarine circulation and associated habitat opportunity year-round for 1880 (the earliest high-flow water year with a complete daily discharge record and fifth wettest since 1849) and for a contrasting dry pre-development year.

Response to diking and filling: As discussed earlier (Section b), a substantial area of the original lower-estuary has been lost through diking or filling of tidal marshes and swamps, between 1870 and 1980. Because many restoration strategies in consideration for the estuary are based on reversing some of this loss in area, it would be useful to isolate the direct impact of diking and filling from the impact of other development activities. A rigorous ‘isolation’ is not possible, because bathymetry and circulation have non-linear interactions that are beyond current modeling capabilities. However, we can begin understanding the direct impact of loss of estuarine area, by simulating conditions where the pre-development bathymetry is constrained by modern diking and filling, but pre-development ocean and river forcings are preserved. We anticipate doing these simulations for at least selected months in 1880.

Response to navigation channel improvements: Two important questions raised in connection with the proposed deepening of the navigation channel were out of the scope of a recent investigation (Baptista et al. 2001) of impact on salinity intrusion and habitat opportunity. The first question is how habitat opportunity varies as a function of the depth of the channel, and, in particular, if there are sudden jumps in the function. The second question is where does the present channel depth fit in that curve, i.e., if most of the impact has or has not already occurred in the historical past. The answers are again complicated by non-linear interactions because bathymetry and circulation, translated for instance in possible long-term lateral meandering of secondary channels. We can, however, begin addressing the two questions by doing a sensitivity analysis to habitat opportunity changes versus channel depth. In particular, we plan to both shallow and deepen the navigation channel in incremental (e.g. 1m) steps relative to present conditions, and simulate the resulting effects in circulation and habitat opportunity. We anticipate conducting the analysis for just a few selected months, representative of extremely high (e.g., May/June 1997), extremely low (e.g., July 2001), and moderate river discharges (e.g., August 1999).

Response to flow regulation and irrigation: Flow regulation at the dams and water extraction for irrigation have significantly affected the river forcings to the estuary, and thus estuarine circulation and possibly habitat opportunity. Leveraging flow reconstruction efforts described in Objective 1, we can use numerical model simulations to begin understanding the effect of flow regulation and irrigation in isolation relative to other development actions. In particular, we plan to simulate baseline variability of circulation and habitat opportunity in the modern estuary using virgin flows (Task 1e). This will provide an important contrast relative to modern variability based on actual flows, which we discussed earlier.

The analysis of the above conditions, individually and in their contrasts, will be structured in three tasks: construction of the circulation database (Task 2a), construction of the habitat opportunity database (Task 2b) and analysis of change in habitat opportunity (Task 2c).

Task 2a: Construction of the circulation database. (Senior Investigators: Baptista) The construction of the circulation database will rely on the CORIE modeling system (see discussion of the Model Certification project, Section d; Figs. 8 and 9) and specifically on its 3D baroclinic circulation model ELCIRC (Myers and Baptista 2000, Baptista et al. 2000, Myers et al. in prep). The database will include all development conditions/issues and periods identified earlier in this Objective, or a reasonable sub-set thereof. The modeling system will be customized to each condition/issue as appropriate, by tailoring the computational grid, the description of bathymetry, or the description of the forcings. For several scenarios we will rely on the coupled bathymetric/topographic data and river forcing data developed in Objective 1, or on ocean forcings defined in a related project (Plume project, Section d).

Issues of model accuracy are, for the modern estuary, largely being addressed already in the Estuarine Model Certification project. Model confidence can in this case be solidly established because of the availability of extensive observational data, a large part of which from the CORIE observation network (Fig. 7). Model confidence for the pre-development estuary cannot be established authoritatively, because we are data poor for that period. Here, as in the simulation of ‘sensitivity scenarios’, we will generally accept the concept that a well-calibrated and validated model extrapolates robustly outside the calibration conditions. Task 1c will, however, provide an independent, partial means of quality control of the model.  

Significant challenges to the construction of the circulation database are the time required to generate the simulations and to conveniently store the results. How we meet these challenges will ultimately determine the total number of condition-years that can be simulated in aggregate, between this and the related Plume project. We are addressing through the NSF-funded EOFS project (Section b) issues of enhanced computational performance and of data compression, which should considerably expand the feasible range of simulations. We are also making various funding requests for support in the acquisition of computational and storage hardware that will expand the computational resources available to CORIE (including a modest request in this project). We anticipate the ability to simulate at least 5 condition-years in this project, and are using 15-20 condition-years as the desirable target. 

Task 2b. Construction of the habitat opportunity database. (Senior Investigators: Baptista) The habitat opportunity database will be built from the circulation database, using the depth, velocity and salinity criteria of Bottom et al. 2001 as modified by Baptista et al. 2001 (Fig. 10b). In addition, we will seek consensus among fisheries researchers (within and outside this project’s team) on an appropriate temperature criterion.

Visual representation of database contents will be produced at least in the form of web-available monthly maps of habitat opportunity, and plots of habitat opportunity (Fig. 10a) that are integrated over self-contained regions of the estuary (Fig. 10c and d) as a function of controlling river and ocean forcings. We will seek to improve the simplistic definitions of estuarine regions used in Bottom et al. 2001, perhaps using a combination of bathymetry, representative salinity, and habitat opportunity as the defining criteria. Habitat opportunity is computed by ‘integration’ over space and/or time of circulation data, and therefore does not pose significant storage challenges compared to the raw circulation data. 

