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a. Abstract 
The nearshore ocean environment, particularly that associated with the Columbia River plume, is a critical habitat to outmigrating juvenile salmon. Recent evidence suggests that improvement in survival of the estuarine and early ocean life history phase of Columbia River salmon may be critical to recovery of endangered stocks. In the case of salmonids originating in the Columbia River Basin, survival success hinges on the complex interaction of smolt quality and the abiotic and biotic ocean conditions at the time of entry and during their first year of ocean existence.  We hypothesize that variation in the physical and biological conditions of the nearshore environment, particularly that associated with the plume, affects overall survival of Columbia River stocks. We further hypothesize (a) that primary factors driving the variation in the nearshore and plume environment include oceanographic and land-based (river flow) processes modulated by climatic and anthropogenic factors, (b) that trophic relationships modulated by these physical variations affect growth and survival of juvenile salmon and (c) that management of the hydropower system can be used to regulate the Columbia River plume habitat to benefit salmon growth and survival. We propose to characterize, over an extended period, the physical and biological features of the nearshore ocean environment using mesoscale and fine scale oceanographic surveys, develop coupled physical-biological models and perform retrospective assessment of the Columbia River plume as it interacts with coastal circulation.  With our new understanding of salmon-plume-coastal circulation interactions, we will develop a set of hydropower management scenarios that could benefit survival, growth, and health of juvenile salmon by changing the dynamics of the Columbia River plume.

b. Technical and/or scientific background
Recent evidence suggests that improvement in survival of the estuarine and early ocean life history phase of Columbia River salmon may be critical to recovery of endangered stocks (Kareiva et al. 2000). When coupled with evidence that the estuary and the plume (as an extension of the estuary) may be highly modified habitats due to river modifications (e.g. altered channel morphology) and modified flows as a result of the federal hydropower system, potential for achievable improvement in salmon survival from management actions seems plausible.  An understanding of which factors affect survival will require a partitioning of survival (and mortality) among freshwater, estuarine, and early ocean phases.  This in turn will require knowledge of the processes that limit and/or enhance salmon survival in these habitats.  These processes, though well characterized in the freshwater environment, have not been characterized in the estuarine and plume environment (Casillas 1999, Bottom et al. 2000).  Since 1998, we have been evaluating the Columbia River plume as a critical habitat for juvenile salmon.  Here, we request a continuation of this work, with modifications based on findings to date. 

An emphasis on survival of salmon in the estuarine and marine environment is warranted because approximately half of all pre-adult (egg through juvenile stage) salmon mortality occurs there (Bradford 1995).  Variability in ocean salmon survival is very high, ranging over three orders of magnitude over the past three decades for coho (PSFMC unpublished data 1995).  Abiotic and biotic ocean conditions are highly variable as well, and undoubtedly account for the large range of juvenile salmon ocean survival.  Long-term regime shifts in climatic processes and El Niño and La Niña events affect oceanic features and can produce abrupt differences in salmon marine survival and returns (Francis and Hare 1994).  The latest recognized regime shift occurred in the late 1970s and may have been a factor in reduced ocean survival of salmon in the Pacific Northwest (PNW) and increased survival in Alaska (Mantua et al. 1997) during the period 1977-1998.  Recent changes in ocean conditions, which began in late 1998 and continue to present, provide evidence of a possible new regime shift that is favorable to salmon survival in the Pacific Northwest (Schwing et al. 2000; Peterson and Mackas 2001; Peterson and Schwing in prep). 

The physical and biological factors that affect survival of juvenile salmon are known (predation by fish, birds and mammals, competition, food availability, and smolt quality and health).  However, knowledge of the mechanisms through which these factors interact to affect survival and the link to oceanographic and climatic factors is lacking.  Though it is often stated that salmon survival depends upon ‘ocean conditions’, features of ‘ocean conditions’ that favor or limit salmon survival remain to be empirically characterized. Moreover, the appropriate spatial and temporal scales need to be evaluated.  

What are the appropriate spatial scales to consider in order to understand the role of the ocean in salmon productivity?  Certainly, large-scale ocean features are important when considering large aggregate populations, such as NE Pacific coast salmon stocks.  However, the condition of the local marine environments (e.g. the Columbia River plume and associated nearshore habitat for Columbia River stocks) during a salmon’s first few months at sea may be equally, or more, important. Several lines of evidence support this contention.  Peterman et al. (1998) and Pyper et al. (1999) assessed variation in survival rates, length-at-age 4, and age-at-maturity for nine stocks of Bristol Bay sockeye salmon from northern Alaska, and 16 stocks of Fraser River sockeye salmon in southern British Columbia. Mueter et al. (2001) did the same for 120 stocks of pink, chum and sockeye.  They concluded that much of the difference in survival rates between Fraser River, Bristol Bay, British Columbia and Washington State stocks is attributable to conditions in the first summer in the marine habitat.  They stated that local marine environmental conditions where salmon stocks originate greatly affected survival. 

Another line of evidence that the first summer at sea is a critical period is derived from the positive relationship between abundance of coho salmon jacks (precocious males) and adult survival rates (Pearcy 1992).  Precociousness is a function of environmental conditions; higher growth rates (as a function of good ocean conditions) translate to increased proportion of jacks (Friedland 1996).  Because coho salmon jacks, for instance, return to spawn after only 3-4 months in the ocean, they cannot have migrated far from their rivers of origin. This finding suggests again that the local marine environmental conditions greatly affect survival and year-class success for outmigrating stocks of juvenile salmon. Thus, understanding local marine conditions and their influence on survival and health of outmigrating juvenile salmon will help in identifying important features that benefit or suppress growth, recovery, and resilience of specific salmon stocks.  

The Columbia River is a major source of salmon to the sea, thus first principles dictate that it is logical to focus a major effort on studies of the salmon-plume interactions, particularly during May and June when outmigrating Columbia River salmon are first entering the sea.  Salmon in the ocean appear to exhibit habitat preferences for temperature (Welch et al.1995) and salinity (Favorite 1969).  For example, salmon are found in the less saline surface layers of the northeast Pacific Ocean of the subarctic domain which is bounded to the south by the 34 ‰ isohaline waters of the Transition Zone. Locally, the Columbia River plume, as a natural extension of the estuary, represents a habitat of less saline marine waters that is hypothesized to be critical to salmon survival when they are making the transition from freshwater to saltwater. This is supported by recent studies assessing the importance and impact of river plumes to salmon survival (Beamish et al. 1994, Casillas 1999). The mechanisms by which the Columbia River estuary and plume may affect juvenile salmon survival have not been determined, but likely include provision of food resources, a refuge from predators due to the turbidity (thus low visibility) in the plume, and a refuge from coastal predators due to rapid transport offshore and away from the coastal zone by the riverine plume (Grimes and Finucane 1991, St John et al. 1992, Fukuwaka and Suzuki 1998, Grimes 2001). 

The shape and extent of the Columbia River plume is controlled largely by the amount of freshwater flowing out of the Columbia River. The timing and amount of flow affects the amount of sediment (and turbidity), as well as the amount of nutrients which fuel estuarine and oceanic productivity. Flow regulation, water withdrawal and climate change have reduced the average flow and altered the seasonality of Columbia River flows, changing the estuarine ecosystem (National Research Council 1996; Sherwood et al. 1990; Simenstad et al. 1990, 1992, Weitkamp et al. 1995, Bottom et al. 2001). Annual spring freshet flows through the Columbia River estuary are ~50% of the traditional levels that flushed the estuary and total sediment discharge is ~1/3 of 19th Century levels. Decreased spring flows and sediment discharges have also reduced the extent, speed of movement, thickness, and turbidity of the plume that once extended far out and south into the Pacific Ocean during the spring and summer (Barnes et al. 1972; Cudaback and Jay 1996, Hickey et al. 1998). Pearcy (1992) suggested that low river inflow is unfavorable for juvenile salmonid survival because of: a) reduced turbidity in the plume (leading to increased foraging efficiency of birds and fish predators), b) increased residence time of the fish in the estuary and near the coast where predation is high, c) decreased incidence of fronts with concentrated food resources for juvenile salmonids, and d) reduced overall total secondary productivity resulting in reductions in concentration of prey items preferred by salmonids.   

The position and productivity of the Columbia River plume is also affected by transport in the California Current and by coastal upwelling (Hickey 1998). The California Current is a broad, slow, meandering, equatorward-moving flow that extends from the northern tip of Vancouver Island (50° N) to the southern tip of Baja California (25° N).  Offshore waters flow southward all year; however, over the continental shelf, southward flows occur only in spring, summer, and fall. During winter months, flow over the shelf reverses, and water moves northward as the Davidson Current. The transitions between northward and southward flows on the shelf bear the terms "spring transition" and "fall transition," because they occur typically in March/April and October/November, respectively. 

Coastal upwelling is the dominant physical force affecting production in local continental shelf waters off Washington and Oregon, occurring primarily during the months of April-September (Huyer 1977).  Production is seasonal with periods of high and low productivity bounded by the spring and fall transition points.  Highest biomass of both phytoplankton and zooplankton occurs in July and August (Peterson and Miller 1977).  Coastal upwelling is not a continuous process, rather, it is characterized by a series of discrete ‘events’ of upwelling-favorable northerly winds which blow for periods of 1-2 weeks, interspersed by periods of calm or wind reversals. It is the intermittent nature of upwelling that leads to highest productivity, thus the overall level of production during any given year is highly variable (Peterson and Miller 1975).  Any process that leads to a reduction in the frequency and duration of northerly winds will result in decreased productivity. The most extreme of these processes is El Niño.  

Variability in productivity of the California Current also occurs at decadal time scales.  The North Pacific experiences dramatic shifts in climate at a frequency of 30-40 years, caused by eastward-westward jumps in the position and intensity of the Aleutian Low in winter. Shifts occurred in the 1920s, 1940s, and most recently in the winter of 1976/1977.  One dramatic effect of the 1976 shift was a large increase in biological productivity in the Subarctic Pacific/Gulf of Alaska and a decrease in the California Current (Roemmich and McGowan 1995).  During the post-1976 regime (known as a "warm regime"), zooplankton biomass inthe California Current declined five-fold whereas zooplankton biomass in the Subarctic Pacific increased at least two-fold (Brodeur and Ware 1992). Salmonid abundance was never higher in the Subarctic Pacific and never lower in the California Current. In contrast, during the past (cool) regime which extended from the 1940’s through the mid-1970s, salmonid stocks were low in the subarctic and high in the California Current (Francis and Hare, 1994; Francis et al. 1998). 

Our recent work in the plume and adjacent coastal zone has now shown that the northern California Current may have experienced another regime shift, beginning in late 1998.  Due in large part to increases in the length of the upwelling season in 1999, zooplankton biomass has doubled in the coastal waters off Oregon, community composition has shifted to a dominance of cold water species, and salmon survival has increased five-fold (Peterson and Schwing, in prep).  Therefore, it is important to keep in mind that the plume and plume dynamics are modulated by climate influences at decadal scales as well as inter-annual, seasonal and daily scales depending upon the strength of the upwelling process.   Thus, plume-ocean interactions are a key component of our research program.

c. Rationale and significance to Regional Programs
A comprehensive program to rebuild anadromous salmon runs must focus on all life history stages and all opportunities to increase salmonid survival (NRC 1996).  Efforts to date have focused on the freshwater life stages, with attempts to rehabilitate and mitigate for losses occurring in the riverine environment.  Many fisheries managers believe that salmon populations cannot be rebuilt solely by improving freshwater habitats and hatchery practices. A better understanding of the ecology of salmonids in estuarine and nearshore ocean research is critical to effectively manage Pacific salmon populations (Emmett and Schiewe 1997).  If the marine environment affects recruitment success in a predictable manner, then measuring and predicting salmonid losses in the ocean may be possible.

Understanding interactions between physical and biological attributes in the marine environment and long-term trends in coastal salmon production will assist with the development of effective tools (e.g., models) for forecasting salmonid survival.  Such tools are essential for rational harvest management.  Moreover, these same tools can be used to assess in a comprehensive manner the impact of various management scenarios on habitat opportunity and access. This would be particularly useful when addressing channel modification, habitat restoration options, or a suite of flow scenarios developed on projected climate conditions or regional power needs and economic.

Specifically, the research proposed here is in support of the Columbia River Estuary subbasin summary document, which recognizes the plume as an integral component of the estuary subbasin. Moreover, the summary concludes that understanding the role of the plume in salmon survival is a critical need. This project also supports several Reasonable and Prudent Alternatives set forth in the National Marine Fisheries Service 2000 FCRPS Biological Opinion. These include RPA 158 (model physical and biological features of the historical lower river and estuary, identify limiting biological and physical factors in the estuary, identify impacts of the FCRPS system on habitat and listed salmon in the estuary, and develop criteria for estuarine habitat restoration), RPA 164 (develop a conceptual model of the relationship between estuarine conditions and salmon population structure and resilience), RPA 194 (develop a physical model of the lower Columbia River and plume that can be used to characterize potential changes to estuarine habitat associated with modified hydrosystem flows and the effects of altered flows where they meet the California Current to form the Columbia River plume), RPA 195 (investigate and partition the causes of mortality below Bonneville Dam after juvenile passage through the FCRPS),  and RPA 197 (develop an understanding of juvenile and adult salmon use of the Columbia River plume).  The efforts outlined in this proposal will identify the benefit of the Columbia River plume to juvenile salmon, the critical habitat features that benefit salmon, the historical and current role of the plume to salmon survival, and will be useful in evaluating potential impacts of modifying flows to restore important habitat opportunities for salmon through the estuarine environment. 

All proposed freshwater habitat rehabilitation and restoration efforts will operate within the context of uncertainty associated with environmental variability and environmental change.  The NRC (1996) report stated that variations in ocean conditions powerfully influence salmon abundance.  Throughout most of the 1980’s and 1990’s, ocean conditions in the Pacific Northwest region were poor, and the low ocean survival might well explain the limited success to date of habitat restoration efforts. We are just now beginning to understand what happens to salmon during the major part of their lives—the years spent at sea; new insights already demonstrate that variations in salmon abundance are linked to phenomena on spatial and temporal scales that biologists and managers have not previously taken into account (the entire North Pacific Basin and decadal time scales).  Given the recent increases in productivity of the California Current and related increases in chinook and coho salmon stocks, it now appears that the declines of the 1990’s may be reversing.  Will we have sufficient data and understanding in place that will allow managers to decide the extent to which sound management practices should be credited or whether salmon fortunes were due to a reversal in natural climate cycles?  Alternatively, it should be noted that if improvements in freshwater habitat quality do not result in immediate improvements in stock size, we must be able to demonstrate the degree to which ocean conditions and plume-ocean interactions have affected salmon survival.

d. Relationships to other projects 
Our proposed research benefits from related monitoring and process research that is presently being funded by the U.S. GLOBEC program (NSF and NOAA funding). GLOBEC (Global Ocean Ecosystem Dynamics) began their northeast Pacific research program in 1998.  One of the funded projects involves monitoring physical ocean conditions and plankton abundances off Newport, Coos Bay and northern California and comparing present conditions to those observed in the 1970s.  Funding level is approx. $500K per year.  Cruises are made five times per year and stations from 1 to 85 miles to sea are sampled.  These cruises provide data on hydrography, water clarity, nutrients, chlorophyll and zooplankton at stations inside the plume, within the plume and offshore of the plume in waters off central and southern Oregon.  Two current meter moorings have been deployed on the continental shelf off Newport and Coos Bay as well.  One of us (Peterson) is a co-PI on that project.  In addition, Peterson and Brodeur serve on the Northeast Pacific GLOBEC Research Coordination Committee, a group that helps coordinate all northeast Pacific oceanographic research and monitoring efforts.  U.S. GLOBEC also supports Peterson to conduct bi-weekly monitoring of hydrography and plankton at five stations off Newport, from 1 to 25 miles from shore.  

