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     Review of Agency Groundfish Research, Assessments, and Management
A. Agency Overview

The Northwest Fisheries Science Center (NWFSC) provides scientific and technical support to the National Marine Fisheries Service (NMFS) for management and conservation of the Northwest region’s marine and anadromous resources. The Center conducts research in cooperation with other federal and state agencies and academic institutions.  Five divisions, Conservation Biology, Environmental Conservation, Fish Ecology, Resource Enhancement and Utilization Technologies, and Fishery Resource Analysis and Monitoring, conduct applied research to resolve problems that threaten marine resources or that deter their use. The Center’s main facility and laboratories are located in Seattle. Other Center research facilities are located in Pasco, Big Beef Creek, Mukilteo, and Manchester, Washington; Newport, Hammond, and Clatskanie, Oregon; and Kodiak, Alaska.

The Fishery Resource Analysis and Monitoring Division (FRAMD) is the source focus for most of the research reported by the NWFSC to the Technical Subcommittee of the Canada-US Groundfish Committee. The FRAMD works in partnership with state and federal resource agencies, universities, and the groundfish industry to achieve a coordinated groundfish program for the West Coast. 

FRAM consists of a multi-disciplinary team with expertise in fishery biology and ecology, stock assessment, mathematical modeling, statistics, computer science, and field sampling techniques. Members of this program are stationed at both the NWFSC in Seattle and in Newport, Oregon. Together, they work to develop and provide scientific information necessary for managing West Coast marine fisheries and strive to provide useful and reliable stock assessment data with which fishery managers can set ecologically safe and economically valuable harvest levels.  FRAM researchers develop models for managing multispecies fisheries; design programs to provide information on the extent and characteristics of bycatch in commercial fisheries, as they look at methods to reduce fisheries bycatch; characterize essential habitats for key groundfish species; investigate the design, feasibility, function, and value of marine protected areas; and employ advanced technologies for new assessment. 

During 2004, the FRAMD continued to: implement a West Coast observer program; build a survey program that will conduct West Coast groundfish hydroacoustic and trawl surveys previously conducted by the AFSC; and further augment its stock assessment, economics, and ecosystem research.  Significant progress continues in all programs. 

For more information on FRAMD and groundfish investigations, contact the Division Director, Dr. M. Elizabeth Clarke at Elizabeth.Clarke@noaa.gov, (206) 860-3381.

The Conservation Biology Division is responsible for characterizing the major components of biodiversity in living marine resources, using the latest genetic and quantitative methods. It also has responsibility for identifying factors that pose risks to these components and the mechanisms that limit natural productivity. The Division’s multi-disciplinary approach draws on expertise in the fields of population genetics, population dynamics, and ecology.

The Environmental Conservation Division (ECD) conducts nationwide research on the effects of chemical pollution and harmful algal blooms on habitat quality and fisheries resources. ECD is also a leader in NMFS’ National Marine Mammal Health and Stranding Response Program’s biomonitoring and quality assurances projects.

The Fish Ecology Division’s role is to understand the complex ecological linkages among important marine and anadromous fishery resources in the Pacific Northwest and their habitats. The Division particularly places emphasis on investigating the myriad biotic and abiotic factors that control growth, distribution, and survival of important species and on the processes driving population fluctuations.

The Resource Enhancement and Utilization Technologies Division draws together multi-disciplinary groups to address existing and developing challenges of captive rearing of salmon and other marine fish, improved hatchery practices, smolt quality, disease control, and developing technologies for full utilization of bycatch and fish processing waste.

For more information on Northwest Fisheries Science Center programs, contact the Center Director, Dr. Usha Varanasi at Usha.Varanasi@noaa.gov, (206) 860-3200.

