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VIII.
REVIEW OF AGENCY GROUNDFISH RESEARCH, ASSESSMENTS, AND MANAGEMENT IN 2008

A.  Agency Overview

Essentially all groundfish research at the Alaska Fisheries Science Center (AFSC) is conducted within the Resource Assessment and Conservation Engineering (RACE) Division, the Resource Ecology and Fisheries Management (REFM) Division, the Fisheries Monitoring and Analysis (FMA) Division, and the Auke Bay Laboratory (ABL).  The RACE and REFM Divisions are divided along regional or disciplinary lines into a number of programs and tasks.  The FMA Division performs all aspects of observer monitoring of the groundfish fleets operating in the North Pacific.  The ABL conducts research and stock assessments for Gulf of Alaska groundfish.  All Divisions work together closely to accomplish the missions of the Alaska Fisheries Science Center.  A review of pertinent work by these groups during the past year is presented below.  A list of publications pertinent to groundfish and groundfish issues is included in Appendix I.  Yearly lists of publications and reports produced by AFSC scientists are also available on the AFSC website at http://www.afsc.noaa.gov/Publications/yearlylists.htm , where you will also find a link to the searchable AFSC Publications Database.  

Lists or organization charts of groundfish staff of these four Center divisions are included as Appendices II - V.  

RACE DIVISION

The core function of the Resource Assessment and Conservation Engineering (RACE) Division is to conduct quantitative fishery surveys and related ecological and oceanographic research to measure and describe the distribution and abundance of commercially important fish and crab stocks in the eastern Bering Sea, Aleutian Islands, and Gulf of Alaska and to investigate ways to reduce bycatch, bycatch mortality, and the effects of fishing on habitat.  The staff is comprised of fishery and oceanography research scientists, geneticists, pathobiologists, technicians, IT Specialists, fishery equipment specialists, administrative support staff, and contract research associates.  The status and trend information derived from both regular surveys and associated research are analyzed by Center stock assessment scientists and supplied to fishery management agencies and to the commercial fishing industry. RACE Division Programs include Fisheries Behavioral Ecology, Groundfish Assessment, Midwater Assessment and Conservation Engineering, Recruitment Processes, Shellfish Assessment, and Research Fishing Gear.  These Programs operate from three locations in Seattle, WA, Newport, OR, and Kodiak, AK.
In 2008 one of the primary activities of the RACE Division continued to be fishery-independent stock assessment surveys of important groundfish species of the northeast Pacific Ocean and Bering Sea.  Regularly scheduled bottom trawl surveys in Alaskan waters include an annual survey of the crab and groundfish resources of the eastern Bering Sea shelf and biennial surveys of the Gulf of Alaska (odd years) and the Aleutian Islands and the upper continental slope of the eastern Bering Sea (even years). 


Two major bottom trawl surveys of groundfish resources were conducted during the summer of 2008 by RACE Groundfish Assessment Program (GAP) scientists; the annual eastern Bering Sea shelf survey and the biennial survey of the eastern Bering Sea upper continental slope.  The scheduled biennial bottom trawl survey of the Aleutian Islands had to be cancelled for lack of funds.  In 2009 GAP scientists will again conduct the annual Bering Sea shelf survey and the biennial Gulf of Alaska survey of the continental shelf and upper continental slope.    


RACE scientists of the Habitat Research Team (HRT) continue research on essential habitats of groundfish. In FY06, the focus was on evaluating acoustic backscatter and benthic infauna community as predictors of groundfish distribution. Details on the work of the HRT can be found under D. Other Related Studies.  


The Midwater Assessment and Conservation Engineering (MACE) Program conducted winter echo integration-trawl (EIT) surveys of midwater pollock abundance in the Shumagin-Sanak area in February 2008 and around Chirikof-Shelikof Strait in March 2008.  A summer survey of pollock on the eastern Bering Sea shelf was conducted in June and July 2008.  MACE staff and other RACE survey personnel continued work on the intervessel calibrations between the Oscar Dyson and the Miller Freeman with work on this project during the February 2008 survey of the Shumagin-Sanak area and the summer survey in the Bering Sea.  Research cruises investigating bycatch issues also continued.

For more information on overall RACE Division programs, contact Division Director Russ Nelson at (206)526-4170.

REFM DIVISION


The research and activities of the Resource Ecology and Fisheries Management Division (REFM) are designed to respond to the needs of the National Marine Fisheries Service regarding the conservation and management of fishery resources within the US 200-mile Exclusive Economic Zone (EEZ) of the northeast Pacific Ocean and Bering Sea.  Specifically, REFM's activities are organized under the following Programs:  Age and Growth Studies, Socioeconomic Assessments, Resource Ecology and Ecosystem Management, and Status of Stocks and Multispecies Assessment.   Scientists at AFSC assist in preparation of stock assessment documents for groundfish in the two management regions of Alaska (Bering Sea/Aleutian Islands and Gulf of Alaska, conduct research to improve the precision of these assessments, and provide management support through membership in regional groundfish management teams.  

For more information on overall REFM Division programs, contact Division Director Dr. Pat Livingston at (206)526-4173.

FMA DIVISION

The Fisheries Monitoring and Analysis (FMA) Division is responsible for placement of observers on vessels fishing for groundfish species in the U.S. EEZ of the northeastern Pacific Ocean and Bering Sea.  Observers collect data, which provide the basis for in-season management of the groundfish fisheries by NMFS.  This observer data also provides a means for evaluating and developing management strategies by NMFS and the regional management council, and are used in the stock assessment process.  Observers play important roles in providing information that is critical to the U.S. fishing industry.

During 2008, no foreign vessels were allowed to catch or process fish in the U.S. EEZ off the coast of Alaska. The FMA Division trained and deployed 799 observers to 296 vessels and 21 shore plants in Alaska. These observers spent 39,510 days collecting data in 2008. The Division is responsible for defining the sampling duties and data collection methods used by observers, training of the observers prior to deployment, debriefing of observers upon their return, and editing and managing the resulting data. The catch data are provided to the Alaska Regional Office to assist in management decisions regarding the catches of groundfish and prohibited species. Data are also collected regarding the operations of the groundfish fishery.

In January 2008, FMA implemented several long-awaited sampling and database changes that had been recommended in various independent reviews as well as by in-house staff.  These changes fundamentally altered the way observers collect and record their data.  Modifications were made to both the methods used to collect data at sea and to the AFSC database that houses the observer data.  Now the data entry and storage mirror the sampling conducted in the field and relationships between samples and subsamples and hauls and trips are reflected in the structure of the database.  In addition, observers are now asked to collect and individually record at least three samples for species composition from each sampled haul or fishing event.  Previously, samples were pooled together.  These changes allow for a better understanding of the statistical properties of the data and the estimates derived from that data.  In particular, it is now possible to assess within-haul variance.  For more information on the redesigned observer sampling go to: http://www.afsc.noaa.gov/Quarterly/jfm2008/jfmfeaturelead.htm
Patti Nelson was hired as FMA Division Deputy Director, replacing Martin Loefflad when he was promoted to FMA Division Director a year ago.  
For more information on overall FMA Division programs, contact Division Director Martin Loefflad at (206)526-4194.

AUKE BAY LABORATORIES


The Auke Bay Laboratories (ABL), located in Juneau, Alaska, are a division of the NMFS Alaska Fisheries Science Center (AFSC).  In 2006, what was formerly called ABL's “Groundfish Assessment Program” changed its name to the “Marine Ecology and Stock Assessment Program” (MESA), a name which more accurately reflects the varied tasks and research of this group.  The MESA Program is primarily involved with research and assessment of sablefish and rockfish in Alaska and with the study of fishing effects on the benthic habitat.  Presently, the program is staffed by 17 scientists, including 16 permanent employees and 1 term employee.  One personnel change in 2008 was that a former MESA staff member, Pat Malecha, transferred back to the MESA Program from ABL’s Marine Salmon Program.  Four employees in other ABL programs have also been involved with groundfish-related research in the past year. 


In 2008 field and laboratory research, ABL's MESA Program, in cooperation with the AFSC’s RACE Division, conducted the annual NMFS sablefish longline survey in Alaska.  Other field and laboratory work by ABL included: 1) continued juvenile sablefish studies, including routine tagging of juveniles and electronic archival tagging of a subset of these fish; 2) a laboratory study of habitat preferences for young-of-the-year slope rockfish; 3) an investigation of the effect of maternal age on viability of quillback rockfish larvae; and 4) a deep-water (> 1,000 m depth) longline study of giant grenadier and sablefish abundance in the western Gulf of Alaska.


 Ongoing analytic activities in 2008 involved management of ABL's sablefish tag database, analysis of sablefish logbook and observer data to determine fishery catch rates, and preparation of four detailed status of stocks documents for Alaska groundfish: sablefish; Gulf of Alaska sharks; Bering Sea/Aleutian Islands sharks; and grenadiers  Another important analytic activity in 2008 was completion of an analysis of competition for hooks in the longline survey between sablefish and other species.

For more information on overall Auke Bay Laboratory programs, contact Laboratory Director Phil Mundy at (907) 789-6001.


B.  Multispecies Studies


1.
Research
Fisheries Behavioral Ecology Program - RACE 

The Fisheries Behavioral Ecology Program based in Newport, Oregon conducts experimental research designed to understand the role that behavior plays in regulating distribution, abundance growth, and survival of fish species and their interactions with fishing methods and gear.  The goal of the Program is to provide the critical information needed to improve survey techniques, to improve predictions of population abundance and survival, and to conserve populations of economically significant marine resource species and their habitats.  Research conducted during 2008 continued under long-term research themes related to recruitment processes, basic studies in fish ecology relevant to the definition of essential habitat, and bycatch stress.

For further information, contact Dr. Allan Stoner,  (541) 867-0165.

Age and Growth Program - REFM
The Age and Growth Program of the REFM Division serves as the Alaska Fisheries Science Center's ageing unit for groundfish species. The Program consists of a program leader, an age validation researcher, IT/data specialist, and 9 age readers.  Ages are usually determined from otoliths, but scales, finrays and vertebrae are sometimes used. Ageing protocols and production statistics for the Age and Growth Program at the AFSC can be found on the Age and Growth Program website (www.afsc.noaa.gov/REFM/Age/default.htm). 

Data provided by the program are used in stock assessment modeling, which contributes to the estimation of the allowable catch of many commercially important groundfish species. These species include walleye pollock, Pacific cod, sablefish, Pacific ocean perch, northern, rougheye, and dusky rockfishes, Atka mackerel, yellowfin sole, rock sole, rex sole, and misc. sole and rockfish species, and big and longnose skates. Increasingly, the program is ageing non-commercial species, which either are possible candidates for commercial harvest, or may be important in monitoring the broader ecosystem. These species currently include yellow irish lords, sculpin (great, plain, warty, and bigmouth), giant grenadier, eulachon, and capelin.


In January 2009, Dr. Dan Kimura retired after 25 years of service at NMFS, with 22 of those years as the Age and Growth Program Leader.  During his tenure, the Age and Growth Program expanded its reputation of not only providing high quality fish age data for stock assessments, but also becoming known as a first-class research lab on fish age validation.  His guidance towards better age precision analysis, data management, documentation of ageing criteria, and publications on fish ageing studies has improved fish ageing science.  He represented the Age and Growth Program at three International Fish Otolith Research and Application Symposiums.  Dr. Kimura inspired numerous research projects using natural radionuclides, atomic bomb produced radiocarbon, and other fish age validation methods.  His application of statistics, population modeling, and insightful leadership of the Age and Growth Program will be sorely missed.  Dr. Kimura’s many friends and colleagues at the AFSC wish him all the very best during his retirement.


Dr. Thomas Helser has been selected as the new Age and Growth Program Leader and will assume this position on May 11, 2009.  Dr. Helser has a strong quantitative background in statistics and has worked on stock assessments on both the east and west coasts, including age and growth studies.  He has worked for NMFS for a number of years, including about 10 years at the Northwest Fisheries Science Center.  His resume is impressive and we are extremely pleased to have found such a well-qualified individual to lead the REFM Division’s Age and Growth Program.