Task 2c. Analysis of change in physical habitat opportunity. (Senior Investigators: Baptista, Bottom, Simenstad, Casillas) We anticipate three phases in the analysis of change in physical habitat opportunity. The first represents a systematic comparison of the metrics developed and stored (Task 2b) for each condition simulated in Task 2a. The challenge here will be one of balancing the generation of data products that provide synthesis with those that provide detail. The second phase will consist of the interpretation of the changes in habitat opportunity in the context of changing development conditions and river/ocean forcings. This phase plays to our strength, in the sense of our increasing ability to model and understand the estuary as a physical system. 

The third and more challenging phase will consist in linking physical habitat opportunity to food web and life-history change. This phase will be driven by Objective 3 activities, and is critical to validate the concept of physical habitat opportunity as a tool for decision-making and for operational management of the estuary. 

Objective 3. Food web and Life-History Responses to Habitat Change 

Major gaps in our understanding of estuarine rearing habitats and the performance of juvenile salmon utilizing the Columbia River estuary are 1) potential changes in the food web pathways that support salmon, and 2) the issue of organic matter quality that forms the basis of the alternate micro- or macrodetritus-based food webs. Among a variety of geochemical “biomarkers” stable isotopes of carbon, nitrogen and sulfur have been shown to be particularly useful in differentiating the respective role of multiple organic matter sources to complex detritus and planktonic food webs in estuaries (e.g., Lajtha and Michener 1994; Peterson 1998). In some cases, tracking the dissolved and inorganic components of organic matter at the base of estuarine food webs can even provide insights into inherent circulation features, such as residence time (Chanton and Lewis 1999).

A primary recommendation of Bottom et al. (2001) to address this uncertainty in estuarine food web changes was to use natural stable isotope analyses or other methods to investigate potential food web disruptions due to habitat loss and degradation. The following tasks and objectives define our approach to using stable isotope geochemistry and parasitology, in combination with other analyses of juvenile salmon estuarine life history (e.g., otolith microstructure and juvenile salmon habitat use, diet and prey resource availability) included in this proposal or products of on-going studies.

Task 3a: Assess whether fish with distinct estuarine and freshwater life histories have

 unique isotopic signatures. (Senior Investigators: Bottom, Simenstad, Roegner). We propose to use stable isotope signatures of potential food web sources and pathways in the Columbia River to evaluate whether variability in organic matter sources in juvenile salmon can indicate distinct estuarine and freshwater life histories.

As a product of the NSF-supported, Columbia River Estuarine Turbidity Maximum, Land-Margin Ecosystem (CRETM-LMER) studies in the estuary between 1990-2000 (Simenstad et al. 1994), we have preliminary data (Sullivan et al., 2001; C. Simenstad, UW and F. Prahl, OSU, unpubl.) that indicate the relative contributions of terrestrial, riverine and estuarine organic matter sources to key consumers in the estuary. Use of recently developed, algebraic multiple source mixing models (Lubetkin 1997; Lubetkin and Simenstad, submitted) permits estimation of the proportions of organic matter contribution to the organic tissue of estuarine consumers. For instance, based on δ13C, δ15N and δ34S signatures, Lubetkin (1997) estimated that zooplankton in the estuarine turbidity maximum region of the estuary derived almost 95% of their organic matter from a combination of riverine particulate organic matter (POM) and brackish marsh vegetation (Carex spp. sedge), but less than 2% from phytoplankton production; alternatively, approximately 62% of the organic matter in benthic shrimp (Crangon franciscorum) derived from Carex and riverine POM but almost 18% originated from phytoplankton. While no juvenile salmon have been analyzed for their isotopic signature, δ13C, δ15N and δ34S, signatures of a common prey organism of juvenile salmon, the epibenthic amphipod Corophium salmonis, suggested that organic matter contributions were similar (i.e., ~61% from Carex and riverine POM, 14% from other brackish marsh plants, ~18% from phytoplankton and ~7% from benthic microalgae). Thus, even without historic samples from which to derive stable isotope signatures, we can compare the first-order carbon budget of historic and contemporary organic matter sources to the estuarine food web (Sherwood et al. 1990; Simenstad et al. 1992) with contemporary stable isotope signatures to better evaluate the hypothesized historic shifts in organic matter sources to the actual organic matter assimilated by juvenile salmon and their key prey organisms in the contemporary estuary. This information could also be used with the carbon budget to make first-order predictions of the effect on food web pathways supporting juvenile salmon under different restoration scenarios for shallow-water habitats (e.g., emergent marshes, forested wetlands) that would increase macrodetritus inputs to the estuary.

Methods

Lubetkin (1997) and Lubetkin and Simenstad (submitted) provide initial data on the isotopic signatures of the major organic matter sources. However, in order to validate those earlier data and refine our ability to resolve different organic matter sources, we will need to obtain sufficient data on the signatures of both food web sources and consumers over several seasons in order to establish temporal variability. During at least two seasons (peak salmon outmigration period, late spring, and late fall period of increased terrestrial POM input), we will obtain samples of the following types (which may involve discrete sampling of more than one taxa group) of organic matter sources for isotopic analysis:

1) riverine POM, separated into a phytoplankton and non-phytoplankton component

2) riparian woody vegetation

3) oligohaline-brackish vegetation, separated into woody vegetation and emergent vegetation