B.   Multispecies Studies

2.) Stock Assessment

SS2 Stock Assessment Model Development

This stock assessment model provides a statistical framework for calibration of a population dynamics model using a diversity of fishery and survey data. Such models

were first developed in the 1980s (Fournier and Archibald, 1982; Methot, 1989). The

Stock Synthesis model (Methot, 2000) was developed in 2 versions. One was an agelength structured model that was developed for assessment of west coast sablefish

(Methot and Hightower, 1988) and the other was an age and geographic area model

developed for Pacific whiting (Hollowed, Methot and Dorn, 1988). Both versions of

synthesis were used for most west coast groundfish and many Alaska groundfish stock

assessments during the 1990s. The model documented in this report represents a

conversion of synthesis from code written in FORTRAN to code written in C++ with

ADMB (Otter Research Ltd., 2000). This conversion provides an opportunity to combine

the two previous of synthesis while taking advantage of the advanced features of ADMB

and the many lessons learned over the past 15 years with such models.  Stock Synthesis 2 (SS2) is designed to deal with both age and size structure and with multiple stock sub-areas. Thus it is most similar to A-SCALA (Maunders and Watters, 2003); Multifan (Fournier et al, 1990); Multifan-CL (Fournier, Hampton and Siebert, 1998); Stock Synthesis (Methot 2000) and CASAL (Bull, et al, 2004) in basic structure and intent. A general feature of such models is that they tend to cast the goodness-of-fit to the model in terms of quantities that retain the characteristics of the raw data. For example, age composition data that is affected by ageing imprecision is incorporated by building a sub-model of the ageing imprecision process, rather than to pre-process the ageing data in an attempt to remove the effect of ageing imprecision. By building all relevant processes into the model and estimating goodness-of-fit in terms of the original data, we are more confident that the final estimates of model precision will include the relevant sources of variance.


For more information, please contact Dr. Richard Methot at Richard.Methot@noaa.gov
SS2 Stock Assessment Model Testing

This work was initiated in April 2005.  Dr. Jim Colbert is currently writing programs to allow data output from the simulation program FSIM to be reformulated (transformed and reformatted) for use as input to the current assessment package, Stock Synthesis II (Version 19).  Jim produced the first program in October 2005; that program created the length distribution, age distribution, and the length-at-age data blocks.  A major revision and expansion was completed with documentation in November 2005; he wrote a design description and updated documentation for the revised program in December 2005; an expansion of the program to create a full Stock Synthesis fisheries data file (a <>.DAT file) was completed in February 2006 and we are expanding the program to produce alternate input options (viz., Age-at-Length tables) for use by SS-II to generate assessment results.

For more information, please contact Dr. Michael Schirripa at Michael.Schirripa@noaa.gov
C. By Species, by Agency

1. Shelf Rockfish

West Coast

b) Stock Assessments
The 2005-06 west coast groundfish stock assessments can be viewed online on the Pacific Fishery Management Council’s website: http://www.pcouncil.org/groundfish/05gfstokasmts.html  Links to each assessment document are provided below.  

 POP. Status and Future Prospects for the Pacific Ocean Perch Resource in Waters off Washington and Oregon as Assessed in 2005

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/POP_05_Final_Assmt.pdf
For more information, contact Dr. Owen Hamel at Owen.Hamel@noaa.gov

Canary rockfish. Status of the U.S. Canary Rockfish Resource in 2005 

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/Canary_2005-complete_document.pdf
For more information, contact Ian Stewart at Ian.Stewart@noaa.gov

Other species assessed by the NWFSC or affiliated authors (graduate students or contracted individuals) include:  

Cabezon.  Status of Cabezon (Scorpaenichthys marmoratus) in California Waters as Assessed in 2005 

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/Cabezon05_FINAL.pdf
For more information, please contact Stacey Miller at Stacey.Miller@noaa.gov

Yellowtail rockfish.  Status of Yelloweye Rockfish off the U.S. West Coast in 2006

Can be viewed online at:

http://www.pcouncil.org/groundfish/gfstocks/Yellowtail_Rockfish_Final_090605.pdf

For more information, contact John Wallace at John.Wallace@noaa.gov

2) Slope Rockfish



b) Stock assessment

Darkblotched. Status of the Darkblotched Rockfish (Sebastes crameri) Resource in 2005   

Can be viewed online at:

http://www.pcouncil.org/groundfish/gfstocks/Darkblotched_Rockfish_Final_090605.pdf

For more information, contact Jean Rogers at Jean.Rogers@noaa.gov

Blackgill.  Stock Assessment of the Blackgill Rockfish (Sebastes melanostomus) Population off the West Coast of the United States in 2005

