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Proposed Recovery Plan for Snake River Salmon (U.S. Dept. Commerce 1995), Task 2.11a: Investigate the environmental requirements of juvenile salmonids in the estuary and nearshore ocean.  Both the ISG (1996) and NRC(1996) noted that ocean conditions and interactions between ocean conditions and juvenile salmonids must be considered when undertaking salmon recovery plans. The relationships between ocean conditions and salmon survival are needed to accurately evaluate freshwater restoration efforts.  



Subbasin.  Nearshore Ocean



Short description.  Measure the effects of time of entry and smolt quality, food habits, growth, and bioenergetic status of juvenile coho and chinook salmon on survival in relation to oceanographic features of the nearshore ocean environment associated with the Columbia River plume.
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Section 3.  Relationships to other Bonneville projects



Project #�Project title/description�Nature of relationship��9702600�Marine predators of salmon�Complements partioning of factors 

affecting survival in the nearshore environment.��9600600�PATH�Study will contribute empirical data 
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ocean survival for use in life cycle

 models��

Section 4.  Objectives, tasks and schedules

Objectives and tasks



Obj 

1,2,3�

Objective�Task 

a,b,c�

Task��1�Physical characterization of Columbia River plume, estuary, and near-shore environment �

a�Integrated numerical modeling and real-time data acquisition of circulation and physical water properties in the Columbia River estuary����

b�Integrated vessel observations and numerical modeling of circulation and physical water properties in the Columbia River plume and nearshore environment����

c�Analysis of variability of present and historical river flow data, and estimation of suspended particulate matter (SPM) using an existing rating curve��2�Biological characterization of Columbia River plume and near-shore environment�a�Measure nutrient concentrations (nitrate, phosphate, silicate), phytoplankton biomass and zooplankton and ichthyoplankton abundance and species composition at monthly intervals in the plume and nearshore environments����









b�Compare results to historical data collected off the central OR and WA coasts and in the plume in 1970s and 1980s (and 1996 and 1997 off Newport) to determine if the plume and adjacent continental shelf waters have changed with respect to nutrient dynamics and plankton production as a result of the 1976/77 regime shift or as a result of reductions in Columbia River flows in spring. ����



c�Relate variations in seasonal cycles of plankton abundance to interannual variations in date of spring transition, coastal upwelling strength and size of plume, from historical data and for data collected during this proposed study��3�Assess timing of entry as a factor related to salmon survival�

a�Collect juvenile salmon in river or at hatchery release sites, measure, and acquire tissue samples for bioenergetic quality assessment����b�Assess growth characteristics of release groups and smolt quality����c�Acquire return rates for each release group����

d�Identify relationships among time of entry, smolt condition, and oceanographic conditions in the estuary and nearshore ocean identified in  Objectives 1 & 2.��4�Assess salmon growth and health in nearshore ocean habitats off the Columbia River�

a�Collect fish, measure, and acquire tissue samples to measure growth rates and bioenergetic status����

b�Assess growth characteristics and bioenergetic status of

juvenile coho and ocean and stream-type chinook salmon����







c�Identify relationships among growth and bioenergetic status, nearshore ocean conditions identified in Objectives 1 & 2, and microhabitats of the ocean in relation to the Columbia River for juvenile coho and ocean- and stream-type chinook salmon����



d�Conduct retrospective analysis of juvenile coho salmon growth during ocean age 1 and 2 using data collected by Fisher and Pearcy (1988) and data collected from this study����









e�Identify relationships among growth and bioenergetic status between naturally-produced and hatchery-reared juvenile salmon and nearshore ocean conditions identified in Objectives 1 & 2 and microhabitats of the ocean in relation to the Columbia River for juvenile coho and ocean- and stream-type chinook salmon��5�Assess juvenile salmon food habits�

a�Collect stomach contents of juvenile salmon in the nearshore ocean off the Columbia River����b�Perform stomach analysis����



c�Identify relationships between food habits, ocean conditons, and prey fields (identified from Objectives 1 & 2) for juvenile coho and ocean- and stream-type chinook salmon����



d�Identify relationships between food habits of juvenile salmon and microhabitats of the nearshore ocean off the Columbia River��6�Report results�a�Create text, tables and figures and report results��

Objective schedules and costs





Objective #�

Start Date

mm/yyyy�

End Date

mm/yyyy�

Cost %��1�01/1999�10/2003�40%��2�04/1999�09/2003�18%��3�04/1999�08/2003�12%��4�06/1999�09/2003�22%��5�06/1999�09/2003�8%�����TOTAL  100.00%��

Schedule constraints.  ESA Section 7 permit for collection of juvenile salmon in the nearshore ocean.  Charter of suitable vessel for collection of juvenile salmon in the nearshore ocean.





Completion date.  2009 (10 year study)





Section 5.  Budget

FY99 budget by line item



Item�Note�FY99��Personnel�Includes cost for personnel to run the R/V

 Sea Otter and 1FTE equivalent (GS-9)�$   87.3K��Fringe benefits��$   30.6K��Supplies, materials, non-expendable property��$   35.0K��Operations & maintenance��$     1.2K��Capital acquisitions or improvements (e.g. land, buildings, major equip.)�Oven, scale, fluorometric plate reader, 

coaxial cable winch�$   38.0K��PIT tags�# of tags: NA���Travel��$     3.5K��Indirect costs��$   36.6K��Subcontracts�OGI

OSU

CIMRS 

Purse seining or surface-water trawling

 vessel�$ 315.0K

$   40.0K

$ 100.0K

$   90.0K��Other�Overtime�$   11.0K��TOTAL��$ 788.2K��Outyear costs



Outyear costs�FY2000�FY01�FY02�FY03��Total budget�$790K�$800K�$700K�$600K��O&M as % of total�< 2%�< 2%�< 3%�< 3%��

Section 6.  Abstract

Interannual variation in ocean recruitment of salmon is high and thought to be associated with variation in nearshore ocean conditions. The nearshore ocean environment, particularly that associated with the Columbia River plume, is a critical habitat to outmigrating juvenile salmon. Several investigators have suggested that survival during the first year of ocean life is a key to establishing year-class strength.  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 Columbia River plume, affects overall survival of Columbia River stocks. We further hypothesize that primary factors driving the variation in the nearshore environment include (a) food availability and habits and (b) time of entry, smolt quality, and growth and bioenergetic status at the time of entry and during the first growing season in the ocean and (c) predation (a companion study on predation on juvenile salmon is ongoing). We propose to characterize, over a 10-year period, the physical and biological features of the nearshore ocean environment with real-time and modeling projections of the Columbia River plume as it interacts with the coastal circulation regime, and to relate these features, both spatially and temporally, to variation in salmon health, condition, and survival.  

Section 7.  Project description



a.	Technical and/or scientific background.  