Recent research, as of April 2009, in the Age and Growth Program in 2008 has focused on the following areas:

1. Delsa Anderl, John Brogan, Beth Matta, and Jon Heifetz (Auke Bay) have been working on a sablefish age validation study that uses “known age” specimens from southeast Alaska.  This is a unique and special study because known age specimens of groundfish are not common.  Sablefish ageing is difficult and this study should lead to more accurate ages.
2. Charles Hutchinson, Todd TenBrink, and Delsa Anderl have been developing age determination methods for several sculpin species.  Two manuscripts are in the draft stages and the preliminary titles are “Age determination of the yellow Irish lord, Hemilepidotus jordani: accounting for changes in natural mortality rates” and “Age, growth, and mortality of the plain sculpin, Myoxocephalus jaok, in the eastern Bering Sea.”
3. A study by Beth Matta has found that rex sole in the Gulf of Alaska demonstrate geographic differences in growth rates.  Length at age is smaller in the east and larger in the west.  A relation to the quality and quantity of food is being investigated in collaboration with the AFSC Resource Ecology and Ecosystems Modeling Task Group.
4. John Brogan, Delsa Anderl, Dan Kimura, and Craig Kastelle have used bomb radiocarbon as an age validation tool for Greenland turbot.  This species is a very difficult to age, and production age determination methods were recently developed and published by the Age and Growth Program in 2006.  The current study confirmed that Greenland turbot is being aged correctly, but may continue to be a species with greater than average difficulty and lower precision than other flatfish.  A manuscript is being prepared for this study.
5. Bomb radiocarbon was used by Craig Kastelle, Delsa Anderl, and Dan Kimura for an age validation study of yellowfin sole from the Bering Sea.  The results from this study were generally good, but did not show conclusively that the ages were accurate.  Instead, it demonstrated that further work is necessary to develop high quality reference radiocarbon chronologies for the eastern Bering Sea, a prerequisite for this type of study.  A manuscript is being prepared for this study.
6. A new study is being initiated by Craig Kastelle in collaboration with Steve Wischniowski (International Pacific Halibut Commission) to develop a new bomb radiocarbon reference chronology based on juvenile Pacific halibut from the eastern Bering Sea.  This will answer questions about geographical differences in the timing of bomb produced radiocarbon, and aid future age validation studies.
7. Four other studies in the Age and Growth Program using bomb radiocarbon are at various stages of completion.  Northern rockfish ages have been validated, and a manuscript will be completed in the future.  In a collaborative study with Bryan Black (Oregon State University), and Claudia Hand along with other staff of the Sclerochronology Lab at the Department of Fisheries and Oceans, Nanimo, Canada Geoduck clams are currently being examined.  And two species, giant grenadier and shortraker rockfish have been examined and appear to not be amenable to this method.
8. Dendrochronology is being used by Beth Matta, Betty Goetz, and Charles Hutchinson to relate annual growth variability in four species to environmental signals.  Currently, results are good for three flatfish species from the Bering Sea: yellowfin sole, northern rock sole, and Alaska place, and a manuscript is in preparation.  This method appears to be less promising for shortspine thornyhead.
9. An AFSC fish ageing manual initiated by Dan Kimura and currently edited by Beth Matta, is nearing completion.  This is a culmination of many years of work to document the methods and protocols used in the Age and Growth Program.  All members of the Age and Growth Program have contributed to this effort.
For further information contact Dr. Thomas Helser (206) 526-4200.

Resource Ecology and Ecosystem Modeling - REFM  

Multispecies, foodweb, and ecosystem modeling and research are ongoing.  Documents, symposia and workshop presentations, and a detailed program overview are available on the AFSC web site at: http://www.afsc.noaa.gov/REFM/REEM/Default.php.  

Groundfish Stomach Sample Collection and Analysis

The Resource Ecology and Ecosystem Modeling (REEM) Program continued regular collection of food habits information on key fish predators in the North Pacific.  Emphasis is being placed on collecting stomachs during seasons and in regions where historic sampling has been less comprehensive.  Emphasis is also being directed toward collection of stomachs with corresponding information about the zooplankton and benthic prey field.   SEQ CHAPTER \h \r 1Collection of groundfish stomach samples is primarily through the RACE bottom trawl and echo-integration/trawl surveys.  Additional samples that broaden our spatial and seasonal coverage are obtained through the Observer Program and through coordinated studies with other agencies.  In 2008, REEM collected samples and data during bottom trawl and/or midwater surveys of the Beaufort Sea, Aleutian Islands (AI), Gulf of Alaska (GOA) and eastern Bering Sea (EBS).  Stomach samples were also collected during surveys by other agencies and by Observers during fishery operations.  In total, 366 stomachs were collected from the Beaufort Sea, 11,737 from the EBS, 245 from the AI, and 2,155 from the GOA regions.  Laboratory analysis was conducted on 5,890 fish stomachs from the Bering Sea, 1,671 fish stomachs from the GOA, and 591 fish stomachs from the AI.  At-sea analysis was conducted on 1,323 fish stomachs from the EBS.  The REEM predator-prey database was updated with 17,610 records in 2008.  Complete database details can be found at http://www.afsc.noaa.gov/REFM/REEM/data/default.htm.

Predator/Prey Interactions and Fish Ecology

REEM is focusing on improving the life history parameters for five species of large-mouthed sculpins inhabiting the EBS and AI regions.  This study is funded through the North Pacific Research Board (NPRB).  The age and growth portion of the study has concluded with over 3,000 otoliths aged from samples collected during regional groundfish bottom trawl surveys and fishery operations.  Results from the yellow Irish lord (Hemilepidotus jordani) and warty sculpin (Myoxocephalus verrucosus) were presented at the NPRB symposium held in Anchorage in January 2008 (Table 1).  Bigmouth sculpin (Hemitripterus bolini), plain sculpin (Myoxocephaulus jaok), and great sculpin (Myoxocephalus polyacanthocephalus) samples have since been completed with results to be released in 2009.

Table 1.  Estimates of the von Bertalanffy growth parameters for recently aged yellow Irish lord (YIL) and warty sculpin (WTY), by region (eastern Bering Sea, EBS; and Aleutian Islands, AI) and sex.  Age is the maximum age estimated, r2 is the coefficient of determination, and n is the sample size.  Asymptotic standard errors are shown in parentheses below each parameter. 

	Species
	Region
	Sex
	Age
	L∞
	K
	t0
	r2
	n

	
	
	
	
	
	
	
	
	

	YIL
	EBS
	M
	24
	468.1
	0.257
	-0.070
	0.81
	140

	
	
	
	
	(10.86)
	(0.029)
	(0.311)
	
	

	
	
	
	
	
	
	
	
	

	YIL
	EBS
	F
	28
	420.6
	0.295
	-0.022
	0.83
	246

	
	
	
	
	(4.35)
	(0.019)
	(0.198)
	
	

	
	
	
	
	
	
	
	
	

	YIL
	AI
	M
	20
	521.7
	0.147
	-0.851
	0.84
	160

	
	
	
	
	(16.99)
	(0.018)
	(0.429)
	
	

	
	
	
	
	
	
	
	
	

	YIL
	AI
	F
	26
	441.6
	0.171
	-1.258
	0.79
	238

	
	
	
	
	(7.59)
	(0.015)
	(0.393)
	
	

	
	
	
	
	
	
	
	
	

	WTY
	EBS
	M
	15
	433.5
	0.362
	0.039
	0.50
	267

	
	
	
	
	(11.04)
	(0.059)
	(0.455)
	
	

	
	
	
	
	
	
	
	
	

	WTY
	EBS
	F
	18
	537.0
	0.259
	-0.089
	0.76
	415

	
	
	
	
	(7.43)
	(0.022)
	(0.283)
	
	

	
	
	
	
	
	
	
	
	


Seabird - Fishery Interaction Research

REEM personnel continue their local, national and international collaborative efforts to research seabird–fishery interactions, to improve monitoring of seabird bycatch, and to reduce the bycatch of seabirds, especially in coordination with the Pacific Seabird Group (PSG) (www.pacificseabirdgroup.org).  At the 2008 PSG annual meeting, presentations were given on, “Determining spatial and temporal overlap of an endangered seabird with a large commercial trawl fishery,” “The Trouble With Trawlers and Seabirds in the North Pacific Groundfish Fishery(ies),” and “Research – Regulation – Operation:  An Evaluation of the Effectiveness of Seabird Mitigation Requirements in the Alaskan Demersal Groundfish Longline Fleet.”  It was noted that seabird bycatch has been reduced from an annual average (1993 to 2000) of 16,507 down to an annual average (2002 through 2006) of 5,137 (Figure x1). The average annual albatross bycatch for 1993 through 2000 was 1,051 while the annual average between 2002 and 2006 was 185. The research was originally designed to evaluate mitigation gear under commercial operations and to recommend actions that would be effective and relatively easy to use by fishermen.
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Figure 1.  Annual average seabird bycatch during 5-year periods before and after streamer line use in the demersal groundfish longline fishery. 


Although seabird bycatch is reduced, the AFSC strives to make full use of seabirds taken in commercial fisheries.  Over the years, AFSC personnel have partnered with different groups to obtain funding support for seabird necropsies.  The first such partnership involved the AFSC, the U.S. Fish and Wildlife Service, the U.S. Geologic Survey, and the University of Washington Burke Museum, with funding supplied by the National Science Foundation, to retain seabirds from high seas driftnets.  More recently, Washington Sea Grant arranged for funding to necropsy birds collected under the North Pacific Groundfish Observer Program (by Observers, AFSC staff, and WSGP staff) during longline fishery integrated weight mitigation studies operations in Alaska during July to December 2005.  The Central Coast Marine Bird Health Study (Seabird Health Study) necropsied 417 seabird carcasses, summarized below.  The full report is available on the AFSC website.

Of the 417 seabirds examined, Procellariids (albatrosses, fulmars, shearwaters, petrels and storm petrels) and Lariids (gulls) predominated, including Northern Fulmar (205), Glaucous-Winged Gull (103), Short-tailed Shearwater (48), Glaucous Gull (23), Slaty-Backed Gull (4), Gull species (32), Black-Legged Kittiwake (1), and Laysan Albatross (1).  Overall, a total of 254 Procellariids were examined. A total of 75% of Procellariids were adults, 21% were immature, and 4% were unknown age class. By species, there were more adult (86%) than immature (9%) fulmars (n = 205) whereas there were more immature (71%) than adult (29%) shearwaters (n = 48). The single Laysan Albatross examined was an adult female. The male to female sex ratio was 3.0:1.0 in Northern Fulmars, compared with 1.3:1.0 in Short-Tailed Shearwaters.  A total of 198 Northern Fulmars were examined for body condition, and 60% (n=119) were in good body condition (pectoral score = 2). Twenty-four percent (n=47) were in excellent body condition, and 16% (n=32) were thin.  None of the Northern Fulmars were classified as severely emaciated, and all of the birds had subcutaneous fat (mean fat depth = 3.9 mm). In comparison, 83% of the Short-Tailed Shearwaters (n=19) were in good body condition, and 9% were classified as either in excellent body condition or thin.  The Short-Tailed Shearwaters had an average of 2.5 mm of subcutaneous fat.  The Laysan Albatross was in excellent body condition with 8mm of subcutaneous fat.  About two-thirds of fulmars were light or double light (66%) color phase and one third were dark or double dark morphs (34%).

North Pacific Groundfish Observers have continued to collect seabird carcasses since 2005.  Many of those birds are being necropsied through another partnership program with the non-profit organization Oikonos, who also coordinate with the Seabird Health Study facilities at Moss Landing Marine Lab.  