Can be viewed online at:

http://www.pcouncil.org/groundfish/gfstocks/BLACKGILL_ASSESSMENT_Complete_Final_8-31-05.pdf
For more information, please contact Dr. Tom Helser at Thomas.Helser@noaa.gov


3) Thornyheads

b) Stock Assessment

Longspine. Stock Assessment and Status of Longspine Thornyhead (Sebastolobus altivelis) off California, Oregon and Washington in 2005

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/LST_08_30_05.pdf

For more information, please contact Stacey Miller at Stacey.Miller@noaa.gov

Shortspine. Status and Future Prospects for the Shortspine Thornyhead Resource in Waters off Washington, Oregon, and California as Assessed in 2005

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/SST_Assessment_Final2_8-31-2005.pdf
For more information, please contact Dr. Owen Hamel at Owen.Hamel@noaa.gov

4. Sablefish

a) Research

Sablefish recruitment in relation to oceanographic variables

Our study on sablefish recruitment was the first to study the relationship between environmental variables and recruitment.  But how do we know if environmental variables really drive recruitment?  We have now begun the development of a fish population dynamics modeling framework that will permit us to put known environmental input effects on recruitment, stock numbers, biomass and size distributions over time.  To further explore how these types of relationships might be directly incorporated into fisheries assessment, we proposed a study that allows the examination of SS-II estimates of known, modeled environmental effects on fish populations and fisheries.  FSIM (Goodyear 2005) is the model that we have chosen to generate “known” relationships. The general toolset (FSIM, Jim’s programs, and SS2) will be used to examine how Stock Synthesis II fits known environmental inputs to known fish population and fishery dynamics.  We will then be able to determine how the assessment software does in finding this implemented relationship between the environment and recruitment.  This same package can be used to explore a much broader range of influences on the assessment process.

For more information, please contact Dr. Michael Schirripa at Michael.Schirripa@noaa.gov
b. Stock Assessment

Status of the Sablefish Resource off the Continental U.S. Pacific Coasts in 2005
Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/Sable05_complete.pdf

For more information, please contact Dr. Michael Schirripa at Michael.Schirripa@noaa.gov
5. Flatfish

b) assessment

English sole.  Status of the U.S. English Sole Resource in 2005Can be viewed online at: 

http://www.pcouncil.org/groundfish/gfstocks/2005_English_sole_assessment.pdf
Dover sole.  The Status of Dover Sole off the U.S. West Coast in 2005

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/Dover05_Final.pdfContact Stacey Miller at Stacey.Miller@noaa.gov for more information. 

Petrale sole. Stock Assessment of Petrale Sole: 2004

Can be viewed online at: http://www.pcouncil.org/groundfish/gfstocks/Final_Petrale_102405.pdfContact Stacey Miller at Stacey.Miller@noaa.gov for more information. 

6. Pacific Hake

b) Stock Assessment

The 2005 hake assessment is not currently available online.  However, 2006 assessment is. 

D. Other Related Studies

1) Age, Growth and Maturity of Longnose Skate

This work was completed in 2005, resulting in Josie Thompson receiving a M.S. degree from Oregon State University.  The results of this work are now being incorporated into a skate assessment to be presented to the Pacific Fishery Management Council in 2007.

For more information, please contact Dr. Michael Schirripa at Michael.Schirripa@noaa.gov
2) Stock assessment Longnose Skate

During 2005, Dr. Vlada Gertseva has been collecting fisheries and survey data on Longnose skate that include catch data and biological information, such as length, sex, weight and age population structures. Presently, she is analyzing these data to obtain the essential parameters necessary for stock assessment. The stock assessment will be developed using the program Stock Synthesis II (SS2).  She has been learning the structure and functions of SS2 and how to operate this program.