INTRODUCTION  



Seasonal and annual fluctuations in mortality of salmon in the marine environment is a significant source of salmonid recruitment variability.  Approximately half of all preadult (egg through juvenile stage) salmon mortality occurs in the marine environment (Bradford 1995).  Variability in ocean salmon survival is very high, with annual mortality ranging over three orders of magnitude  (PSFMC unpublished data 1995).  Many abiotic and biotic ocean conditions are highly variable as well, both within and between years, and undoubtedly account for the range of juvenile salmon ocean survival.  Long-term regime shifts in climatic processes also affect oceanic structures and can produce abrupt differences in salmon marine survival and returns (Francis and Hare 1994).  The latest regime shift occurred in the late 1970s and may be a factor in reduced ocean survival of salmon in the Pacific Northwest (PNW) and increased survival in Alaska (Mantua et al. 1997).  



Unlike in the freshwater environment, the physical and biological mechanisms and factors causing marine mortalities of salmon are largely unknown.  Predation,  inter- and intra-specific competition, food availability, smolt quality and health, and ocean conditions all likely influence survival of salmon in marine environments.  Although direct  measurements of salmonid mortality in the marine environment are desirable, they are difficult to acquire because of the problems with capturing and following specific salmonid stocks or groups in the ocean.  In this proposal we investigate the use of measures of the condition and health of individual salmon  (which integrate life history characteristics with ocean conditions) to predict or forecast marine survival of juvenile salmon.  If verified, this information would be extremely valuable to salmonid managers to predict and forecast survival potential as a result of "ocean conditions."



Increasing our understanding of estuarine and nearshore ocean environments, and the role they play in salmonid survival, could provide management options to increase adult returns.  For example, examination of adult returns from transportation studies conducted at Lower Granite Dam in 1990 showed that adult salmonid returns varied dramatically through the seasons.  Smolts transported during the early part of the migration season in 1990 apparently had much lower survival than those transported during the later part for both hatchery and wild fish (Matthews et al. 1992). Progressively enhanced characterization of the space-time variability of the environmental conditions that smolts encounter when they enter the estuary and nearshore ocean and the eventual ÒgoodÓ and ÒpoorÓ survival of these groups will allow us to identify if or what estuarine and ocean biotic and abiotic conditions are correlated with various ocean survival levels.  Managers could potentially use this information to determine optimal times for hatchery releases, alter river flow regimes, or whether to transport smolts from collector dams or allow them to migrate naturally to synchronize their arrival to the estuary and nearshore ocean during optimal conditions.



Primary attributes in establishing salmonid recruitment success are mortality of preadult stages and adult reproduction.  Mortality of preadult stages is influenced by fish health (growth, diseases, ocean conditions, etc.), life history characteristics (e.g., migrations), predation, and other factors.  Fish health is generally highly pliable, integrating various habitat conditions, and it can be used as an indicator of ecosystem health.  Growth rate, for example, not only reflects the fish's health and condition, but influences survival and reproductive output (Brandt et al. 1992).  The general scientific paradigm is that faster-growing fishes proceed through successive life stages sooner, acquire a greater chance of survival, and higher fecundity at reproduction (Bakun 1996).  As such, fish health, growth rate, size, and size at age in the preadult stages represent parameters that can be used to identify the influence of natural and anthropogenic ocean conditions affecting salmonid marine survival.

    

There are numerous observations linking the health of marine fishes with survival and reproductive potential within the population (Sissenwine 1984, Brandt 1992).  Factors affecting these relationships include density-independent (physical) and density-dependent (biological) processes.  Environmental effects alter growth, survival, and reproduction, and ultimately population recruitment (Friedland and Haas 1996, Gudjonsson et al. 1995, Unwin 1997, Hinch et al 1995, Fitzhugh et al. 1996, Marschall and Crowder 1995).  Fundamental among these observations is the link between the quality (health) of the individuals (based on a bioenergetic assessment) and the ÒhealthÓ of the population  (Krohn et al. 1997, Lambert and Denis-Duntil 1997).  An additional link focuses on the relationship between growth and mortality rates, which have been shown to scale through allometric (length-weight) relationships (Peterson and Wroblewski 1984, McGurk 1996, Lorenzen 1996).  In natural (unfished) populations, growth and mortality rates decrease with increasing size.  Factors which slow fish growth extend the period of higher mortality rates and reduced population size.  This growth/mortality relationship exists for both within and between species (Fenchel 1974, Banse and Mosher 1980) and includes most marine salmonid species (McGurk 1996, Holtby et al. 1990).  Recent observations of decreasing size trends among adult salmonids (Bigler et al. 1996) may account, in part, for lower survival proportions among some species of salmonids currently observed in the Pacific Northwest.  

  

HYPOTHESES



SURVIVAL and GROWTH RATE:   The first few weeks-to-months of ocean life is a critical life history phase for recruitment success of salmonids (Pearcy 1992, Unwin 1997, Unwin and Glova 1997, Heath et al. 1997).    As such, survival of precocious males or "jack" salmon (one summer in the ocean) correlates closely with eventual adult salmon returns from the same year class (Pearcy 1992, Gudjonsson et al. 1995).  We suggest that survival is likely correlated with fish condition; however, the biological mechanisms whereby fish condition (size, growth rate, health, etc.) translate into good ocean survival are unknown.   Growth rate during migration is evidently more important than actual smolt size -- Dickhoff et al. (1995) and Beckman et al. (1997) showed that outmigrating juvenile salmon smolts with the highest growth rates at the time of release (and not necessarily the largest smolts) survived better than juveniles exhibiting lower growth rates.  Holtby et al. (1990) showed that juvenile coho salmon with higher annual growth rates generally survived better than fish with lower growth rates, and attributed higher growth rates to an ocean environment with favorable conditions (compared to years with poorer conditions).  We hypothesize that growth of juvenile salmon during the first year of ocean residence is related to survival. 



CHANGING RIVER FLOWS:  Flow regulation, water withdrawal and climate change  have reduced the average and altered the seasonality of Columbia river flows, and sediment discharge, and have changed the estuarine ecosystem (NRC 1996; Sherwood et a. 1990; Simenstad et al. 1990,1992, Weitkamp et al. 1995).  Annual spring freshet flows through the Columbia River estuary are ~50% of the traditional levels that flushed the estuary and carried smolts to sea, 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 extended far out and south into the Pacific Ocean during the spring and summer (Barnes 1972; Cudaback and Jay 1996, Hickey et al. 1997).  This freshwater ÒplumeÓ likely provided a high turbidity refuge from predation, fronts and eddies where prey became concentrated, and a stable habitat for northern anchovy spawning (Richardson 1981, Bakun 1996).  A strong, quickly moving plume also helps juveniles move rapidly offshore through potential heavy estuarine and nearshore predation. The overall impacts on nearshore marine ecosystems of these alterations to the river and the degree to which the development of the Federal Columbia River Power System (FCRPS) and other natural and anthropogenic changes have affected the survival of juvenile and adult salmon are presently unknown. 