4) benthic microalgae

5) estuarine POM, separated into a phytoplankton and non-phytoplankton component

6) anthropogenic sources, such as sewage discharge

 
Juvenile salmon for the stable isotope measurements will be obtained as a product of our on-going fish ecology sampling in the lower river, and from other (e.g., NOAA-NMFS) biological sampling in regions upriver from our study area, including discrete sources of fish from several tributaries (e.g., from hatchery releases) and from fish passage facilities at dams (e.g., Bonneville). Samples will be obtained from both our (NOAA-NMFS) monitoring of juvenile salmon at various stations along the estuarine gradient in the lower river-estuary as well as the intensive sampling in emergent marshes and forested wetlands of Cathlamet Bay-Karlson Island. The sampling design will emphasize fish that either have a known history (either at the source, or recovery of tagged fish) or which our own analyses (e.g., otolith microstructure) can be used to infer history. In this initial pilot sampling, we will focus on subyearling and yearling chinook salmon, but may incidentally retain other species or life history types that offer valuable information (e.g., subyearling coho), during three periods bracketing their migration and residence in the estuary.

During this initial phase, δ13C and δ15N isotopic samples will be processed in Dr. Fred Prahl’s geochemistry laboratory at the Oregon State University, School of Ocean and Atmospheric Sciences using a continuous flow method which employs a Carlo Erba NA-1500 elemental analyser connected via a gas dilution device to a Finnigan Delta Plus XL mass spectrometer. Through use of a NIST certified set of C and N isotopic, the instrument is calibrated and, when properly setup, affords measurement of δ 13C and δ 15N with precisions of (0.1(o and (0.2(o (or better).

δ34S signatures of organic matter sources and consumers will be analyzed using similar instrumentation by Coastal Science Laboratories, Austin, Texas, using a VG (Micromass) isotope ratio mass spectrometers and sample preparation methods that are accepted by the isotope community as those which produce the most accurate results for a given sample type.  Measurement precision for δ34S is anticipated to be (0.2(o and (0.3(o.

We will use the multiple-source mixing models (primarily the SOURCE model) of Lubetkin (1997) and Lubetkin and Simenstad (submitted) to assess the relative contribution of isotopically distinguishable organic matter sources, in conjunction  with other stable isotope (δ13C and δ15N) and geochemical data from the river (Prahl et al. 1998; Sullivan et al. 2001) and estuarine turbidity maximum (F. Prahl, OSU and C. Simenstad, UW) to examine potential spatial and seasonal variability in isotopic signatures of juvenile salmon of different freshwater and estuarine histories.

Task 3b: Assess whether fish with estuarine life histories and estuarine rearing signatures are linked to marsh habitats and prey resources.  (Senior Investigators: Simenstad, Bottom, Roegner) To further link the isotopic signatures of juvenile salmon to their freshwater and estuarine life histories, we will characterize the stable isotope signatures of dominant prey taxa representative of discrete freshwater and estuarine habitats. This will involve two component objectives: 1) Compare isotopic values in estuarine-rearing fish with known values for dominant prey species in planktonic, emergent marsh, and forested wetland habitats, and 2) Assess whether isotopic ratios in otoliths can be used to determine temporal variability in linkages to prey resources 

A critical issue in untangling the sources and pathways of organic matter supporting juvenile salmon utilizing shallow water habitats in the estuary (e.g., those that are likely the most important and feasible to restore) is whether the productivity in these shallow water habitats is reflected in the linkages between shallow-water prey resources. A supplemental question is whether macrophytic production in the estuary’s shallow water habitats supports production of pelagic or more deep-water food web linkages to juvenile salmon. Our approach will be to test whether the isotopic signatures of important prey organisms of juvenile salmon in distinct (shallow-water, planktonic) estuarine habitats reflects the organic matter sources of those habitats and that of juvenile salmon. Because δ 15N demonstrates a relatively distinct isotopic shift (e.g,, ~3.5 per mil with each trophic level change up the food web), the δ 15N signature of organic matter source, prey and juvenile salmon will also provide additional insight into food web structure (e.g., whether food web pathways are simple and direct, or with more intermediate steps and pathways).

Unfortunately, we do not anticipate that our knowledge of the recent life history of the juvenile salmon will necessarily be precise enough to determine short-term, localized movements. For example, even though we may sample chinook fry from deep within emergent marsh habitats, we cannot be assured that these fish necessarily have been feeding solely within that habitat for a long enough period to accumulate an isotopic signature representative of the habitat’s prey resources.  This will particularly be a problem where fish have resided solely in freshwater (even tidal), and otolith microstructure patterns are less helpful in interpreting their recent history in the estuary. However, the variation in the chemical microstructure of fish otoliths offers a potentially more interpretable history of the fish (Campana and Thorrold, 2001) prior to its appearance in our sampling.  In exploring otolith microchemistry as a potential solution to this uncertainty, we propose to test the feasibility of obtaining a time-series record of micro-chemicals and δ13C and δ15N (current mass spectrometer analyses require too much material to derive a δ34S signature from otoliths) from mass spectrometer-coupled laser ablation sampling along whole-life history transects of otoliths. 