For more information, please contact Dr. Vlada Gertseva at Vlada.Gertseva@noaa.gov
3) Spatial Distribution of Groundfish

Dr. Gerteseva’s second main research project is devoted to the development of a mathematical model of spatial distribution of west coast groundfish in response to multi environmental variables. This mathematical model will fundamentally improve marine fisheries stock assessment methods that currently do not account for spatial dynamics of fish due to environmental variation. Integrated into current assessment methods, this model will help correctly interpret fisheries data with consideration of environmental variation and make more accurate predictions of fish population abundance.
4 SEQ CHAPTER \h \r 1) West Coast Essential Fish Habitat:  Geologic and Geophysical Bottom Character Database and GIS for U.S. West Coast Groundfish
The database and GIS project for West Coast Essential Fish Habitat is a joint effort between Chris Goldfinger, Chris Romsos, Rondi Robison, Randall Milstein, and Beth Myers from the College of Oceanic and Atmospheric Sciences at Oregon State University, and Waldo Wakefield of the NWFSC FRAM Division.

The goal of this program, begun in 2001, was to create and use a comprehensive, helpful and easily accessible, multi-layered GIS database and associated CD-ROM-based products for groundfish habitat assessment in the Pacific Northwest.  The database for Oregon and Washington has been linked to an integrated habitat database for California (Greene et al. 2004. Fisheries Habitat Characterization of the California Continental Margin, California Sea Grant Program Publication No. T-053).  For the first time, marine researchers working along the U.S. West Coast have an integrated map of structural habitat for the entire region (San Diego, CA to Cape Flattery, WA).  In addition, the combined GIS database for California, Oregon and Washington was used in the current Essential Fish Habitat Environmental Impact Statement for West Coast groundfish.

Version 1.0 of the maps for Oregon and Washington wascompleted in 2003.  This release is entitled “Active Tectonics and Seafloor Mapping Laboratory Publication 02-01: Interim Seafloor Lithology Maps for Oregon and Washington Version 1.0”.  The interim habitat maps are now in use at the Northwest Fisheries Science Center.  Investigators there are beginning to integrate fisheries data and benthic habitat data to look for associations, and to assess the state of existing benthic habitat data in terms of future needs.  

The following section describes the basic elements incorporated in the initial version of the habitat maps.  The interim map captured the essential habitat classifications to be found offshore Oregon and Washington, but due to time constraints, lacked ground-truthing, cross checking, and some of the components of rock prediction. Since delivery of the interim maps, work has continued in 2003 – 2005 on a second iteration of the habitat maps (Version 2) that will include detailed grain size mapping, fully cross-checked and ground-truthed rock prediction mapping, similar cross-checking, ground-truthing of lithologic data to resolve conflicts between datasets, and removal of artifacts.  Version 2 will also include additional oil industry core samples from archives of the Minerals Management Service, as well as much more comprehensive interpretation of the sidescan datasets, quantitative classifications of bathymetry data, and will include significant new multibeam/backscatter datasets collected in 2002, 2003, 2004, and 2005.

For more information, contact Waldo Wakefield at Waldo.Wakefield@noaa.gov,    HYPERLINK "mailto:Waldo.Wakefield@noaa.gov" 
(541) 867-0542 or Chris Goldfinger at gold@coas.oregonstate.edu.


5) West Coast Bycatch Reduction Research:  Fish Behavior During Interactions with Bottom Trawls 

The NWFSC has been collaborating with the Oregon Department of Fish and Wildlife on a project to obtain baseline information on the behavior of demersal fishes when they are overtaken by a bottom trawl.  In situ information of this nature is critical to the successful development of future species-selective trawls and bycatch reduction devices for West Coast groundfish fisheries.  Our project combined the use of conventional low-light video with the DIDSON ultrasonic imaging sonar (Dual-frequency IDentification SONar) to document and categorize fish behavior in front of and in the mouth of a bottom trawl.  This work was conducted using a selective flatfish trawl -- a bottom trawl that has recently been shown to reduce roundfish bycatch while maintaining the catch rate of flatfishes. A complementary project focused on building a catalog of enzyme activities as an indicator of species-specific burst swimming abilities for a broad range of groundfish species. 

Milestones completed in calendar year 2005: 

- This project represents the first successful application of a DIDSON sonar in bottom-tending mobile fishing gear.  A novel set of mounting frames provided a stable platform for sonically imaging all areas in front of and in the mouth of the trawl (e.g., footrope, headrope, wings, and form of the footropes mud cloud).