The Columbia River estuary and plume and adjacent marine waters provide critical habitat that affects health, growth, and survival of outmigrating juvenile salmon and subsequently affects recruitment success.  Beamish et al. (1994) found that the plume of the Fraser River affected survival of coho, and chinook salmon, with lower flow years typically supporting higher productivity and salmon survival than high flow years.  The mechanisms by which the Columbia River estuary and plume affect juvenile survival have not been quantified, but likely include provision of food, refuge during transport away from coastal predation, and improvement of estuarine conditions for sub-yearling fish. Since the Columbia River estuary and plume have been significantly altered from historical conditions and hatchery stocks may be differently affected than natural stocks, the systemÕs altered state likely contributes to the overall reduction of salmon. The impact of spring river flow and suspended particulate matter (SPM) transport on salmon production in the estuarine and coastal plume environment may be large, as flows in most years may now be sub-optimal for salmon production.  We hypothesize that the health, condition, and survival of Columbia River salmon is better under high May-June river flow and SPM input to the estuary and plume.  We propose to test this hypothesis by determining the importance of estuarine characteristics and the shape, magnitude, speed of movement, and biological characteristics of the Columbia River plume to the survival of out-migrating juvenile salmonids. 

 

OCEAN CONDITIONS:  ÒOcean conditionsÓ refers to the state of the ocean in terms of bio-physical parameters that affect salmonid survival.  However, a mechanistic understanding of relationships between Òocean conditionsÓ and salmon survival is lacking.  The challenge to fishery oceanographers is to define what it is about the ocean that is good for salmonids in some years and bad in others.   Equally important is to understand why, on climate time scales,  the ability of the Gulf of Alaska and the California Current ecosystems to produce salmonids is out of phase (Mantua et al., 1997). A hypothesis explaining the food resource side of this issue (Gargett 1997) suggests that water-column stratification or stability controls NE Pacific coastal primary productivity and is one of the key factors in these decadal-scale oscillations. Under this theory, optimum stability windows shift north or south on decadal time scales (the Pacific Decadal Oscillation or PDO). When stratification throughout the region is high, the optimum stability window moves north. Light levels in waters off the US West Coast are high, but nutrients are limiting.  Even newly upwelled water may have low nutrient concentrations. When stratification throughout the region is low, the optimum stability window shifts to the south. More nutrient are available and primary productivity increases off the US West Coast. This argument does not include effects of predation or water temperature (aside from the thermal contribution to stability), and major river plume areas like the Columbia and Fraser do not fit simply into this framework Ð nutrients are never totally exhausted in the estuary outflow (Small et al. 1991). 



We suggest that low river inflow is unfavorable for juvenile salmonid survival despite some availability of nutrients from upwelling, because of:  a) reduced turbidity in the plume (increasing 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 based on upwelled and fluvial nutrients. Reduced secondary productivity affects not only salmonid food sources but focuses predation by other fishes and birds on the juvenile salmonids.  



Other factors related to interannual fluctuations (e.g., el Ni–o Southern Oscillation or ENSO effects) that need consideration are ocean and river temperatures. These fluctuations may influence timing of smolt arrival and their condition as they enter the ocean. 



Little work has been done to correlate salmonid growth and survival with plume biological and physical conditions.  Our work will make significant contributions in this area.  Our approach will focus on salmonid growth and condition  (a new approach), and to compare growth/condition and ocean survival data to data on ocean food web structure (e.g., nutrient, plankton and neuston abundance) and other biological and physical phenomena.  We hypothesize that the condition of juvenile salmon during the first year of ocean residence is related to ocean conditions and food web structure. Toward this goal, we propose new measurements as well as a strong retrospective component in which we will assemble phytoplankton, zooplankton, euphausiid, and larval fish data from the 1970s, 1980s, and 1990s which can be used to describe ocean conditions from a food chain perspective.  We have zooplankton samples and data from several past ENSO events (1972/73, 1983, 1991/92, and 1997/98) and will be able to compare salmon survival and food web structure from these times as well (Brodeur and Pearcy 1990).  



The idea that Columbia River salmonid survival in the coastal ocean should be directly related to river flow is amply supported by experience with anadromous and other fish in San Francisco Bay the former Soviet Union (Rosengurt and Haydock 1981, Rosengurt et al. 1987, Rosengurt and Hedgepeth 1989). Moreover, productivity of stocks at most levels of the food chain in San Francisco Bay increase with Sacramento River flow (Kimmerer 1991, Jassby 1992). Jay and Simenstad (1996) have provided a mechanism relating flow diversion in the Skokomish River and estuary (a shallow deltaic system) to declines in salmonid stocks in the system, once the most productive in Hood Canal.  In these and numerous other cases, water withdrawal has had adverse effects on fish stocks, including anadromous fishes. The mechanisms vary, but in every case examined in detail the decline in stocks has included a component related to altered or lost oceanic and estuarine habitat. There is every reason, then, based on evidence from other systems, to believe that there is a connection between Columbia River estuarine and plume conditions and salmonid survival. It is this connection that we plan to elucidate.



TIMING OF OCEAN ENTRY:  Juvenile salmonids (except for some chinook salmon stocks) have historically entered the ocean after the upwelling season and plankton production has begun, and Columbia River flows are high.  If upwelling is weak relative to when salmon arrive at sea, ocean temperatures may be high, turbidity low,  plankton biomass low, plume flow either west or north, and feeding conditions poor.  Also, the survival of juvenile salmonids at sea may depend on the match/mismatch between the arrival of smolts in the spring and the arrival of predators, notably hake and mackerel.  These predators usually arrive in Oregon waters by May.  However, their arrival time is probably dependent upon weather patterns and currents.   Pearcy (1992) articulated this research need when he asked, ÒWhen is the best time (for salmonids) to enter the dangerous ocean environment?Ó.  We hypothesize that survival of juvenile salmon is related to timing of arrival into the estuary and nearshore ocean, and to condition of juveniles and to ocean conditions at the time of arrival.



b.	Proposal objectives. 



1.  Over a projected 5 to 10-yr period we will characterize and enhance (through integrated numerical modeling, real-time and time-delayed data from moored instruments, remote sensing, and vessel observations) the understanding of:



a) the tidal, seasonal, and inter-annual variability of the circulation, hydraulic residence times, and physical properties of the Columbia River below Bonneville Dam, 

b) the extent and physical properties of the Columbia River plume and its variability at tidal, seasonal and inter-annual scales, and

c) the physical properties of the nearshore ocean environment outside (north and south) the plume.



In the first year, we will focus on initial verification of existing numerical models and on developing the methodology for field sampling guided by numerical models and remote sensing data. In subsequent years, the balance will shift toward using appropriately data-constrained models to describe the oceanographic features of the Columbia River estuary, plume, and near-shore environment, and their space-time variability, as needed to support the objectives below. 