The U.S. GLOBEC program also funds oceanographic process studies in the region of Oregon and northern California, and includes study the distribution, abundance, growth, feeding and survival of juvenile salmonids, seabirds and mammals. Several of us (Brodeur, Casillas, Jacobson, Peterson, Tynan) are co-PIs on these projects.  The salmon, bird and mammal work involves sampling in June and August of 2000 and 2002 and is augmented by satellite observations, hydrographic measurements and numerical modeling of circulation patterns.  Thus, the BPA and GLOBEC studies together have been and could continue to gather data on juvenile salmonid ecology from LA Push, WA to Eureka, CA.  The synergy of the two projects allows a unique opportunity to compare and validate findings from the BPA plume study.

Two other proposals submitted in response to this RFP will provide complementary information to our proposed study, and include PIs involved in our proposal. Several of us (Casillas, Roegner, Baptista, Jay) participate in Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat. “Estuary” would closely complement our proposal by furthering the understanding of the role of the estuary - from the entrance to Bonneville dam - on salmon growth and survival. Also, several of us (Jay, Hickey, Kosro, Miller, Baptista) participate in Optimization of FCRPS Impacts on Juvenile Salmonids: Restoration of Lower-Estuary and Plume Habitats. “Optimization” would provide a detailed physical understanding of plume and lower-estuary processes in relationship to forcing by the FCRPS, coastal circulation and climate. We would also coordinate with “Estuary” and “Optimization” in the development of future management scenarios and of historic conditions influencing salmonid survival. Together, the three proposals would provide a powerful integrative framework for understanding the role of the FCRPS, estuary and plume in the survival and recovery of Columbia River salmon (see also Objective 5).  

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, which plume modeling system and parts of the observational network are integral components of this proposal, and which estuarine modeling system is an integral part of Estuary. The NSF EOFS team has identified this proposal, Estuary and Optimization as priority targets for customization of physical and bio-physical information products (e.g., see Objectives 3 and 5).

Two projects deriving funds from the U.S. Army Corps of Engineers have important synergism with our proposal. One, designed to define linkages between timing of entry into the nearshore ocean environment and survival, 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 (a PI in our proposal) 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 proposed studies (this proposal, Estuary, and Optimization) characterizing the physical and biological conditions of the estuary and plume environment.  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. 
The other project funded by the U.S. Army Corps of Engineers is “Estuarine habitat and juvenile salmon – Current and historic linkages in the lower Columbia River and estuary”. The research team, led by D. Bottom (NMFS), combine academic, state, and federal expertise, including several PIs in this proposal and in Estuary. They complement the broader goals of Estuary by providing physical and biological monitoring elements needed to identify associations between salmon and habitat in the lower Columbia River and estuary.  They also plan an historical reconstruction of critical salmon habitat using GIS for comparison to present day conditions in order to gauge factors associated with loss of critical habitats, and to identify areas for future restoration.  Emphasis is on subyearling chinook salmon.
e. Project history (for ongoing projects) 

We have sampled juvenile salmon and oceanographic conditions in and out of the Columbia River plume since spring of 1998 (BPA project #19981400). A range of ocean and plume conditions have been sampled, including a strong El Nino (June 1998), a strong La Nina period (1999), and extremely low 
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Columbia River flows (June 2001) and high flows (June 1999).   Our primary sampling gear was a large surface trawl, which we used to collect salmonids and other biota along 5 to 9 transects from Newport, OR to La Push WA (Figure 1) during May, June, and in September of each year. The trawl is the same as 

Figure 1.  Location of designated sampling stations for long-term mesoscale surveys of the Columbia River plume and other marine habitats.  Horizontal dashed lines divide the study area into three regions: north of the Columbia River plume; Columbia River plume; south of the Columbia River plume.
that used by NMFS researchers in Juneau and Santa Cruz and in our GLOBEC project, thus allowing us 

to compare data sets.  We have captured more than 4,500 juvenile ocean and stream-type chinook and coho salmon.  Three annual cruise reports have been provided to BPA.  These reports list the number and species of salmon and other fishes captured along with the associated biological and physical oceanographic measurements.  All juvenile salmon sampled were frozen at sea.  Later in the lab, salmon were weighed and we analyzed samples for genetics, growth (scales and otoliths), bioenergetics, stomach contents, parasites, and CWT’s and pit tags.

We also collected a set of physical and biological measurements of oceanographic conditions at every station.  These include a depth profile of temperature and salinity, and since 2000, a continuous surface profile of salinity and temperature.  Other data obtained include water transparency (secchi depth), and chlorophyll and nutrient concentrations.  We also took vertical plankton tows, 1-m and bongo oblique plankton tows, and surface neuston tows.  Samples from these nets allow us to describe salmon in prey fields in terms of zooplankton biomass, species distribution, composition, and abundance.  

Besides the broad-scale salmon surveys, we sample every two weeks off Newport, OR at stations 1, 3, 5, 10 and 15 miles from shore.  We also sample monthly between May and September in the Columbia River plume, (10 nm off the mouth).  At all stations we take a CTD, secchi depth, nutrients, chlorophyll and zooplankton measurements.  These efforts provide information on seasonal and interannual variations in hydrography and zooplankton that we use to describe changes in ocean conditions.

We have substantially expanded CORIE (Baptista et al. 1998, 1999; Baptista in press; Appendix Figure 12), an observation and forecasting system for the Columbia River, to enable it to provide detailed, long-term contextual information on the coupled circulation of the lower estuary, plume, and coastal ocean. Specifically, we have built the current plume modeling system of CORIE, we have added an offshore station to the CORIE monitoring network, and we have contributed to maintaining the lower-estuary stations of the network. 

To build the CORIE plume modeling system (Appendix Figures 14 and 15), we had to develop a new 3D numerical circulation code, ELCIRC (Myers and Baptista 2000; Baptista et al. 2000; Myers et al. in prep), because other existing codes did not succeed in addressing the complex, advection-dominated baroclinic circulation at the mouth of the estuary and near-field plume with the required detailed spatial resolution and computational efficiency. We also develop technologies for optimization of computational grids (Zhang and Baptista 2000) for circulation models, and developed the algorithms and infrastructure that couple ELCIRC with global and regional forcings of freshwater, winds, large-scale ocean circulation, and global heat budgets (Appendix Figure 14). Products of the CORIE plume modeling system are (a) operational daily forecast of the near-field plume circulation, which we used experimentally in support of detection of fronts in the June 2001 fisheries cruise, and (b) an incipient but expanding database of hindcast simulations built around fisheries cruise periods since 1998. Continuing calibration and validation of the CORIE plume modeling system is expected to lead to a full-fledged field demonstration in 2004.

The offshore CORIE station consists of a single mooring, located at 100 m depth, south of the Columbia River mouth (Appendix Figure 13). Continuous measurements of sea surface temperature (s. 1998) and salinity (s. 1999) have been conducted along with current and backsatter measurements from a downward-looking acoustic doppler current profiler (s. 1998). The measurements provide temporal context for the presence, absence and seasonal and interannual variability of a southward plume, are integral to the calibration and validation of the CORIE plume model, and support the studies of tidal variability and internal tides referred to below.  The observation network of CORIE also includes several estuarine stations (currently 16; http://www.ccalmr.ogi.edu/CORIE/network), seven of which located in the lower estuary below the Astoria-Megler bridge.  Lower estuary stations are intregral to the calibration and validation of the CORIE plume model, and are being used to define exports of sediment from the estuary to the plume.
Analysis of our physical oceanographic measurements along with synthesis of past work in the plume has focused on fine-scale features associated with the plume.  The value of plume fronts, upwelling fronts, eddies and turbidity to juvenile salmon is emerging as a focal point of this project. In addition, internal tides appear to be an important mechanism by which nutrients can be mixed into the plume from underlying waters.

Findings to date:
Fisheries

· Juvenile salmon reside chiefly in the upper 5-10 m of the water column, and are most abundant near the mouth of the Columbia River in May and extend up to 50 miles offshore, depending on river flow.  By June, most juvenile spring chinook salmon have moved north to continental shelf waters off Washington and southern British Columbia; most coho salmon appear to remain in coastal waters off Washington and Oregon (Figure 2).  In June, fall chinook salmon juveniles are associated with the plume. Very few coho and spring chinook salmon were caught in June during the 1998 El Nino.  Coho salmon catches have increased steadily each year, whereas spring chinook salmon catches were low in 1998 and 2001, but high in 1999-2000 (Appendix Figure 1).

· The spatial distribution of juvenile salmon in summer varies with water depth and species.   Approximately 80% of the 0.0 (subyearling) age chinook salmon are caught from the nearshore zone out to a water depth of 69 m, 80% of 1.0 (yearling) age chinook salmon are caught to 77 m, and 80% of 1.0 age coho salmon to 113 m.  These depth ranges match well with depths where zooplankton biomass was highest (zooplankton data shown in Appendix Figure 8b).  The distance salmon were caught from shore was a function of river flow, indicating plume dynamics influence juvenile salmon marine distributions.  

· The proportion of juvenile salmon originating from the Columbia River Basin was as high as 90% in May and 80% in September when averaged for all years. (Appendix Figure 2). 
· Abundance of juvenile salmon (particularly coho salmon) in June is related to smolt-to-adult returns (SARs), confirming Pearcy’s (1992) observation that the early ocean environment influences salmon survival.  Large seasonal and biweekly fluctuations in marine survival of transported and in-river outmigrating juvenile salmon indicate that the nearshore ocean greatly influence survival.

· Juvenile coho salmon are associated with frontal regions of the plume.  Juvenile chinook salmon also appear to prefer frontal and plume regions but not as strongly as juvenile coho salmon (Appendix Figure 3). Fronts, which concentrate food resources, benefit salmon, particularly in a turbid environment.

· Juvenile salmon feed selectively on large highly-pigmented prey such as fishes, amphipods and crab larvae.  Salmon food habits vary greatly, but their diets often include several species of zooplankton (amphipods, euphausiids, pteropods), crab larvae and small (20-60 mm) fish.  Salmon eat crab larvae in inshore waters, juvenile fish in the mid-shelf waters and euphausiids in deeper waters. (Appendix Figure 4). 
· Length-to-weight relationships indicate that hatchery-produced juvenile salmon do not grow as well as wild salmon (Appendix figure 5).  Juvenile salmon are larger in Oregon marine waters than those in the plume and off Washington.  This may be attributed to higher mortality of slower growing juvenile salmon off Oregon than in the plume or off Washington.
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Figure 2.  Distribution of juvenile chinook salmon (upper panels) and juvenile coho salmon (lower panels) off the Washington and Oregon coasts during June 1998-2000.  Dashed line is the 200 m isobath. 

· Years of poor salmon marine survival were not necessarily years when growth was poor.  Average coho salmon lengths from this, and an earlier study, ranged from 164 - 188 mm in June, and 280 - 313 mm in September.  Correlations between length in June and September and smolt-to-adult survival were poor, suggesting that growth rate may influence smolt survival only very early in the marine environment (plume or estuary). 

· Pathogen analyses have determined that at least two infective agents have relationships with growth and survival of juvenile salmon caught in the Columbia River plume habitat. There was a significant decline in the prevalence of Renibacterium salmoninarum from May to June of 2000 (Appendix Figure 6).  Infected coho and chinook salmon weighed significantly less than uninfected fish.  The prevalence and intensity of the trematode Nanophyetus salmincola also declined throughout the summers of 1999 and 2000 in coho salmon (Appendix Figure 6). The declines in coho salmon are likely a result of mortality and not recovery, nor emigration of selected stocks out of the area, as coho salmon stock composition in this area remains largely unchanged.

· We observed large increases in forage fish abundance over the period 1998-2001.  These increases are correlated with recent increases in salmon survival, suggesting that forage fish act as “alternative” prey for predators.(Appendix Figure 7a).  We also observed a large decrease in Pacific hake abundance with concurrent increases in salmon survival, suggesting that predator fish may affect juvenile salmon survival (Appendix Figure 7b). 

Plankton

· Concentrations of nitrate and silicate are lower and higher, respectively, in the plume than in adjacent upwelled waters.  The nitrate difference is likely related to high primary production in the plume and/or in the river and estuary.  High silicate levels are directly related to fresh water inflow. Silicate concentrations trace the position of the plume and identify Columbia River plume origin water versus Grays Harbor/Willapa Bay, or Strait of Juan de Fuca waters. 

· Phytoplankton standing stocks are almost always highest along the Washington coast and in the waters adjacent to the Columbia River, and lowest off northern-central Oregon. (Appendix Figure 8a). 

· Zooplankton biomass and species composition is not clearly related to salinity, nor higher in the plume.  Variations in zooplankton biomass and species composition are highly correlated with water depth, with highest biomass values in nearshore and mid-shelf waters, declining exponentially further offshore. (Appendix Figure 8b).

Physical Oceanography

· River flow has a strong impact on plume volume.  During times of high river flow (June 1999; 8800 m3 s-1), 60-80 percent of the study region surface waters contain plume water (salinity <31 psu). With moderate river flow (June 2000; 6100 m3 s-1), only 30-40 percent is plume water, whereas with low river flow (Sept. 1999, Sept 2000, May 2001; <4000 m3 s-1), less than 15 percent is plume water (Figure 3).
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Fronts exhibit strong near-surface and cross-frontal convergences.  In May 2001, plume fronts were studied in detail as they propagated away from the Columbia River mouth (Appendix Figure 9). Cross-frontal convergence rates were ~0.25 ms-1.  There were strong velocity differences in the along-frontal direction (1 m s-1) with shears of 0.03 to 0.1 m s-1 per m.

· Tidal variability is 3-10 times larger in the plume area than for the Oregon-Washington shelf. This enhanced variability is caused by internal tides that are concentrated in the plume area (Jay and Hickey, 2001).   Their strong interfacial shear beneath the plume (usually 3 to 12 m depth), may disperse juvenile salmon.  Also, internal tides represent a mechanism by which nutrients can be mixed up into plume waters from underlying waters.
f. Proposal objectives, tasks and methods
We propose to investigate the distribution, abundance, condition and health of juvenile salmon in relation to physical and biological oceanographic conditions in the Columbia River plume and surrounding ocean environment to better understand factors controlling estuarine and marine survival.  Our ultimate aim is to predict estuarine and marine survival using a combination of empirical indices and computer simulation models. Such information will be extremely valuable to salmon managers who may want to predict and forecast survival potential as a function of easily measured indices of ‘plume and ocean conditions’.  Our research project has the following objectives:

Objectives

1.  Through long-term observations, describe interannual variations in the distribution, abundance, and performance (health and growth) of juvenile salmon in relation to temporal and spatial characteristics of physical and biological features associated with the Columbia River plume and the surrounding ocean. 

2.  Conduct fine-scale process studies to identify and characterize the benefit of unique features of the Columbia River plume to juvenile salmon.