- Acquired an extensive set of paired observations with video and DIDSON imaging of the same areas/fish targets, providing the first documentation of the efficacy of using a DIDSON sonar in mobile fishing gear.


- Pacific halibut, lingcod, Pacific hake, skates, and other flatfish were imaged routinely with the DIDSON.  These preliminary observations will be the basis for the second phase of study to assess the methods to reduce bycatch.


- Provided information on the performance of the selective flatfish trawl:  the speed and direction of movement of fishes, herding behavior, wing interactions, and footrope and headrope effects.


- Collected and analyzed tissue samples from over 15 species of West Coast groundfish for enzyme activities.


- Fostered collaborations on the use of the DIDSON sonar in bycatch research between the NW Fisheries Science Center, Oregon Department of Fish and Wildlife, and Alaska Fisheries Science Center.

This research was recently presented at the 14th Western Groundfish Conference (Matteson, K., W.W. Wakefield, R. Hannah, S. Parker. 2006. The first application of a DIDSON ultrasonic imaging sonar to observe fish behavior and net structure in a groundfish trawl. Presented at the14th Western Groundfish Conference, Newport, OR)

A second field season is planned for summer 2006.

For more information, contact Waldo Wakefield at Waldo.Wakefield@noaa.gov, (541) 867-0542 or Bob Hannah at Bob.W.Hannah@state.or.us, (541) 867-0300 or Keith Matteson at keith.m.matteson@state.or.us (541) 867-0300.

6) Cooperative Ageing Unit 

The Cooperative Ageing Project (CAP) provides direct support for US West Coast stock assessments by providing ages derived primarily from otoliths.  CAP has production aged the following species; canary rockfish (Sebastes pinniger), Pacific Ocean perch (S. alutus), Pacific hake (Merluccius productus), Dover sole (Microstomus pacificus), petrale sole (Eopsetta jordani) and sablefish (Anopoploma fimbria).  In addition, we are beginning to production age two new species of flatfish; arrowtooth flounder (Atheresthes stomias) and English sole (Parophrys vetulus).  In addition to production ageing the CAP performs ageing related research.  We examined the feasibility in utilizing otoliths versus interopercles for age determination in English sole.  Otoliths are collected on NWFSC directed surveys, while interopercles are collected from state directed shoreside sampling from the commercial catch.  This comparison study indicated that the otolith is acceptable in providing ages and therefore the survey collections can be utilized to gain a fishery independent estimate of biomass.  We are also exploring the possibility of applying the thin section technique to darkblotched rockfish (S. crameri) otoliths.  The otoliths from this species fade rather quickly when preparing the otoliths by break and burn.  The otolith pattern should be conserved through the thin section process and therefore re-reads and re-examination of archived samples would be possible.

For more information, please contact Dr. Michael Schirripa at Michael.Schirripa@noaa.gov
7) Cooperative Resource Surveys

a) West Coast Slope and Shelf Groundfish Survey

The NWFSC conducted its eighth annual bottom trawl resource survey for groundfish off the coasts of Washington, Oregon, and California.  The objective of the 2005 survey was to provide information on the distribution and relative abundance of demersal species within this region at depths from 30 to 700 fathoms. Other biological information necessary to assess the status of groundfish stocks (e.g. length, weight, sex and age structures) was collected throughout the survey period.  

The NWFSC chartered commercial fishing vessels to conduct independent, replicate surveys using standardized trawl gear. Fishing vessels Ms. Julie, Excalibur, Noah’s Ark and Raven were contracted to survey the area from Cape Flattery, WA to the Mexican border in Southern California, beginning in the later part of May and continuing through the third week of October. Each vessel was chartered for eight weeks with the Ms Julie and Noah’s Ark surveying the coast during the initial pass from May to July. The Excalibur, and Raven operating in tandem, surveyed the coast during the second pass from mid-August to late October.  The survey followed a stratified random sampling scheme with 15-minute tows at randomly selected depths. The depth strata were: shallow (30-100 fms), middle (100-300 fms), and deep (300-700 fms).  The sample design consisted of 720 sampling locations, with 270 on the shelf (30-100 fms) and 450 on the slope (100-700 fms).  Each of the four vessels occupied a different subset of 180 cell sites.