Methods

Based on historic and our own (on-going) studies of juvenile salmon feeding ecology and diet composition in the estuary (e.g., Bottom and Jones 1990), we will systematically sample the dominant prey organisms within the shallow water and planktonic habitats to determine their tissue δ13C, δ15N and δ34S.  Prey in emergent marsh and forested wetland habitats will be obtained during our on-going studies of juvenile salmon in the Cathlamet Bay region; this sampling primarily involves benthic core sampling, fallout insect traps and neuston net techniques. Riverine and estuarine zooplankton, representative of planktonic prey resources will be obtained by plankton pump or net sampling at points corresponding to the NOAA-NMFS juvenile salmon monitoring sites; these will be sorted to discrete species or taxa groups that are representative of riverine (i.e., reservoir production) and estuarine production.  Prey taxa will be sampled and classified according to the following functional (trophic) groups:

1) pelagic zooplankton, separated into riverine (reservoir) and estuarine species/taxa; e.g., calanoid and cyclopoid copepods, cladocerans

2) benthic infauna, separated into representative suspension feeders and detritivores; certain amphipod taxa

3) epibenthic organisms, e.g., mysids

4) aquatic insects, e.g., chironomid larvae and pupae

5) fallout insects, separated into those of aquatic and terrestrial origin e.g., adult dipterans

Somewhat in contrast to the organic matter source sampling, we will sample these primary consumers/fish prey coincident with sampling juvenile salmon during three periods bracketing the dominant period of subyearling salmon migration and rearing in the estuary. Basic stable isotope analyses of prey organisms will follow the same methodologies described under Task 1.

Collection of micro-chemical data from otoliths will employ two different analytical methods: (1) Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) for metals and (2) Isotope Ratio Mass Spectrometer (IR-MS) for stable isotopes.

1. We will use the LA-ICPMS to obtain data on metal isotopes extracted from whole life history transects (focus to edge) across otoliths. Elements measured  will include Sr88, Mn55, Mg24, Ba138, Zn66, Ca43 and perhaps others.  Previous results indicate that adequate count rates and spatial resolution were obtained with a 15-25 (m diameter beam operated at 8HZ and sampling at the rate of 5 (m/sec. Trace metal abundance will typically be expressed as a ratio to calcium. The use of the laser to sample across the entire calcified structure is essential to our goal of connecting otolith chemistry data to specific life history stages or habitat associations of the fish. Once data is collected, we will establish protocols that divide the sampling transect into specific regions selected for their correspondence to known life history stages or habitat associations.  

2. Although IR-MS techniques for this procedure are well established, the use of the laser with this particular instrument has not been tried. Much of our early efforts in this regard will involve technique development.

We will principally use the STEP model of Lubetkin (1997) and Lubetkin and Simenstad (submitted) to establish the strength of the linkage between habitat organic matter sources to prey and subsequently to juvenile salmon.  Correspondence and other statistical techniques to test the relationship among time-series data will be used to interpret the stable isotope, micro-chemical and other signatures from the otolith transects.

Task 3c: Assess whether distinct estuarine and freshwater life histories are reflected in parasite

community structure. (Senior Investigator: Jacobson) We propose to examine the potential of parasite community structure associated with juvenile salmon to provide valuable, independent indices of juvenile salmon diet, habitat use and habitat health within the Columbia River estuary.

Parasitological information to date on juvenile salmonids in the Columbia River has been restricted to documenting a few potential freshwater pathogens.  No data exists on the complete parasite fauna of salmon that use the Columbia River and estuary during outmigration. The structure of parasite populations and communities are affected by the same biotic and abiotic factors that shape host populations and their communities: temperature; salinity; pollution; predator-prey interactions and their respective distributions.  In addition, the parasite community of fishes can indicate the health of the host’s habitat (Lafferty and Kuris 1999).  Often a diverse parasite community including parasites with complex life cycles (heteroxenous) is a reflection of a habitat maintaining a diverse spectrum of intermediate hosts such as mollusks and crustaceans.  At the opposite end of the spectrum, a less diverse parasite community or a community consisting primarily of parasites with only one host (monoxenous), can be an indication of environmental stress (Diamant et al. 1999).  If fish habitats differ ecologically, then they should provide separate parasite transmission opportunities. 

Methods

During the peak of estuarine residence, we will examine twenty to thirty each of coho salmon, and yearling chinook salmon and subyearling chinook salmon for external and internal parasites per estuarine sampling site. We will specifically examine skin, stomachs, intestines, muscle, body cavity, gills, and eyes for parasites, and subsample the parasites for further identification.  The preparation of parasites for identification will follow standard procedures: Trematodes, cestodes and acanthocephalans will be washed in distilled water, fixed in 70% ethanol, stained with acetocarmine, cleared in xylene and mounted in Canada Balsam.  Nematodes will be washed and stored in 5% glycerine-alcohol.  Samples of nematodes will be cleared in lactophenol and examined under a compound microscope.

These parasite data will be used to better understand the ecology of their salmonid hosts and the factors that influence host ecology (Margolis 1967), such as information on juvenile salmon diet, habitat use and habitat health within the estuary.  These ecological distinctions could reflect fish populations that use predominantly distinct habitats, whereas in fish that move freely between these habitats the parasite communities should be indistinguishable (Weichman and Janovy 2000). Parasitological data has also been used to detect small scale spatial habitat variability and extent of migration of fishes between local habitats in both freshwater (Weichman and Janovy 2000) and marine systems (Grutter 1998).

Task 3d: Examine historic food web linkages of juvenile salmon with estuarine life histories. (Senior Investigators: Simenstad, Bottom, Volk) The objective of this task is to assess whether isotopic ratios from fish scales can be used to evaluate historic food web linkages to juvenile salmon as compared to contemporary samples.  