3.  Describe, through observations, historical reconstruction, and numerical physical modeling, the temporal and spatial physical features of the Columbia River plume in relation to ocean conditions.

4.  Examine the relationship between ocean and plume conditions, river flow, and juvenile salmon production using biological models to identify critical relationships between food resources, predator-prey interactions, salmon growth and survival.

5.  Develop and analyze scenarios that describe changes in salmon survival as a function of Columbia River plume characteristics that may result from altered river flows due to climate and human-induced modifications, and/or from changing oceanic conditions.  We will use physical and biophysical models of the plume to relate future FCRPS operations and ocean/climate conditions to salmon survival.  

Tasks and Methods

Objective 1.  Long Term Observations

We will continue sampling juvenile salmon, their predators, baitfish, and the physical and biological environment off the Oregon and Washington coasts.  This effort will maintain the continuity of our temporal and spatial database, permitting us to identify the relationship between salmon abundance, distribution, growth and health with the Columbia River plume and ocean conditions off the Pacific Northwest.  We propose to conduct four cruises each year, in February, May, June and September.  This research will measure and quantify juvenile salmon 1) abundance and distribution, 2) marine growth (both somatic and bioenergetic), and 3) health (disease) as features that can be related to physical and biological processes in the Columbia River plume and associated ocean environment.  Important marine bio/physical conditions that will be compared with salmonid metrics include: 1) nutrient dynamics and phytoplankton standing crop, 2) salmonid food habits and prey fields (zooplankton biomass and species composition), 3) forage fish community, and 4) salmonid predators, including large fishes, seabirds, and marine mammals. We are adding a winter cruise in February because there has been no sampling for fish at this time. Over-winter survival of juvenile salmon is considered a critical life history stage affecting recruitment success (Beamish and Manhken 2000). Evaluating the abundance, distribution and growth and health of juvenile salmon during the winter period would complement our ongoing efforts to evaluate the relationship between habitat and salmon during critical times in the nearshore environment associated with the plume.   

All data from this study will be maintained in our Microsoft ACCESS database.  Presently the database is not available outside our network, however, we are working on a web site that will be available by spring 2002.  The web site will have charts showing distributions of sea surface temperature, salinity, chlorophyll, zooplankton biomass, and abundance of all pelagic fishes (including salmon) by species and life history type.  This information will be available to the general public. All historic oceanographic and salmon data collected with purse seines off Washington/Oregon between 1979-1985 is presently in the database and will also be available.

Task 1.a. Conduct mesoscale surveys. (Senior Investigators: E.Casillas, R.Brodeur, W.Peterson, J. Fisher, R. Emmett)


In February, May, June, and September each year, we will conduct a broad fishery/oceanographic survey off the Oregon/Washington coast and in the Columbia River plume. These surveys will identify the annual and seasonal changes in the distribution, abundance, and health of salmonids in and out of the Columbia River plume, and will relate these changes to biophysical oceanographic conditions and salmonid marine survival. On any given cruise, 30-50 stations will be sampled along 5-9 transects ranging from La Push, WA to Newport, OR (Figure 1).  May and February mesoscale cruises will cover 5-6 transects while June and September cruises will cover all transects. Hydrographic measurements at each station will include a CTD cast, Secchi depths, nutrient and chlorophyll concentrations. In addition, CORIE simulations (Task 3.c) will provide 3D information on prevailing ocean-plume circulation.

Zooplankton will be collected with four nets: a vertically towed ½ m diameter 200 (m mesh net, obliquely towed 1-m diameter 333 (m mesh and 50 cm diameter Bongo nets, and a surface towed neuston net.  While most sampling will be during daylight, some will be conducted at night to determine euphausiid abundances. Fishes will be collected with a Nordic 264 mid-water trawl rope trawl (dimensions of 20 x 30 x 175 m) which fishes from the surface down to approximately 20 m depth. Most juvenile ocean-type chinook salmon appear to initially inhabit shallow coastal regions (< 20 m) (Fisher and Pearcy 1988, 1995).  Since the 264 trawl cannot be fished in waters < 40 m deep, we will use small purse seines and small surface trawl in shallow waters near the mouth of the Columbia River.

All fishes and large invertebrates collected during trawling will be identified, counted, and measured (mm).  Up to 50 to 100 individuals of each of juvenile salmon species (ocean-type and stream-type chinook salmon) will be frozen for later analysis of growth, genetics, food habit, and physiological condition from each station/transect, during each sampling period. We will collect at least 200 juveniles for each salmon species in and out of the Columbia River plume; that is the sample size required to properly identify salmon growth and health characteristics.

Task 1.b. Identify the relationship between the ecology of large marine fish predators and forage fishes off the Columbia River and salmonid ocean survival.  (Senior Investigator: R. Emmett)
This task quantifies predation of salmonids by marine fishes around the Columbia River plume and identifies how salmon predation is mediated by the abundance of forage fishes (small schooling pelagic fishes).   Food habits of predatory marine fishes and the proportion of juvenile salmon consumed will be identified by stomach analysis.  Physical oceanographic conditions will be measured to identify the relationship between ocean survival of juvenile salmonids, changing ocean conditions, and predator and forage fish abundance.  

Fishes will be collected by surface trawl at night.  Night surface trawling is most effective for large predatory fishes and diel migratory forage fishes (Dotson, and Griffith 1996, Emmett et al. in prep). Two transect lines, one off the mouth of the Columbia River, and one off Willapa Bay (Figure 1) will be sampled.  Sampling will be conducted for 2 evenings every 10 days from mid-April through July (peak smolt outmigration).  All fish captured will be identified, counted, and measured.  If large catches of a species occur, a subsample (a random sample of 30) will be measured and the rest counted.  Physical oceanographic data (CTD casts) and a bongo two will also be taken.

All potential salmonid predators will be identified, measured and stomachs removed and preserved.  A subsample will be taken when large catches occur.  If a large number of samples are collected, a representative sub-sample of stomach contents will be identified to lowest practical taxa (usually species), counted and weighed in the laboratory.   The number of salmonids being consumed will be calculated by multiplying the percentage of the diet composed by salmonid fish predators by estimates of the predator population size.  

Task 1.c. Top Trophic Studies. (Senior Investigator: C. Tynan )
For coho salmon originating from Oregon and Washington, peak mortality happens soon after juvenile salmon enter the ocean (Pearcy 1992). Successful early coastal feeding and avoidance of predators may be critical factors for the survival of juvenile salmon. Marine birds are known to feed appreciably on juvenile salmon along the coast of Oregon (e.g. Ainley and Sanger 1979, Matthews 1983). Hence there is a compelling need to quantify the effects of predation and competition from apex predators in coastal regions. The goal of this task is to understand and predict how seabird species respond to prey availability in the Columbia River Plume.  Fronts related to the plume are hypothesized to be a driving factor in prey availability and consequently in seabird density and behavior. 

We propose to determine the correspondence between cross-shelf and along-shelf distributions, community structure, and density of seabirds and their principal prey as related to the characteristics and structure of the Columbia River Plume. Given the design characteristics of the available ship, we concentrate our survey effort on seabirds, and to the extent possible, pinnipeds.  The size and design of the ship negates the use of large 25-X power binoculars, which are necessary for surveys of cetaceans.  We hope to determine what threshold concentrations, patch densities and characteristics of juvenile salmon and zooplankton change the occurrence patterns (i.e. concentration) of specific avian predators in the Columbia River Plume and associated frontal features. Finally, we propose to define the dominant avian predators in the system and to estimate their feeding rates and impacts on juvenile salmon during the period that they occur in the coastal zone. 

We propose to conduct surveys of seabirds during three cruises using standard strip-transect protocol. Whenever the ship is underway, two observers will count and identify to species all seabirds flying or sitting on the water within 300 m from the bow to 90º (on one side of the ship).  A range finder (Heinemann 1981) will be used to periodically confirm the 300 m survey distance.  Counts will be continuous, but divided into 15-minute time blocks.  For each segment, the following data will be recorded: GPS position, depth, distance to shore, strength and direction of the wind, speed and direction of the ship. Subsequently, other data will be appended from other research components aboard ship (e.g. depth or strength of the thermocline, prey densities, etc.).  Hand-held binoculars will be used to confirm species identification. Behavioral data will also be recorded, such as the direction of flight and activity of the bird (e.g. foraging).  Occasionally, we will make zooplankton and nekton net tows in the vicinity of foraging flocks to identify the species composition of zooplankton prey patches.  Counts of flying birds will be corrected for the effect of differences in their speed and direction relative to that of the ship (Spear et al. 1992).  We will use generalized additive models (GAMs) to improve the precision of estimates of seabird abundance. 
Task 1.d. Growth and survival of juvenile salmon. (Senior Investigators: E. Casillas, J. Fisher, W. Pearcy) 

This task will assess the physiological characteristics of juvenile salmon marine growth.  All salmonids will be measured (fork length, mm) and weighed (g).  Hepatic and muscle tissue will be excised, dried and weighed (0.01 g) and dry to wet weight relationships identified. Salmon scales and otoliths will be used to estimate ocean growth and to differentiate wild and hatchery salmon (Fisher and Pearcy, 1988; Zhang et al. 1995; Bernard and Myers, 1996).  The distance along the anterior-posterior axis of each scale, from the focus to each circulus, and to the ocean entry mark and scale margin will be measured.  Salmon size at time of ocean entry will be back-calculated from the scale radius (Ricker 1992).  Ocean growth will be estimated from the difference between salmon length at capture and the back-calculated length at ocean entry.  Similarly, weight gain while in the ocean will be estimated from the difference between weight at capture and the estimated weight at ocean entry.  Relative spacing of scale circuli may be used to identify relative growth rate, but this relationship is weak (See Fig. 1 in Fukuwaka, 1998).  Increment spacing on otoliths may be used to assess growth. Growth rates of all coded-wire tagged hatchery fish will be estimated from size at recovery, average size at release, and the time interval between release and recovery.  Differences in length, weight, and growth among salmon from the initial ocean growth period (May and June) and the end of the growth season (September and February), will be used to evaluate the potential influence of the Columbia River plume habitat on growth of salmonids. We will also attempt to identify differences in the growth of wild and hatchery salmon.

Bioenergetic health of juvenile salmon during their first ocean season will be determined by measuring water content of hepatic and muscle tissues.  Dry weight is a reliable surrogate for accumulation of lipid, the major energy storage in salmon.  Tissues will be excised, stored in individual capsules, frozen in liquid nitrogen, and maintained at -80° C until dry weight is measured.  The relative concentration of lipid and protein content in salmon muscle and liver tissues from each of the habitats (transects) will be determined by comparing the relative contribution of total energy reserves in June, by the reserves at the end of the growth season (September).  These data will also be used to identify differences in rates of energy reserve accumulation. 

Task 1.e. Endocrine assessments.  (Senior Investigator: B. Beckman) 

This task will identify the relationship between salmon ocean growth, marine habitats, and survival.  Measurements of the peptide hormone insulin-like growth factor-I (IGF-I) provide a good index of recent growth rate in salmonids (Beckman et al. 2001a,b).  The hormone is produced in the liver and secreted into the blood. IGF-I directly stimulates the growth of muscle and cartilage cells.  Levels of IGF-I in the blood are not affected by the stress of net capture.  IGF-I levels are also stable for fish kept on crushed ice after capture, prior to obtaining blood samples.  This makes IGF-I an excellent tool for estimating relative growth rates of large numbers of fish captured in oceanographic surveys.

Blood samples for insulin-like growth factor-I assessment will be obtained during June and September cruises (up to 600 individual samples per cruise).  Yearling coho and chinook salmon will be targeted during the June cruise (subyearling chinook salmon are not abundant during June and too small for an adequate volume of blood).  Coho, yearling, and subyearling chinook salmon will be targeted in September cruise.  Salmon will be sorted onto crushed ice immediately after a trawl is completed.  Blood samples will be obtained (within 60 minutes after trawling) by collecting blood in heparinized glass capillary tubes from the caudal artery. Blood will be placed in microfuge tubes and stored on crushed ice for up to two hours.  Plasma will be obtained by centrifuging the blood at 3,000 x g for 3 minutes.  Plasma will be stored on dry ice on board ship and in a -80oC freezer until assays are initiated.  Plasma IGF-I will be measured with a radioimmune assay on extracted plasma utilizing the technique of Shimizu et al. (1999, 2000).  Mean IGF-I values will be compared among trawls, transects, and season within species.  In addition, the distribution of IGF-I values (range and frequency) will be compared among transects and season in an attempt to discriminate the proportion of fish that are growing at a "low" rate (corresponding to low IGF-I values).

Task 1.f. Genetic Stock Identification (GSI): (Senior Investigator: D. Teel)

Tissue samples will be collected from approximately 400 chinook salmon for genetic analysis.  These samples will be taken from a subset of the chinook salmon caught in the June and September cruises.  The number of fish to be sampled from each transect will be determined based on the proportion of the transect’s contribution to the total catch of chinook salmon during the entire sampling period.  Tissue sampling, protein electrophoresis, and histochemical staining methods will follow those described in Aebersold et al. (1987).  Samples of eye, heart, and skeletal muscle will be screened for approximately 40 gene loci.  Genotypic interpretations of gel banding patterns for these protein-coding loci will follow the guidelines suggested by Utter et al. (1987).  GSI estimates will be made with the program, Statistics Program for Analyzing Mixtures (SPAM 3.2) (ADFG 1997).  A subset of the Pacific Rim chinook salmon allozyme database will be used to estimate mixture compositions (Teel et al. 1999).  Estimates of individual baseline contributions will be summed to generate accurate composition estimates for genetically differentiated groups of populations (Pella and Milner 1987).

Task 1.g. Pathogen prevalence in juvenile salmon of the nearshore ocean environment and its relationship to survival. (Senior Investigator: K. Jacobson) 

The prevalence and intensity of three salmonid pathogens: Ceratomyxa shasta, R. salmoninarum, and  N. salmincola, will be measured in juvenile coho salmon, and subyearling and yearling chinook salmon.  Up to 60 salmon per transect will be analyzed for each sampling period.  Pathogen profiles will be compared temporally and spatially, between early and late summer residence, within and outside of the Columbia River plume, and in relation to Columbia River estuarine sampling.  The relationship of pathogen prevalence with growth and bioenergetic status and genetic origin will also be examined.  External trematode metacercariae and parasitic copepods will be identified and counted.  

Frozen salmon specimens will be opened aseptically in the laboratory after thawing.  Kidneys will be removed and placed in whirlpak bags for later microscopic examination and enumeration of N. salmincola and isolation of DNA for amplification by the polymerase chain reaction (PCR) of R. salmoninarum (Chase and Pascho 1998).  The posterior portion of the intestine will be tested for C. shasta by DNA amplification of (Palenzuela et al. 1999).  All PCR products will be analyzed by agarose gel eletrophoresis for determining prevalence of infection.  

Task 1.h.  Food habits and prey resources of juvenile salmon. (Senior Investigators: R. Brodeur, W. Peterson) 

Stomachs contents of salmon collected as part of the mesoscale surveys will be analyzed to the lowest taxa possible, from at least 60 salmon for each transect and sampling period.  We will evaluate differences in stomach contents among juvenile salmon species in relation to oceanographic features, prey fields, growth, and condition.  Stomach content analysis will follow methods used by Peterson et al. (1982) and Brodeur and Pearcy (1990).  We will have information on prey fields to complement our stomach content work and thus be able to evaluate salmonid prey selectivity.  Besides identifying feeding habits (i.e., what items are being eaten), we will document stomach fullness, percent empty, and determine relationships between feeding habits, stomach fullness, and growth and bioenergetic status.  Diet overlap (coho vs. Chinook; wild vs. hatchery) and prey selectivity indices will be calculated. 