2.  Over a projected 5- to 10-year period, describe the nutrient dynamics and the biological oceanographic features of the Columbia River plume environment and compare to the nearshore ocean environment outside (north and south) of the plume during the principal outmigration and growing season (May-September). 



3.  Over a projected 5-year period, determine the relationship among time of entry of outmigrating juvenile salmon, quality and health of juveniles, survival, and the oceanographic conditions using known date of ocean entry of tagged (PIT and coded-wire) groups of Columbia River salmonids. 



4.  Over a projected 5- to 10-year period, identify the influence of the Columbia River plume habitat on the survival potential of juvenile salmon, by measuring differences in growth and bioenergetics of juvenile chinook and coho salmon inside and outside (north and south) of the plume during the first year (spring through fall) of ocean life.  Relate differences in health, quality, and growth of juvenile salmon to abiotic and biotic oceanographic features inside and outside of the plume.



In the first year, we will focus on identifying growth characteristics of juvenile coho and ocena- and stream-type chinook salmon in the nearshore ocean and on developing the methodology for field sampling. In subsequent years, we will expand to include sampling of representative stocks of juvenile salmon in estuaries to capture the variation in growth and health of fish heading into the Pacific Nothwest ocean ecosystem and to increase the months for sampling to gain better temporal resolution within years. 



5. Over a projected 3- to 5-year period, describe the food habits of juvenile salmon inside and outside of the Columbia River plume and relate to the physical and biological oceanography of the Columbia River plume environment and the nearshore ocean environment outside (north and south) of the plume.



This study will:



-	provide integrated modeling and descriptions of the physical and biological features of the Columbia River estuary, plume, and nearshore ocean environment; and 



-	provide fisheries managers and agencies with information to adjust release times to match oceanographic conditions in the nearshore ocean environment under prevailing operational conditions favorable to survival; and 



-	provide fisheries managers and agencies with growth rate estimates and bioenergetic evaluation of juvenile salmon in relation to oceanographic characteristics of the Columbia River plume under prevailing operational and environmental conditions; and 



-	begin to assess the relative roles of ocean and estuarine variability and freshwater-side anthropogenic activity on salmon survival.



c.	Rationale and significance to Regional Programs.



The century-long decline in abundance of salmon in the Pacific Northwest is the result of the complex interaction of overharvest, habitat loss (e.g., hydropower development - including regulation of river discharges, agricultural development, logging, urbanization, etc.), over-reliance on hatchery production, natural variation in climatic and oceanic conditions, and regulation of river discharges.  Over the past 2 decades, the decline has accelerated, leading to sharp reductions in harvest, including complete closure of commercial coho ocean salmonid fisheries off the coasts of Washington and Oregon in 1994, and, as a last resort, listings of selected populations of salmonids under the Endangered Species Act.



A comprehensive program to rebuild anadromous salmon runs must focus on all life history stages and all opportunities to increase salmonid survival.  However, efforts to date have largely been limited to the freshwater life stages, with attempts to rehabilitate and mitigate for losses occurring primarily in the riverine environment.  A broad approach to reestablish the sustainability of salmon stocks by focusing on the entire salmonid life cycle is needed (NRC 1996).  In particular, research into the transition period of juvenile salmonids from freshwater to seawater is clearly warranted.  If the marine environment affects recruitment success in a predictable manner (relative to specific measurable variables), then measuring, predicting, and reducing salmonid losses in the marine environment may be possible.  This information would strongly complement freshwater-related salmonid restoration efforts by providing measures of project success using adult return data that would not be confounded by fluctuations in marine mortality.



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.  Many fisheries managers believe that salmon populations can not be rebuilt by just improving freshwater habitats and/or improved hatchery practices.  Estuarine and nearshore ocean research is critical to developing information to effectively manage Pacific salmon populations (Emmett and Schiewe 1997).  



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.  Since at the present time ocean conditions in the Pacific Northwest region are thought to be poor, the perceived low ocean survival might explain, at least in part, 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 livesÑthe 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 on decadal time scales).  Given that the current declines in productivity of the California Current and related declines in chinook and coho stocks may be part of a natural cycle, the declines may reverse themselves.  Thus salmon might return without human interventions.   Will we have sufficient 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?  Finally, it should be noted that if improvements to habitat do not result in immediate improvements in stock size, we must be able to demonstrate if ocean conditions are part of the problem. 



d.	Project history (for continuing projects).  



New proposal



e.	Methods



It is not possible to understand the dynamics of ocean conditions and salmon survival without a strong research program which involves process research, physical and bio-optical modeling of ocean circulation and Columbia River plume dynamics, and monitoring of physical and biological conditions in the Lower Columbia River and coastal ocean.



Objectives 1 & 2 -Physical and biological oceanography of the nearshore ocean, including the Columbia River plume 



Scope - Describe the oceanographic features such as the shape, extent, and direction of the plume relative to winds, flows, and upwelling events; turbidity; phytoplankton biomass and variations in salmonid prey fields (zooplankton and ichthyoplankton) of the Columbia River plume environment and compare to the nearshore ocean environment outside (north and south) of the plume during the principal outmigration and growing season (May-September). 



Approach - Sampling of juvenile salmon will be conducted in the Columbia River plume and adjacent ocean vicinity in discrete cruises. Oceanographic parameters will be measured in the same and during additional cruises, and will be used to characterize the ocean structure that most strongly associates with the survival success at time of entry and food and growth characteristics of juvenile salmon in the first year of ocean life.  Oceanographic parameters will include sea temperature and salinity along with estimates of phytoplankton and zooplankton biomass.  Characterization of the extent and magnitude of the plume in the ocean during each year's growing season will also be augmented through detailed numerical modeling and analysis of NOAA satellite images (both ocean color data from SeaWiFs and sea surface temperature from AVHRR) . A systematic retrospective analysis of river discharges, detailed numerical modeling of current and historical conditions, and remote sensing imagery will be jointly used to characterize seasonal and inter-annual variations in plume size/shape in relation to ocean, river, and atmospheric conditions.



Detailed Methodology - Twice a year (June and August/September) we will conduct two-vessel "salmon cruises" to measure oceanographic variables (both vessels) and collect juvenile salmonids (one vessel, henceforth "interdisciplinary vessel") along three transects : off Grays Harbor, WA; off Newport, OR; and a complex transect along the main axis of the Columbia River estuary starting just north of Tongue Point and plume.   In addition, single-vessel "monthly cruises" (April, May, and July) sampling only oceanographic properties will be conducted along the same Grays Harbor and Newport transects, and along a simpler transect off the Columbia River estuary.  The transect lines were chosen to contrast environments outside the plume (either Grays Harbor or Newport, depending on prevailing conditions), along the estuary and plume axis, and in the far-field of the plume (either Newport or Grays Harbor, depending on prevailing conditions). Specific choices of Grays Harbor and Newport are also designed to capitalize on synergisms between this and ongoing GLOBEC and PNCRS field programs (see Section 8).  Sampling along the major axis of the Columbia River plume is important to distinguish between conditions inside and outside (as delineated by the 29 ppt salinity) the plume near-field. 