While the feasibility and value of micro-chemical signatures and patterns in fish scales has been demonstrated for (mid-Atlantic) estuarine fishes, such as weakfish (Cynoscion regalis) and spot (Leiostomus xanthurus), to our knowledge this has not been demonstrated for either juvenile or adult salmon scales and the technique has not been well demonstrated for laser ablation sampling of stable isotope signatures (Wells et al. 2000). However, the power of interpreting historic food web pathways from historic salmon scales (albeit potentially dependent on availability of juvenile salmon scales from Willis Rich and/or ODFW archives) suggests that testing this approach is justified. We consider this initial trial as technique development rather than a major data collection task because, as described earlier, no one to our knowledge has tried this technique on juvenile salmon scales.

Methods

As described under Task 3b, we propose to use LA-ICPMS and IR-MS to test whether micro-chemical and isotopic signatures can be reliably obtained from juvenile salmon scales.  To test this procedure, we will obtain scales from juvenile salmon associated with Task 3a-c sampling.  Scales will be mounted whole to glass slides in preparation for analysis and also cleaned with Milli-Q water. If this technique proves feasible, and the resulting data interpretable, we will propose to scale up this analysis to archival scales.  Collection of micro-chemical data from scales will employ two different analytical methods: (a) LA-ICPMS for metals as described under Task 3b, along whole life-history transects of the scale; and (b) IR-MS for isotopic measurements using the same laser ablation sampling along whole life-history transects of the scales, from focus to edge. 

We will use Wells et al. (2000) approach of canonical discriminant analysis to separate scale samples in discriminant space and linear discriminant function analyses (LDFA) to classify individual juvenile salmon samples into isotopic “life history” types.  Based on the results of Tasks 1-2, we will then interpret the habitat associations and riverine-estuarine histories based on the likely organic matter source compositions and prey origins.

Objective 4. Implications for Estuary Restoration.

One of the principal hypotheses implicit in our research is that development and restoration actions combine with river and ocean forcings to determine characteristics of the estuarine environment important to migration, rearing and transition to ocean of juvenile anadromous salmon. In examining this hypothesis, we will have developed data and tools that can help answer the question of how FCRPS management affects salmon in estuary. To more specifically address this question, we will begin by developing a set of hydropower management and restoration scenarios that could benefit health, growth, and survival of juvenile salmon by enhancing habitat opportunity in the Columbia River estuary. Each scenario will then be simulated with models described in Objective 2, and inferences will be made relative the their negative/beneficial impact based on our enhanced ecological understanding acquired through Objective 3 and related efforts (e.g., Monitoring and Plume). 

Two related proposals, Plume and Optimization, also address hydrosystem management issues. Together, the three proposals would provide a much needed, integrated approach towards a science-based operation of the FCRPS. The following discussion explains differences and complementarities:

· This project focuses on the estuary upstream of the entrance and the Columbia and Willamette rivers below Bonneville Dam and Willamette Falls. Plume and Optimization focus on the lower estuary (downstream of Clatsop Spit) and plume. 

· Both this project and Plume include a substantial numerical modeling component, leading to the creation and analyses of extensive simulation databases of historical and scenario conditions, for their respective regional areas of focus. Optimization does not include numerical modeling, rather relying on Plume (Task 3c) to create a shared simulation database for complementary analyses of plume dynamics by both those projects.

· All projects aim at the understanding of fisheries response to change, but only this project and Plume include fisheries research components. All projects include research on estuarine or plume physics, but only Optimization makes detailed process-based understanding of plume physics a focus.

· All projects require the definition of management scenarios, for which fisheries-relevant responses will be analyzed. Both this project and Plume rely on participants of open workshops to help define such scenarios, using integrated understanding of the biophysical system primarily as a screening mechanism. Optimization makes the definition of management scenarios a priority, and will propose to the plume workshop a range of scenarios.

The databases of simulated circulation provide a natural conduit for inter-project coordination, which will be led by Dr. Baptista (the lead physical modeler and a co-PI in the three projects, having in Optimization the primary role of coordination with this project and Plume). Inter-project coordination in the definition of historical and management scenarios will be provided by Drs. Casillas, Baptista, and Jay, each a PI or co-PI in at least two of the three projects. Dr. Casillas will also coordinate the fisheries research across this project and Plume.

Task 4.a. Definition of management scenarios. (Senior Investigators: Baptista, Casillas, Tortorici, Jay) Defining management scenarios will require active interaction among research scientists, hydrosystem managers, and fisheries and other natural resources managers. The focus of this task is on an interagency workshop (targeted for the last quarter of 2004) to develop a suite of management scenarios to be analyzed. Prior to the workshop, we will summarize and make available in preliminary form the results of our analysis of contemporary and historical change of physical habitat opportunity (Objective 2), and will summarize of our understanding to date of cumulative effects of incremental flow, bathymetric change and habitat landscape structure on present-day rearing, migration and food web interactions of juvenile salmon in the estuary (Objective 3). Together, these summaries will provide participants with a contextual understanding of the changing estuary and its salmon-supporting role, and with a clear example on how our biological and physical tools can be used to provide objective comparisons across multiple development conditions. 

