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Section 7.  Abstract

Ocean survival of salmonids from the Columbia and other Northwest rivers has declined markedly in the last 20 years. While the events causing this poor salmon survival are empirically unknown, predation by large marine fishes (e.g., hake and mackerel) is suspected to be a principal source of mortality.  Although it is unclear whether ocean mortality of salmon is abrupt or evenly distributed over the entire marine lifestage, there is evidence that the time period shortly after ocean entry is a critical period.  Factors potentially affecting marine survival of Columbia River salmon include specific timing of ocean entry and distribution and abundance of marine fish predators and forage fishes in the nearshore marine habitat adjacent to the Columbia River. We hypothesize that the marine fish community off the mouth of the Columbia River has changed since the 1980s and is structured by physical oceanographic characteristics. We further hypothesize that the distribution and abundance of the nearshore marine predator and forage fish community directly or indirectly affects the amount of predation on juvenile salmonids. We propose to characterize, over a 5-year period, the temporal and dynamic nature of the marine fish community off the Columbia River during the spring-summer transition (peak salmonid migration period) and relate dynamics in this marine fish community with salmonid survival.  A primary focus will be identification of the strength of  trophic linkages between forage and fish predator species, and the influence of these relationships on predation rates on juvenile salmon. To identify if large marine fishes are a major source of salmon smolt mortality, we will collect predatory and forage fishes off the mouth of the Columbia River, estimate their abundance, and determine predatory fish feeding habits. Sampling will be conducted from late April to June when juvenile salmon begin outmigration into the nearshore ocean environment.  A representative sample of these large marine fish predators will be identified, measured, weighed, and their stomach contents retained for analysis. We will also assess ocean water conditions (salinity, temperature, and chlorophyll a).  These data will be used to estimate the relationship between the marine fish community structure and juvenile salmon consumption rates in the nearshore ocean adjacent to the Columbia River and begin to describe the environmental factors that influence this predation.

Section 8.  Project description

a.
Technical and/or scientific background
For the past 20 years, runs of Northwest salmonids have been in decline, with some salmon returns presently less than what is necessary to maintain run sizes.  To rebuild and maintain salmon runs, resource agencies have spent considerable funds ameliorating negative anthropogenic influences by restoring freshwater habitats, improving dam passage, releasing hatchery produced salmon, and other activities.  However, these measures have met with limited success.  There is increasing information that ocean survival plays a significant role in determining eventual adult salmon returns.   Moreover, the Pacific Ocean off the Northwest appears to undergo cyclic “regimes” shifts every 20-30 years in its ability to produce salmonids (Francis and Hare 1994; Mantua et al. 1997; Francis et al. 1998).  In the present cycle, which began in 1977, ocean salmonid survival and thus salmon populations are high in Alaska but low in the Pacific Northwest (Hare et al. In Press).  While salmonid ocean survival appears to be related to the ocean’s primary and secondary production (Brodeur and Ware 1992; Polovina et al. 1995; Roemmich and McGowan 1995; Brodeur et al. 1996 ), the actual mechanisms controlling ocean salmonid survival are undetermined.  

Research indicates that ocean survival of salmonids is evidently determined very early during their ocean residency, with predation thought to be a major influence on salmonid ocean survival rates (Fisher and Pearcy 1988; Pearcy 1988, 1992).  Supporting this conclusion  was Pearcy’s (1988) discovery that average ocean purse seine catches of coho salmon (Oncorhynchus kisutch) in June correlated closely with coho salmon jack counts (and thus adult run size) in the fall.  This indicates that most ocean mortality occurs during early ocean entry (April and May).  Matthews et al. (1992) also found early ocean survival for juvenile Columbia River spring/summer chinook salmon (Oncorhynchus tshawytscha) migrating in 1990 to be very poor, especially for hatchery fish.  