The axis and extent of the Columbia River plume will vary with prevailing ocean, river, and atmospheric conditions, thus significantly complicating the logistics of the survey. The initial concept is to have (for the interdisciplinary vessel) a total of 10 stations, 5 inside and 5 outside the plume, with possible additional stations in areas of particular biological interest (e.g., eddies or fronts). The physical oceanography vessel will sample faster at a much higher (to be determined) spatial resolution.  Combination of these observations with progressively more reliable modeling and with remote sensing will be essential to identify the plume axis and other areas of interest, and thus to guide the design of the salmonid sampling. 



Due to its logistical complexity, we  will only attempt sampling along the plume axis during the salmon cruises. During the monthly cruises, sampling in the Columbia River line will be performed in 5 fixed stations, starting just upstream from Tongue Point and extending to the continental slope.  For the interdisciplinary vessel (during the salmon cruises) and for the monthly cruises the Grays Harbor line will consist of 5 fixed stations beginning at a nearshore station in 20-m water depth out to the continental slope (approx. 30 miles from shore), and the Newport line of 7 fixed stations located 1, 5, 10, 15, 20, 25 and, 30 miles from shore.  The Newport stations coincide with the sampling regime conducted by Peterson (personal communication) allowing us to utilize a more extensive database for potential retrospective analyses.



The interdisciplinary vessel will measure surface temperature and salinity underway to help the  track location and strength of the plume.  At fixed stations, we will make a CTD cast from the surface to the bottom (conductivity-tempertaure-depth) with a Seabird-19 CTD. We will also measure turbidity with a transmissometer and with a secchi disk.  Water samples for later analysis of nutrients (nitrate, phosphate, and silicates) and chlorophyll (a measure of phytoplankton biomass) will be taken at the surface as well as depths of 5, 10, 15, 20, 30 and 50 m.  Zooplankton will be sampled with a  1/2m 202-micron-mesh net hauled vertically over the upper 50 m of the water and with 70-cm Bongo nets towed over the upper 100 m of the water column.  In addition, neustonic zooplankton and ichthyoplankton will be sampled with a neuston net (at the sea surface).  These plankton net tows will allow us to characterize the prey field of juvenile salmonids and will permit a determination of whether or not salmonids feed selectively.  Our focus will be on the larger copepods, euphausiids, and larval/small juvenile fishes that are known salmonid prey.



During the period when we are sampling for juvenile salmonids, we will augment the resolution of the physical oceanography of the nearshore ocean environment with the following observations from the physical oceanography vessel: 



-	Temperature , salinity, turbidity, and depth will be measured underway, in a "continuous" three-dimensional pattern with instruments mounted in a towable underwater vehicle with two-way communications. Characteristics of the towable underwater vehicle are under analysis. Our instrument of choice in years 2-5 is a Sealogger CTD SBE 25, with fluorescence, optical backscatter sensor (OBS), and Wetlabs AC3 fluorometer (chlorophyll, phaeophyton and transmissivity). In the first year we will use an existing OS 200 CTD with an OBS and AC3.

-	Profiles of velocity and acoustic backscatter (a rough surrogate for suspended sediments) will be measured underway with an existing vessel-mounted ADCP. 

-	Wind speed and air temperature will be measured underway with an existing Coastal Leasing MicroWind.

-	Vessel position will be continuously recorded with an existing Trimble Navigation DGPS.



During the monthly cruises when we are not sampling for juvenile salmonids, the sampling of physical and biological features of the ocean will be the same as for the interdisciplinary vessel during the salmon surveys, except that no fish samples will be collected.



All field work will be coupled with CORIE, a nowcast-forecast system that the Center for Coastal and Land-Margin Research (CCALMR) is developing for the physical oceanography of the Lower Columbia River, extending from Bonneville Dam to the plume (Baptista et al. 1997). CORIE is designed to tightly integrate numerical modeling, real-time observations, data management, and scientific visualization, toward the characterization and prediction of complex circulation and mixing processes in a system encompassing the lower river, the estuary, and the nearshore environment of the Columbia River.  The CORIE infrastructure consists of:



-	A real-time data acquisition system, including an array of 12 permanent and a variable number of temporary stations, and one mobile station. We currently monitor, in various combinations at each station: temperature, conductivity, depth, currents, optical and acoustic backscatter, wind speed and direction, air temperature, and atmospheric pressure. Deployment of chemical and biological sensors is under consideration. Our proposed work will provide the impetus to accelerate deployment of up to seven new temperature profile stations in the Columbia River plume, and one new coastal station (Nehalem or Tillamook Bay) to add to one already in place (Seaside).

-	A range of circulation models, currently extending from Bonneville Dam to the close coastal vicinity of the Columbia Riverestuary. All models are based on finite element codes that solve the shallow water equations on unstructured grids. Codes (Luettich and Westerink 1995, Beck and Baptista 1997, Lynch et al. 1996) differ on the dimensionality (2D -Luettich and Westerink 1995, Beck and Baptista 1997- or 3D -Lynch et al. 1996) and on whether they include wetting and drying (Luettich and Westerink 1995, Beck and Baptista 1997) and baroclinic (Lynch et al. 1996) effects. Hindcast model runs, extending for selected 1-month or 2-day periods, are being used to systematically benchmark all models, individually and in their contrasting features.  Exploratory nowcast-forecast runs are being performed daily with one model  (Luettich and Westerink 1995), and will eventually be extended to at least one other model (Lynch et al. 1996) Our proposed work has already motivated an early extension of the coastal domain to the Columbia River Zone of Influence.

-	A sophisticated data archival, management and distribution system, with real-time and archival access through the web (http://www.ccalmr.ogi.edu/CORIE) to script-generated graphical displays and actual data.  While access to actual data is currently internal to CCALMR, our proposed research will provide the impetus to extend the distribution to our collaborators, thus allowing for a limited but important assessment of the logistical difficulties associated with broad public distribution.



It is important to stress that CORIE is a system designed to have models progressively learn from available moored and vessel data. Over the 5- to 10-year project, with a degree of realism that will increase over time:



a) By providing detailed spatial and temporal descriptions of the estuary, plume, and near-shore environments during the cruise periods (in hindcast and forecast modes, as appropriate), CORIE will assist the design of the salmon cruises and will support the interpretation of all cruises. 

b) By providing a characterization of the plume extent and primary physical properties for the project- and selected prior-years, CORIE will help relate seasonal and inter-annual variations in river discharge with plume characteristics. Coupled with a systematic retrospective review of river discharge variation, this will enable us to place our observations in a broader temporal/historical context.

c) By providing reliable estimates of the statistics, and of spatial, seasonal and interannual variability of estuarine parameters (e.g., temperature, salinity, and hydraulic residence times), CORIE will help relate to environmental data the initial size, growth, and health characteristics of salmon that are entering the ocean environment from the Columbia River.	