Multispecies and Ecosystem Modeling
REEM personnel collaborated in the review of key concepts from graph theory and network analysis, which have not traditionally been used in fisheries applications. They applied these concepts to the food web of the Gulf of Alaska marine ecosystem to classify its structural properties, which suggest how the ecosystem as a whole may respond to heavy fishing pressure on its components. Three conceptual models of network structure: random, small world, and scale free, each have different implications for system behavior and tolerance to perturbations. Two food web network models were constructed using detailed quantitative information on the stomach contents of 57 predator (fish) species collected during trawl surveys of the Gulf of Alaska between 1981 and 2002 (Figure x2 shows one of the food webs, constructed using data from 2001). The resulting food webs displayed both small world and scale free network properties, suggesting that impacts on one species might spread to many through short interaction chains, and that while most food web connections are not critical, a small set of fished species support critical structural connections.  It was concluded that ecosystem-based fishery management should therefore first focus on protecting the highly connected species in the network to avoid structural impacts of fishing on the food web.
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Figure 2. Network representation of the Gulf of Alaska groundfish food web in 2001. 

REEM personnel also collaborated on another innovative application of a food web model.  Given the large scale, complexity, and inscrutability of processes in marine ecosystems, an important question is where to invest limited resources in experimentation and observation to improve our knowledge for forecasting and management.  Current ecosystem models can be used to identify both critical interactions requiring further study and potential ecosystem thresholds for fishery management.  Model simulations were conducted for the Aleutian Islands ecosystem, systematically varying vital rates for each species/functional group in the food web and examining cumulative ecosystem responses which incorporated uncertainty.  Results identified an interaction between two commercially important species which potentially contributes to instability in the ecosystem.  Model simulations for the adjacent eastern Bering Sea and Gulf of Alaska ecosystems displayed different critical interactions, suggesting different research priorities.  In another analysis, the effects of alternative fishing intensities were simulated in the Gulf of Alaska ecosystem model to determine whether thresholds existed where fishing fundamentally changed system properties.  The challenge of considerable uncertainty in dynamic interaction (predator-prey functional response) parameters was overcome by generating millions of potential ecosystems with interaction parameters drawn at random from wide ranges, and retaining potential ecosystems where all species co-existed for 50 years under the different fishing regimes.  A clear threshold was found between moderate and heavy exploitation rates where fishing damaged the robustness of the ecosystem and was more likely to contribute to system restructuring.  Taken together, these types of simulations can help prioritize field and management research which can then be used to further improve models.

REEM personnel are actively involved with the NPRB’s Bering Sea Integrated Ecosystem Research Program (BSIERP).  This program is a 5-year, $51 million collaboration between the NPRB and the National Science Foundation, with more than 90 investigators examining the present and potential future of the Bering Sea ecosystem.  REEM Program researchers are coordinating and developing the major modeling effort of BSIERP, studying the functional responses between groundfish predators and prey and performing associated field work.  BSIERP is unique in that it aims to bring modelers and field researchers together at all stages of the project.  REEM modelers presented their models to BSIERP principal investigators and researchers in order to receive feedback on the models’ effectiveness at synthesizing the scientific results of the BSIERP effort.

Subsequently, substantial development was accomplished on the model, FEAST (Forage and Euphausiid Abundance in Space and Time) (Figure x3), which couples fish species, particularly forage species, to nutrients and plankton production on the grid of a Regional Oceanographic Model.  The FEAST model will simulate the dynamics between plankton and fish communities on a 10-km scale grid of the Bering Sea, including dynamics for growth, migration, reproduction, and mortality.  With respect to motile predators (fish and higher trophic levels), FEAST is designed around the “landscape approach” for modeling fish foraging, mortality, and growth.  The landscape approach (also known as the dynamic habitat approach) treats the space of a model as a series of layers, each layer defining a different spatial (dynamic) quantification of habitat.  For example, a temperature layer, a prey density layer, a prey size layer, and a mortality layer may be used, quantifying any given point for its “growth” or “predation” potential thus determining growth and survival (dynamic state variables) of the fish.  The landscape approach has been successful, for example, at predicting the distance at which fish congregate around a front; in a front between warm and cold water, warm or cold adapted fish will approach the front from either side, stopping where gain from frontal concentrations of prey are cancelled out by thermal stress.  This can be a powerful tool if modeling dynamic climate scenarios in which fronts shift, break down, or otherwise change over time.
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Figure 3:  Diagram of the critical components of the FEAST model (Forage and Euphausiid Abundance in Space and Time)   

Ecosystem Considerations

REEM personnel completed the Ecosystem Considerations report, which is a part of the Stock Assessment and Fisheries Evaluation (SAFE) submitted to the North Pacific Fisheries Management Council (NPFMC).  The report was presented to the NPFMC Bering Sea/Aleutian Islands and Gulf of Alaska Plan Teams, the Scientific and Statistical Committee, and the Advisory Panel.  For this year’s report, 45 indicators were updated, and four new contributions (on Arctic sea ice, groundfish condition, Gulf of Alaska lingcod bycatch, and Gulf of Alaska continuous plankton recorder data) were added.  In addition, as a step towards developing Integrated Ecosystem Assessments (IEAs) for the region, an Ecosystem Assessment was updated following the Driver–Pressure–State–Impact–Response (DPSIR) model.  As part of this effort, indicator trends were summarized in a graphical format, and combined indicators by species group were added (Figure x4).  This represents a substantial improvement in the form and format of the Ecosystem Assessment.  The information and data time series summarized in the report are available on the following website: http://access.afsc.noaa.gov/reem/ecoweb/index.cfm.
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Figure 4.  Time trends of biomass of major guilds (species groups) for the past 30 years in the eastern Bering Sea, from the Ecosystem Considerations chapter of the North Pacific Fisheries Management Council Stock Assessment and Fisheries Evaluation report for 2009.   Green shaded area shows +/- 1 standard deviation of the time series for the measured time period.
For more information about REEM research, please contact Kerim Aydin at (206)526-4225.



2.
Stock Assessment

Status of Stocks and Multispecies Assessment Task – REFM

The Status of Stocks and Multispecies Assessment Task is responsible for providing stock assessments and management advice for groundfish in the North Pacific Ocean and the Bering Sea.  In addition, Task members conduct research to improve the precision of these assessments, and provide technical support for the evaluation of potential impacts of proposed fishery management measures. 

During the past year, stock assessment documents were prepared by the Task and submitted for review to the Gulf of Alaska and Bering Sea/Aleutian Islands Groundfish Plan Teams of the North Pacific Fishery Management Council.   

Assessment scientists provided analytic assistance on many current fisheries management issues. These included:  1) identification and prioritization of research activities intended to improve groundfish stock assessments; 2) continued refinement and review of Bering Sea crab stock assessments  3) research activities associated with the impacts of climate change 4) research activities associated with the incorporation of ecosystem variables in stock assessments 5) significant contribution and development of the analysis for the Chinook salmon bycatch Environmental Impact Statement and 6) various task members participated in numerous national and international committees and workshops on a variety of issues. 

 SEQ CHAPTER \h \r 1The Fishery Interaction Team (FIT), a part of the Status of Stocks and Multispecies Assessment Task, in the REFM Division, conducts studies to determine whether commercial fishing operations are capable of impacting the foraging success of Steller sea lions either through disturbance of prey schools or through direct competition for a common prey.  The present research focus is on the three major groundfish prey of sea lions: walleye pollock, Pacific cod and Atka mackerel.  

FIT investigates the potential effects of commercial fishing on sea lion prey in two ways.  First, by conducting field studies to directly examine the impact of fishing on sea lion prey fields and to evaluate the efficacy of trawl exclusion zones.  FIT research examines the hypothesis that large-scale commercial fisheries compete with sea lion populations by reducing the availability of prey in relatively localized areas.  Since 2000 FIT has been conducting field studies to examine the impact of fishing on sea lion prey fields in all three major Alaska regions: the Gulf of Alaska, Bering Sea and Aleutian Islands.  

The second way that FIT investigates the potential effects of commercial fishing on sea lion prey is by studying fish distribution, behavior and life history at spatial scales relevant to sea lion foraging (tens of nautical miles).  This scale is much smaller than the spatial scales at which groundfish population dynamics are usually studied and at which stocks are assessed.  This information is needed to construct a localized, spatially-explicit model of sea lion prey field dynamics that can be used to predict spatial and temporal shifts in the distribution and abundance of sea lion prey and potential effects of fishing on these prey fields.  

FIT researchers collaborate with other AFSC scientists who are studying Steller sea lions and their prey, such as scientists in the Resource Ecology and Ecosystem Modeling program and the National Marine Mammal Lab.  For more information on the FIT program, contact Dr. Libby Logerwell or access the following web link: http://www.afsc.noaa.gov/REFM/Stocks/fit/FIT.htm
For further information on the SSMA task group, contact Dr. Anne Hollowed  (206) 526-4223.



3.
Management

Economics and Social Science Research Program – REFM


The Economics and Social Science Research Program of the REFM Division has been focusing on the following projects during 2008:

Sablefish:  

Estimating Time-varying Bargaining Power: A Fishery Application

Harrison Fell and Alan Haynie* *For further information, contact Alan.Haynie@NOAA.gov
Flatfish:  

Amendment 80 Head and Gut Catcher/Processor Sector Economic Data Collection

Brian Garber-Yonts and Ron Felthoven*  *For further information, contact Brian.Garber-Yonts@NOAA.gov  or  Ron.Felthoven@NOAA.gov
Pollock:  

A Method for the Design of Fixed Time-Area Closures to Reduce Salmon Bycatch

Alan Haynie* *For further information, contact Alan.Haynie@NOAA.gov
A Tradable Salmon Bycatch Quota System for the Pollock Fishery?

Alan Haynie* *For further information, contact Alan.Haynie@NOAA.gov 
Climate Change and Changing Fisher Behavior in the Bering Sea Pollock fishery

Alan Haynie*  *For further information, contact Alan.Haynie@NOAA.gov
Evaluating the Cost and Effectiveness of Fixed and Rolling Bycatch Closures in the Bering Sea

Alan Haynie*  *For further information, contact Alan.Haynie@NOAA.gov
Modeling Spatial Location Choice with a Generalized Extreme Value Model

Alan Haynie* and David Layton  *For further information, contact Alan.Haynie@NOAA.gov
Predicting Fishing with Vessel Monitoring System (VMS) Data

Alan Haynie* and Patrick J. Sullivan  *For further information, contact Alan.Haynie@NOAA.gov
Measuring Harvesting Productivity of Pollock Catcher-Processors

Ron Felthoven*  *For further information, contact ron.felthoven@noaa.gov

Alaska Fishery CGE Model Completed

Chang Seung*  *For further information, contact chang.seung@noaa.gov

Halibut:  

Alaska Recreational Charter Boat Operator Research Development

Brian Garber-Yonts and Dan Lew*  *For further information, contact Brian.Garber-Yonts@NOAA.gov
The Effects of Rationalization on Processor Competition
Harrison Fell and Alan Haynie*   *For further information, contact Alan.Haynie@NOAA.gov
Demand for Halibut Sport Fishing Trips in Alaska

Dan Lew*   *For further information, contact Dan.Lew@NOAA.gov
Economic Impacts of Alaska Saltwater Sport Fishing

Dan Lew and Chang Seung*  *For further information, contact Dan.Lew@NOAA.gov
General/Other:

Developing Socioeconomic Indicators for the Eastern Bering Sea Trawl Fishery

Chang Seung and Chang Ik Zhang*   *For further information, contact Chang.Seung@NOAA.gov
More details on these projects have been compiled in a separate report from the Economic and Social Sciences Research Program entitled: Research and Data Collection Project Summaries and Updates, 2008.

For further information or if you have questions about the Economic and Social Sciences Research Program please contact Dr. Ron Felthoven (206)-526-4114.