Scientists and representatives from the various river and fish management agencies and interest groups working in the Columbia River Basin will be invited to attend the workshop. The two-day workshop will be structured in three phases. In the first phase participants will be presented with the habitat opportunity and biological summaries identified above. Other data (Objective 1) and related project summaries (e.g. Monitoring and Plume summaries) may also be presented for context. In the second phase, groups of participants will be asked to develop (if desired, ahead of the workshop) and present restoration or hydropower management scenarios considered suitable for consideration. The results of our ecological studies (Objective 3) and other results characterizing differences in estuarine structure and processes and juvenile salmon life history diversity between modern and pre-development conditions (i.e., USACE project) will be used to refine an existing set of Guiding Ecological Principles (GEP; Simenstad and Bottom, unpubl.) for restoration of estuarine habitat.  We will not seek a consensus on potential hydrosystem management and restoration measures, but rather the development a set of scenarios  likely to reflect a realistic range of potential benefits/impacts on the estuary as a nurturing environment for salmon. In the third phase (which will extend electronically beyond the workshop), participants will be asked to evaluate the metrics and data products presented in phase 1, and propose additions or alternatives.

Our team (in coordination with the Plume and Optimization teams, when appropriate) will review the scenario set developed during the workshop, and will select a sub-set of 2-3 scenarios for detailed simulation and analysis (Tasks 4b-c). Selection will likely balance diverse criteria, yet to be defined. Consideration will be given only to scenarios for which our research, or manageable adjustments thereof, can provide objective information and measures of relative ranking in potential support of decision-making. A workshop report detailing the selected scenarios and their rationale will be prepared after the seminar, and a peer-reviewed document presenting the results of our team’s detailed analysis of scenarios will be among the final deliverables of the project.

Task 4.b. Construction of the simulation database for management scenarios. (Senior Investigator: Baptista) The circulation and habitat opportunity simulation databases (Task 2a-b) will be expanded to include simulations representing the management scenarios resulting from the workshop. Methods are similar to those described in the appropriate earlier sections.

Task 4.c. Analysis of impact of management scenarios. (Senior Investigators: Baptista, Casillas, Bottom, Simenstad, Jay, Tortorici)  Management scenarios will be evaluated (individually, across scenarios, and relative to contemporary and historical reference conditions) in terms of their physical and biological response to the interplay of development actions and ocean and FCRPS forcing. The analyses will use (and may interactively require the expansion of) the database developed in Task4b, in combination with understanding of cumulative effects of incremental flow and bathymetric change on rearing and feeding habitats for salmon, to infer expected biological change associate with the management scenarios. The analysis will result in a report detailing the differences among the scenarios, and providing recommendations for potential management approaches to improve estuarine salmon survival.

g. Facilities and equipment
Biological measurements of samples will be performed at our facilities in Newport, OR (Hatfield Marine Science Center), Seattle (Northwest Fisheries Science Center), and Pt Adams Field Station, Hammond, OR as well as at Oregon State University. All the facilities have the requisite scientific support material and space to conduct the necessary analyses of the proposed study.

CORIE model simulations will be conducted at OHSU’s Center for Coastal and Land-Margin Research (CCALMR). CCALMR maintains computational facilities in Beaverton, OR, and field facilities in Astoria, OR. The CCALMR network is a subnet of the OHSU campus network, and is connected to the Internet with a T1 link provided by Verio Northwest and UUNET, and with Internet2. CCALMR maintains a number of compute servers, including multiple DEC Alpha clones. CCALMR also maintains a fast-access, disk-array storage system for CORIE model data, with evolving capacity (currently 1 TB) and self-backup capabilities. More conventional, lesser capacity storage systems with tape backup are used for observational data.  We are requesting through this proposal funds to modestly expand the number of compute servers and the capacity of fast-access storage. A much more extensive expansion will be sought through other funding sources.

CORIE includes an observational network with real-time telemetry, which is used in part to support the modeling system.  The observational network is maintained from a CCALMR field station in Astoria. Routine maintenance of the network is performed from a CCALMR operated vessel, a 18ft Avon. Clatsop Community College vessels and vessels of opportunity are used for operations requiring larger vessels. The CORIE oceanographic instrumentation includes seven SonTek or RDI acoustic Doppler profilers, over 30 Ocean Sensors, SeaBird and Coastal Leasing conductivity-temperature-pressure sensors, three Coastal Leasing wind gauges, two D&A optical backscatter sensors, two X-band radars, and multiple field computers spread spectrum radio units.
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Figure 2.  Historic T-Sheets and H-Sheets to be digitized, geo-referenced and analyzed to make the historic CBTM.
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Figure 3: Monthly river flow predicted by a tidal model (y-axis) vs. routed Beaver flows (x-axis) for three high-flow years. 1948. 1956 and 1981. The agreement for flows >6,000 m3s-1 is (5%. For the peak flows of 1948 and 1956, there is some deviation from the line that may represent the effects of overbank flow. Improving the accuracy of this model will be part of the proposed work, and multiple tidal statistics will be needed to cover the entire flow range from ca. 1,000 to 35,000 m3s-1. 
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Figure 4:  Pacific Decadal Oscillation (PDO) index based on sea-surface temperature (SST) for 1856-1991 (based on Kaplan, 2000). There is a strong correlation between Columbia River flow and PDO from 1890 to 1991. Note also the trend in SST. It is not understood at present whether the trend in SST or the PDO oscillations are more important in influencing salmonid stock variability.
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Figure 5: The analysis of Kukulka and Jay (2001) can be used to hindcast elevations and tidal ranges associated with historic freshets. Conditions during the very large flow of the 1880 freshet are compared here to those of the 1980 freshet, a typical modern, regulated freshet. The elevation ranges for the two freshets are shown against the pre-1900 hypsometric curve (cumulative area vs. depth distribution, dotted line indicates estimated curve above MHHW) for the area between RM 25 and 45. Shallow water habitats were at totally different elevations and locations in the two years. Moreover, the area above MHHW has been severely truncated by diking, so that little shallow water habitat would now be available during a large freshet like that of 1880.
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Figure 6.  The observation and forecasting system CORIE is as a shared multi-purpose infrastructure for science and management in the Columbia River. Key components are an observation network (Figure 7), a numerical modeling system (Figures 8-9), and an information 

system designed to effectively manage observation and modeling data. Default information products are generated routinely, and are complemented as needed by customized products for specific applications (e.g., Fig 10). CORIE is maintained with baseline funding from the U.S. Fish and Wildlife Service, and with project-specific funding from the National Science Foundation, Bonneville Power Administration, National Marine Fisheries Service, U.S. Army Corps of Engineers and City of Astoria. A Regional Advisory Board with representatives from seven agencies advises on priorities for development, quality control, application and information products.