River flow observations are available on a daily basis at The Dalles (1878 to date) and Beaver (since 1991). Time dependent SPM input will be estimated using daily river flow and an established rating curved based on historical observations (Sherwood et al. 1990; Simenstad et al. 1992). Analysis of  river flow and SPM input fluctuations (1878 to present) will be carried out using the continuous wavelet transform analyses methods described in Jay and Flinchem (1997 a,b). This approach will reveal the evolving seasonality of flow and SPM input under the influence of flow regulation, water withdrawal, ENSO processes, the Pacific decadal oscillations, and long-term climate changes.



Objective 3 - Timing of entry of juvenile salmon into the nearshore ocean as a factor affecting survival



Scope -Determine the relationship among time of entry of outmigrating juvenile salmon, quality and health of juveniles, survival, and the oceanographic conditions (e.g., date of spring transition, strength of upwelling, zooplankton biomass and production) that produce highest salmonid ocean survival using known date of ocean entry of tagged (PIT and coded-wire) groups of Columbia River salmonids, carried out with data collected during this proposed study. 



Approach - Tagged juvenile salmon with known dates of entry throughout the release period from April through July in the Columbia River will be periodically sampled for health and condition.  Return survival rates will be monitored and correlated with the physical and biological conditions of the ocean, as described in Objectives 1 & 2 above, and fish health described in Objective 4 below.

 

Detailed Methodology - The release of several tagged stocks and species of fish (coho and chinook), some of which are transported, from the Columbia River will be monitored.  A number of stocks of fish from the Columbia River are being tagged and released at a known location at a specific time (below Bonneville Dam). The migrational timing of juvenile salmon through the estuary and to the ocean is being monitored by an ongoing study by Oregon State University using miniature radio tags. We will know the specific ocean entry dates of these release groups.  We will also calculate time of ocean entry for Clatsop Economic Development Committee coded-wire groups (which are released into the lower Columbia River estuary) by day of release with estimates of passage obtained from recent research (pers. comm., Dick Ledgerwood, NMFS, Pt. Adams Biological Field Station, Hammond, OR) beginning from May through July. Approximately 30 juvenile salmon will be subsampled for each group of fish being monitored on a biweekly schedule and analyzed for their bioenergetic status and size and growth characterisitics as described in the growth measurements section in the Methods section for Objective 4 (below).  The relationship between the timing of juvenile salmonid entry into marine waters, ocean bio-physical conditions, and eventual adult survival will be determined by evaluating the known date on entry of PIT- and coded wire tagged groups of salmonids with measured ocean bio-environmental conditions.  The PIT-tagged groups will be from ongoing survival studies and transportation studies.  Actual dates of marine entry for these groups will be obtained by using river flow and known time of passage at Bonneville Dam.  We will include other groups of fish if we have estimates of adult return and can estimate time of ocean entry.  The important factors that explain ocean survival (response variable) will be identified by loading explanatory variables (season, number of predators, upwelling, temperature, fish condition, etc.) using a multivariable regression model.



Objective 4 - Salmon growth and health in different microhabitats of the nearshore ocean off the Columbia River



Scope - We hypothesize that there are significant differences in the growth (characterized as size or growth rates) and health (bioenergetic status) of juvenile salmon captured in and around the Columbia River plume compared to juveniles captured well outside of the plume environment.  Our intent is to measure growth and health of naturally-produced and hatchery juvenile chinook and coho salmon from the summer and fall period inside and well outside (north and south) of the Columbia River plume during their first year of ocean existence.    If differences are observed, we will identify relationships between growth and health of juveniles with physical and biological features of the nearshore environment inside and outside the Columbia River plume derived from information generated in Objective 1 & 2.



Approach - Juvenile coho and ocean and stream-type chinook salmon will be sampled along transects from inside the Columbia River plume in the nearshore ocean environment and outside the plume north and south of the Columbia River.  Samples will be obtained from juveniles during June, representing the early to middle phase of the growing season for juvenile salmon, and during August to early September, representing the end of the principal growth period. The two sampling periods are proposed because we are uncertain when, during the growth season, differences will be evident.  Both sampling periods will provide an increased opportunity to identify differences in growth and health of juvenile salmon as well as to validate difference by providing the opportunity to repeat the findings.  Additionally, using two sampling periods will provide an opportunity to capture the three targeted species sometime during the growth season, since the observed peak period of entry of juvenile coho and stream- and ocean-type chinook salmon into the nearshore ocean environment are not identical nor are their continued residences in the nearshore environment assurred.  Coho and stream-type chinook appear to enter the ocean from late April through June, whereas ocean-type chinook enter the ocean typically from June through September.  As a result, ocean-type chinook may not generally be available during the June sampling period, but would be expected during the September sampling period.  Similarly, whereas juvenile coho and ocean-type chinook may reside in the nearshore environment for a extended period of time, stream-type chinook typically move quickly out of the nearshore environment and likely will not be obtained during the September sampling period.



Growth differences will be evaluated by comparing size (weight and length) and growth rates (with the use of scales and/or otoliths) for fish sampled from inside and well outside the Columbia River plume.  Growth rates generated from scale measurements will also be used to assess if slower growing individuals make up a reduced proportion of juvenile chinook and coho salmon population as age increases during the first year of ocean life for juveniles captured in the plume compared to juveniles captured outside of the plume. We expect that if the plume environment offers some generalized advantage, that a larger portion of slower growing fish will survive in a more favorable environment than in a more hostile environment (Parker 1971).  Although it is expected that we will not know the source of most of the fish (except for any coded wire tagged or PIT-tagged fish) in our samples, lack of this information does not invalidate the approach used in the study.  We will, however, compare the results retrospectively with growth estimates of coho salmon sampled in 1981-85 obtained by Fisher and Pearcy (1988). Although they did not report information based on a spatial basis, they do have concurrent information on surface salinities during their sampling off the Oregon and Washington coast.  Information on growth during the first ocean year for ocean- or stream-type chinook, however, is not available for retrospective analysis.



We will also assess the impact of the selected characterisitics of the environment (representing features that would affect the quality of the environment from the perspective of salmon) on the bioenergetic health of juvenile salmon inside and near or well outside of the Columbia River plume as a complementary measure of the effect of the nearshore environment on the growth and health of juvenile salmon.  We propose to assess the development of energy reserves by assessing lipid, protein, glycogen, and water content of liver and muscle of wild and hatchery juvenile chinook and coho salmon from the summer and fall period inside and outside (north and south) of the Columbia River plume.  Differences in bioenergetic health will be evaluated by comparing lipid, protein, glycogen, and water content of liver and muscle of juvenile chinook and coho salmon during both sampling periods for juveniles sampled inside and outside (north and south) of the Columbia River plume.  It is expected that we will also document the accumulation of energy reserves during the growth season (comparing energy reserves of fish in September compared to fish sampled in June) that will benefit survival of juveniles during the winter when food availability is lower.