C.
By species, by agency



1.
Pacific Cod

a. Research

Diets of Juvenile Gadids in Nursery Areas – Kodiak Laboratory and FBE Newport

In 2008, researchers from the Kodiak Laboratory and the Fisheries Behavioral Ecology Program continued studies examining the habitat associations in juvenile Pacific cod in nursery areas around Kodiak Island. One aspect of these studies was to assess the diets of juvenile gadids in the nursery areas in order to quantify their degree of dietary overlap and the extent of cannibalism on younger conspecifics. Juvenile cod (age 1+ Pacific and saffron cod) were collected by hook and line and beach seining at two nursery sites around Kodiak Island, AK during the summer months in 2007 and 2008. To date, a total of 354 juvenile cod (n=260 saffron cod, 17.1-39.0 cm TL; n=94 Pacific cod, 17.4-36.0 cm TL) have been collected. Preliminary results revealed the gadids consumed primarily benthic invertebrates and displayed a high degree of dietary overlap in 2008 (driven mainly by the importance of mysids and amphipods in the diets). Other common prey items included annelids (polychaeta spp.), crangonid shrimps, hermit crabs (Paguridae spp.), and fish (Pacific sand lance, Ammodytes hexapterus, Stichaeidae spp., and Cottidae spp.). Pacific cod had a higher rate of piscivory than saffron cod (2007- Pacific cod 16%; saffron cod 3%; 2008- Pacific cod (27%); saffron cod (23%)) although there was no evidence of inter-cohort cannibalism found in 2007 and 2008. A high degree of dietary overlap suggests competition for food resources may occur if food supplies become limited within the nursery areas. However, the diets of the two cod species varied noticeably outside the importance of mysids and amphipods which suggest these species are able to exploit different niches which may reduce competition. Furthermore, differences in the relative importance of secondary prey items (i.e. fish and decapods- Pacific cod versus isopods-saffron cod) may reflect small scale differences in habitat use by the juvenile gadids within the nursery areas. Inter-cohort cannibalism does not appear to be a factor affecting cod survival in these areas. However, the abundance of age 0+ cod can fluctuate greatly on a yearly basis within the nursery areas and it is possible that cannibalism is density dependent and is an important function when densities are high. Collections will continue in 2009 and a third year of sampling will allow for an assessment of the temporal variations in the food habits of these species. 

For more information, please contact Brian Knoth, (907)481-1731.

Effects of Prey Quality During the Early Life History – RACE FBE Newport

In 2008, the FBEP with support from NPRB, conducted two experiments examining the effects of prey quality on growth and survival of larval and juvenile Pacific cod in the laboratory.  The importance of prey quality on the survival of fish during their early life history has largely been ignored in fisheries, but it is anticipated to be an emerging issue in the wake of prey assemblage changes resulting from climate change and ocean acidification.  Collaborations between researchers at Memorial University of Newfoundland, Oregon State University and AquaNutrition were established to produce diets of different lipid/fatty acid composition and determine how such diets are incorporated into the tissues of Pacific cod larvae/juveniles.  In the first experiment, Pacific cod larvae were reared for a 5 week period on 4 diets comprised of varying ratios of essential long-chained fatty acids (PUFAs) i.e., docosohexaenoic (DHA) and eicosapentaenoic acid (EPA).  Results demonstrated that Pacific cod larvae need high DHA:EPA ratios in their diet, but less so than other cold water marine gadids e.g., Atlantic cod and halibut.

In a second experiment, the FBEP explored the efficacy of using fatty acid (FA) biomarkers in linking juvenile cod to habitats and regions along the coast.  Such biomarkers provide information on the direct and indirect trophic links to local habitats (e.g., eelgrass, kelp, mineral substrates, etc.), and ultimately, may provide a mechanism by which essential fish habitat contributes to the growth and survival of juvenile gadids in the nearshore.  Fatty acid biomarkers for juvenile Atlantic cod have been used successfully to differentiate individuals with differences in habitat occupancy at small scales, and given Pacific cod’s similar habitat preferences and nearshore residence to Atlantic cod (i.e., Laminaria and eelgrass areas), there is likelihood that such approaches will also work for this species.  Initially in 2009, a ground-truthing experiment was conducted in which juvenile cod are exposed to two distinct FA diets over an 8-week period at 2temperatures (3 and 8ºC) in the laboratory.  One diet will be rich in the short-chain polyunsaturated FAs (PUFAs) (18:2ω3+18:3ω3) representing a terrestrial signal typical of coastal marine areas with significant freshwater input.  The other diet will be rich in the long-chained PUFA 22:6ω3, an essential FA typical of marine origin. Sampling from the flesh, liver and heart was conducted on a weekly basis to determine the rates at which various tissues incorporate dietary FAs.  The final analysis FA profiles will also provide important data on nutritional status (essential FAs) and on bacterial loading (bacterial FAs). It is also anticipated the data from this experiment can be applied in the field to reconstruct historic and contemporaneous nursery residency from wild collected juvenile cod.

Nursery Habitat and Recruitment – RACE FBE Newport

To date, only a handful of studies have focused on habitat requirements of Pacific cod. In 2006, the Kodiak Lab and the Fisheries Behavioral Ecology Program initiated a spatially extensive coastal survey around Kodiak Island to determine preferential habitats of age 0 juvenile Pacific cod.  The 2006 year class of age 0 juvenile cod was highly abundant and several key habitats were identified over the season.  However, continued work in 2007 revealed an almost absence of age 0 juvenile cod in these same nursery areas, with instead, a high relative abundance of the 2006 year class i.e., age 1 cod.  An analysis of the 2008 survey indicates a high relative abundance of the 2006 cohort as age-2 cod.  Apart from the speculative mechanisms contributing to these temporal dynamics, these data raise several fundamental questions regarding the essential fish habitat for this species.  For example, what role does nursery habitat play in regulating population dynamics in this species?  Are Pacific cod nurseries limited by the availability of new recruits or do post-settlement processes in the nurseries (i.e., limited space, predator-prey interactions, food availability, etc.) ultimately limit productivity and recruitment into the adult population?  The 2008 survey and continued work in 2009 will allow for the continued monitoring of adjacent cohorts of Pacific cod, a unique ability considering young age classes are either absent or underrepresented in both state and federal independent groundfish surveys.  By linking coastal survey data with estimates of spawning stock biomass (e.g., fisheries dependent and independent sources), it is anticipated that through the continued surveying of nursery areas, there will be a basis from which to examine recruitment and the productive capacity of Pacific cod nursery areas as well as continue to examine the mechanisms driving such links.

Experiments on Vertical Migration – RACE FBE Newport

Laboratory experiments were conducted to simulate habitat conditions and test responses of Pacific cod to vertical gradients of light, temperature, and food distribution.  Observations were made of depth, number of groups formed, and size of groups in juvenile 0+ and 1+ year cod.  Fish avoided high light and cold water.  Food introduction in warm isothermal water (9oC) induced fish to feed and form more groups then when food was not present.  In cold thermocline conditions (9 & 3oC), food introduction into the lower third of the tank induced fish to swim downward but detection of food, feeding, and the formation of groups were initially inhibited by excursions into cold water.  Increasing consumption of food during the hour after feeding indicated that fish adapted to cold water.  Fish adapted to high light within an hour after initial exposure as indicated by higher movement in the water column.  The effects of fish age were minor and evident as interactions with environmental condition effects on the number of fish groups and size of groups.  Pacific cod are able to adapt to changing ecological conditions and their behavioral flexibility in response to food, temperature, and light conditions make prediction of vertical distribution complex.  Future field studies of Pacific cod diel vertical migration should include measurements of key environmental factors and consider the ability for fish to quickly adapt to changing conditions.

For further information, contact Dr. Allan Stoner,  (541) 867-0165.




b.
Stock Assessment
BERING SEA/ALEUTIANS
The present assessment is a revision of last year's assessment, incorporating an analysis of a combination of many model runs with different configurations.  The assessment features ten major items of new input data.  All are routine updates.  Two of the new data sources stand out: 

the biomass of Pacific cod was estimated at 403,000 t from the 2008 EBS shelf bottom trawl survey (5% lower than the 2007 survey estimate and is the all-time low in the time series); and 

the population numbers for 2008 estimated by the survey was 477 million fish, down about 35% from the 2007 estimate. The addition of this new data point to the series of survey population numbers from 1979-2007 impacts the future projection of Pacific cod population numbers and biomass.   Successive poor recruitment from 2001-2005 have caused the cod stock to decline, as estimated by surveys and the assessment model (it is just below B40%).  The 2006 year class is estimated to be as strong as the 1992, 1996 and 1999 (1.6 times the 30 year average) year classes, which have sustained the stock over the past 17 years.


The assessment of the BSAI Pacific cod stock has been particularly challenging as more refinements are made to the modeling approaches and use of the data. The assessment describes the evolution of analytical approaches. Following a series of modifications from 1993 through 1997, the base assessment model remained completely unchanged from 1997 through 2001. As data refinement and analytical techniques developed, a major change took place in 2005 when the model was migrated to the Stock Synthesis 2 (SS2) program. Difficulties encountered in the 2006 assessment resulted in a thorough review of various assessment models in April 2007 during a public workshop that brought together 44 participants. Many suggestions for changes and refinements of the analytical approaches were made. Refinements continued in the 2007 and 2008 assessments based on suggestions from the Plan Teams and SSC. 

The assessment authors developed eight versions of the analytical model for the November 2008 assessment. The following points distinguish these eight models. 

Model A1: This is the “reference” model requested by the SSC at the October 2008 meeting. It is very similar to Model 5 from the preliminary (September 2008) assessment, the main difference being that the lower bound on the descending “width” parameter of the selectivity curves is reduced so that it is never constraining. The other differences with respect to Model 5 are: 1) the distribution of mid-year length at age 1 is set equal to the distribution around the first mode of the long-term trawl survey size data; and 2) for each gear and season, individual selectivity parameters are allowed to vary between blocks of years only if the cost of the additional parameters is outweighed by a sufficient improvement in the model’s fit to the data. 

Model A2: This is identical to Model A1, except that age composition data are not included. This model was requested by the SSC. 

Model B1: This is similar to Model A1, except that more fisheries are assumed to exhibit asymptotic selectivity. This is the authors’ preferred model. 
Model B2: This is identical to Model B1, except that age composition data are not included. 

Model C1: This is identical to Model B1, except that the natural mortality rate M is estimated                         internally. 

Model D2: This is identical to Model B1, except that age composition data are not included, the maturity schedule is defined as a function of length rather than age, and M is estimated iteratively. This model was requested by members of the public. 

Model E2: This is identical to Model B1, except that age composition data are not included, the post-1981 trawl survey selectivity schedule is constrained to be asymptotic, and M is estimated internally. This model was requested by members of the public. 

Model F2: This differs from the other models in several respects. It is identical to Model 4 from last year’s assessment and this year’s preliminary assessment, except that the starting year is set at 1977. This model was requested by members of the public. 

Because all of the models seem to perform reasonably well in terms of fitting the data, the authors used the following four major criteria for selection of the best model to represent the dynamics of the stock. 

The model should estimate mean lengths for ages 1-3 that are close to the first three modes from the long-term average trawl survey size composition; 

The model should assume or estimate a reasonable value for M; 

The model should estimate a reasonable average for the product of trawl survey catchability and trawl survey selectivity for the 60-81 cm size range; and 

For models that satisfy the first three criteria above, the following “tie-breaker” criterion was used: Choose the model that implies the least drastic changes with respect to recent understanding regarding appropriate model structure and the size and productivity of the stock (i.e., do not make big changes in the model unless there is a compelling reason to do so). 

Based on these criteria, Model B1 was selected by the authors to best represent the population dynamics of the BSAI Pacific cod stock.
The 2009 ABC of 176,000 t from the assessment is the same as the 2007 and 2008 ABC values of 176,000 t. This ABC pattern is not consistent with the 18% decline in the NMFS survey biomass from 2006 to 2007 and the 5% decline from 2007 to 2008, which currently is at its historic minimum however the Plan Team felt there was sufficient conservatism in holding ABC constant (rather than decreasing ABC) and waiting for next year’s observations to ascertain the strength of the possibly above average 2006 year class. 

According to criteria set by the SSC, this stock qualifies for management under Tier 3, where reliable estimates of B40%, F40%, and F35% exist for the stock. The updated point estimates of B40%, F40%, and F35% from the present assessment are 426,000 t, 0.28 and 0.34, respectively. Pacific cod specifically qualifies for management under sub-tier “b” of Tier 3 because the projected biomass for 2009 (373,000 t) is below B40%. Fishing at the adjusted Tier 3b rate of 0.24 is projected to result in a 2009 catch of 182,000 t, which is the maximum permissible ABC under Amendment 56. 