While scientists have observed the declining ocean survival of Northwest salmonids, they have also noticed large numbers of marine fish predators, particularly Pacific hake, (Merluccius productus),  Pacific mackerel, (Scomber japonicus), and jack mackerel (Trachurus symmetricus) becoming more abundant, arriving earlier, and staying longer in coastal waters.  For example, in 1977, mackerel were rarely captured during NMFS’s triennial trawl surveys off Oregon; by 1995, mackerel were abundant and commonly caught at many stations (raw data provided by Mark Wilkins, NMFS, Seattle, WA).  During a six-year ocean purse seine study off the Northwest, Brodeur and Pearcy (1986) identified a shift in the June fish community, from a community dominated by forage fish and squid from 1979-1982, to one being dominated by predators (Pacific mackerel, jack mackerel, and dogfish shark) from 1983-1984.  These piscivorous fishes may be a significant cause of juvenile salmon mortalities.  For example, an investigation in British Columbia, found that Pacific mackerel consumed nearly all the salmon smolts released from a nearby hatchery (Brent Hargreaves, Canadian Fish and Oceans, Pacific Biological Station, Nanaimo, B.C. Canada V9R 5K6, Pers. commun., March 1996), resulting in few returns from that brood-year release.

Although feeding characterisitics of common Pacific Northwest predatory fishes vary geopgraphically, temporally, and with repect to their life stage, the mitigating factors driving their feeding strategies are not known. For example, Pacific mackerel captured off Oregon in the early 1980s fed primarily on euphausiids (Brodeur et. al. 1987; Brodeur and Pearcy 1992).  In California, however, they feed primarily on larval and juvenile fishes and secondarily on squid and euphausiids (MBC 1987).  Food habit information from California indicated that Pacific mackerel are often voracious feeders of fishes - particularly northern anchovy.  A preliminary examination of Pacific mackerel feeding habits off Vancouver Island, British Columbia in 1984 revealed that salmonids were eaten, although Pacific herring (Clupea pallasi) were the primary prey (Ashton et al. 1985). Juvenile jack mackerel, another Northwest predatory fish, have been found to feed heavily on squid (Loligo opalescens) and northern anchovy (Engraulis mordax) whereas adults eat fishes (lantern fishes and northern anchovy) squid, pelagic crustaceans (euphausiids and copepods) and pteropods (MBC 1987). Another example of a predatory fish with a varying diet is Pacific hake off the Northwest. They feed primarily on euphausiids, shrimp, and fishes, with fishes (primarily northern anchovy) being more important to larger individuals (Livingston and Alton 1982).  Seventy percent of the diet of larger hake (>55 cm total length) was composed of fish (Bailey et al. 1982). The extent of predation by these fishes on juvenile salmonids is unknown, but given the temporal, geographic, and size related variation in their feeding habits, their potential impact could be extensive. 

Marine predatory fishes could simply impact juvenile salmon populations because of their large population size. The Pacific hake population presently represent the largest single species fishery on the West Coast.  Over 5 billion Pacific hake were expected to migrate into Northwest waters during the spring/summer of 1997 (Dorn 1996).  The biological demands of this population undoubtedly has a large impact on coastal marine food webs and biological communities in Northwestern coastal waters (Ware and McFarlane 1995).  If  each hake consumed only one salmonid they would decimate Northwest salmonid runs. Research off British Columbia indicates that the recent increases in the numbers of Pacific hake and mackerel in these waters has increased predation rates and decreased abundance of Pacific herring (Ware and McFarlane 1995). We hypothesize that the timing of movement, food habits, and abundance of the seasonal migrant fish marine predators into Oregon and Washington coastal waters will have significant effects on the biological community for which juvenile salmonid ocean survival is dependent. We further hypothesize that the distribution and abundance of the nearshore marine predator and forage fish community affects the amount of predation on juvenile salmonids by marine predatory fish. 