Differences in size, growth rate, and bioenergetic health of naturally-produced and hatchery juvenile chinook and coho salmon inside and outside the Columbia River plume will also be assessed. Although a greater proportion of hatchery fish are expected to be adipose clipped, it is unclear what proportion of natural produced fish will be obtained in our samples, and whether all hatchery chinook and coho salmon will be tagged.  In case all hatchery fish are not tagged, fish not tagged (adipose clipped) will be determined to be a hatchery or naturally produced fish using otolith structure as described by Zhang et al. (1995).  Naturally produced fish typically have more erratic and closely spaced rings during their freshwater growth phase compared to hatchery fish which are more evenly and wider spaced.  Differences in size, growth rate, and bioenergetic health of naturally produced juveniles will be compared to similar characteristics in hatchery produced juveniles for salmon sampled inside or well outside the Columbia River plume.



If differences are observed, we will identify relationships between growth and health of juveniles with physical and biological features of the nearshore environment inside and outside the Columbia River plume derived from information generated in Objective 1 using correlative techniques. 



Detailed Methodology - Sampling of oceanographic variables and juvenile salmonids will be conducted along three transect lines as described in the Detailed Methodology Section for Objectives 1 & 2.  Fish will be collected with either a purse seine, rope trawl, or mid-water trawl rigged to sample the upper layers of the water column.  Type of sampler will depend on weather conditions and availability of various ship platforms to conduct the study.  Recent evidence has shown that rope trawls and mid-water trawls provide an excellent approach to sampling large water volumes for juveniles and have been used successfully in Alaska, British Columbia, and off the Farallon Islands.  Our first choice may be a herring seine so that we can replicate to the greatest extent possible the work carried out by Pearcy in 1980-1985 (Pearcy 1992).  In fact, we already know that the same vessel (Pacific Warwind) with the same purse seine which Pearcy used is available for charter.  Since juvenile ocean-type chinook salmon appear to inhabit the coastal regions in very shallow water (< 20 m) compared to coho and stream-type chinook salmon (Fisher and Pearcy 1995),  we will sample for these fish at shallow depth contours near the mouth of the Columbia to ensure sampling of appropriate microhabitats which appear to favor the targeted salmon life histories.



From each sampling site (transect), during each sampling period, 50 to 100 each of juvenile ocean-type (fall) chinook, stream-type (spring-summer) chinook, and coho salmon will be targeted for growth and health measurements.  Optimal sampling requirements to gauge changing growth characteristics of the salmon populations in each of the sampling areas in and out of the Columbia River plume will target  600 juveniles for each salmon species under study. Based on the suggested sampling scheme, 300 juvenile (50 fish/site) to 600 juvenile (100 fish/site) may be sampled for each salmon species studied.  We do not have sufficient information to gauge the sample size requirements to assess differences among groups for the physiological and biological  measuremnts we are proposing, as described below.  The information generated from this study will provide some of the first opportunities to gauge variation in these parameters with respect to groups in the ocean.



Growth Meaurements:

For each fish sampled, fork length (to the nearest mm) and weight (to the nearest 0.1 g) will be taken.  Hepatic tissue will be excised and weighed (to the nearest 0.01 g) along with the somatic weight of fish (eviscerated fish weight to the nearest 0.1 g).  If conditions do not allow measurement of weight on the sampling platform, fish will be bagged individually, frozen, and returned to the laboratory for weight determinations.  Scale and otolith samples will also be taken  from all sampled fish to measure growth rates and to identify wild and hatchery salmon in the sampling groups, according to the methods outlined by Fisher and Pearcy (1988),  Zhang et al. (1995), and Bernard and Myers (1996).  Scales will be the primary means to assess growth rate and identify hatchery and wild fish, when tags (adipose clip) do not uniquely characterize a hatchery fish.  Reading of rings on otoliths will serve as a backup means to assess growth rate if scales fail to provide enough detail in the growth characteristics of each fish or to provide verification of wild/hatchery status as described by Zhang et al. (1995).  If  100 fish per sampling transect are obtained, a subsample of 60 fish selected randomly will be evaluated for growth rates using the last 5 ocean circuli to obtain representative growth rates. In the current project, acetate impressions of scales and grinding of otoliths (when appropriate) will be made.  Scale and otolith circuli spacing and number (widely accepted surrogate measures of growth) will be measured along an axis approximately 20¡ ventral to the long axis using an image analysis (Optimus Bioscan) system coupled with an appropriately mounted camera on a dedicated dissecting microscope (Fisher and Pearcy 1988).  Ocean-related growth for each of the sampled groups, in total, will be evaluated along with the overall growth of the wild and hatchery-derived juvenile salmon for each species studied.  Differences in length and weight and growth rates among fish from the three transects from the initial ocean growth period in June/July, and final sampling period at the end of the principal growth season in September, will be used to evaluate the potential influence of the plume habitat on estimated growth rates for fish in the various ocean habitats sampled.  Absolute length at the time of capture may be used as a control for differences in growth rates of cohorts within each population when using scale or otolith data to evaluate growth rates.  



Assessment of the bioenergetic health of juvenile salmon during the initial ocean growing season will entail measurement of the representative energy storage components of lipid, carbohydrate, and protein in addition to water content of juvenile salmon hepatic and muscle tissue.  Hepatic tissue excised, as described above, will be stored in individual capsules, frozen in liquid nitrogen, and stored at -80¡ C until analyzed.  Similarly, a portion of the white and red muscle tissue, taken from the body, dorsal to the anterior line and anterior to the dorsal fin, will be excised, placed in individual capsules, frozen in liquid nitrogen, and stored at -80¡ C until analyzed.  If  100 fish per sampling transect are obtained, a random sampling from 60 juvenile salmon of each species studied from each site and from each sampling period will be subject to tissue analysis.  For each tissue, analyses of water, lipid, and protein content  will be performed after homogenization of the tissues.  Water content will be determined by drying tissue samples to constant weight at 65¡C.  Triglycerides (the primary form of lipid stored for energy conversion in fish) and glycogen (the primary storage form of carbohydrates for energy conversion) will be measured as described for fish by Casillas and Ames (1986).  Protein content will be determined by evaluating nitrogen content using micro-Kjeldal digestion following spectrophotometric determination using the Berthelot reaction (Haselmore and Rougham 1976).  Energy content in each tissue will be calculated by applying appropriate energy equivalents for lipid, protein, and carbohydrate as described for salmon (Groot et al. 1995).  The relative importance of lipid, protein, and carbohydrate content in the muscle and liver to juvenile salmon from each of the habitats (transects) sampled will be assessed by comparing their relative contribution to their total energy reserves for juvenile salmon for each species studied from the initial ocean growth period in June/July, and final sampling period at the end of the principal growth season in September.  Differences in rate of accumulation of energy reserves will be determined from differences in energy reserves calculated for fish sampled in September compared to fish sampled in June from each of the sampling transects. 