The recommended 2009 ABC of 176,000 is 3% below the maximum permissible value of 182,000 t. The Plan Team recommended the same ABC of 176,000 t also for 2010 until the 2006 year class shows strong enough to substantially increase spawning biomass. 

The OFL for 2009 under Tier 3b is 212,000 t (FOFL=0.29) and the projected OFL for 2010 is 235,000 t. 


The stock is not overfished nor approaching an overfishing condition.
GULF OF ALASKA
Although no new survey information is available for Gulf of Alaska species, extensive work on the GOA Pacific cod model has occurred in the past year. Changes to the input data include updated catch data, recompilation of the pre-1990 fishery size composition data, updating the ageing error matrix, recompilation of the weight-at-length time series, updating the 2007 seasonal catch-per-unit-effort data from the longline, pot, and trawl fisheries, and splitting each trawl survey abundance estimate and size composition into fish smaller than 27 cm (referred to age the “sub-27” survey) and fish 27 cm and larger (referred to as the “27-plus” survey). New data to the model included age composition and length-at-age data from the 1987, 1990, and 1993 GOA shelf bottom trawl surveys, and preliminary catch rates for the 2008 longline and pot fisheries.

Three models were presented in the September 2008 Plan Team meeting which addressed many of the previous comments of the Plan Teams and the SSC. In particular, many aspects of the model were changed, including splitting the survey time series into large and small fish, weighting the age and length composition data, modeling the weight-at-length data, and estimation of catchability and selectivity. One of the three models is an “exploratory” model which made use of some new features of the Stock Synthesis modeling software.

Of the other two models, model A is the “reference” model requested by the SSC during its October 2008 meeting and is similar to the exploratory model from September 2008 (appended to the chapter) with the following two changes: 1) estimation of the descending slope of dome-shaped selectivity curves is unconstrained and 2) the distribution of length at age 1 during the summer is estimated externally rather than internally. Model B is the author’s preferred model, and differs from Model A in that 1) a stepwise model selection process was used for incorporating time-varying selectivity; 2) a constant catchability was used for 27-plus survey; and 3) the input sample sizes for the age composition were decreased substantially. 

The current GOA Pacific cod models are complex, with fish caught in multiple seasons with multiple fisheries and gear types, and estimation of complex dome-shaped selectivity curves that vary between years, seasons and gear types. A number of issues were noted by the Plan Team and authors regarding fit to survey data and estimation of selectivity. The fit of the preferred model to the 27-plus survey abundance was problematic in that each of the model estimates was an underestimate of the observed survey abundance estimate. The fit to this time series improved as the age and length compositions were down-weighted, which indicates some inconsistency in the input data which should be explored in more detail. Some of the fishery and survey selectivity curves show sharp reductions at older ages or larger sizes which seem implausible.

Model B results produced an estimated 2009 spawning biomass of 88,000 t, or 34% of unfished spawning biomass. The B40% estimate was 102,200 t. Spawning biomass is projected have a large increase in the near future because of the 2006 year class which is estimated to be the highest on record. The extent of the rate of increase depends on the magnitude of this year class which was extremely uncertain being based solely on length frequencies collected in the 2007 trawl survey. This year-class has increased the estimate of the recruitment variability during the period 1978-2007 relative to the previous assessments.

Pacific cod are not overfished nor are they approaching an overfished condition.

For the 2009 fishing season, the results from the model are used as an improvement over Tier 5 and therefore Tier 3 harvest calculations are used. The model estimate of 2009 female spawning biomass is below B40%, therefore Gulf of Alaska Pacific cod are in Tier 3b. The projected 2009 age-0+ biomass estimate is 520,000 t. The probability of the stock being below B20% was estimated to be less than 1% in 2009 and subsequent years. Therefore, the ABC for 2009 is 55,300 t (FABC =0.44, the maximum permissible under Tier 3b). The 2009 OFL under Tier 3b is 66,600 t (FOFL= 0.54).

For further information, contact Dr. Grant Thompson at (541) 737-9318.



3.  Shelf Rockfish

a. Research

GULF OF ALASKA

Maternal Age Effects on Larval Viability - Southeast Alaska Rockfish

Rockfish larvae contain an oil globule during embryonic development and at parturition that contains energy for growth and metabolic needs during development and the critical stage when larvae are first learning to feed.  The size of this oil globule has been shown to be related to growth and survival of black rockfish larvae (Sebastes melanops) based on samples collected off Oregon.  The oil globule size, and therefore the survival rate, was also related to the age of the mother in black rockfish (Berkeley et al. 2004).  If older rockfish mothers have more fit offspring than younger mothers, stock assessments should be modified to reflect this difference in recruitment.  

Studies of larval quality of rockfish have only recently been initiated in Alaska.  The environment in Alaska differs from the West Coast, and the age structure of many rockfish populations in Alaska still contain older fish.  Additionally, studies in progress focus on relatively shallow-water species with different life histories than many of the deep-water species in Alaska.  Our objectives were to collect quillback rockfish (Sebastes maliger), a demersal inshore rockfish, in Southeast Alaska and measure their oil globules from photographs of developing embryos.  Because quillback reside in relatively deep water, they are an ideal prototype for honing methodologies for other species of rockfish that live in deep, offshore waters.  

In 2006 and 2008, we collected 96 pregnant quillback rockfish and measured oil globules from a sub-sample of larvae, and otoliths from the mothers were aged by the AFSC REFM Division age and growth lab.  The 2006 samples were analyzed for their protein, lipid, and water content, and their fatty acid profiles, and a paper was published describing the results.  The main findings were that lipid was lost at a greater rate than protein through development, and that body lipid levels were highly correlated with oil globule size.  Therefore, lipid is a good indicator of energetic status.  Additionally, fatty acid profiles between early and late developing larvae differed, indicating that fatty acids were depleted at different rates.  Some of these fatty acids may be useful for assessing the condition of larvae. 

In 2008, live, pregnant females were transported to the wet lab at ABL to be cultured until parturition.  Photographs of developing embryos were taken throughout embryogenesis and, if parturition was successful, starvation trials were conducted to test the ability of larvae to persist only on their oil globules.  2008 was the final year for data collection on this project, and we are beginning to analyze the relationship that maternal age has on larval quality.  

Secondarily, we collected embryos and maternal muscle tissue in 2008 to examine multiple paternity in quillback rockfish.  Multiple paternity may be a way of maximizing diversity to attempt a better chance of at least a portion of a female’s offspring surviving in a variety of environmental conditions.  Some laboratory studies have found multiple paternity in a brood of rockfish larvae from one female, indicating that females can spawn and store sperm from multiple males.  We have the opportunity to examine multiple paternity rates in the field in quillback rockfish.  Because the females will be aged as part of the maternal age effects projects, we will also be able to correlate female age with multiple paternity practices.  Currently the samples are being run in the ABL genetics lab by Andrew Gray.

For more information, contact Cara Rodgveller at (907) 789-6052.




b.  Stock Assessment
GULF OF ALASKA

Pelagic shelf rockfish – ABL

The pelagic shelf rockfish assemblage consists of four species (dusky, dark, yellowtail, and widow rockfish) that inhabit waters on the continental shelf in the Gulf of Alaska (GOA). Dusky rockfish (Sebastes variabilis) is by far the most abundant species in the group, and has been the target of an offshore bottom trawl fishery since the late 1980's.  Dark rockfish (S. ciliatus) share an inshore reef or kelp environment with black rockfish (S. melanops), and the two species are often caught together.  In 1998, black rockfish in Alaska were placed under state jurisdiction. 

In March 2007, the North Pacific Fishery Management Council took final action to remove dark rockfish from both the GOA FMP (PSR Complex) and BSAI FMP (other rockfish complex).  Removing the species from the Federal FMP serves to turn full management authority of the stock over to the State of Alaska in both regions.  At this time, the rules to implement these FMP amendments have not yet been finalized.  Therefore, it would not be until at least the 2010 fishing season that dark rockfish would be removed from Federal management (including the associated contribution to OFLs and ABCs under the respective complexes in both regions) and full management authority would be turned over to the State. 

Rockfish in the GOA have been moved to a biennial stock assessment schedule to coincide with data from the AFSC biennial trawl surveys in this region. In 2008, there was no new trawl survey so an updated projection is all that is required. For dark, widow, and yellowtail rockfish, the 2007 stock assessment estimates are rolled over for the 2009 fishery, resulting in a recommended ABC of 508 t. For dusky rockfish, new information for this year’s projection model was updated 2007 catch at 3,318 t and the best estimate of the 2008 catch at 3,527 t. Catch estimates used in the 2007 model were 3,245 t for 2007 and 4,719 t for 2008. This year’s projection model for dusky rockfish results in a recommended ABC of 4,723 t which is similar to last year’s dusky ABC of 4,719 t. 

For the pelagic shelf rockfish complex, ABC and OFL for dark, widow, and yellowtail rockfish are combined with the ABC and OFL for dusky rockfish.  For the 2009 fishery, we recommend the maximum allowable ABC for the pelagic shelf rockfish complex of 5,231 t.  This ABC is similar to last year’s ABC of 5,227 t.  The stock is not overfished, and dusky rockfish is not approaching overfishing status.

For more information, contact Chris Lunsford at (907) 789-6008 or Kalei Shotwell at (907) 789-6056.



4.  Slope Rockfish




a.  Research
BERING SEA, ALEUTIAN ISLANDS, AND GULF OF ALASKA

GULF OF ALASKA

Live Capture of Young-of-the-Year Slope Rockfish

As young-of-the-year, slope rockfish can be found in the upper water column over abyssal depths.  Eventually, they adapt to a demersal life and are associated with the benthos.  The relationship between juvenile slope rockfish and benthic habitat is poorly understood due to the depths at which the fish reside, which is usually greater than 150-200 m.  In 2008, scientists from Auke Bay Laboratories Marine Ecology and Stock Assessment (MESA) Program took part in research activities aimed at capturing live young-of-the-year slope rockfish.  The ultimate objective of the project is to identify habitat utilization of juvenile slope rockfish amongst various benthic habitat types such as sponge and coral.

In August, 27 surface trawls were performed onboard the Alaska Department of Fish and Game’s (ADF&G) vessel Medeia.  Trawling took place up to 60 nautical miles offshore of Southeast Alaska between Icy Point and Cape Ommaney.  The trawl was equipped with an aluminum aquarium codend (livebox) that directed fish and invertebrates into a calm water-filled holding chamber.  Once on deck, live specimens were transferred from the aquarium codend to holding tanks with running seawater.  At the conclusion of the cruise, live rockfish were transferred to the Auke Bay Laboratories’ Ted Stevens Marine Research Institute and placed in laboratory aquariums.  Of the 1,478 rockfish captured, about 90% survived the trawling process including fish as small as 14 mm.  

An estimated five or six different species of rockfish were captured in 2008, although genetic analyses will confirm species identifications.  In a similar cruise in 2007, several species of rockfish were collected including Pacific ocean perch (Sebastes alutus), redstripe rockfish (S. proriger), rougheye rockfish (S. aleutianus), redbanded rockfish (S. babcocki), and rosethorn rockfish (S. helvomaculatus).  The aquarium codend caught other live species as well, including juvenile and adult salmon (Oncorhynchus spp.), Pacific saury (Cololabis saira), larval rex sole(Glyptocephalus zachirus) and Dover sole (Microstomus pacificus), and Pacific herring (Clupea pallasii).  Many unidentified small squid were also captured live.  The greatest biomass in the catch was attributed to jellyfish, primarily Aequorea sp. 

Once acclimated to conditions in the behavior lab, the rockfish were observed in four distinct habitat types (coral, sponge, cobble, and gravel) under both daytime and nighttime conditions.  Habitat-mediated predation rates were also determined within the four habitats using great sculpin (Myoxocephalus polyacanthocephalus) as predators.  This study builds on previous work that focused on quillback rockfish (S. maliger), a demersal shelf rockfish.  These assessments will be helpful in determining the relative productivity of various habitats and will aid in establishing priorities for their protection.  