In 2005, we also continued to utilize the FSCS data collection system with updated software applications, and wireless networking.  Established NOAA national bottom trawl protocols were used throughout the survey. As in prior years, a series of special research projects were undertaken in cooperation with other NOAA groups and various Universities.

For more information, contact Aimee Keller at (206) 795-5860, Aimee.Keller@noaa.gov.

b) Hake Acoustic Survey

The 2005 survey was conducted by joint US and Canadian science teams aboard the NOAA vessel Miller Freeman from 20 June to 19 August, spanning the continental slope and shelf areas the length of the West Coast from south of Monterey California (35.7º N) to the Dixon Entrance area (54.8º N).  A total of 106 line transects, generally oriented east-west and spaced at 10 or 20 nm intervals, were completed.  During the 2005 acoustic survey, aggregations of coastal Pacific hake were detected from approximately 37º N (Monterey Bay) and extending nearly continuously to the furthest area to the north surveyed at Dixon Entrance.  Areas of prominent concentrations of hake included the waters off Point Arena (ca. 39º N) and north of Cape Mendocino, California (ca. 41º N), in the area south of Heceta Bank, Oregon (ca. 44º N), the waters spanning the US-Canadian border off Cape Flattery and La Perouse Bank (ca. 48.5E N), and local concentrations within Queen Charlotte Sound (ca. 51º N).  Mid-water and bottom trawls, deployed to verify size and species composition and collect biological information (i.e., age composition, sex), found that smaller individuals - age-2 fish - were prevalent in the southern portion of the range, but the coastal Pacific hake stock continued to be dominated by representatives of the 1999 year-class (age 6) throughout most of their range, with the expected occurrence of older Pacific hake most predominant in the north.

The coast-wide estimates of Pacific hake abundance totaled 2.5 billion fish weighing 1.26 million metric tons.  As expected from the age and length distribution, the population was dominated by age-6 fish.  These fish, the 1999 year class, contributed about 48% of the total coast-wide number and 55% of the total coast-wide biomass.  Age-2 hake contributed 24% of the coast-wide number and 13% of the coast-wide biomass. The 2005 biomass estimate of 1.26 million metric tons represents a 0.58 million metric ton, or 68% decrease over the biomass estimate made for 2003.  Though reduced and representing the eighth largest estimated biomass over the entire history of the survey, the 2005 estimate is at a level commensurate with recent levels.  Our expectation of the level of abundance of Pacific hake was confirmed by this survey with the 2005 estimate representing declining trend in coastal hake biomass.  Clearly, the increase seen in 2001 and subsequent decline in 2005 coast wide biomass can be attributed almost entirely to the 1999 year class.

8) NOAA Program: Fisheries And The Environment (FATE)

Dr. Jim Colbert’s position has been supported 100% by the NOAA-NWFSC FATE Program for past two years and for all of CY 2005.  He has worked on two studies related to this support and new software to bring more historical data into formats useful in analyses relating NE Pacific ocean physical variables (sea level, sea level pressure, Ekman transports, sea surface temperature) to fisheries questions.  He updated our coastal ocean and North Pacific basin databases using the UCAR, COADS and LAS databases. We keep monthly average data for each 1-degree X 1-degree Lat./Lon. cell to provide the most currently available data for use in fisheries analyses.  We have programs that allow users to summarize cells that are along the coast, to west of the coast, or interior ocean waters (e.g., Puget Sound, Straits of Georgia).  The SAS macro language programs can efficiently summarize any mix of spatial cells and any of the monthly data to create study-specific summary data for use in analyses.

9) Science for Ecosystem-based Management Initiative 

1.  Using Leslie matrices to identify essential fish habitat.  NMFS is required by statute to identify and protect habitat areas of particular concern (HAPCs)—subsets of EFH that are especially ecologically important, sensitive to human-induced environmental degradation, stressed by development activities, and/or rare.  The degree to which fish successfully complete their lives is determined by the rates that individuals move through their life cycle.  By creating a matrix of estimates of birth, growth, maturation, fertility and mortality rates for each life history stage it is possible to translate events happening to individuals to the dynamics of the population.  Using elasticity analysis one can then estimate which life stages contribute most to the growth rate of the population, and thus determine which life history stages should be the focus of conservation QUOTE "" 
.  Once critical life stages are identified, the next task is to determine what habitats are important to those life stages.  In particular, we need to know how changes (i.e. degradation or restoration) in habitat affect vital rates.  Using these estimates of habitat effects on vital rates, one can model how different management actions that target specific habitats will affect populations. Thus, this set of models will ask the question, how much habitat (of different types) does one need to have in order to meet a management goal?  