Plankton tows will be analyzed to assess availability of prey resources for salmon.  Zooplankton taxa will be enumerated to species and developmental stage.  Samples from vertical plankton tows will be allowed to settle after several hours in a graduated cylinder and the volume of settled plankton recorded.  Samples will then be diluted (about 8 times their volume), the contents mixed thoroughly, a 1.1 ml sub-sample taken, and all zooplankton species enumerated.   Once completed, a second sub-sample will be taken and enumerated.   We usually only enumerate those taxa from the 1-m , bongo, and neuston nets that are part of salmon diets.  Sample processing involves removal of all large medusae and salps, fishes and Dungeness crab megalopae.   If the sample size is small, all salmonid prey will be picked out and identified to species.  If the sample size is large, we subsample until a reasonable sample size is achieved (several hundred individuals) and all food taxa enumerated. 

Objective 2. Fine scale process studies.  

Under this objective we will conduct focused fine-scale studies of specific hydrographic features created by the Columbia River plume that may benefit salmon growth and survival. We will test the hypothesis that the Columbia River plume creates fine scale features (such as fronts, eddies, and convergence zones) where salmonid prey items accumulate.  These areas serve as prime feeding locales for fishes and may enhance growth and marine survival.  We will conduct both single and multi-year studies, to include work on the role of: 1) fronts, both within and on the edge of the plume, 2) eddies, within and adjacent to the plume, and 3) the subsurface pycnocline – all physical features of the Columbia River plume that affect salmon during a critical transition period.  In addition, we will undertake diel sampling (once every three hours over a 24-hour period) at one location to examine diel differences in catch rates and feeding habits inside and outside the plume. This will allow us to evaluate the effect of time of day, tide, and other fluctuating physical oceanographic characteristics on our broad-scale surveys. 

Task 2.a.  Identify the role of plume fronts in salmonid marine ecology.  (Senior Investigators: E. Casillas, R. Brodeur, W. Peterson, R. Emmett, J. Fisher, D. Jay)

Frontal zones, areas where two water masses converge, are known to be important areas of physical and biological activity (Olson et al. 1994).  The Columbia River plume produces frontal zones that may play an important role in juvenile salmonid and other fish species (e.g., smelt and northern anchovy) life histories and marine survival.  The number and size of these frontal zones is undoubtedly linked to the size of the plume and river flow.  To identify the role of these fronts to juvenile salmonids, we will collect physical and biological samples at contrasting locations along a front, in the plume, and in oceanic waters outside the plume.  Comparisons between the physical and biological processes identified from these collections will permit us to identify the importance of frontal zones created by the Columbia River plume to juvenile salmonid marine survival.  Furthermore, there are indications that the abundance of baitfish, particularly northern anchovy, Pacific herring, and smelts affects the marine survival of salmonids by being alternative prey for juvenile salmonid predators.  Baitfish species appear to utilize the Columbia River plume extensively for spawning and rearing.  It is likely that frontal zones provide a critical habitat for baitfish larval retention and recruitment (Bakun 1996).

Collection methods used during the frontal investigations will be similar to those described for the long-term observations (Objective 1).  Information to be collected will include CTD casts (salinity and temperature at depth), Secchi depths, chlorophyll and nutrient concentrations, and zooplankton species and densities.  What distinguishes the Columbia River plume from other coastal areas is the high turbidity levels found there.  Turbidity affects salmon in a number of ways, especially in relation to feeding and predation avoidance (Gregory and Levings 1998).  We propose to add detailed light attenuation/turbidity measurements to the suite of variables that we are already collecting. In addition, CORIE hindcasts (Tasks 3.c) will provide a continuous space-time context of circulation, to help locate fronts before and during the survey and to help interpret the biological data after the survey. 

Fish will be collected by towing a Nordic 264 rope trawl at the surface in each different habitat.  All salmon will be identified, measured and counted.  Up to 100 each of juvenile ocean-type and stream-type chinook, and coho salmon will be saved (frozen) to assay growth and health, genetic stock composition, and stomach contents. All salmonids with coded wire tags (CWT) will be retained for analysis.  We will also sample jellyfish and salps, if abundant, using dip nets and quantify their abundance in the trawls. Our previous work indicated that these gelatinous forms dominate the biomass of our trawl catches and juvenile salmonids feed preferentially on amphipods that are associated with gelatinous zooplankton.  These data will provide valuable information on the ecological role of gelatinous zooplankton to juvenile salmonid growth and survival.

Based on a pilot study conducted in 2001, we found that it was often difficult to locate fronts from a ship.  We hope to employ CORIE forecasts (Task 3.f) and remote sensing techniques to determine the location and extent of frontal regions.  We will collaborate with the US Coast Guard in helicopter overflights during our sampling.  We will also use satellite imagery of sea surface temperature (AVHRR), chlorophyll (SeaWiFS) and sea surface roughness (SAR) to identify the location of fronts.  By studying multiple satellite images we should be able to identify the frequency, duration, and location of fronts as a function of differing river flows.  We presently have two research proposals undergoing review (NOAA) that are focused on use of satellite imagery to assess the Columbia River plume and other marine habitats for juvenile salmon.  In addition, in summer of 2004 (Task 3.b), we will use data from a high-frequency radar system and airborne remote sensing of sea surface temperature, salinity and chlorophyll to locate fronts.    

Task 2.b.  Diel studies. (Senior Investigators: R. Emmett, R. Brodeur, W. Peterson) 

Many marine organisms appear to have a pronounced diel behavior, particularly vertical migrational behavior.  As such, understanding whether juvenile salmonids also have diel behavior and how they interact diurnally with other organisms may be an important life history characteristic.  Results from a diel study off the Columbia River in June 2000 (Emmett et al. in prep.) indicate that tidal currents (i.e., flows) and time of day affected juvenile salmonid abundance. CWTs recovered from that study also indicated that some juvenile salmonids might be residing in the Columbia River plume for a significant amount of time.  Schabetsberger et al. (in review) showed that salmonid feeding peaked during morning and was minimal at night.  Different zooplankton was available at different times of the day and the diet of the salmon changed accordingly.

The diel studies will have identical methods as those described for the long-term observations (Objective 1) and Task 2.a.  However, these collections will be made every three hours in one location over a 24-hour period.  If conditions allow, we will conduct one diel study in the Columbia River plume and one out of the plume.  The differences between the physical and biological data from the two sites will allow us to identify biophysical properties of the Columbia River plume that may enhance survival. CORIE simulations will help locate the limits of the plume prior to the survey (forecasts, Task 3.f) and will provide physical context for the biological data post-survey (hindcast database, Task 3.c).

Task 2.c. Pycnocline studies.  (Senior Investigators:  W. Peterson, R. Brodeur)

Pycnoclines, the areas with the largest change in salinity at depth, are known to be habitats with concentrated biological organisms.  The Columbia River plume provides a large area with a strong pycnocline, depending on river flow.  The pycnocline in the plume is shallow relative to other coastal areas and may contain localized prey aggregations.  Presently the surface trawl we use to collect fishes samples the pycnocline but also includes surface waters (i.e., it is not a discreet sample of the pycnocline).  However, we will attempt to use a large opening and closing Tucker trawl (2 m by 2 m mouth opening) to conduct discrete depth sampling of this habitat.  We will also sample zooplankton in different layers above, at, and below the pycnocline using opening/closing nets or pumps. Information to be collected during this study will include CTD casts, chlorophyll, nutrients, turbidity, and currents. In addition, CORIE simulations (Task 3.c) will provide a continuous 3D physical context for the biological data.

We will plan to conduct one front study each year at different times of the year and during different tidal cycles.  We will plan to do Task 2c in 2003 and repeat in 2005 if we are successful and if we see salmon utilizing this habitat.  We will conduct diel studies during 2004 and possibly 2005 at different locations each time.  In addition, we know from previous work that subyearling chinook salmon occupy the shallow nearshore zone inshore of the plume, immediately after they enter the ocean.  We traditionally have not sampled these areas in the past since it is too shallow to use our trawl gear there.  Therefore we plan to use a small-mesh purse seine to add stations inshore in this region and continue trawling offshore.  To verify the utilization of this habitat, we would have to do some inter-calibration of the trawl and purse seine to determine their relative efficacy in catching salmon.

Task 2.d.  Identify the role of estuarine fronts to salmonid ecology.  (Senior Investigators: C. Roegner and A. Baptista)

Estuarine axial convergence zones are frontal areas that concentrate material, including important prey items for juvenile salmonids, at the interface between different water types. Convergence zones develop through the interaction of channel geometry, lateral shear of axial currents, and the cross-channel salinity gradient, and are often “anchored” to topographic features such as channel banks and shoals (Huzzey and Brubaker, 1988).  They are quasi-permanent features that appear/dissipate in a predictable manner, depending on stage of tide, current velocities, horizontal density gradients, and wind stress (Largier,1993). During ebb flow, the frontal zone may be continuous with that generated by the Columbia River plume.  The significance of estuarine fronts to salmon ecology is unknown but they have several important characteristics beneficial to juvenile salmon. These include enhanced shallow water feeding opportunities, increased turbidity, and due to horizontal velocity shear across the frontal region, they are regions that either enhance transport from estuaries or act as retention zones within the estuarine system. 

We proposed to investigate the physical and biological structure of estuarine fronts relevant to salmon ecology with time series data from moored CTD instruments coupled with periodic cruise transects. The moored instruments will be coordinated with CORIE simulations (Tasks 3.c and 3.f) and will complement the permanent network of CORIE instruments (Baptista et al. 1998 and 1999; Appendix Figure 13), being positioned to straddle topographically anchored fronts (determined by observation and numerical modeling). The ensemble of observations and modeling will provide a detailed description of the tidal and river influence on frontal structure, location, and intensity. During ebb flow, drogues will be tracked to establish the connection between estuarine fronts and the Columbia River plume. These data will be used to assess the importance of axial convergence zones for macrozooplankton food items, decreased water clarity, and as a conduit to the coastal ocean. 
Objective 3.  Characterization of spatial and temporal physical features of the Columbia River plume environment  

Field studies alone will not provide a full understanding of the complex interactions controlling salmon growth and survival.  We also need a framework of physical and biological modeling to extend and integrate the data through time and space to address our hypotheses. Construction of the physical part of such a framework is addressed here, and will be coupled in Objective 4 to its biological counterpart. 

Our primary focus is fisheries-relevant characterization of the spatial and temporal circulation in the Columbia River plume environment, under varying climate, ocean and FCRPS forcings.  This will be accomplished though a set of tasks that extend (Task 3.a), demonstrate (Task 3.b) and leverage on-going numerical modeling of the plume into the development of an extensive database of 3D temperature, salinity and circulation fields (Task 3.c), a database of circulation-based metrics of physical habitat opportunity (Task 3.d), and circulation forecasts for cruise support Task 3.f).  

The circulation and habitat opportunity simulations generated here will be used to provide a 3D physical context for the design, operation and data interpretation of the fisheries surveys in Objective 2. The simulations will also be made available to the Optimization proposal, to support detailed physical process understanding. Finally, and along with the results of Objective 4 and of the Optimization proposal, the simulations will guide the formulation of management scenarios in Objective 5. 

The domain of simulation will extend from Bonneville Dam and Willamette Falls to the estuary, near-shore coast and Eastern North Pacific Ocean (Appendix Figure 15), but the emphasis will be on the plume environment.  Simulations will cover recent and historical long-term regime shifts in climatic processes and El Niño and La Niña events that affect oceanic structure and can produce abrupt differences in salmon marine survival and returns.  We anticipate focusing on (a) the regime shift of late 1970s that appears to have influenced the reduced ocean survival of salmon in the Pacific Northwest and increased survival in Alaska and (b) changes in ocean conditions since late-1998 that appear to be favorable to salmon survival (Section b).

In addition to circulation and habitat opportunity simulations, we will develop metrics of habitat opportunity (Task 3.e) based on fronts, turbidity and chlorophyll using hydrologic and remote sensing data. We anticipate that these metrics will be developed from the analysis of (a) historical river inputs of sediment, (b) records of sediment export to the plume from the estuary, and c) the spatial and temporal distributions of fronts, turbidity and chlorophyll. The complementary Optimization proposal will extend this effort substantially, in particular by enabling the collection and analysis of high-resolution airborne remote sensing turbidity and chlorophyll observations. Finally, we will use climatological data to choose periods for numerical simulation that are representative of climate conditions and, to the extent possible, plume processes before alteration of the plume by the FCRPS.
Task 3.a: Continued development and calibration of the circulation model for the plume environment.  (Senior Investigators: A. Baptista, B. Hickey, M. Foreman)


We plan to continue to calibrate, validate and enhance the high-resolution plume modeling system developed as part of the current BPA funding (Section e). The system, referred hereafter as the plume circulation model (PCM), is based on ELCIRC (Myers and Baptista 2000 and Myers et al. in prep; inspired on Casulli and Zanolli 1998), a Eulerian-Lagrangian finite volume code developed to address the modeling challenges of estuaries and plumes. 

An integral component of the CORIE observation and forecasting system for the Columbia River (Baptista et al. 1998, 1999; Baptista in press), the PCM is a functional combination (Appendix Figure 14) of a hydrodynamic code (ELCIRC) and computational grid, with appropriate river, ocean, and atmospheric forcings and with internal parameters (e.g., friction and mixing coefficients). In its standard CORIE usage, the PCM simulates water levels and 3D velocity, salinity and temperature fields, over weeks to years at temporal resolutions of the order of 10 minutes. The PCM’s computational grid is unstructured in the horizontal and uses a vertical z-coordinate grid.  Although typical CORIE grids cover the domain identified in Appendix Figure 15, different grids, with distinct areas of emphasized spatial resolution, may be used depending on the purpose of the modeling. For instance, grids to be used in this project and in the Estuary project will differ substantially on the relative level of detail for the ocean, plume, estuary and upriver regions.
While the PCM has matured into a functional model, operated intermittently to produce hindcasts and forecasts the estuary and plume, calibration and validation of the plume-side of the model have been limited by availability of observations. We propose to resolve this by (a) conducting in 2003 a detailed model calibration against a comprehensive plume data set for Winter 1990-91 (Hickey et al. 1998) and a systematic verification that known hydrographic features off the Oregon and Washington coast are reproduced for various upwelling regimes; and  (b) conducting in 2004 a field demonstration (Task 3b). 


We anticipate that only modest algorithmic changes will be required to the ELCIRC code. However, the calibration of the PCM in 2003 will explore issues of parameterization of the PCM.  In particular, the combined expertise of this task’s senior investigators in modeling the Columbia River and the eastern North Pacific Ocean (Foreman et al. 2000a; Foreman et al. 2000b; Yankovsky et al. 2001; Garcia Berdeal et al. 2001; Hickey 1998; Baptista et al. 2000) uniquely qualifies the team to use (a) the turbulence closure scheme and adjustment of coefficients thereof, (b) the parameterization of air-water interactions with emphasis on wind stresses and heat budgets, and (c) the definition of ocean forcing, ranging from tides, low-frequency ocean currents, climate, and salinity and temperature fields. The results are expected to have an effect beyond this project, because of the long-term commitment of these investigators to the modeling of Eastern North Pacific Ocean systems, and their increasing interest in using ELCIRC as a reference numerical code across multiple applications. 