For more information, contact Pat Malecha at (907) 789-6000.

Catch Efficiency of Longlines for Shortraker and Rougheye Rockfish in Alaska

Demersal rockfish of the family Sebastes can be difficult to assess with bottom trawl gear because they may inhabit untrawlable rocky habitats.  In contrast, longline gear can often be successfully fished in these areas; however, many factors can affect longline catch rates besides fish density.  In field studies conducted in 1994 and 1997 at 19 sites off Southeast Alaska, comparative data were collected on longline catch rates of shortraker (Sebastes borealis) and rougheye rockfish (Sebastes aleutianus) and on fish densities calculated from observations from a manned submersible.  The purpose of these studies was to estimate the catchability coefficient of these two species on longline gear.  On separate occasions, rockfish behavior in the presence of longline gear was observed from the submersible.  Understanding the behavior of these rockfish in the presence of longline gear will guide the application of their catch rates in stock assessments.  Although the data were collected more than 10 years ago, analysis of these data was just initiated this year, and a manuscript is being prepared.

Densities of shortraker rockfish based on observations from the submersible varied from 0 to 6,813 fish per square kilometer (mean of all sites = 2,709, S.D. = 3,095, n = 19).  Densities of rougheye rockfish varied from 0 to 11,102 fish per square km (mean of all sites = 5,170, S.D. among sites = 5,416, n = 19).  For shortraker rockfish, the linear regression of density and catch rate was not significant (F-ratio = 0.562, r = 0.423, p-value = 0.464).  Rougheye rockfish catch rate was also not related to density at an 
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of 0.05, but was at an
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of 0.1 (F-ratio = 3.085, r = 0.626, p-value = 0.097).  The non-significance could be due to sample sizes, clumped distributions, or rockfish behavior on longline gear.  

On dives where rockfish were observed during a longline set, the number of free-swimming fish increased throughout a set at a quicker rate than fish were caught.  Shortraker and rougheye rockfish were attracted to the longline but many were not being caught even when baited hooks were available.  We may have detected this trend because we did not observe the longline for a long enough period, or because rockfish are out-competed by other bait predators.  Despite not knowing the cause of the reluctance of shortraker and rougheye rockfish to bite a baited hook, this behavior may affect the relationship between longline CPUE and density.  We continue to analyze these data and interpret the appropriateness of longline gear as an index of abundance for shortraker and rougheye rockfish. 

For more information, contact Cara Rodgveller at (907) 789-6052.


Rockfish Reproductive Study

RACE groundfish scientists initiated a multi-species rockfish reproductive study in the Gulf of Alaska with the objective of providing more accurate life history parameters to be utilized in stock assessment models. There is a need for more detailed assessment of the reproductive biology of most commercially important rockfish species including: Pacific ocean perch, northern rockfish, the rougheye rockfish complex (rougheye and blackspotted rockfish), shortraker rockfish and other members of the slope complex. Scientists from the Kodiak Laboratory have been working with NMFS North Pacific groundfish observers stationed at the fish processors in Kodiak to obtain rockfish samples. This collection request began in February 2009 and will continue throughout the remainder of the year but it is anticipated that most samples will be obtained during the Rockfish Pilot Program in the months of May through November. In addition, sampling requests have been submitted to the Alaska Department of Fish and Game large and small mesh surveys occurring in September and October, MACE acoustic surveys occurring in February and March, and the RACE Gulf of Alaska survey occurring during the summer months of 2009. Additional funds have been obtained from the National Cooperative Research Program to fund a charter within the winter months.  This will enable scientists to obtain rockfish samples during the period of the year when no directed fisheries or survey work are occurring.  It is anticipated that this research will not only enable scientists to derive reproductive parameter estimates needed for stock assessment but to examine these parameters over a number years to assess variability and causes of variability in these parameters.

For further information, contact Dr. Christina Conrath at (907)481-1732.

Research on Untrawlable Portions of Bottom Trawl Survey Areas Conducted in Gulf of Alaska

Biennial bottom trawl surveys conducted in the Gulf of Alaska (GOA) and Aleutians Islands (AI) by the National Marine Fisheries Service (NMFS) are a primary method of estimating and monitoring commercial groundfish abundance.  These surveys follow a stratified random sampling design, however, trawling is not possible in areas that are too rough, hard or steep.  Thus a persistent problem when using bottom trawl surveys accurately estimating groundfish biomass is the unknown (but presumed large) amount of the continental shelf that is not fishable with our standard survey bottom trawl gear.  


In July we completed our second cruise using acoustics and video-groundtruthing to develop methods for classifying trawlable and untrawlable grounds in the GOA and AI trawl survey areas. All operations were conducted aboard the NOAA ship Miller Freeman. Acoustic data were collected continuously along a series of transects with a Simrad ER60 echo integration system incorporating four centerboard-mounted transducers (18, 38, 120, and 200 kHz).  A towed camera and winch system with artificial lighting (Figure 1 - IMG_0074.jpg) was used for video validation of acoustic data.

Only about half of the planned work was completed as the ship suffered mechanical problems and was forced to return to Dutch Harbor well before the completion of the cruise. Nevertheless, about 1,000 km of acoustic transect data (about 14 GB) were collected, along with over 10 hours of seafloor video and 5 CTD casts (Figure 2 - Untrawlable map.pdf). Vessel motion data, which is critical for correcting the acoustic returns, were successfully collected throughout the cruise. Seafloor substrates types ranged from soft mud to gravel to boulders, providing a good test data set for distinguishing different acoustic signatures. We were able to locate limited areas of sponge and a skate nursery on a GOA Essential Fish Habitat closure area that is proposed as a potential Habitat Area of Particular Concern site. A new Atka mackerel (Pleurogrammus monopterygius) nursery area was also discovered.

We thank John Harms of the Northwest Fisheries Science Center and Matt Barnhart and Jim Benante of the Pacific States Marine Fisheries Commission for the use of their camera system and for so graciously sharing their expertise with the system with us. Scott McEntire (AFSC) provided technical expertise and equipment in preparation for this cruise. The cooperation and efficiency of the officers and crew of the Miller Freeman allowed for a successful cruise despite the shortened time frame.

For more information, please contact Michael Martin at (206) 526-4175 or Mark Zimmermann at (206)526-4119.




b.  Stock Assessment

BERING SEA AND ALEUTIAN ISLANDS


Pacific ocean perch (POP) – Pacific ocean perch assessments are conducted on a two year cycle to coincide with the Aleutian Islands survey cycles.  Since the survey was not conducted in 2008, a full stock assessment was not performed.  For this years assessment, changes in input included catch through August 30, 2008, the 2006 AI survey age composition, 2007 and 2008 AI fishery age compositions, and updates to historical Aleutian Islands survey data. There were no changes in the assessment methodology. 

The estimated spawning biomass is projected to decline slightly from 137,000 t in 2008 to 133,000 t in 2009. Note that this represents an overall decline in the magnitude of the entire time trend of biomass from the 2006 assessment due to new estimates; for example the 2006 spawning biomass was assessed at 155,000 t by the 2006 assessment while the 2006 spawning biomass is assessed at 140,000 by the current assessment, so the magnitude of the overall spawning biomass estimate has dropped by over 10%. This change is primarily related to an increase in estimated catchability. 

The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock, thereby qualifying Pacific ocean perch for management under Tier 3. The current estimates of B40%, F40%, and F35% are 123,000 t, 0.057, and 0.068 respectively. There are reliable estimates of the 2009 spawning biomass (B), B40%, F40%, and F35% and B>B40% (133,000 t > 123,000 t ). Therefore the POP reference fishing mortality is defined in Tier 3a. For this tier, FABC is constrained to be < F40%, and FOFL is constrained to be equal to F35%. The ABC associated with the F40% level of 0.057 is 18,800 t. Model projections indicate that this stock is neither overfished nor approaching an overfished condition. For 2009, the recommended ABC is 18,800 t, and the OFL is 22,300 t. 


The ABCs were set regionally based on the proportions in combined survey biomass as follows: BS = 3,820 t, Eastern Aleutians (Area 541) = 4,200 t, Central Aleutians (Area 542) = 4,260 t, Western Aleutians (Area 543) = 6,520 t. The OFL fishing mortality rate is computed under Tier 3a and results in an OFL of 22,300 t. The OFL is not apportioned by area.


Northern rockfish -  Northern rockfish assessments are conducted on a two year cycle to coincide with the Aleutian Islands survey cycles.  Because the Aleutian Islands have not been surveyed since 2006, the catch data were again updated and the projection model was re-run using results from the 2006 assessment model as the starting point.  The only change to the model was a decrease in the coefficient of variation for the prior distribution on natural mortality which helped stabilize the model. This resulted in a lower estimate of natural mortality and a lower estimate of F40%. New data included 2008 catch data, 2006 AI survey age composition, 2006 and 2007 fishery length compositions, and updated historical AI survey biomass estimates. 

Projection results indicate that age 3+ biomass has increased steadily since 2002. Spawning biomass is projected to be 68,200 t in 2009, well above the B40% estimate of 55,300 t. 

The SSC has determined that this stock qualifies for management under Tier 3 due to the availability of reliable estimates for B40% (55,300 t), F40% (0.043), and F35% (0.051). Because the female spawning biomass is greater than B40%, sub-tier “a” is applicable, with FABC =F40% and FOFL =F35%. Under Tier 3a, the maximum permissible ABC is 7,160 t, which is the recommendation for the 2009 ABC. The lower estimated natural mortality is largely responsible for this decrease from an ABC of 8,180 t in 2008. Under Tier 3a, the 2009 OFL is 8,540 t for the Bering Sea/Aleutian Islands combined. As the TAC has routinely been lower than the ABC, the TAC of the previous year was assumed as the 2009 catch, in order to make projections to 2010. Model projections indicate that this stock is neither overfished nor approaching an overfished condition.

Shortraker/rougheye rockfish -  Shortraker rockfish has been separated from the blackspotted and rougheye rockfish complex this year. In previous years, the shortraker and rougheye rockfish were assessed with a two-species surplus production model that accounted for potential covariance in catch estimates. This assessment now applies a single-species surplus production model to BSAI shortraker rockfish. Previous to this year, the last full assessment for shortraker rockfish was presented to the Plan Team in 2006, and an updated assessment was presented in 2007. New data included new catch estimates for 2007 and 2008, and updated survey biomass estimates for the Aleutian Islands. There was no Aleutian Islands survey in 2008.

The SSC has previously determined that reliable estimates only of biomass and natural mortality exist for shortraker rockfish, qualifying the species for management under Tier 5. The Tier 5 biomass estimate is based on the surplus production model. The Plan Team recommends setting FABC at the maximum permissible level under Tier 5, which is 75% of M. The accepted value of M  is 0.030 for shortraker rockfish, resulting in an FABC value of 0.023. 

The biomass estimate for 2009 is 17,200 t for shortraker rockfish, leading to a BSAI OFL of 516 t and an ABC of 387 t. It is not possible to determine whether these species are overfished or whether they are approaching an overfished condition because they are managed under Tier 5. 
The details of the full assessment conducted in 2006 are as follows:  The 2006 Aleutian Islands survey biomass estimates for shortraker was 12,961 t.  This estimate is at about the same magnitude of other surveys conducted in the Aleutian Islands since 1991.  The stock assessment model indicates that shortraker rockfish are estimated to have been fairly stable, declining 13% from the 1980 abundance level.


Other Rockfish Complex -  The BSAI “Other Rockfish” are also managed on a two year cycle to coincide with years when an Aleutian Islands survey is conducted.  The BSAI “other rockfish” assessment considers the eight species that have been caught at least once during AFSC research surveys or appeared in more than 1% of observed fishery hauls between 1990 and 2001. The 2008 Eastern Bering Sea Slope survey data are included in this year’s assessment. Catches in 2007 have been revised and the 2008 catch through 10/08/08 has been included composition data for shortspine thornyheads from the 2005-2007 EBS fishery and the 2008 EBS slope survey. Separate estimates of natural mortality (M) and biomass for shortspine thornyheads (SST; M=0.03), the most common species in the other rockfish complex, and the remaining species (M=0.09 based on dusky rockfish) in the complex were used. 