For more information, contact Phil Levin at Phil.Levin@noaa.gov, (206) 860-3473.

2.  Risk Analysis of West Coast Groundfishes.  Many populations of marine fish have declined steeply over the last several decades.  On the other hand, many populations have increased or remained stable.  We are conducting a standardized assessment of risks faced by groundfish on the continental shelf of the US Pacific coast.  Using the same techniques of population viability analysis that have been used on Pacific salmon (as well as numerous other at-risk terrestrial and marine species), we are estimating population growth rates and the probability of reaching various conservation or management benchmarks (e.g. probability of 90% decline in 100 years, probability of rebuilding in 100 years, etc.).  Additional analyses will illuminate what life history attributes are associated with high risk species.  Our goal is to develop this work into a “partial” assessment technique for a number of currently unassessed species.

For more information, contact Phil Levin at (206) 860-3473, Phil.Levin@noaa.gov
3.  Impacts of fishing on marine community structure.  Using food web models, we are examining a range of marine communities, varying in species richness, productivity, and fishing intensity, to determine how fishing has affected community structure and some basic ecosystem parameters.  Our initial work suggests that incompatibilities exist between managing for sustainable fisheries versus managing for the health of coast ecosystems—2 of the missions of the NMFS.  We are developing indices of “ecologically sustainable yield” based not on single-species fish population dynamics, but on systemic dynamics and NMFS ecosystem goals.   

For more information Phil Levin at (206) 860-3473, Phil.Levin@noaa.gov
5.  Spatial and temporal scale effects of climate variability on groundfish assemblages.  Groundfish species on the West Coast experience different temperatures, upwelling patterns, and other climate-related variables on many spatial and temporal scales.  Variability of these factors is driven by forces such as north-south gradients, large- and small-scale currents, large-scale climate events (e.g., El Niño, Pacific Decadal Oscillation), and interactions between these forces.  We will examine time series of climate patterns over a 25-year period and West Coast shelf trawl survey data over the same time series to determine if there are ecologically meaningful associations between climate patterns and abundances of particular species or species assemblages of groundfish.  Such information will provide some idea of how climate has contributed to population trends of many groundfish species, particularly the sharp decline in many species of Sebastes.  

For more information, contact Phil Levin at (206) 860-3473, Phil.Levin@noaa.gov
6.  Community composition of coastal shelf rockfish communities.  In conjunction with the previous agenda item, we will use data from the West Coast shelf trawl surveys to identify rockfish that are most likely to coexist in predictable community assemblages in different regions.  We will use statistical methods such as principal components analysis or its non-parametric analogs to determine which species tend to coexist, and under what conditions those groups are likely to be found.  We can further determine if those assemblages constitute guilds, based on ecological information derived from the literature, and examine how small-scale guild population dynamics behave.  For example, rather than using traditional single species stock-recruit relationships, we can see if the stock size of a guild of species influences the recruitment of that guild, or of individual species within the guild.  Such information would greatly benefit managers who are interested in multi-species or community-level fisheries management plans, as opposed to single-species plans.  

For more information, contact Phil Levin at (206) 860-3473, Phil.Levin@noaa.gov.

7.  Groundfish bioenergetics.  Bioenergetics models have proven an excellent tool in estimating the energetic demands of fishes, and thereby better understanding the amount of prey required by fish populations.  Bioenergetics models are also useful for explaining fish growth trajectories as they relate to prey quality, temperature, fish size, and species- and sex-specific differences.  We developed bioenergetics models for Sebastes species, and used these models to examine various issues such as per capita prey demand of different species, the influence of temperature anomalies (e.g., PDO shifts, El Niño) on fish growth and reproductive potential, and habitat-specific prey allocation across different life history stages of rockfish (that is, do adult and juvenile rockfish share common habitats and common prey, and if so, do the predatory demands of one age group constrain the success of the other?).  