In addition, we plan to add to the CORIE modeling infrastructure a set of data assimilation modules that enable the PCM to take advantage of both long-term observations (e.g., CORIE and other OR-WA coastal moorings/stations, and AVHRR SST imagery) and specialty surveys (e.g., coastal radar and airborne remote sensing, Task 3b). Enhancement of model simulations via data assimilation is expected to increase resolution in representation of plume fronts and eddies and is deemed important to retain a realistic representation of ocean features and forcing (e.g., heat budgets). We will build on an increasingly established body of knowledge (Bennett 1992; Lynch and Hannah 2001; Foreman et al. 2000b; Oke et al. in press) to import/develop the data assimilation modules. Specific data types (e.g. coastal radar) will be evaluated in Task 3b relative to the need and desirability of their long-term availability for study of the Columbia River plume. 

Task 3.b: Field demonstration of the plume circulation model.  (Senior Investigators: A. Baptista, M. Kosro, J. Miller, M. Foreman)

In the Spring-Summer of 2004 we will conduct a field demonstration of the PCM, with the purpose of establishing substantive confidence in the model and of determining remaining error/uncertainty levels for the different modes and methods of simulation that are relevant to the collection and analysis of biological data. Modes of simulation include long-term (e.g., a month ahead) forecasts, quasi-real time (daily or hourly) forecasts, and retrospective simulations. By methods of simulation we refer here primarily to simulations with and without data assimilation.   

Integrated physical observations will be conducted in support of the PCM field demonstration. These observations will provide a unique representation of the location and horizontal structure of the near field of the plume, complemented by a more limited representation of the vertical structure. These representations will be intensively used to verify model and/or enhance model results. Conversely, model simulations will help guide the details of the design and implementation of the observations. The core physical observations are as described below:

Coastal radar. High-frequency (HF) coastal radar techniques (Kosro et al. 1997) will be used during the Spring-Summer of 2004 to obtain time-series of high-resolution maps of the near-surface circulation in an ocean region approximately 40 km x 40 km in extent, located offshore from the mouth of the Columbia River.  These hourly or bi-hourly maps will characterize the space-time variation in the surface currents of the near-field plume, as they respond to tidal, buoyancy, and wind forcing.  A 2-site SeaSonde system will be deployed for 4 months. Radial current data from the two remote sites will be transferred by telephone, and combined into 2-dimensional current maps through automated procedures, becoming immediately available for modeling analysis.  

Airborne remote sensing. Approximately ten airborne remote sensing surveys, each of 4 h duration, will be conducted over a 15 day period (within the 4 month deployment of the coastal radar), and coinciding with one fisheries survey cruise (Objectives 1-2).  Images of coastal sea-surface salinity (SSS) will be produced using L-Band microwave signals (Miller, 2000, Miller et al., 1998; Goodberlet et al., 1997).  Sea surface temperature (SST) is obtained as well.  Salinity noise levels are typically <0.2 for 1 km x 1 km pixels (Miller, 2000). In addition to SSS, a SeaWiFS compatible seven channel optical-infrared spectrometer will be used to obtain sea surface temperature (SST), turbidity and chlorophyll (Curran and Novo, 1988, O’Reilly et al., 1998).  Raw products for all channels will be available daily for modeling analysis. Processed products will be available within a few months of the survey. 

Moorings. Two moorings (OGI01 and OGI02, Appendix Figure 13), each with an acoustic Doppler profiler and with multiple temperature and salinity sensors, will be deployed synoptically with the coastal radar.  One of these moorings is an existing deployment, located in 100 m water depth, south of the Columbia River entrance. The second mooring will be installed in shallower water (probably 30-40m depth), in a location that will balance calibration requirements of the coastal radar with modeling needs for data assimilation. For at least part of the 120-day experiment, both moorings will have telemetry capabilities to enable data assimilation or quasi-real time model verification. 

Other Observations.  Useful complements to the core observations will include: (a) time series of temperature, salinity, and velocities at CORIE estuarine stations (Appendix Figure 13), (b) AVHRR and SeaWiFS satellite data for the 4 month experiment in 2004 (Task 3.e); (c) physical (CTD) data on vertical structure collected during the 2004 fisheries surveys (Objectives 1 and 2); (d) data from high-resolution 2003 and 2004 vessel surveys of fronts and eddies (Optimization proposal) synoptic with the airborne remote sensing; (e) data from 2003 airborne remote sensing surveys (Optimization proposal), similar to those described above; and (f) satellite altimetry from the TOPEX/Poseidon/Jason and ERS projects, and Naval Research Laboratory ocean simulations, which would combine to establish both far-field and boundary conditions for our plume model.

Simulations conducted for the period of the demonstration will include: 

· Retrospective hindcast of the entire ~120 days period, with and without data assimilation. These simulations will be used to test the quality of a posteriori model simulations, and thus of core components of the database described in Task 3c. 

· Daily forecasts of two-days ahead circulation, during the entire ~120 days of coastal radar deployment. Selective (to be defined) data assimilation will be used.  These simulations will be used to test the quality of model simulations in ‘real-time’ support of vessel operations during small-scale process surveys (e.g., the fronts, diel and pycnocline studies, Objective 2). 

· Monthly forecasts, conducted approximately a week in advance of each month of the period, without data assimilation. These simulations will be used to test the quality of model simulations in support of the pre-cruise planning of vessel operations (Objectives 1 and 2). 

Our data assimilation efforts will focus, separately or in combinations, on (a) CORIE time-series; (b) coastal radar and (c) airborne remote sensing of salinity and/or temperature. Retrospective forecasts with data assimilation are expected to provide the best results, and will constitute the reference mode and method of simulation. Once that is confirmed, all other modes and methods will be compared both against the reference mode/method and directly against data not assimilated in the model. 

Task 3.c: Construction of the circulation simulation database (Senior Investigator: A. Baptista)

A long-term database of circulation simulations for contemporary and historical conditions will be generated and maintained. At the core of the database, we anticipate that there will be:

· Hindcast simulations of circulation for April-October, for 1998-2005 (or reasonable sub-set thereof). These simulations will use ‘actual’ river, atmospheric, tidal, and ocean forcings. The simulations will cover all season and years of the project’s fisheries cruises.

· Up to four historical scenarios, chosen to capture a range of river flow and coastal upwelling conditions not observed since 1998. These scenarios will also reflect both warm and cold PDO phases, a variety of ENSO conditions, and historical salmonid sampling. ‘Climatological’, rather than ‘actual’, forcing conditions may be used, but simulations will still concentrate on the April-October window.

· Daily forecast simulations (since 2002 – see Task 3.f), as temporary placeholders for more accurate hindcasts. If forecast accuracy is deemed sufficient for the purposes of the project, replacement hindcasts will not be necessary.

· Up to six management scenarios, to be defined (Task 5.1).

· Miscellaneous simulations used for model validation (e.g., Winter 1990-91, Task 3.1) 

Hardware and strategies for generation, storage, management and display of the simulations are in place, via CORIE funding and the existing plume project. However, the bulk size of the database will pose significant new challenges. To minimize these challenges, and increase un-mediated user access to the simulations, we plan to be early adopters of data compression, management and visualization techniques in development through the NSF EOFS project (Section b). We are also requesting support for computational and storage hardware, through a set of separate proposals to NSF and private foundations.

Task 3.d: Development of metrics of physical habitat opportunity. (Senior Investigator: A. Baptista)


Bottom et al. (2001) introduced the concept of physically based metrics of habitat opportunity for juvenile salmon in the Columbia River (Appendix Figure 16). Their estuarine metrics were based on ranges of depth-averaged velocity and water conditions considered favorable to survival. Using these metrics, a limited simulation database of estuarine circulation was systematically analyzed to produce (a) spatial maps of habitat opportunity for multiple months and years, and (b) graphs of habitat opportunity as a function of river discharge.  These results were used to examine differences between modern and pre-development habitat opportunity across different regions within the estuary and across different time scales (e.g., seasonal and inter-annual).  The estuarine metrics were recently (Baptista et al. 2001) expanded to three-dimensional (rather than two-dimensional) velocities and to salinity, and used to examine potential impacts of a proposed deepening of the Columbia River navigation channel.


Physically based metrics of habitat opportunity are clearly a valuable support tool for scientific understanding and management.  However, as stressed by Bottom et al. (2001) and Baptista et al. (2001), their metrics were established under conditions of scarce biological data.  Efforts are now under way or proposed (e.g., Estuary proposal) to systematically address this limitation over the next several years. Estuarine metrics also cannot be directly extrapolated to the plume environment, which is a much more mobile environment where physics appears to affect salmon survival in different ways. 


We have initiated and will continue the development of metrics of physical habitat opportunity for the plume environment.  We start with our existing biological data and with our current understanding of factors affecting survival.  Current efforts are focused on metrics for the near field plume.  As with estuarine metrics, the process will be iterative with active participation of fisheries oceanographers.  Early metrics will focus on trapping environments (fronts, eddies and the pycnocline), and on the volume and horizontal and vertical extent of the plume as function of winds, tides and river flows.  Concepts that we also plan to examine include presence and persistence of mobile patches of water with favorable ranges of temperature and salinity.          


Once a preliminary consensus on potentially useful metrics of favorable plume habitat is developed, we will establish automated procedures to create a systematic database of habitat opportunity metrics, from the extensive database of circulation simulations developed in Task 3.c.  Metrics obtained this way will cover multiple years, and will have flexibility in their representation of space and time variability. They can also be adjusted easily over time, as our understanding of salmon survival evolves. In conjunction with metrics described in Task 3.e, model-based plume metrics will thus provide an important framing context for biological observations (Objectives 1 and 2) and biophysical modeling (Objective 4) as our team addresses the driving scientific and management objectives of this investigation. 

Task 3.e: Historical reconstruction and development of metrics of physical habitat opportunity from historical and remote sensing data (Senior Investigator: D. Jay)

Observing properties such as turbidity, chlorophyll, and the incidence of fronts, is an important complement to modeling and understanding of plume circulation (Tasks 3a-3d, 3f). Simple metrics of plume habitat opportunity based on these properties are also a natural complement to the PCM-based metrics discussed in Task 3d. We address under this task the definition of metrics related to fronts, turbidity and chlorophyll, construction of a climatology of these variables, and definition of historical scenarios that illustrate how these parameters were different than they are under present FCRPS management. The work employs in-situ river and estuary data, satellite remote sensing and climate data banks. We also plan to carry out complementary process studies of the turbidity and chlorophyll fields in the Optimization proposal, based on aircraft remote sensing of ocean color. 
Analyses of fine sediment supply. Historical data will be used to estimate the amount and seasonality of fine-particulate river input to the estuary, and historical changes therein. First, we will use fluvial suspended sediment particle size and transport data collected by USGS in 1962-70 (see methods in Haushild, et al., 1966) to hindcast the daily fine sediment supply to the estuary associated with both observed and virgin flows, for the 1892-1999 period. (The virgin flow is the flow that would have occurred in the absence of the FCRPS and irrigation diversion). Then, time-series of backscatter at a low-estuary CORIE station will be analyzed for 1997-2005 to determine (Fain et al., 2001) the percentage of sand, aggregates, coarse silt and finer particles passing through the lower estuary. This information will be used to define the export of fine sediments from the estuary as a function of flow history and tides. We anticipate that the seasonality of plume turbidity will not be the same as the river flow seasonality. 

Analyses of satellite data. To help understand plume-scale patterns and their temporal variations, we will analyze satellite-based AVHRR and SeaWiFs data. AVHRR data are available for both warm-PDO (<1998) and cold-PDO (>1998) situations. Both AVHRR and SeaWiFS data are available for El Niño (1997-98) and La Niña (1999) conditions. Sources include the NOAA National Climatic Data Center, the NOAA CoastWatch Active Access System, and the GLOBEC Northeast Pacific project. Our focus will be on maps of sea surface turbidity (SSTb), sea surface chl-a pigment concentration (SSCa), sea surface temperature (SST) and sea surface frontal positions and monthly front frequencies. Maps of SSTb will be produced from AVHRR 1-km resolution synoptic images (Channel 1, at 580-680 nm, see summary of similar studies in Stumpf et al, 1999). Satellite data will be calibrated to suspended particulate matter concentration and to transmissivity with available in situ field data. Synoptic maps of SeaWiFS-derived SSCa are available at http://coho.oce.orst.edu. Maps of synoptic frontal positions and monthly front frequencies will be generated from AVHRR-based SST imagery. The algorithm for front detection has a minimum resolution of 5 pixels (Moore et al, 1997). By using 1-km pixel data, we should resolve fronts in the plume, which has a typical length scale of >10km. During late spring and summer, SST front detection should be an especially effective tool for mapping salinity fronts because the plume is typically much warmer (>1oC) than surrounding ocean waters (Appendix Figure 10). 

 Modeling of plume near-field turbidity. Estimates of near-field plume turbidity are important both to characterize habitat opportunity and to support the parameterization of the LTM described in Objective 4. Satellite data plus aircraft remote sensing data (analyzed by the Optimization proposal) will provide numerous realizations of turbidity in the near-field plume.  We will leverage those data and salinity outputs from the PCM (Task 3c) into the construction of simple 1D data-driven models that estimate turbidity in the plume nearfield (methods developed in the on-going NSF project Suspended particulate dynamics in advection-dominated environments). The models calculate the rate at which suspended particulates settle out of the plume and are diluted by entrainment of ocean water into the surface layer.   

Definition of habitat opportunity metrics. Definitions of habitat opportunity related to the presence of fronts (in complement of PCM-based metrics, Task 3d), chlorophyll concentration and turbidity levels will be suggested by the results of Objectives 1 and 2, Task 3e and the lower-trophic model (Task 4a). The actual definitions of habitat opportunity will be an iterative process, involving most project scientists over the course of the project. We might, for example, use the integrated Chl concentration over the plume volume with salinity <31 as one measure. A measure related to turbidity might be the total fine sediment supply over the residence time TR of the plume (here, TR = plume volume with salinity <31.5/average river inflow). Habitat opportunity related to fronts could be defined in terms of frontal intensity, length and/or persistence. 

Definition of climatological forcings for historical and management scenarios. Climatological forcing conditions that will be compiled include river flow, plume fine-sediment input and nearfield turbidity (all observed or to be hindcast from 1892-1999), the near-coast wind field and sea-level pressure (available since 1946, Bakun, 1975), SST, and cloud-cover at coastal meteorological stations.  

Task 3.f: Circulation forecasts for cruise support (Senior Investigator: A. Baptista)

The CORIE daily forecasts of 3D plume circulation, developed under current BPA funding, will be maintained operational for the duration of the project. Enhancements will be introduced as new model/data assimilation techniques are developed in other tasks. An experimental web site is available at http://www.ccalmr.ogi.edu/CORIE. Extensive new web products will be added as required by other project tasks, typically leveraging techniques in development through the NSF EOFS project.

Objective 4. Coupled Biological-Physical Modeling

To complete the integrating framework of physical and biological modeling and understanding identified earlier, we will develop a comprehensive set of biological models to couple with the CORIE plume circulation model (PCM) described in Objective 3.  Together, physical and biological models will be used to aid in identifying the critical relationships between the dynamics of the physical world and the biological world relevant to salmon survival. We will utilize the models to identify (1) critical features for salmon utilizing these habitats and (2) gaps in our knowledge that we need to empirically address.