There is presently no detailed, or recent data, on the feeding habits of pisciverous fishes off the mouth of the Columbia River during the salmonid smolt outmigration period (spring).  By assessing the dynamics of the marine fish predators and forage fish community during the juvenile salmon outmigration period, and monitoring the food habits of the dominant marine fish predators (by analyzing stomach contents), we will identify if predation is a large direct or indirect source of marine mortality of juvenile salmonids entering the ocean from the Columbia River. We will also identify how this predation is mediated by alternative prey abundance (abundance of northern anchovy, or sardines, from this and an ongoing NMFS study) and physical oceanographic conditions (temperatures, salinities, etc.). 

b.
Rationale and significance to Regional Programs
Although freshwater survival for salmonid in the Columbia River Basin may have increased as a result of regional programs, salmonid ocean survival of Columbia River and other Northwest stocks has been very poor the last few years, with no indications of improvement. Given the recent increased number of mackerel (two species) and hake residing off Oregon and Washington, we believe that predation by these species (and possibly others) may be causing poor ocean salmonid survival.  Furthermore, the once abundant northern anchovy (Engraulis mordax) appears to have decreased significantly in recent years (Emmett et al. 1997) exacerbating predation by not providing an alternative prey for these marine predatory fishes.

If large pisciverous marine fishes are significant salmonid predators, fishery managers will be able to incorporate these finding into their management plans, and hopefully increase ocean survival of many salmonid stocks. For example, hake and mackerel are migratory species; hatchery salmonids could be released before and after the period hake and mackerel reside off the Columbia River.  Alternatively, these fishes could be targeted for harvest by either sport or commercial fisheries.  Other possible management options available include releasing hatchery fishes when other alternative prey are abundant (i.e., when pisciverous fishes are foraging on prey different than salmonids).

Incorporating measures of ocean survival (as indicated by increased or decreased adult salmon returns) may enhance appropriate evaluations of freshwater restoration projects.  For example, evaluations of restoration projects that do not appear to be functioning (e.g. no increase in salmonid returns) may actually be influenced by poor ocean survival, which overshadowed project benefits.  Finally, only effective ocean studies will verify if poor ocean conditions (in the broadest sense) are actually contributing to the continued decline, or non-increase, in regional salmonid abundances.

This research program will assist with the goal of managing Columbia River salmonid in an ecosystem context.  It will also begin to assess the processes and mechanisms that affect salmon ocean mortalities so that the success of freshwater salmonid restoration efforts can be accurately partitioned.  For example, if a restoration project salmonids (e.g., stream restoration) produces juvenile salmonids that arrive to the ocean during times of high predation pressure, the eventual poor adult returns to that restoration project can be attributed to ocean predation, not an unsuccessful restoration project.
c.
Relationships to other projects
This project complements BPA study Project 9063, Ocean Survival of Salmonids Relative to Migrational Timing, Fish Health, and Oceanographic Conditions.   Project 9063 is focused primarily on the health (growth, physiology, feeding habits, etc.) of migrating salmonids relative to oceanographic conditions (river flows, upwelling, zooplankton densities, etc.).  Large pisciverous predator/prey relationships are not being studied.  Project 9063 has a seasonal sampling scheme and will relate salmonid ocean survival primarily to salmonid health and physical oceanographic conditions, in the Columbia River plume (wide study area).  Our study will conduct intense sampling during spring in a limited study area.  The project we propose will also relate salmonid ocean survival primarily to biological conditions (number of predators, forage fishes, predator feeding habits) off the mouth of the Columbia River.  However, both projects will be using similar fish collection gear type (surface trawl) and methods, so all data collections will be comparable and shared between projects.

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, predator abundance and distribution, 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. the Global Ocean Ecosystem Dynamics (GLOBEC) program (NSF and NOAA funding) and the Pacific Northwest Coastal Ecosystem Region Study (PNCERS) program (NOAA funding). GLOBEC 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. The PNCERS program includes physical and biological monitoring cruises and current meter moorings off Coos Bay and Willapa Bay.  Being adjacent to our study area, the Willapa Bay data may provide useful information for our analysis.  