Figure 7.  The stations (circles and squares; partial locations) of the CORIE observation network are concentrated on the estuary up to the limit of the salinity propagation, with presence offshore through OGI01 and (planned for temporary installation OGI02). The network is focused on physical observations (salinity, temperature, water level and velocities; backscatter as a by-product), and is a continuously evolving system. For instance, four estuarine stations (red/blue circles) are currently being modified as a part of a USFWS project to enable characterization of vertical stratification in the lower estuary. Also, a sub-network of stations (red/yellow circles and squares) has recently been deployed in Cathlamet Bay to characterize physical habitat in support of research on salmon survival (Monitoring project). 


Figure 8. The CORIE modeling system is focused of characterization of the circulation in the Columbia River estuary and plume, both in real-time and in hindcast or scenario modes. In addition to numerical codes, the modeling infrastructure of CORIE includes modules that specifically deal with forcings (bathymetry; and river, atmospheric and ocean forcings), quality control, and modeling products. While some modules and codes (shown in gray) are primarily developed in-house, many are developed externally and invoked as needed. The modeling domain is shown in Fig. 9.


Figure 9.  The computational domain for the CORIE modeling systems extends from Bonneville Dam and Willamette Falls to the Eastern North Pacific Ocean (a-b). For each application, grid resolution can be controlled locally, to emphasize specific regions of the domain. In this project, focus will be on the estuary, from the entrance to Bonneville Dam (region (b)). Model results are routinely contrasted against data, and interpreted in multiple forms. For instance, (c) shows an instantaneous plot of a simulated salinity field, (d) shows a comparison of simulated (first three days are warm-up; in purple and black) and observed salinities in red, at a CORIE station, and (e) shows a map of maximum salinities during a weeklong simulation.


Figure 10.  Bottom et al. 2001 and Baptista et al. 2001 used information from CORIE simulations of circulation to create maps of habitat opportunity [e.g., (a)], based on consensus metrics, defined in (b), that relate favorable habitat to physical parameters: water depth, velocity, and salinity. Habitat opportunity can be contrasted across historical, seasonal or management conditions, either via difference maps (not shown) or through synthesis plots [e.g., (c)] that integrate habitat opportunity across pre-defined regions [e.g., (d)]. This same conceptual approach will be extensively used in this project (Objectives 2 and 4) to characterize and contrast multiple historical and modern conditions with various scenarios of habitat restoration and FCRPS management.
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Expertise

Dr. Baptista has done pioneering research in Environmental Information Systems, including the creation and scientific direction of a multi-purpose environmental observation and forecasting system for the Columbia River estuary and plume, CORIE. Developed in 1996, CORIE is becoming an infrastructure of choice for research and sustainable development issues in the region. Applications include investigation of ocean and estuarine survival conditions for salmon stocks, research on contaminated sediments, analysis of ecological impacts of improvements of navigation infrastructure, and research on environmentally informed control of autonomous vehicles. Dr. Baptista is the PI of the ITR/IM+AP: Quality-Scalable Information Flow Systems for Environmental Observation and Forecasting program (NSF, 2001-2005), and co-PI of the Columbia River Estuary Land-Margin Ecosystem Research program (NSF, 1995-2001).

Academic Training and Honors

1978 
Engenheiro Civil, Academia Militar, Lisboa, Portugal

1984 
MSc in Civil Engineering, Massachusetts Institute of Technology

1986 
Specialist in Maritime Hydraulics, Lab. Nac. de Eng. Civil (LNEC), Portugal 

1987 
PhD in Civil Engineering, Massachusetts Institute of Technology 

2001
Interdisciplinary Research Award, OGI 

Employment

Head, Department of Environmental Science and Engineering, OGI-OHSU (s. Sep 2000)

Professor, Dept. of Computer Science and Engineering, OGI-OHSU (joint appointment, s. 1999)

Professor, Department of Environmental Science and Engineering, OGI-OHSU (s. 1998)

Director, Center for Coastal and Land-Margin Research, OGI-OHSU (s. 1991)

Assistant Professor (1987/93) then Associate Professor (1993/98), Department of Environmental Science and Engineering, OGI

Researcher, Estuaries Division, Hydraulics Department, LNEC, Portugal (1979/87)  

Visiting Engineer, Laboratoire National d’Hydraulique, Chatou, France (1979/80)
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Expertise