This suite of physical and biological models will include, in addition to the PCM, a lower trophic model (LTM) and a salmon bioenergetics model (SBM).  The PCM defines variation in the physical habitat structure and mechanisms of nutrient transport through the system; the LTM provides measures of primary and secondary production and salmonid food supply; the SBM provides a means of examining salmon growth and mortality in response to habitat structure and food supply.  By using all three models driven by different scenarios of ocean conditions and river flow, we can relate field data to complex hypotheses and (Objective 5) can perform experiments that are impossible in nature relating salmon growth and survival to hydrosystem management.

Trophic modeling is increasingly used in assessing coastal ocean production.  Our LTM will be based on a three-dimensional trophic model currently under development for the U.S. GLOBEC Northeast Pacific program (11).  It is a variant of the model of Fasham et al. (1990), and is structurally similar to the PICES NEMURO model (Megrey et al., 2000).  Model development willl be completed by fall of 2002. 

Spatially-explicit bioenergetic models are a relatively new tool to examine the relationship between ocean processes, fish behavior, and fish production; however, several successful examples are available (for example Werner et al. 1996; Hinckley et al. 1996; Ciannelli et al. 1998).  The SBM will be developed independently for this project based on approaches used elsewhere, with a focus on horizontal and vertical variability in salmon prey densities associated with oceanic features in and near the plume.

Task 4.a. Adapt and validate the lower trophic level model. (Investigator T. Wainwright)  


The LTM is a three-dimensional Eulerian model of biomass concentration (as mg N m-3) for several lower-trophic components, ranging from dissolved nutrients up through fish including juvenile salmon (Appendix Figure 11).  Beyond a typical NPZ (nutrient-phytoplankton-zooplankton) model, this model includes detritus, a microbial loop, euphausiids, and small fishes, thus capturing the essential processes translating nutrient inflows to food for juvenile salmonids.  This model is currently under development for the GLOBEC California Current studies, and will be available by the start of this project.  

The fundamental model equation tracks the change in average concentration of each model component (Bi) through time (t) at each point (x) in the three-dimensional model grid:


[image: image27.wmf] 

,

where u is the advection vector (including both physical and biological movements), k is a vector of diffusion coefficients, Hi(B,x,t) represents changes due to non-advective biological processes, and B is the vector of concentrations for all biological components.

The biological term (Hi) represents the flows at any point in space among the various model compartments due to consumption, egestion, and respiration/excretion.  Thus,
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where Cij is the consumption by component i of component j, Eij is the egestion rate of component i consuming component j, and Ri is the respiration rate of component i.  All egestion flows go to detritus; respiratory flows go to ammonia or dissolved organic nitrogen.

Adapting and validating the model to the Columbia River plume will involve two steps.  First, the model must be adapted to use outputs of the Columbia River PCM rather than the physics model used in GLOBEC.  This is a straightforward process of analyzing the PCM output for major patterns, then re-gridding that output to appropriate scales for the biological model. Second, data from plume field surveys will be incorporated into the model structure and parameters.  Stomach content data for juvenile salmon and other forage fishes (Task 1.h.) will be examined and prey-preference matrices will be developed from these data.   Nutrient and plankton abundance data collected during previous mesoscale surveys (see project history) will be compared with predictions from model simulations for those years.  Goodness of fit measures to these data will be used to plan initial revisions of the model (year 1).  Incorporation of new survey data (Task 1.a) will drive continuing revision/refinement of the LTM (years 2 and 3).

Task 4.b. Develop and validate the salmon bioenergetics model. (Senior Investigators: R. Brodeur, T. Wainwright) 

The third component of the suite of physical and biological models is a spatially explicit model of juvenile salmon (for three "species": coho, ocean-type chinook, and stream-type chinook) feeding and bioenergetics, driven by both physical processes and food supply variation.  The individual growth potential of juvenile fish can be modeled as a function of fish weight (W) food supply (F) and environmental conditions (primarily temperature, T) at any time (t) and point in space (x):
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Using the general framework developed by Brandt et al. (1992), we will develop and parameterize a model of juvenile salmon bioenergetics for the plume region.  We propose to construct fine-scale SBM (horizontally and vertically structured) similar to that constructed by Brandt et al. (1992), Mason et al. (1995), and Ciannelli et al. (In press).  Our model will be parameterized with field and model data from transects off the Columbia River (in plume) and off Newport (out of plume) which have been sampled extensively in the 1980s and in more recent years as part of the BPA sampling.  Average zooplankton abundances derived from the LTM and temperatures from the PCM, supplemented with survey data, will be inputs to this model, resulting in seasonal maps of salmon growth potential for the plume and adjacent regions.  Model results can be compared to estimates of fish condition, growth-rate, lipid reserves, and food consumption from field sampling (previous work and Task 1.a), thus providing strong ground-truthing for this work. We can then use this model to generate locations of optimal habitat of juvenile salmon and compare that to the habitat actually occupied.   We can use this model to test hypotheses about migration and food limitation for salmon.  We plan to work closely with researchers at the University of Washington (Beauchamp et al.) who are constructing similar models for the Gulf of Alaska as part of the GLOBEC Northeast Pacific Program.  We will thus be able to determine if different factors affect growth potential in these contrasting environments.  

A benefit to using juvenile salmon is that many of the bioenergetic relationships have been determined through years of research on salmonids (see Brodeur et al. 1992 for application of these models for food consumption).  However, there may be some parts of the foraging model that could be elaborated upon (e.g. foraging success at different light levels, turbidity levels and prey abundances) that can be elucidated by relatively easy laboratory experiments.  We plan to conduct such experiments as needed in facilities either in Newport, Oregon or Manchester, Washington.  

Task 4.c. Reconstructing histories of production and salmon growth.  (Senior Investigators: R. Brodeur and T. Wainwright)

Using the linked models, we will compare primary and secondary production (LTM) and salmon growth (SBM) reconstructions for recent years with adequate survey data, both in the plume region (BPA plume survey data) and in an adjacent coastal shelf region (BPA and GLOBEC survey data).  By integrating trophic production through time and across space, we can estimate total seasonal primary and secondary production and salmon growth and survival for arbitrary regions of the model field.  Based on physical and biological patterns observed during surveys, we will define a plume region as well as regions north and south of the plume (Figure 1).  Total primary and secondary production and salmon growth and survival will be estimated for these three regions in all years in the model database.  Comparisons among years and regions will provide valuable insight into the role of the plume as habitat for juvenile salmon under varying ocean and flow conditions.  In addition, linked results of the three models provide a detailed means of assessing our primary hypotheses regarding the interaction of physical and trophic processes in determining growth and survival of early-ocean salmon.  For example, the models could be used to examine the relationship of salmon growth potential to front and turbidity features.  

Objective 5.  Definition and analysis of management scenarios 

One of our principal hypotheses is that interactions of oceanographic and land-based (river flow) processes combine to determine characteristics of the plume environment important to salmon.  In examining this hypothesis, we will have developed data and tools that can help answer the question of how FCRPS management (in particular the timing and volume of spring and summer freshets) affects salmon in the plume environment.  We will begin to develop a set of management scenarios that could benefit health, growth, and survival of juvenile salmon by changing the dynamics of the Columbia River plume.  Each scenario will be simulated with models described in Objectives 3 and 4, and inferences would be made relative the their negative/beneficial impact based on understanding acquired through Objectives 1 through 4.

Two related proposals, Estuary 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 and Optimization focus on the lower estuary (downstream of Clatsop Spit) and plume. Estuary focuses on the estuary upstream of the entrance and the Columbia and Willamette rivers below Bonneville Dam and Willamette Falls.

· Both this project and Estuary 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 this project (Task 3c) to create a shared simulation database for complementary analyses of plume dynamics by both projects.

· All projects aim at the understanding of fisheries response to change, but only this project and Estuaries 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 Estuaries 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 designed from process-based understanding of physics and input from a standing Advisory Board.

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 Estuary).  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 Estuary.

Task 5.a. Definition of management scenarios (Senior Investigators: Casillas, Baptista, Wainwright)

Defining management scenarios will require active interaction among research scientists, FCRPS managers, and fisheries and other natural resources managers.  The focus of this task is on an interagency workshop (targeted for Fall 2004) to develop a suite of management scenarios to be analyzed.  Before the workshop, we will, in coordination with the BPA, develop a few simple management scenarios defining spring-summer flow patterns at the river mouth, and apply the physics model (Objective 3) and preliminary versions of the biological models (Objective 4) to these scenarios.  This "proof of concept" phase will provide concrete examples of the approach, giving workshop participants a sense of how results on habitat opportunity (Tasks 3d and 3f), food supply (Task 4a), and fish growth potential (Task 4b) can be used to assess impacts, both in an intuitive sense and as a systematic analysis tool informing decision-making (e.g., by helping rank the ability of various scenarios to enhance habitat opportunity).

Scientists and representatives from the various river and fish management agencies and interest groups working in the Columbia River Basin will be invited to the 2-3 day workshop, which will be structured in four phases. In the first phase (to start electronically ahead of the workshop period, using information technology developed by the NSF EOFS project, Section b), participants will be presented with integrated information on reference conditions and pre-workshop management scenarios. Emphasis will be on metrics of system performance (e.g., habitat opportunity, food supply and fish growth), and their comparison across scenarios. Other data (Objectives 1 and 2) and model (Objectives 3 and 4) summaries may also be presented for context. In the second phase, groups of participants will be asked to rank pre-workshop management scenarios, according to their own criteria, and explain the associated rationale. In the third phase, groups of participants will be asked to develop (preferably ahead of the workshop) and present management scenarios considered suitable for consideration. We will not seek a consensus on potential management measures, but rather the development of a scenario set likely to reflect a realistic range of potential benefits/impacts on the plume environment.  In the fourth 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 Estuary and Optimization teams, where appropriate) will review the scenario set developed during the workshop, and will select a sub-set of 3-4 scenarios for detailed analyses (Tasks 5b and 5c). 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 in 2005, 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 5.b. Construction of simulation database (Senior Investigators: Baptista, Wainwright)

During the first project year (prior to the workshop) the databases of plume and physical habitat opportunity (Task 3c-d) will be expanded to include simulations representing the pre-workshop scenarios (Task 5a).  Following the workshop in the second year, both physical and biological simulation databases will be developed for the full set of scenarios.  Methods are similar to Tasks 3c-d and 4a-b.

Task 5.c. Analysis of impact of management scenarios (Senior Investigators: Casillas, Peterson, Wainwright, Baptista)

During the final year of the project, we will conduct analyses of the impact of hydrosystem management (as defined by the full set of selected scenarios) on physical habitat opportunity, food supply, growth and survival.  Management scenarios will be evaluated (individually and across scenarios) in terms of their physical and biological response to the interplay of climate, ocean and river forcing.

While specific metrics and definition of regions will differ (see discussion in Task 3d), the estuarine physical habitat opportunity analyses of Bottom et al. (2000) and Baptista et al. (2001) are illustrative of the philosophy that will be used in the evaluation of the physical response of the plume.  We will first develop a characterization, through spatial maps and synthesis indices/plots of habitat opportunity metrics (Task 3d), of the variability of the response of the modern plume to climate, ocean and river forcings, as described by our database of physical simulations (Tasks 3c).  The same maps and synthesis tools will be generated, in ways that also capture forcing variability as appropriate, for each management scenario simulated in Task 5b.  Differences will be evaluated across scenarios, for either the full system or characteristic sub-regions (e.g., within and outside the plume).  An illustration of a possible process, from Bottom et al. (2000) and Baptista et al. (2001), is provided in Appendix Figure 16.

The wider range of models available to this project will also enable us to characterize and compare the response of the plume to management scenarios in a more direct biological perspective. In particular, we will use the linked-model approach developed in Task 4c to compare scenarios based on primary and secondary production, salmon growth, and salmon survival. Specific metrics for that comparison will be defined in the course of the project.  Our integrated analysis of the plume response to interactions between FCRPS management and ocean variation will result in a report detailing the differences among the scenarios, and providing recommendations for potential management approaches to improve early-ocean salmon survival.

g. Facilities and equipment
A contracted commercial fishing vessel will be used to conduct the mesoscale survey and associated oceanographic measurements.  The RV Sea Otter of the NWFSC, located at Hammond, OR will be used to supplement oceanographic measurements during the study. Biweekly monitoring of ocean conditions conducted off Newport, OR is carried out using the R/V Elakha, chartered from Oregon State University. Biological measurements of samples and development of biological models 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 and computer capabilities to conduct the proposed study. 

Physical model development and applications 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.  In addition to present capabilities, the CCALMR computing environment is expected to grow substantially during the duration of the project, in particular regarding the number and performance of compute engines (at least double) and the capacity of fast-access storage (one to two orders of magnitude).

Since 1996, CCALMR developed and maintained CORIE, a pilot observation and forecasting system for the Columbia River estuary. CORIE includes an observational network with real-time telemetry, and a set of computational models and pre-and post-processors.  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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Werner, F.E., R.I. Perry, R.G. Lough, and C.E. Naimes.  1996.  Trophodynamic and advective influences on Georges Bank larval cod and haddock.  Deep-Sea Res. II 43: 1793-1822.

Yankovsky, A.E., B.M. Hickey and A. Munchow (2001) Impact of variable inflow on the dynamics of a coastal buoyant plume. J. Geophys. Res., 106(C9): 19,809-19,824.

Zhang, Y. and A.M. Baptista. 2000. An Efficient Adaptive Editor for Unstructured Grids, in Proceedings of the 7th International Conference on Numerical Grid Generation in Computational Field Simulations, Whistler, B.C., Sept. 2000.

Zhang, Z., R.J. Beamish, and B.E. Ridell. 1995.  Differences in otolith microstructure between hatchery-reared and wild chinook salmon (Oncorhynchus tshawytscha). Can. J. Fish. Aquat. Sci.  52: 344-352.

	Reference (include web address if available online)
	Submitted w/form (y/n)

	(Replace this text with your response; use regular Word commands to add/del/move rows)
	


Section 10 of 10. Key personnel

Michael H. Schiewe
Research Fisheries Biologist
Principle Investigator

Edmundo Casillas
Research Fisheries Biologist
Co-PI Program Manager/salmon growth

William Peterson
Oceanographer
Co-PI – Zooplankton Ecology 

Richard Brodeur
Fisheries Oceanographer
Co PI - Salmon Biology

Robert Emmett
Research Fisheries Biologist
Co-PI - Salmon predators/forage fish


Kym Jacobson
Zoologist
Disease Ecology

Thomas Wainwright
Research Fisheries Biologist
Ecological Modeling

David Teel
Research Fisheries Biologist
Genetic Stock Identification

Brian Beckman
Research Fisheries Biologist
Endocrinology

Cynthia Tynan
Marine Ecologist
Sea birds and marine mammal ecology


Antonio Baptista
Professor
Co-PI Plume dynamics/physical habitat 

David A. Jay
Associate Professor
Co-PI Physical Oceanography

William G. Pearcy
Professor Emeritus
Co-PI Fisheries Oceanography

Joseph P. Fisher
Senior Faculty Research Assistant
Salmon ecology and growth

Michael G.G. Foreman
Fisheries Oceanographer
Oceanographic modeling

Barbara M. Hickey
Professor
Oceanography

P. Michael Kosro
Associate Professor
Coastal Oceanography

Jerry L. Miller
Physical Oceanographer
Oceanographic remote sensing

G. Curtis Roegner
Research Fisheries Biologist
Estuarine Oceanography
Antonio M. Baptista

Department of Environmental Science and Engineering, OGI School of Science & Engineering, Oregon Health & Science University (OGI-OHSU)

Beaverton, OR 97006-8921
EMAIL: baptista@ese.ogi.edu 



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).