Three 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 hake (in July), the triennial groundfish survey, which was conducted this past fall, and a study of northern anchovy and sardine spawning biomass.  These surveys provide valuable information on population trends in many of  the marine fishes of interest (mackerel, anchovy, and sardines), and these data are readily available to us.

d.
Project history (for ongoing projects)

This project was initially scheduled to begin late 1997.  However, no commercial fishing vessel bid on the work proposal in 1997.  A contract with a commercial trawl vessel was obtained in early 1998.  Beginning at the end of April 1988, we sampled for two nights every two weeks.  Initial sampling consisted of assessing the efficacy of various large commercial trawling gear with different configurations (doors, weights, etc.) and speeds.  In late June we used a rope trawl and foam filled doors utilized by Project 9063 (a Nordic 264 surface trawl) which proved to be the most effective gear type for collecting large marine fishes near the surface.  In 1998 we conducted a total of  9 cruises and 72 hauls off the Columbia River, ranging from Grays Harbor to the north to Cape Falcon to the south, finishing in late August. Over 34,000 fishes were captured, from 27 different species, and includes over 10,000 Pacific hake, 700 Pacific mackerel, and 300 jack mackerel.  We collected approximately 2,000 stomachs during these surveys. Some juvenile salmon were observed in some of the stoamch samples, but a proper assessment will require more detailed analyses. Stomachs content analyses are presently being prioritized for analysis, which will be conducted this winter. A major focus will be compiling information of food habits of marine fish predators from samples in areas off the Columbia River commensurate with where juvenile salmon were predominately found.  We are presently working on a research report. 
e.
Proposal objectives  

There are four overall objectives:

1) Identify the temporal dynamics and abundance of marine fish predators and forage fishes in the nearshore ocean off the Columbia River during the juvenile salmon outmigration period
By regularly sampling in marine waters adjacent to the Columbia River we will identify the characterisitics of fish community which salmonid smolts are interacting with during the peak smolt migration period  (end of April through June) and whether that community is static or dynamic.

2) Identify the food habits of predatory marine fishes

We will describe the temporal and dynamic nature of the trophic links between potential juvenile salmon marine fish predators and the available prey field. Stomach analysis of large marine pisciverous fishes will reveal if these predators are eating salmonids (some possibly endangered stocks), and at what rate.

3) Measure selected oceanographic conditions in the nearshore ocean off the Columbia River

Distribution and abundance of marine fishes are affected by physical oceanographic conditions (temperatures, salinities, etc.).  Measurements of these physical conditions (by  CTD etc.) will provide information on these possible controlling factors.

4) Relate predator and forage fish distribution and abundance to oceanographic conditions and ocean survival of juvenile salmonids historically and to the present
Elements in this objective are designed to utilize the information generated from Objectives 1-3 to address 4 principle questions: a) describe the current and historical relationship between marine fish predator and prey field communities off the Columbia River during the spring and early summer period, b) identify the relationship between changing ocean conditions off the Columbia River during the spring and early summer and the marine fish predator and prey field community, c) identify the relationship between marine fish (predators and prey) ecology, changing ocean conditions, and ocean survival of juvenile salmonids, and d) relate the temporal and dynamic nature of the oceanographic condition and marine fish ecology off the Columbia River to regular (weekly) estimates of salmon ocean survival using timing of tagged groups.

f.
Methods
Large marine fish predators (primarily Pacific hake, Pacific mackerel,  and jack mackerel) and other associated fishes, will be collected by surface trawling primarily during nighttime, but also daylight, with a contracted commercial mid-water trawler.  We will sample at designated stations along 2 designated transect lines north and south of the entrance to the Columbia River.  Approximately 6 stations will be sampled along each transect, with the first station being as close to shore as possible and the furthest approximately 30 km from shore.  Recent research indicates juvenile salmonids reside primarily within this area (Robert Emmett, Personal Observation).  However, if salmonids are common at 30 km, samplings further offshore will be conducted.  Sampling will be conducted every 10 days from late April through early July 1998, for a total of 20 sampling days (10 sampling cruises).  Sampling effort is focused on spring because salmonid ocean survival appears to be, in part, determined during this period.  Furthermore, this is the period when the of largest number of smolts are entering the ocean and predator/prey interactions are most likely be observed.  