Trends in spawning biomass are unknown. Stock biomass, as measured by trawl surveys of the EBS slope and in the Aleutian Islands, has increased since 1997. FABC is set at the maximum allowable under Tier 5 (FABC = 0.75×M).  Multiplying these rates by the best estimates of shortspine thornyhead and other “other rockfish” biomass yields 2009 ABCs of 481 t in the EBS and 585 t in the AI. Plan Team recommends that OFL be set for the entire BSAI area, which under Tier 5 is calculated by multiplying the best estimates of total biomass for the area by the separate Ms and adding the results, which yields an OFL of 1,420 t for 2009 and 2010. 

For 2009 dark rockfish is expected to be removed from the other rockfish complex by regulatory change with Amendment 77. Excluding dark rockfish the 2009 and 2010 ABC in the EBS is 481 t, and in the AI is 555 t. The 2009 and 2010 OFL in the BSAI = 1,380 t. As a Tier 5 complex, it is not possible to determine whether “other rockfish” are overfished or approaching an overfished condition.
For further information, contact Paul Spencer at (206) 526-4248.
GULF OF ALASKA

Pacific Ocean Perch -  Pacific ocean perch (POP), Sebastes alutus, is the dominant fish in the slope rockfish assemblage and has been extensively fished along its North American range since 1940.  Since 2005, Gulf of Alaska rockfish have been moved to a biennial stock assessment schedule to coincide with the biennial AFSC trawl survey that occurs in this region.  In even years (such as 2008’s assessment for the 2009 fishery) when there is only new catch information, we run only the projection model with updated catch data for single-species, age-structured assessments.  In odd years (like 2007), we run a full assessment with all new survey and fishery data accumulated since the last full assessment.  New information for this year’s projection is updated 2007 catch at 12,954 t and the best estimate of the 2008 catch at 12,258 t.  Catch estimates used in last year’s model were 12,410 t and 13,500 t for 2007 and 2008, respectively.  For the 2009 fishery, we recommend the maximum allowable ABC of 15,111 t from the updated projection. This ABC is very similar to last year’s ABC of 14,999 t.  Female spawning biomass remains above B40%, with projected biomass stable. 

For more information contact Dana Hanselman at (907) 789-6626.

Northern Rockfish -  Northern rockfish are the second most abundant slope rockfish in the Gulf of Alaska. Since 2005, Gulf of Alaska rockfish have been moved to a biennial stock assessment schedule to coincide with the biennial AFSC trawl survey that occurs in this region. In even years (such as 2008’s assessment for the 2009 fishery) when there is only new catch information, we run only the projection model with updated catch data for single-species, age-structured assessments. In odd years (like 2007), we run a full assessment with all new survey and fishery data accumulated since the last full assessment.  New information for this year’s projection is updated 2007 catch at 4,187 t and the best estimate of the 2008 catch at 3,904 t.  Catch estimates used in last year’s model were 3,866 t and 4,550 t for 2007 and 2008, respectively. For the 2009 fishery, we recommend the maximum allowable ABC of 4,363 t from the updated projection. This ABC is similar to that projected in last year’s SAFE for 2009 (4,350 t). The stock is not overfished, nor is it approaching overfishing status.

For more information, contact Jon Heifetz at (907) 789-6054.

Rougheye and Blackspotted Rockfish -  A separable age-structured model is the primary assessment tool for Gulf of Alaska rougheye and blackspotted rockfish.  This consists of an assessment model, which uses survey and fishery data to generate a historical time series of population estimates, and a projection model which uses results from the assessment model to predict future population estimates and recommended harvest levels.  For Gulf of Alaska rockfish in alternate (even) years we present an executive summary to recommend harvest levels for the next (odd) year.  For this off-cycle year, we only updated the 2007 projection model estimates with revised catch data for 2007 and a new catch estimate for 2008. 

Orr and Hawkins (2008) formally verified the presence of two species, rougheye rockfish (Sebastes aleutianus) and blackspotted rockfish (S. melanostictus), in what was once considered a single variable species with light and dark color morphs.  Hereafter we refer to these two species together as the rougheye rockfish complex.  Preliminary analysis of results from a 2005 and 2006 two-day experiment on the sablefish longline survey near Yakutat suggests a high proportion of misidentification for blackspotted rockfish.  When compared to positively-identified genetic samples, at-sea scientists in the experiment only correctly identified blackspotted rockfish 47% of the time.  Results from the expert scientist identification on photos of the same samples were improved but only to 63% accuracy.  However, identification of rougheye rockfish was nearly 100% accurate in both cases.  Upon reevaluation of photos, there were several other features that are important for correctly identifying blackspotted rockfish (J. Orr, personal communication).  A new at-sea field identification pamphlet will be prepared and tested with genetic samples in the 2009 NMFS groundfish trawl survey to determine whether rapid and accurate identification of the two species can occur. 

When observers and survey biologists can reliably identify both species, we can begin to develop a rationale for mixed species assessments and the potential implications for overfishing a weaker stock. We are also beginning to examine whether differences in life history characteristics (e.g., age and growth) exist for the two species.  When combined with accurate species-specific catch and survey data, such information will help determine whether one species is a weaker stock and has a potential for overfishing.

New information for this year’s projection is updated 2007 catch at 425 t and the best estimate of the 2008 catch at 370 t.  Catch estimates used in last year’s model were 397 t and 517 t for 2007 and 2008, respectively.  For the 2009 fishery, we recommend the maximum allowable ABC of 1,284 t from the updated projection.  This ABC is very similar to last year’s ABC of 1,286 t.  The stock is not overfished, nor is it approaching overfishing status.  Female spawning biomass is well above B40%, with projected biomass stable. 

For more information, contact Kalei Shotwell at (907) 789-6056.


Shortraker and Other Slope Rockfish -  Shortraker rockfish and “other slope rockfish” are distinct management categories in the Gulf of Alaska (GOA), but their assessments are presented in a combined report because both assessments are based on biomass estimates from trawl surveys, instead of modeling.  “Other slope rockfish” are comprised primarily of sharpchin, harlequin, silvergray, and redstripe rockfish, plus a number of minor species.  Rockfish in the GOA have been moved to a biennial stock assessment schedule to coincide with data from the AFSC biennial trawl surveys in the GOA.  In 2008, no trawl survey was conducted in the GOA, and for this off-cycle year there is no new survey information for shortraker and other slope rockfish; therefore, the 2008 ABC values were rolled over and remain unchanged for 2009.  As in previous assessments since 1994,  an average of the Gulf-wide biomass from the three most recent trawl surveys (presently the 2003, 2005, and 2007 surveys) was used to determine current exploitable biomass.  This results in an exploitable biomass of 39,905 mt for shortraker rockfish and 90,283 mt for “other slope rockfish”.  Applying either an F=0.75M or an F=F40% rate (depending on the species) to these values of exploitable biomass results in recommended ABCs for the Gulf of Alaska in 2008 and 2009 of 898 mt for shortraker rockfish and 4,297 mt for “other slope rockfish”.  Compared with ABCs in 2006 and 2007, these are both slight increases.  Gulfwide catch of shortraker rockfish was 650 mt in 2007, and estimated catch in 2008 was 562 mt.  Gulfwide catch of “other slope rockfish” in 2007 was 690 mt, and estimated catch in 2008 was 793 mt.


Shortraker rockfish have long been considered one of the most difficult rockfish species to age.  In 2005, the AFSC REFM Division’s Age and Growth Task developed a new, experimental technique for ageing otoliths of this species.  In early 2007, this technique was used for the first time for “production ageing” of a sample of shortraker rockfish from the 2005 GOA trawl survey.  The maximum age was 116 years, and the estimated mean population age in the GOA was quite old, 44 years.  In 2008, a validation study of the shortraker ageing method was conducted based on carbon 14 levels in the otoliths from nuclear bomb testing in the 1960s.  Results were unsuccessful, however, because carbon 14 could not found in sufficient quantity in the otoliths.  Thus, alternative validation techniques will be necessary to verify the ageing methodology.

For more information contact Dave Clausen at (907) 789-6049.
10. Thornyheads

b. Stock Assessment

GULF OF ALASKA
Thornyheads have been moved to a biennial stock assessment schedule to coincide with the timing of survey data. An executive summary representing the off-cycle assessment uses last year’s key assessment parameters and projections for 2009 and 2010. New information includes updated 2007 and 2008 catches by area, information from the 2008 longline survey, and relative population number and weight for GOA thornyheads from the longline 2006-2008 surveys. New 2008 longline survey information indicates a large increase in the relative population numbers and weight of thornyheads caught in the survey. In contrast to the high numbers of thornyheads, the 2008 longline survey found low numbers of sablefish.
Gulfwide thornyhead biomass declined 10% in the 2007 GOA trawl survey compared with the 2005 trawl survey. However, most of this decrease was observed in the western GOA. The 2007 trawl survey biomass declined 45% and 11% in the Western and Central Gulf areas, while the Eastern Gulf biomass increased 15%. 

Although an age structured model has been developed for the thornyheads, the lack of age composition data from GOA trawl surveys, sablefish longline surveys, and improved length sampling from longline and trawl fisheries has prevented its use for determining ABC and TAC for these species.  Thornyhead rockfish are commercially valuable species which are presently not targeted in a directed fishery but are caught incidentally as bycatch in directed fisheries for rockfish, flatfish and sablefish.  The catch in recent years is well below the TAC and has been declining.  Thornyhead rockfish are in Tier 5. No new information is incorporated into the projection, and last year’s stock assessment recommendations are rolled over for 2009 and 2010. The 2009 ABC recommendation is 1,910 t and the OFL is 2,540 t.
For further information contact Sandra Lowe (206) 526-4230.



6.  Sablefish




a.  Research

BERING SEA, ALEUTIAN ISLANDS, AND GULF OF ALASKA

2008 Sablefish Longline Survey

  The AFSC has conducted an annual longline survey of sablefish and other groundfish in Alaska from 1987 to 2008.  The survey is a joint effort involving the AFSC’s Auke Bay Laboratories and Resource Assessment and Conservation Engineering (RACE) Division.  It replicates as closely as practical the Japan-U.S. cooperative longline survey conducted from 1978 to 1994 and also samples gullies not sampled during the cooperative longline survey.  In 2008, the thirtieth annual longline survey of the upper continental slope of the Gulf of Alaska and eastern Aleutian Islands was conducted.  One hundred-forty-eight longline hauls (sets) were completed during 4 June–1 September 2008 by the chartered fishing vessel Alaskan Leader.  Sixteen kilometers of groundline were set each day, containing 7,200 hooks baited with squid.

Sablefish (Anoplopoma fimbria) was the most frequently caught species, followed by giant grenadier (Albatrossia pectoralis), shortspine thornyhead (Sebastolobus alascanus), arrowtooth flounder (Atheresthes stomias), and Pacific cod (Gadus macrocephalus).  A total of 74,257 sablefish were caught during the survey.  Sablefish, shortspine thornyhead, Greenland turbot (Reinhardtius hippoglossoides), spiny dogfish shark (Squalus acanthias), and lingcod (Ophiodon elongates) were tagged and released during the survey.  To date, 221,167 sablefish have been tagged during the survey time series with 17,261 recoveries.  Length-weight data and otoliths were collected from 2,003 sablefish.  Killer whales (Orcinus orca) took fish from the longline at three stations in the Aleutian Islands region and two stations in the western Gulf of Alaska.  Sperm whales (Physeter macrocephalus) were often present during haul back and were observed depredating on the longline at 18 stations in the eastern Gulf and 3 stations in the central Gulf of Alaska.  This is the highest incidence of sperm whale interactions ever encountered during the survey.  Occurrence of depredation in the eastern Gulf has ranged from 10% of sampling days that sperm whales were present in 2001 to 90% in 2008.