EDUCATION AND AWARDS:

Engenheiro Civil, Academia Militar, Lisboa, Portugal, 1978

M.S., Civil Engineering, Massachusetts Institute of Technology, 1984

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

Ph.D., Civil Engineering, Massachusetts Institute of Technology 

Interdisciplinary Research Award, OGI, 2001

PROFESSIONAL EXPERIENCE:

Head, Department of Environmental Science and Engineering, OGI-OHSU (Sept. 2000-present)

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

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

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

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)

Selected Publications: 

Baptista A.M. In press. Modern paradigms for modeling and visualization of environmental systems, Enc. of Physical Science and Technology, R. Meyers (Ed.), Academic Press.

Myers, E.P. and A.M. Baptista.  2001. Inversion for tides in the Eastern North Pacific Ocean, Advances in Water Resources 24: 505-519.

Oliveira A., A.. Fortunato and A.M. Baptista.  2000.  Mass balance in Eulerian-Lagrangian transport simulations in estuaries, ASCE Journal of Hydraulic Engineering 126:605-614.

Baptista, A.M., M. Wilkin, P. Pearson, P. Turner, C. McCandlish, and P. Barrett. 1999. Coastal And Estuarine Forecast Systems: A Multi-Purpose Infrastructure for the Columbia River, Earth System Monitor, 9(3): 1-2,4-5,16, National Oceanic and Atmospheric Administration, Washington, D.C.

Myers E.P., A.M. Baptista and G.R. Priest.  1999.  Finite element modeling of potential Cascadia Subduction Zone tsunamis, Science of Tsunami Hazards, 17(1):3-18.   

   Brian R. Beckman 

Northwest Fisheries Science Center, NMFS, 2725 Montlake Blvd. E., Seattle, WA 98112

PHONE: 206 860-3461

    EMAIL: Brian.Beckman@noaa.gov
Education:

B. S. Biology, Oregon State University, Corvallis, OR, 1983

M.S. Marine Environmental Science, State University of New York at Stony Brook, Stony Brook, NY, 1984

Ph. D. Candidate Fisheries, University of Washington, Seattle, WA, 1992 - present

    PROFESSIONAL EXPERIENCE: 

Research Fishery Biologist, NMFS, NWFSC, Seattle (1987 – present)

Biological Technician, NMFS, Cook Field Station, Cook WA (1986 – 1987)

Graduate Assistant, SUNY Stony Brook, NY (1983 – 1985)


SELECTED PUBLICATIONS:

Beckman, B.R., Shearer, K.D., Cooper, K.A., and W.W. Dickhoff.  2001. Relationship of insulin-like growth factor-I and insulin to size and adiposity of under-yearling chinook salmon.  Comparative Biochemistry and Physiology 129A:585-593.

Larsen, D. A., Beckman, B. R., and W. W. Dickhoff.  2001a.  The effect of low temperature and fasting during winter on metabolic stores and endocrine physiology (insulin, insulin-like growth factor-I, and thyroxine) of coho salmon, Oncorhynchus kisutch. General and Comparative Endocrinology 123:308-323.

Larsen, D. A., Beckman, B. R., and W. W. Dickhoff.  2001b.  The effect of low temperature and fasting during winter on growth and smoltification of coho salmon, Oncorhynchus kisutch.  North American Journal of Aquaculture 63:1-10.

Pierce, A.L., Beckman, B.R., Swanson, P., Shearer, K., Larsen, D.A., and W.W. Dickhoff.  2001.  Effects of ration on somatotropic hormones and growth in coho salmon. Comparative Biochemistry and Physiology 128B:255-264.

Beckman, B.R., Larsen, D. A., Sharpe, C., Lee-Pawlak, B., and W.W. Dickhoff. 2000. Physiological status of naturally-rearing juvenile chinook salmon in the Yakima River:  seasonal dynamics and changes associated with the parr-smolt transformation. Transactions of the American Fisheries Society.  129:727-753.

Beckman, B.R., Dickhoff, W.W., Zaugg, W.S., Sharpe, C., Hirtzel, S., Schrock, R., Larsen,  D.A., Ewing, R.D., Palmisano, A., Schreck, C.B., and C.V.W. Mahnken.  1999.  Growth, smoltification, and smolt-to-adult return of spring chinook salmon (Oncorhynchus tshawytscha) from hatcheries on the Deschutes River, Oregon. Transactions of the American Fisheries Society  128:1125-1150.

Richard David Brodeur

Northwest Fisheries Science Center, National Marine Fisheries Service, Newport, OR, 97365

PHONE: 541-867-0336






E-MAIL: Rick.Brodeur@noaa.gov

EDUCATION:  
Ph.D., Fisheries, University of Washington, Seattle, WA, 1990 

M.S., Oceanography, Oregon State University, Corvallis, OR, 1983

B.S., Fishery Biology, University of Massachusetts, Amherst, MA, 1976

PROFESSIONAL EXPERIENCE: 

Affiliate Associate Professor, College of Ocean and Atmospheric Sciences, OSU, Corvallis, OR, (1999- )

Research Fishery Biologist, National Marine Fisheries Service, Seattle, Newport, (1991- )

Visiting Investigator, Pacific Fisheries Environmental Laboratory, Pacific Grove, CA, (1998)

Uchida Visiting Fellow, Ocean Research Institute, Tokyo, Japan (1993)

Postdoctoral Fellow, Pacific Biological Station, Nanaimo, B.C., Canada (1990-1991)

Fishery Biologist, National Marine Fisheries Service, Seattle, WA (1987‑1990)

Fishery Biologist, Fisheries Research Institute, University of Washington, Seattle, WA (1987‑1990)

Senior Research Assistant, School of Oceanography, Oregon State University, Corvallis, OR (1979-1985)

PROFESSIONAL RECOGNITION: 

SBSCC Senior Investigators Committee (1997- )

PICES Micronekton Working Group Chairman (1998- )

GLOBEC Northeast Pacific Executive Committee (2000- )

PICES Biological Oceanography Committee (2001- )

Census of Marine Life Coastal Working Group (2000- )

SELECTED PUBLICATIONS:

Brodeur, R.D., J.H. Helle, and K.W. Myers. MS. Research conducted by the United States on the early life history of Pacific salmon. Bull. North Pacific Anad. Fish Comm.

McKinnell, S.M., R.D. Brodeur, K. Hanawa, A.B. Hollowed, J.J. Polovina, and C.-I. Zhang (eds.). 2001. Pacific climate variability and marine ecosystem impacts from the tropics to the Arctic. Prog. Oceanogr. 49(1-4), 639 p.

Emmett, R.L. and R.D. Brodeur. 2000. Recent changes in the pelagic nekton community off Oregon and Washington in relation to physical oceanographic conditions. North Pacific Anad. Fish. Comm. Bull. 2:11-20.

Brodeur, R.D., P.J. Bentley, R.L. Emmett, T. Miller, and W.T. Peterson. 2000. Sardines in the ecosystem of the Pacific Northwest.  Proc. Sardine 2000 Symposium. Pacific States Marine Fish. Comm., pp. 90-102.

Brodeur, R.D., G.W. Boehlert, E. Casillas, M.B. Eldridge, J.H. Helle, W.T. Peterson, W.R. Heard, S. Lindley, and M.H. Schiewe. 2000. A coordinated research plan for estuarine and ocean research on Pacific salmon. Fisheries 25:7-16.

Brodeur, R.D., S. McKinnell, K. Nagasawa, W.G. Pearcy, V. Radchenko, and S. Takagi. 1999. Epipelagic nekton of the North Pacific Subarctic and Transition Zones.  Prog. Oceanogr. 43:365-397.

Pearcy, W.G., K.Y. Aydin, and R.D. Brodeur. 1999. What is the carrying capacity of the North Pacific Ocean for sa1monids? PICES Press 7: p.17-23.

Landingham, J.H., M.V. Sturdevant, and R.D. Brodeur. 1998. Feeding habits of juvenile Pacific salmon in marine waters of Southeastern Alaska and Northern British Columbia.  Fish. Bull. 96:285-302.

Cooney, R.T. and R.D. Brodeur. 1998. Carrying capacity and North Pacific salmon production: Stock-enhancement implications.  Bull. Mar. Sci. 62:443-464.

Brodeur, R.D. 1997. The importance of various spatial and temporal scales in the interaction of juvenile salmon and the marine environment. In: R.L. Emmett and M.H. Schiewe (eds.)  Estuarine and Ocean Survival of Northeastern Pacific Salmon. NOAA Tech. Memo. NMFS-NWFSC-29, pp. 197-211.

Brodeur, R.D. and W.G. Pearcy. 1992. Effects of environmental variability on trophic interactions and food web structure in a pelagic upwelling ecosystem. Mar. Ecol. Prog. Ser. 84:101-119.


PRIVATE 

Edmundo Casillas

Northwest Fisheries Science Center, National Marine Fisheries Service, 2725 Montlake Blvd E., Seattle, WA 98112

PHONE: 206-860-3313

EMAIL: Ed.Casillas@noaa.gov
EDUCATION:

B.A., Environmental Biology, University of California, Santa, Barbara, CA, 1972

M.S., Fisheries Biology, University of Washington, Seattle, WA, 1974

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)

Member of the Editorial Board, Aquatic Toxicology (1985-1991)

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)

Senior Postdoctoral Fellow, Laboratory Medicine, University of Washington (1978-1980)
SELECTED PUBLICATIONS:
Arkoosh, M.A., E. Casillas, E. Clemons, B. McCain, and U. Varanasi.  1991.  Suppression of immunological memory in juvenile chinook salmon (Oncohynchus tshawytscha) from an urban estuary.  Fish Shellfish Immunol.  1:261-277.

Casillas, E., D.A. Misitano, L.L. Johnson, L.D. Rhodes, T.K. Collier, J.E. Stein, B.B. McCain, and U. Varanasi.  1991.  Inducibility of spawning and reproductive success of female English sole (Parophrys vetulus) from urban and nonurban areas of Puget Sound, Washington.  Mar. Environ. Res.  31:99-122.

Casillas, E., M. R. Arkoosh, E. Clemons, T. Hom, D. Misitano, T. K. Collier, J. E. Stein, and U. Varanasi.  1995.  Chemical contaminant exposure and physiological effects in outmigrant Chinook salmon from selected urban estuaries of Puget Sound, Washington In Salmon Ecosystem Restoration: Myth and Reality; Proceedings of the 1994 Northeast Pacific Chinook and Coho Salmon Workshop M.Keefe (ed), American Fisheries Society, Oregon Chapter, Corvallis, OR.  pp. 86-102.

Varanasi, U., E. Casillas, M.R. Arkoosh, T. Hom, D.A. Misitano, D.W. Brown, S-L Chan, T.K. Collier, B.B. McCain, and J.E.Stein.  1993.  Contaminant exposure and associated biological effects in juvenile chinook salmon (Oncohynchus tshawytscha) from urban and nonurban estuaries of Puget Sound.  U.S. Dept. of Comm., NOAA Tech. Memo. NMFS-NWFSC-8, 112p.
Casillas, E., B.B. McCain, M.Arkoosh, and J.E. Stein.  1997.  Estuarine pollution and juvenile salmon health: Potential impact of survival.  In R.L. Emmett and M. H. Schiewe (eds) Estuarine and Ocean  Survival of Northeastern Pacific Salmon: Proceeding of the workshop. U.S Dept Commerc., NOAA Tech. Memo. NMFS-NWFSC-29, pp. 169-179.

Arkoosh, M.A., E. Casillas, P. Huffman, E. ClemonsS, J. Evered, J.E. Stein, and U. Varanasi.  1998.  Increased susceptibility of juvenile chinook salmon (Oncorhynchus tshawytscha) from a contaminated estuary to Vibrio anguillarum.  Trans Amer. Fish. Soc. 127:260-374.

Arkoosh, M., E. Casillas, E. Clemons, A. Kagley, R.E.Olson, P.Reno, and J.E. Stein  1998.  Effect of pollution on fish disease: potential population impacts.  J. Aquat. Anim. Health.  10:182-190.

Casillas, E.  1999. Role of the Columbia River estuary and plume in salmon productivity. In: Ocean Conditions and the Management of Columbia River Salmon; Proceedings of a Symposium, Portland, OR  July 1, 1999. G. A. Bisbal (ed.) Portland, OR: Northwest Power Planning Council, pp. 55-64.

Brodeur, R.D., G.W. Boehlert, E. Casillas, M.B. Eldridge, J.H. Helle, W.T. Peterson, W.R. Heard, S. Lindley, and M.H. Schiewe. 2000. A coordinated research plan for estuarine and ocean research on Pacific salmon. Fisheries 25:7-16.

ROBERT L. EMMETT

National Marine Fisheries Service, Hatfield Marine Science Center, 2030 S Marine Science Drive, Newport, OR 97365

PHONE: 541-867-0109






E-MAIL: robert.emmett@noaa.gov

EDUCATION:

B.S., Fishery Biology, University of Massachusetts, Amherst, MA, 1977

M.S. Biology, University of Oregon, Eugene, OR, 1982 

Ph.D., Fisheries and Wildlife, Oregon State University, Corvallis, OR, 2002 (expected)

PROFESSIONAL EXPERIENCE:

National Marine Fisheries Service, Research Fishery Biologist, Hammond and Newport (1980-present).

Present duties: Principal investigator for ongoing study of the relationships between baitfish and fish predator populations and biophysical conditions off the Oregon/Washington coast and juvenile salmon ocean survival.

SELECTED PUBLICATIONS:

Emmett, R. L. 1997. Estuarine survival of salmonids: The importance of interspecific and intraspecific predation and competition, p. 147-158. In R. L. Emmett and M. H. Schiewe (editors), Estuarine and ocean survival of northeastern Pacific salmon: Proceedings of the workshop, March 20-22, 1996, Newport, Oregon.  NOAA Tech. Memo. NMF-NWFSC-29.

Emmett, R.L. and M.H. Schiewe.  1997.  Estuarine and ocean survival of Northeastern Pacific Salmon: Proceedings of a workshop.  NOAA Technical Memorandum NMFS-NWFSC-29.  313 pp.

Emmett, R. L., P. J. Bentley, and G. K. Krutzikowsky.  2001.  Ecology of marine predatory and prey fishes off the Columbia River, 1998 and 1999.  NOAA Tech. Memo. NMFS-NWFSC-51, 108 p.

Emmett, R.L., R.D. Brodeur, and P.M. Orton.  MS.  Depth and diel -related variability in catches of juvenile salmon and associated biota in relation to physical oceanographic features in the Columbia River Plume.

Emmett, R. L., and R. D. Brodeur. 2000.  Recent changes in the pelagic nekton community off Oregon and Washington in relation to some physical oceanographic conditions.  No. Pac. Anad. Fish  Comm., Bull. No. 2: 11-20.