From each trawl, all potential salmonid predators and forage fish species will be identified, enumerated, and measured. A subsample (20 specimen) of each species will be iced, transported to the laboratory, and measured and later weighed to determine accurate length/weight relationships.   From each trawl, up to 30 stomachs of each potential marine fish predator will be removed and preserved. A random subsample of stomachs will be taken when large catches occur.  We expect to collect approximately 100-200 predator fish stomachs/species each 2 week period.  A stratified sampling design will be used to select stomachs for initial content identification.  Although all stomachs could be analyzed, a design will be chosen to provide an efficient means to appropriately rank and subsample the stomach contents such that prey selectivity and compositon can be elucidated.  For example, if predator size influences a predators ability to feed on fish, we will focus most our effort on larger size classes.  We anticipate that not all stoamchs will need to be evaluated.  Stomach contents will be identified to lowest practical taxa (usually species), counted and weighed.  Any fish prey (including salmonids) found in predator stomachs will be measured (length and width) and compared to predator length to identify any possible size thresholds or size-selectivity. Any salmonids found (either while sampling or in stomachs) will be checked for coded-wire tag or other evidence of hatchery origins.  

Physical oceanographic data (temperature, salinity, chlorophyll a) will also be collected.  Information on time of ocean entry of specific groups of juvenile salmonids will be obtained from ongoing studies in the Columbia River (PIT-tagging, barging release, and coded-wire tagging studies).  

Number of salmonids being consumed will be calculated by multiplying the percentage of the diet composed by salmonids in marine fish predators by estimates of the predator densities (within the study area).  Predator and forage fish densities will be estimated as mean number/m3 (mean number of predators per volume of water trawled).  

Ancillary physical oceanographic information, such as upwelling indices, will be obtained from the Pacific Fisheries Environmental Group, Monterey, CA;  Columbia River flows from the U.S. Army Corps of Engineers; and Columbia River buoy data from NOAA.  The relationship between salmonid ocean survival and biological and environmental oceanographic conditions will be identified by regression analysis (multiple or linear) of ocean salmonid survival (percent adult returns) on environmental variables.
g.
Facilities and equipment
A contracted commercial surface or mid-water fishing vessel will be used to collect marine fishes and some of the oceanographic measurements.  Fishing gear and samples will be stored primarily at the NMFS Point Adams Biological Field Station.  Fish food habit analysis will be performed at Point Adams and at the NMFS/NWFSC facility at the Hatfield Marine Science Center.  All the facilities have the requisite scientific support material and space to conduct the necessary analyses and computer capabilities to conduct the proposed study.
h.
Budget
Personnel costs represent funds to support staffing of the chartered vessel during the sampling cruises and for 1 FTE equivalent (GS-9) to assist with field sampling and laboratory analysis. Supplies are for primarily for surface trawl net  (264 Nordic rope trawl) and expendables for food habit analysis equipment (vials, formaldehyde, etc.). Travel costs includes trips for personnel between Seattle, Pt Adams field station, and the Hatfield Marine Science Center for meetings and scientific support of operations. Subcontractor costs include support for a trawling vessel to conduct salmon sampling at $4,000 per day for a total of 20 days of operation (10 surveys).  The indirect category includes overhead costs to support operations of staff during field ocean and land-based operations to acquire the necessary samples in the allotted time.
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Refine and maintain data files, including:  recording, computer entry and verification, performing statistical analysis using computers, and assembling tables, charts, and appendices for reports. 

Process benthic invertebrate and fish samples from various marine, estuarine, and freshwater habitats.  This involves sorting, counting and identifying organisms to the lowest practical taxonomic level (usually genus or species). 

Monitor and verify the quality of work by private contractors who are processing benthic invertebrate samples.

Edit and write research reports and publications.
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Section 10.  Information/technology transfer

A research report will be written at the end of the each study year.  Final results of this study will be published in a peer reviewed journal and presented at least one scientific meeting or workshop.  We will also disseminate information through the NMFS/NWFSC WEB site when possible.
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