Objective 5 - Salmon food habits in different microhabitats of the nearshore ocean off the Columbia River



Scope - Describe the food habits of juvenile salmon inside and outside of the Columbia River plume and relate to the physical and biological oceanography of the Columbia River plume environment and the nearshore ocean environment outside (north and south) of the plume.



Approach - Stomach contents of juvenile salmon sampled from the nearshore ocean will be obtained from fish, as described above.  Stomach contents will be analyzed to the lowest taxa possible from samples up to 60 fish for each transect and for each sampling period.  Differences in stomach contents among species of juvenile salmon in relation to oceanographic features of the nearshore ocean and growth and condition of the different species evaluated will be assessed.

 

Detailed Methodology - Stomach contents of juvenile salmon sampled in Objective 4, described above, will be preserved using standard techniques. Stomach content analysis will follow standard methods as used by Peterson et al. (1982) and Brodeur and Pearcy (1990) in their studies of food habits of juvenile salmonids in the coastal waters off Oregon and Washington.  We note here that the new aspect of our proposed work is that we will have information on prey fields to complement our stomach content work so that we will be able to look at prey selectivity by salmonids.  Besides identifying specific feeding habits (i.e., what items are being eaten), we will document stomach fullness, and percent empty and determine relationships between feeding habits, stomach fullness, and growth and bioenergetic status.



f.	Facilities and equipment.  



A contracted commercial surface or mid-water fishing vessel will be used to collect juvenile salmon and some of the oceanographic measurements.  The RV Sea Otter of the NWFSC, located at Hammond,OR will be used to supplement oceanographic measurements during the study.  Growth rate measurements will be performed both at Oregon State University and at the NWFSC.  Bioenergetic status measurements will be conducted at the NWFSC. Fish stomach analysis will be conducted at the NWFSC Hatfield Marine Science Center facility.  All the facilities have the requisite scientific support material and space to conduct the necessary analyses and computer capabilities to conduct the proposed study.
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Section 8.  Relationships to other projects



This study will complement ongoing studies evaluating the influence of the nearshore ocean environment in and around the Columbia River on health and survival of juvenile salmon, one funded by BPA, several others funded from an initiative within NMFS/NOAA.  One study (BPA Supported) will work to identify the contribution of predation to early ocean mortality and recruitment success of juvenile salmon. Two other studies, funded by an ESA-funded inititiative seeks to understand the contribution of disease and the availability of alternate prey (anchovies primarily) as factors affecting survival of juvenile salmon in estuaries and the nearshore ocean environment of the Pacific Northwest.  These studies, when taken in total, will provide one of the most comprehensive evaluations of the influence of trophic interactions (predator, prey, disease) on the growth, health, and survival of juvenile salmon in relation to the abiotic and biotic structure of the ocean.  Information from this study will be applicable to PATH by providing critical data for life cycle models and evaluation from an ecosystem perspective for evaluating effects of mitigation activities in freshwater dedicated to recovery efforts.  Information generated from this study could also be used to help parameterize the newly developed NerkaSim model (Rand et al. 1997), a computer program used to simulate and visualize the life history of Pacific salmon in a dynamic environment.  Because the model executes a spatially explicit, individual based Pacific salmon model based on the sockeye salmon energetics, parameterizing the model with growth and mortality characteristics specifically for chinook and coho salmon during their first year of ocean life would help to develop its application for use on the Columbia River relevant to all the major species from this system.  



The following projects will provide information on passage times of pit-tagged groups of salmonids as they pass Bonneville Dam or information when a estuarine release group reaches the ocean (Clatsop Economic Development Committee releases).  These data will permit us to identify when a particular group of fish entered the ocean and thus identify the relationship between time of ocean entry, oceanographic conditions, fish health, and salmonid ocean survival.

BPA projects include: 96-020 (Comparing survival rates study of hatchery produced chinook salmon), 94-034 (Assessing summer/fall chinook restoration in the Snake River Basin), 91-029  (Identification of spawning, rearing, and migration of fall chinook salmon in the Columbia River Basin), 93-290 (Survival estimate of juvenile salmonid through dams and reservoirs), Nutritional states of salmon and steelhead in the Columbia River Basin - Dr. Marshall Adams PI, Clatsop Economic Development Committee : Coded-wire tagged release groups, and the Corps of Engineers Projects (Transportation Evaluation Study)



Our proposed research will benefit from research and monitoring being funded by the U.S. GLOBEC program (NSF and NOAA funding) and the PNCERS program (NOAA funding). GLOBEC (Global Ocean Ecosystem Dynamics) has just initiated their northeast Pacific research program.  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 100 mile to sea are sampled.  These cruises will provide data on hydrography, water clarity, nutrients,  chlorophyll and zooplankton at stations inside the plume, within the plume and offshore of the plume.   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 serves on the Northeast Pacific GLOBEC Research Coordination Committee. The purpose of that committee is to help coordinate ALL northeast Pacific oceanographic research and monitoring efforts. 



	The PNCERS program (Pacific Northwest Coastal Ecosystem Region Study includes physical and biological monitoring cruises and current meter moorings off Coos Bay and Willapa Bay.   Much of the PNCERS efforts are focused on very nearshore processes, thus the moorings and cruises off Willapa Bay will have the greatest application to our proposed work.  The lead PI on the Washington state work is Barbara Hickey, who maintains close ties with the GLOBEC project.  



	Two other projects that are related to our proposed research include  annual coastwide trawl surveys conducted by the National Marine Fisheries Service of stocks of Pacific whiting (in July) and groundfish (Dover sole, sablefish and thornyheads; in autumn).   During those cruise CTD profiles are made and currents are measured with ship-board ADCP.  These cruises produce an annual snapshot of sea surface salinity which will give us fairly synoptic maps of the shape and extent of the plume.  The other project is a survey of anchovy and sardine eggs/larvae carried out by R. Emmett (NMFS) with ESA funding. His survey grid extends from 1 to 100 miles from shore and from Willapa Bay south to Cape Blanco (south of Coos Bay).   He too does CTD measurements and can produce snapshots of the shape and extent of the plume.  These data are readily available to us.
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Section 10.  Information/technology transfer

Information acquired during the proposed work will be transferred to the fisheries community by presentations at meetings and workshops, by personal contact, by annual and final reports to the Bonneville Power Administration, and through scientific publications. We will also disseminate information through the WEB describing the plume in the nearshore ocean and relevant productivity and fisheries issues. 
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