For more information, Chris Harvey at (206) 860-3228, Chris.Harvey@noaa.gov.
8.  Fish movement and MPA design.  Rational design of networks of MPAs requires an understanding of the relationship between the spatial extent of a reserve, home ranges of fish, and the distribution of resources. As a result, understanding movement patterns of fishes is of central importance to measuring MPA effectiveness.  In part, this is due to two potentially conflicting objectives of MPAs:  (1) to conserve a breeding stock adult movement out of MPAs should be minimal, but (2) to augment local fisheries, some flux outside the MPAs to harvested areas is desirable. However, very little is known about the short-term movement of most economically and ecologically important temperate fish species.  Here, we propose (1) to determine the degree to which habitat structure and food resources affect movement by rockfishes, and (2) to apply these data to models that can ascertain effectiveness of existing MPAs and develop guidelines for designing future MPAs.  Our approach involves first documenting the movement of rockfishes on rocky reefs using sonic telemetry. We will then use the information gathered during the empirical phase of our project to model MPA effectiveness as a function of fish motility and habitat structure food availability.  

For more information, contact Phil Levin at (206) 860-3473, Phil.Levin@noaa.gov
9.  Development of a spatially-explicit ecosystem model to examine effects of fisheries management alternatives in the Northern California Current 

Decision analysis is intimately associated with the analysis of uncertainty:  given uncertainty about future behavior of a system, what policies are most robust over the full suite of alternative future conditions?  Classic fisheries science, which relies on single-species population models, has been criticized by some as inadequate for fisheries decision analysis because it considers one possible effect of fisheries policy (i.e., fishing affects abundance and age structure which, in turn, affects yield) QUOTE "" 
.  In contrast, ecosystem-based management recognizes a broader suite of system responses, and explicitly recognizes that fish stocks respond to underlying yet unpredictable ecosystem dynamics (e.g., irreducible uncertainties) and that fishing itself can induce ecosystem changes.  Thus, decision analysis frameworks ideally explore responses of populations to fishing under alternative scenarios of ecosystem forcing and fishing-mediated ecosystem change.

Do we presently have the tools to predict all elements of marine ecosystems?  Absolutely not, and it is exceedingly unlikely that such a case will ever arise.  Do we presently have the tools to identify potential ecosystem responses and behaviors?  Fortunately, we have considerable and expanding expertise.  Our knowledge of food web processes in marine ecosystems continues to grow, building a strong conceptual framework of the types of food web relationships that are common, rare, and most importantly, dangerous in the context of fisheries management. What is presently lacking, however, is an integrated modeling framework that can be used to 1) synthesize this information; 2) analyze possible ecosystem responses; and 3) identify key processes that govern ecosystem condition. 

We are developing such a modeling framework for the Northern California Current Ecosystem (NCCE).  Our approach explicitly estimates the ecosystem and population-level consequences of various fisheries management alternatives in the face of a varying environment. ATLANTIS, a modeling approach developed by CSIRO scientists in Australia, achieves the crucial goal of integrating physical, chemical, ecological, and fisheries dynamics in a three-dimensional, spatially explicit domain.  In ATLANTIS, marine ecosystem dynamics are represented by spatially-explicit sub-models that simulate hydrographic processes (light- and temperature-driven fluxes of water and nutrients), biogeochemical factors driving primary production, food web relations among functional groups, and the model represents key exploited species at the level of detail necessary to evaluate direct effects of fishing. The ATLANTIS model is thus ideally suited for ecosystem-based decision analysis.

The overarching goal of this project is to develop a model that allows users to examine the effects of large-scale management efforts against a backdrop of environmental variability resulting from climate events, seasonal changes, oceanographic dynamics, food web interactions, and fisheries.  To achieve this goal, we are (1) collating data for the processes and functional groups included in the model; (2) defining the spatial structure of the NCCE; and (3) simulating behavior of the NCCE under alternate fisheries management policies and environmental regimes
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