Brodeur, R.D., P.J. Bentley, R.L. Emmett, T. Miller, and W.T. Peterson. 2000. Sardines in the ecosystem of the Pacific Northwest.  Proc. Sardine 2000 Symposium. Pacific States Marine Fish. Comm., pp. 90-102.

Emmett, R. L., R., Llansó, J., Newton, R.,Thom, M., Hornberger, C., Morgan, C., Levings, A., Copping, and P. Fishman. 2000. Geographic signatures of North American west coast estuaries.  Estuaries 26(6):765-792.

Joseph P. Fisher

College of Oceanic and Atmospheric Sciences, Oregon State University, 104 Ocean Admin. Building

Corvallis, OR 97331-5503

EMAIL: Jfisher@coas.oregonstate.edu
EDUCATION:

B.A., Biology, Macalester College, St. Paul, MN, 1975

M.S., Oceanography, Oregon State University, Corvallis, OR, 1979

PROFESSIONAL EXPERIENCE:

Senior Faculty Research Assistant, College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, Or  (1991 – present)

Faculty Research Assistant, College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, Oregon: April 1981 ‑ 1990

Fisheries Technician, Oregon Department of Fish and Wildlife, Corvallis Research Laboratory, Corvallis, Oregon 1980 - 1981

SELECTED PUBLICATIONS:
Fisher, J.P. and W.G. Pearcy. 1988. Growth of juvenile coho salmon (Oncorhynchus kisutch) in the ocean off Oregon and Washington, USA, in years of differing coastal upwelling. Can. J. Fish. Aquat. Sci. 45:1036‑1044. 

Fisher, J.P. and W.G. Pearcy. 1995. Distribution, migration, and growth of juvenile chinook salmon, (Oncorhynchus tshawytscha), off Oregon and Washington. U.S. Fish. Bull. 93:274-289.

Fisher, J.P. and W.G. Pearcy. 1987. Movements of coho, Oncorhynchus kisutch, and chinook, O. tshawytscha, salmon tagged at sea off Oregon, Washington, and Vancouver Island during the summers 1982‑85. Fish. Bull., U.S. 85:819‑826.

Pearcy, W.G. and J.P. Fisher. 1988. Migrations of coho salmon, Oncorhynchus kisutch, during their first summer in the ocean. Fish. Bull., U.S. 86:173‑195.

Pearcy, W.G., J.P. Fisher, Anma, G. and Meguro, T. 1996. Species associations of epipelagic nekton of the North Pacific Ocean, 1978-1993. Fish. Oceanogr. 5:1-20.

Fisher, J.P. and W.G. Pearcy. 1990. Distribution and residence times of juvenile fall and spring chinook salmon in Coos Bay, Oregon. Fish. Bull., U.S. 88:51‑58.

Fisher, J.P. and W.G. Pearcy. 1990. Spacing of scale circuli versus growth rate in young coho salmon. Fish. Bull., U.S. 88:637‑643.

Fisher, J.P. and W.G. Pearcy. 1996. Dietary overlap of juvenile fall- and spring-run chinook salmon in Coos Bay, Oregon. U.S. Fish. Bull. 95:25-38.

Michael G. G. Foreman

Institute of Ocean Sciences, P.O. Box 6000, Sidney, B.C., V8L 4B2, Canada

PHONE: 604-363-6306 

EMAIL: foremanm@dfo-mpo.gc.ca
EDUCATION:

Ph.D., University of British Columbia, Institute of Applied Mathematics, 1984

M.S., University of Victoria, Department of Mathematics and Statistics, 1973

B.S., Queen's University, Major in Mathematics, Minor in Physics, 1971

PROFESSIONAL EXPERIENCE:

Government of Canada, Department of Fisheries and Oceans (since 1973)

Adjunct Professor, University of British Columbia (since 1998)
RELEVANT EXPERTISE:

coastal circulation modeling and biological transport, data assimilation, tidal analysis and prediction, river temperature and flow modeling, climate forecasting

SELECTED PUBLICATIONS:

Foreman, M.G.G., C.B. James, M.C.Quick, P. Hollemans, and E. Wiebe. 1997. Flow and temperature models for the Fraser and Thompson Rivers. Atmosphere-Ocean, 35(1): 109-134.

Foreman, M.G.G., R.E. Thomson, and C.L. Smith. 2000. Seasonal current simulations for the western continental margin of Vancouver Island. Journal of Geophysical Research, 105: 19,665-19,698.

Foreman, M.G.G., D.K. Lee, J. Morrison, S. Macdonald, and I.V. Williams. 2001. Simulations and retrospective analyses of Fraser Watershed flows and temperatures. Atmosphere-Ocean, 39(2): 89-105.

Smith, C.L., A.E. Hill, M.G.G. Foreman, and M.A. Peña. 2001. Horizontal transport of marine organisms resulting from interactions between diel vertical migration and tidal currents off the west coast of Vancouver Island. Canadian Journal of Fisheries and Aquatic Sciences, 58: 736-748.

Morrison, J., M.C. Quick, and M.G.G. Foreman. 2001.  Climate change in the Fraser Watershed: Flow and temperature predictions. Submitted to Journal of Hydrology.

Barbara M. Hickey


University of Washington, School of Oceanography, Box 355351, Seattle, Washington 98195

PHONE: 206-543-4737

EMAIL: bhickey@u.washington.edu

EDUCATION:
Ph.D., Physical Oceanography, Scripps Institution of Oceanography, UC San Diego, 1975

M.S., Physical Oceanography, Scripps Institution of Oceanography, UC San Diego, 1969

B.S., Mathematics and Physics, University of Toronto, Toronto, Ontario, Canada , 1967

PROFESSIONAL EXPERIENCE:

Professor, School of Oceanography, U. of Washington (1985 – present)

Research Associate Professor, School of Oceanography, U. of Washington (1980 – 1985)

Research Assistant Professor, School of Oceanography, U. of Washington (1974 – 1980)

PROFESSIONAL MEMBERSHIPS:

Fellow, American Meteorological Society; Member, American Geophysical Union

RESEARCH INTERESTS:

Dr. Hickey has studied the oceanography of the California Current System for over 25 years, with research in areas from southern California to the Vancouver Island coast. She is the recognized expert on circulation and water properties of the Washington coast and its estuaries. Her areas of expertise includes dynamics of river plumes, wind-driven shelf circulation and effects of submarine canyons on upwelling, circulation and larval retention. In 1990-1991 she led a study of the dynamics of the plume from the Columbia River. This study resulted in a comprehensive dataset that can provide a stringent test of any plume model. Recently, she has been involved in two modeling studies of the plume (see publications). She is currently involved in several modeling and observational studies in the Pacific Northwest, including GLOBEC, PNCERS and ORHAB. Dr. Hickey has also been involved in numerous interdisciplinary studies, focusing on sediment transport, turbidity, larval transport, and blooms of harmful algae. The skills acquired in these studies are particularly useful for fishery applications.

SELECTED PUBLICATIONS:

Landry, M.R. and B.M. Hickey (eds.) 1989. Coastal Oceanography of Washington and Oregon, 607 pp, Elsevier Science, Amsterdam, The Netherlands.

Hickey, B.M., L. Pietrafesa, D. Jay and W.C. Boicourt. 1998. The Columbia River Plume Study: subtidal variability of the velocity and salinity fields J. Geophys. Res., 103(C5): 10,339-10,368. 

Hickey, B.M. 1998. Coastal Oceanography of Western North America from the tip of Baja California to Vancouver Is. pp 345-393 in Volume 11, Chapter 12, The Sea, eds. K.H. Brink and A.R. Robinson, Wiley and Sons, Inc. 

Yankovsky, A.E., B.M. Hickey and A. Munchow.  2001. Impact of variable inflow on the dynamics of a coastal buoyant plume. J. Geophys. Res., 106(C9): 19,809-19,824.

Garcia Berdeal, I., B.M. Hickey and M. Kawase (2001) Influence of Wind Stress and Ambient Flow on a High Discharge River Plume. J. Geophys. Res., In Press.

Kym C. Jacobson

National Marine Fisheries Service, Hatfield Marine Science Center, 2030 S. Marine Science Dr., Newport, OR 97365

PHONE: 541-867-0375






E-MAIL: Kym.Jacobson@noaa.gov

EDUCATION: 

Ph.D.  Biology, Wake Forest University, North Carolina, 1991

M.S.  Biology, Wake Forest University, North Carolina, 1987

B.S. Zoology, University of Nevada,1985

B.A.  French, University of Nevada, 1984

PROFESSIONAL EXPERIENCE:
Zoologist, NOAA/NMFS/NWFSC, Fish Ecology Division, Newport, Oregon (1997-Present)

NRC Associateship Award Recipient, NOAA/NMFS/NWFSC, Environmental Conservation Division, Newport, Oregon (1996-1997)

Postdoctoral Scientist, Seattle Biomedical Research Institute & Department of Pathobiology, University of Washington (1993-1996)

Postdoctoral Research Fellow, Departments of Immunology and Neurology, Mayo Clinic/Foundation, Rochester, Minnesota (1991-1993)


Teaching Assistant & Research Assistant, Department of Biology; Biology & French Tutor, Departments of Biology and Athletics, Wake Forest University (1985-1991)


SELECTED PUBLICATIONS:
Esch, G.W., D.J. Marcogliese, T.M. Goater and K.C. Jacobson.  1989.  Aspects of the evolution and ecology of helminth parasites in turtles: a review.  In:  The life history and ecology of the slider turtle, Trachemys scripta (J.W. Gibbons, ed.).  Smithsonian Institution Press, p. 299-307.

Jacobson, K.C., R.C. Fletcher and R.E. Kuhn.  1992.  Resistance to complement-mediated lysis and differential binding of parasite-specific IgG to trypomastigotes of a Brazil strain of Trypanosoma cruzi.  Parasite Immunol. 14, 1-12.

Jacobson, K.C., R. Washburn and R.E. Kuhn.  1992. Binding of complement to trypomastigotes of a Brazil strain of Trypanosoma cruzi:  evidence for heterogeneity within the strain.  J. of Parasitol. 78(4), 697-705.

 Aho, J.M., M. Mulvey, K.C. Jacobson and G.W. Esch.  1992.  Genetic differentiation among congeneric acanthocephalans in the yellow-bellied slider turtle.  J. Parasitol 78(6), 974-981.
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Appendix figure 1.  Catch of juvenile coho salmon, yearling (1.0) and subyearling (0.0) chinook salmon in June and September of 1998-2001 during BPA funded cruises.
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Appendix figure 2.  Genetic estimates (standard deviation indicated by vertical lines) of the freshwater origins of chinook salmon sampled in the Columbia River plume study area.
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Appendix figure 5. Wet weight residuals for juvenile subyearling and yearling chinook salmon and coho salmon for with their adipose clipped (hatchery salmon) or adipose present (a mixture of wild type and hatchery salmon). Weight residuals are derived from the linear relationship between fork length and wet weight (log transformed) of juvenile salmon for the period of 1998-2000 off the Columbia River. Residuals higher than zero indicate that fish weigh more than expected for a given length and residuals lower than zero indicate that fish weigh less than expected for a given length.
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Appendix figure 6.  Prevalence of the pathogens Renibacterium salmoninarum and Nanophyetus salmincola in juvenile coho salmon sampled in 2000 (N = 192). 
There was a significant decline in the prevalence of R. salmoninarum from May to June of 2000 in coho salmon from 72% to 53% respectively (changes in case indicate significant differences between months).  In both 1999 and 2000 the prevalence of N. salmincola declined 23% from June to September samples; from 69% to 46% and 72% to 49% respectively.  
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Appendix figure 8a.  Chlorophyll a concentration (mg/m3) off the Washington and Oregon coasts during June 1998-2001 sampling surveys.

[image: image25.wmf](b) Criteria for favorable 

habitat opportunity

Depth:  0.1 < D < 2m

Velocity: V < 30cm/s

Salinity: s < 5 

psu

(a)

(d)

(c)

(b) Criteria for favorable 

habitat opportunity

Depth:  0.1 < D < 2m

Velocity: V < 30cm/s

Salinity: s < 5 

psu

(a)

(d)

(c)


Appendix figure 8b.  Relationship between copepod biomass and water depth along transect lines shown in Figure 1.  Note the exponential decline in biomass with water depth.  Also, note that the low biomass values during the El Nino as sampled in June 1998.  80% of all juvenile salmon were captured inshore of the 120 m isobath, in the region of highest copepod biomass.   
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Appendix figure 9. A front tracking map, showing the progression of the outer plume front during and after ebb tide. The inset color plot shows salinity profiles on either side of the front at the 5 hr. time point.


Appendix figure 10. Map of AVHRR-derived surface temperature (oC). Text salinity values are superimposed to demonstrate that the warm water mass is derived from the Columbia River plume. The red boxes surround the far-field and near-field plume regions.


Appendix figure 11.  Structure of a prototype Lower Trophic Model used in GLOBEC Northeast Pacific Program.  Arrows represent consumption (solid green), respiration (dotted blue), and egestion/mortality (dashed red).


Appendix figure 12.  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 (Appendix figure 13), a numerical modeling system (Appendix figure 14), 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., Appendix figure 16). 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. See http://www.ccalmr.ogi.edu/CORIE for further details.


Appendix figure 13.  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, OGI01 and OGI02 are specifically associated with this project. Also, 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. A sub-network of stations (red/yellow circles and squares) is being deployed at Cathlamet Bay to characterize physical habitat in support of research on salmon survival, as a part of a NMFS/U.S. Army Corps of Engineers project. The location of the X-band radar (installation planned) shown in the figure coincides roughly coincides with one of the coastal radar stations that OSU will install temporarily in 2004, in support of this project. For further details see http://www.ccalmr.ogi.edu/CORIE.


Appendix figure 14. 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. This project has driven the development of the plume component of the CORIE modeling system, and of the core numerical code for the entire system (ELCIRC). The modeling domain is shown in Appendix figure 15. For further details see http://www.ccalmr.ogi.edu/CORIE.


Appendix figure 15.  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 the on lower estuary (d), near-field plume (c) and far-field plume (a). In the related project Estuary, focus will be on the estuary from the entrance to Bonneville dam (b).   Figures (c) and (d) show instantaneous surface salinity fields.


Appendix figure 16.  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 type of conceptual approach, with substantial modifications required by different metrics and a much mobile and ephemeral plume environment (e.g., Tasks 3d and 3e), will be extensively used in this project (Objectives 3, 4 and 5) 



Figure 3.  Distribution of 1 m salinity for three highly contrasting years (1999-2001).    
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Appendix figure 3.  Boxplots of standardized catch of juvenile coho salmon in relation to frontal regions at the margin of the Columbia River plume in May 2001.  Each habitat was sampled in random order a total of seven times over a three day period.  Shown are the means (dotted lines), median (center line in box), upper and lower quartiles (box), and 95th percentile (error bars). Catch in front was significantly higher (p=0.024) than outside the front (ANOVA randomized block design).








Appendix figure 4.  Percent of total numerical composition (%N) for chinook diets, vertical plankton hauls, and surface neuston hauls for one transect off the Columbia River in May 1999.  Station numbers are distances offshore in nautical miles.  Stations CR15-CR30 are in the CR plume.
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Appendix figure 7. Total catch per year of non-salmonid nekton during 1998-2001 study period:  a. predator species; b. forage fish species. Please note differences in scale between figures.
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