I have designed and conducted fisheries research in freshwater, marine, and estuarine environments, including studies of salmonid habitat requirements in streams and estuaries, the effects of ocean conditions on salmon production, and the status of salmon stocks across their entire North Pacific distribution. I have participated in scientific reviews of Columbia River management programs including the Independent Scientific Group’s review of the scientific basis for the Columbia Basin Fish and Wildlife Program. I was a member of an interdisciplinary research team recently organized by the National Marine Fisheries Service (NMFS) to assess the effects of the hydropower system on salmon and salmon habitat in the Columbia River estuary. I am currently co-principal investigator for an ongoing study of the effects of salt-marsh restoration on salmon populations in the Salmon River estuary (central Oregon coast) and for a new NMFS monitoring program that will assess fish-habitat relationships and salmon life histories in the Columbia River estuary. 
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Ph.D., Fisheries Biology, University of Washington, Seattle, WA, 1978 

PROFESSIONAL EXPERIENCE:
Program Manager, Estuary and Ocean Ecology, National Marine Fisheries Service (1997-Present)

Program Manager, Environmental Physiology, National Marine Fisheries Service (1993-1997)

Supervisory Research Fishery Biologist, National Marine Fisheries Service (1991-1993)
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Affiliate Assistant Professor, Laboratory Medicine, University of Washington (1982-1986)

Research Associate, Laboratory Medicine, University of Washington (1980-1982)

Research Fishery Biologist, National Marine Fisheries Service (1980-1991)
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Ph.D. in Physical Oceanography 1987, Department of Oceanography, University of Washington; thesis advisor: J. D. Smith; title: Residual circulation in shallow, stratified estuaries
M.S. in Marine Environmental Studies 1974, SUNY at Stony Brook, Stony Brook, New York

B.A. (cum laude) in Chemical Physics 1970, Pomona College, Claremont, California
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1995 to date, Associate Professor; OGI School of Science and Engineering, OH&SU, Department of Environmental Science and Engineering

2000 to date, Affiliate Associate Professor, College of Oceanic and Atmospheric Sciences, Oregon State University

1993 to 1995, Research Associate Professor; Geophysics Program, University of Washington

1987 to 1993, Research Assistant Professor; Geophysics Program, University of Washington

Expertise

Over the last two decades, Dr. David A. Jay has become the “Physical Oceanographer of the Columbia”, with more than 20 peer-reviewed publications on the system. These publications cover climate, hydrology, tides, tidal analysis methods, salinity intrusion, estuarine circulation, plume processes, sediment dynamics, salmonid habitat conditions, and historical changes to the system. Much of this work focuses on how physical processes influence ecosystems. He has originated a system of estuarine classification and is an internationally recognized expert on estuarine processes

Selected Recent Publications 
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Research Associate, University of Washington, Seattle, WA. 1999- Present 

  Research Associate, University of Oregon, Charleston, OR.  1996-1999

Expertise

Biological oceanography of estuaries and coastal zones; phytoplankton dynamics; invertebrate recruitment and population dynamics; biology of mollusks and crustaceans.   
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August 2000-     Adjunct Assistant Professor and Senior Research Associate Department of Environmental Science and Engineering, OGI School of Science and Engineering, OHSU.

August 1999 – August 2000    Senior Research Associate, Department of Environmental Science and Engineering and the Center for Coastal and Land Margin Research, Oregon Graduate Institute.

July 1999  Independent Consultant, National Park Service, Hatches Harbor at Cape Cod National Sea Shore.

August 1991- August 1999, Research Assistant and Teaching Assistant, Graduate College of Marine Studies, University of Delaware, Newark, DE.

1989-1991   Water Resources Consultant, STS Consultants LTD, Northbrook, IL.
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B.S., Fisheries, University of Washington, 1969
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     Research Associate Professor; School of Aquatic and Fishery Sciences, University of Washington, July 2001-present
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Affiliate Staff Scientist, Battelle Pacific Northwest Laboratories, 1994-present





Fisheries Biologist II, School of Fisheries, University of Washington, 1971‑1972. 

Expertise

· Estuarine and nearshore marine ecosystem structure and dynamics, focusing on trophic interactions, especially those of detritus‑based food webs; use of stable isotopes to trace trophic pathways

· Coastal wetland restoration ecology; functional assessment of restored, created and enhanced wetlands

· Estuarine ecology and life history diversity of juvenile salmonids, and ecology of their epibenthic (crustacea) prey such as harpacticoid copepods and gammarid amphipods

· Coastal ecosystem management, with emphasis on watershed influences on estuarine processes

· Community ecology of nearshore marine fish assemblages of the North Pacific, especially related to structuring influence of predators
Selected Professional Publications
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Life Scientist, U.S. Environmental Protection Agency, Region VII, Water Wetlands, and 
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Environmental Protection Specialist, U.S. Environmental Protection Agency, Region VII

Policy and Management Division, 1988 to 1994

Program development and management experience:

NMFS Lower Columbia River and Estuary Coordinator, Northwest Region, Oregon Habitat Branch

Board Member and Chair of the Science Workgroup for the Lower Columbia River Estuary Partnership Project Manager for the NMFS ESA section 7 consultation on the Army Corps of Engineers Lower Columbia River (106miles) Channel Deepening Project

NMFS Water Quality Policy Analyst, Northwest Region, Habitat Conservation Division

Publications
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Washington Department of Fish and Wildlife       
Biologist 4

1996-
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Figure 1. 	Diagram of key factors affecting the productive capacity of the estuary for salmon. This proposal will provide historic information needed to evaluate the effects of anthropogenic and climatic change on habitat opportunity and estuarine food webs. The proposal addresses specific information needs identified in a recent review of the effects of the Columbia River hydroelectric system on the estuary (Bottom et al. 2001). It also directly complements monitoring activities already underway in the Columbia River estuary (see text).
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