 
Several special projects were conducted during the 2008 longline survey.  Spiny dogfish and lingcod were tagged with archival temperature/depth tags in the West Yakutat and central Gulf of Alaska regions.  Photographs of sperm whales observed during the survey were taken for contribution to the Southeast Alaska Sperm Whale Avoidance Project (SEASWAP) sperm whale catalog.  Yellow Irish lords were sampled for maturity information in the Aleutian Islands to help support sculpin life history studies.  Finally, a 2-day gear experiment was conducted near Yakutat to compare the catching efficiency of standard, hand-baited survey gear to auto-baited gear.

For more information, contact Chris Lunsford at (907) 789-6008.
Competition for Hooks on the Sablefish Longline Survey

Catch rates from longline surveys are used as indices of abundance for many fish species.  Relative abundance estimates from longline surveys do not usually account for possible effects of gear saturation, which potentially creates competition among fish for baited hooks and misrepresentations of abundance trends.  Scientists at ABL examined correlations between catch rates of sablefish (Anoplopoma fimbria) and giant grenadier (Albatrossia pectoralis) and between sablefish and shortraker (Sebastes borealis) and rougheye rockfish (Sebastes aleutianus) from 25 years of AFSC longline surveys in Alaska waters for evidence of competition for hooks.  Sablefish and giant grenadier catch rates were negatively correlated in all six sablefish management areas (Bering Sea, Aleutian Islands, Western Gulf Of Alaska, Central Gulf of Alaska, West Yakutat, and East Yakutat/Southeast Outside), and sablefish and rockfish were negatively correlated in five of the six areas (all areas except Aleutian Islands).  This indicates that there is likely competition for hooks on the AFSC longline surveys.  Comparative analyses were done for AFSC trawl survey catch rates and no negative correlations were observed, indicating that the negative correlations on AFSC longline surveys are not due to differing habitat preferences or direct competition, but more likely can be attributed to competition for hooks.  Available adjustments for hook competition may be biased if the probability of capture does not decrease linearly with baited hooks.  A better understanding of each fish species’ catch probabilities on longline gear is needed before adjustments for hook competition can be made.  A journal article was recently published on this study. 

For more information, contact Cara Rodgveller at (907) 789-6052.


Auke Bay Laboratory Sablefish Tag Recovery Program

The ABL MESA Program continued the processing of tag recoveries and administration of the reward program during 2008.  Total sablefish tag recoveries for the year should exceed 600 when all are received.  One fish at liberty for 35.4 years was recovered in 2008; it was released in Chatham Strait and recovered off Whale Bay on Baranof Island.  Two other fish were out just under 30 years: one was released and recovered off Kodiak and the second was released off Salisbury Sound in southeast Alaska and recovered off Prince William Sound.  Twenty-two sablefish tagged as juveniles were recovered in 2008.  Three of these were the first recoveries of archival-tagged juveniles; data from the these archival tags, which will provide information on the depth and temperature experienced by the fish, are still being analyzed.

Tags from shortspine thornyheads, Greenland turbot, Pacific sleeper sharks, lingcod, and spiny dogfish are also maintained in the Sablefish Tag Database.  Nine thornyheads, two turbot, and one archival-tagged spiny dogfish were recovered in 2008.  The dogfish, a female, was released off Yakutat and recovered off northern Washington 205 days later.


Releases in 2008 included 3,295 adult sablefish, 607 shortspine thornyheads, 39 turbot (including 31 with archival tags), 49 lingcod (all archival), and 459 juvenile sablefish (121 archival).

For more information, contact Nancy Maloney at (907) 789-6060.

Juvenile Sablefish Studies


Juvenile sablefish studies have been conducted by the Auke Bay Laboratories in Alaska since 1984 and were continued in 2008.  A total of 337 juvenile sablefish (age 1+) were tagged with spaghetti tags and released during two cruises to St. John Baptist Bay near Sitka between May 15-19 and July 18-20.  During the 2nd cruise, an additional 121 juvenile sablefish were implanted with electronic archival tags.  Approximately 435 rod hours were recorded to catch the fish that were tagged in the two cruises.  This relatively small bay is the only known location in Alaska where juvenile sablefish have been consistently found on an annual basis. 

The electronic archival tags will provide information on juvenile sablefish behavior and habitat during their transition from nearshore rearing areas to the age at which they are intercepted by the fishery.  Since 2003, a total of 526 electronic archival tags have been released on juvenile sablefish in St. John Baptist Bay.  These tags record the temperature and depth experienced by the fish and are designed for recovery in the commercial fishery when the fish are age 2+ or greater. We had expected to recover some archival tags in the 2008 fishery, and indeed we received three returns from the 2008 fishery.  The juvenile sablefish tagging cruise will be conducted again this year from July 14-20.

For more information, contact Dana Hanselman at (907) 789-6626.
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BERING SEA, ALEUTIAN ISLANDS, AND GULF OF ALASKA
Relative to the 2007 assessment, we made some substantive changes to the 2008 assessment.  When moving to a sex-specific model in 2007, the number of selectivity parameters was greatly increased.  These parameters were estimated with high correlation and low precision. For this year we used simpler selectivity functions and linked some selectivity curves to improve parameter estimation without greatly affecting model fit or trends.  We showed two steps to a recommended model that reduced the total parameters by thirteen with minimal effects on the overall model fit.  New input data included relative abundance and length data from the 2008 longline survey, relative abundance and length data from the 2007 longline and trawl fisheries, and age data from the 2007 longline survey and longline fishery.

The fishery abundance index was up 5% from 2006 to 2007 (the 2008 data are not available yet).  The survey abundance index decreased 2% from 2007 to 2008 and follows a 14% decrease from 2006 to 2007.  Relative abundance in 2008 is 3% lower than 2000, and is at an all-time low for the domestic longline survey.  Spawning biomass is projected to be similar from 2008 to 2009, and begin declining through 2012.  We also include results from a study to test for sablefish cannibalism in pots, which showed no evidence of cannibalism, and the results of a gear experiment comparing hand-baited versus machine-baited longline sets.  Sablefish are managed under Tier 3 of NPFMC harvest rules.  Reference points are calculated using recruitments from 1977-2003.  The updated point estimates of B40%, F40%, and F35% from this assessment are 115,120 t (combined across the EBS, AI, and GOA), 0.095, and 0.113, respectively.  Projected spawning biomass (combined areas) for 2009 is 103,127 t (90% of B40%), placing sablefish in sub-tier “b”of Tier 3.  The maximum permissible value of FABC under Tier 3b is 0.085 which translates into a 2009 ABC (combined areas) of 16,080 t.  The maximum permissible yield for 2009 is an 11% decrease from the 2008 ABC of 18,030 t.  The OFL fishing mortality rate is 0.101 which translates into a 2009 OFL (combined areas) of 19,000 t.  This decrease is supported by an all-time low in the domestic longline survey abundance estimate and no evidence of any large incoming recruitment classes.

Spawning biomass is projected to decline through 2012, and then is expected to increase assuming average recruitment is achieved.  Because of the lack of recent strong year classes, the maximum permissible ABC is projected to be 14,895 t in 2010 and 14,086 in 2011.  Projected 2009 spawning biomass is 36% of unfished spawning biomass.  Spawning biomass has increased from a low of 30% of unfished biomass in 2001 to a projected 36% in 2009.  The 1997 year class has been an important contributor to the population but has been reduced and comprises only 13% of 2008 spawning biomass.  The 2000 year class appears to be larger than the 1997 year class, but is only 85% mature and should also comprise 23% of spawning biomass in 2009.  Model projections indicate that this stock is neither overfished nor approaching an overfished condition.

For more information, contact Dana Hanselman at (907) 789-6626.

Center for Independent Experts (CIE) Review of Alaska Sablefish Assessment

A review of the Alaska sablefish stock assessment was held at NMFS’ Auke Bay Laboratories in Juneau, Alaska from March 17-19, 2009.  NMFS requested the Center for Independent Experts (CIE) to conduct this technical peer review.  The CIE is a group affiliated with the University of Miami that provides independent peer reviews of NMFS science nationwide, including reviews of stock assessments for fish and marine mammals.  This CIE review panel was comprised of three international experts and an AFSC assessment scientist who chaired the meeting.  The panel evaluated whether the assessment incorporates the best available scientific information and provides a reasonable approach to understanding the population dynamics and stock status of sablefish in Alaska.  Members of the public observed the presentations and participated in the discussions between the CIE panel and the NMFS scientists responsible for data collection and analysis.  The final report is due on April 23, 2009, and will consist of individual reports from each panelist and a summary report.  The meeting chair will present the results of the review during the September 2009 NPFMC Groundfish Plan Team meeting. 

For more information, contact Dana Hanselman at (907) 789-6626.



7.  Flatfish

a. Research

Habitat Studies – FBE Newport OR

Field studies around Kodiak reveal that age-0 yr juvenile Pacific halibut and northern rock sole Lepidopsetta polyxystra aggregate in shallow coastal waters (<50m), where they associate with seafloor characterized by sparse to moderate coverage by ampharetid polychaete worm tubes.  During the summer 2008, the ampharetid polychaete worm Sabellides sibirica was more common at the Pillar Creek Cove study site than during the preceding 7 years. The worm tubes formed a continuous 1 km wide turf (reef), at depths of 21–30 m.  Age-0 flatfish density increased with depth, being highest at the edge of the worm turf, where the worms were patchy, and lowest in the dense turf.  Microcosm studies revealed that juvenile flatfish cannot bury, a flatfishes first line of defense, when worm tubes are dense. In contrast, the patchy edges of the worm tube reef constitute habitat structure and may offer juvenile flatfish refuge from predation.  To test this, juvenile flatfish were tethered over a range of depths (4 - 47 m).  Predation mortality of tethered fish increased with depth over the range of 4 to 16 m, but then declined significantly at 21 m; the area of sparse worm tubes along the turf edge.  This suggests that reduced predation risk in sparse/patchy worm tube cover may partially explain juvenile flatfish preference for this habitat.  The non-mutually exclusive hypothesis that juveniles are attracted to this habitat by its associated forage base is being explored; during July through September, benthic grab samples were taken, as well as fish for stomach analysis, to determine habitat specific prey availability and diets of juvenile flatfish.  These samples are currently being worked-up.

Feeding and growth

A four-year study examining the spatial and temporal variation in growth rates of northern rock sole at three Kodiak Island nursery sites was completed.  The study sampled a series of fixed-position transects at monthly intervals in the summer and autumn to determine patterns of abundance and growth rates.  The results indicate that patterns of growth variation among sites are consistent among years with the Holiday Beach site, consistently supporting the fastest growth rates.  The analyses indicate that spatial and temporal variation in nursery ground temperatures are not the primary determinant of juvenile growth rates.  Other factors such as prey availability and predation risk appear to be influential.  The data also demonstrate that considerable variation in body size exists shortly after settlement into juvenile nurseries.  This body size variation was correlated with winter and spring ocean temperatures, suggesting that interannual variation in temperature may influence spawning time or larval growth rates in this population.

For further information, contact Dr. Allan Stoner,  (541) 867-0165.

Arrowtooth flounder juvenile habitat

Little is known about the juvenile habitat of the arrowtooth flounder. RACE biologists at the Kodiak Laboratory will initiate a project this summer to examine the habitat of arrowtooth flounder in the late summer/early fall months. Previous research studying other flatfish species has revealed that arrowtooth flounder utilize inshore areas within this time period. Study sites will be sampled on a monthly basis between August and November to examine the seasonal habitat use of these inshore areas by juvenile arrowtooth flounder.
For further information, contact Dr. Christina Conrath at (907)481-1732.




b.  Stock assessments

BERING SEA


Yellowfin sole -  The current assessment model has been modified to accommodate the sex-specific aspects of the population dynamics of yellowfin sole.  The model now allows for the input of sex-specific estimates of fishery and survey age composition and weight-at-age and provides sex-specific estimates of population numbers, fishing mortality, selectivity, fishery and survey age composition and allows for the estimation of sex-specific natural mortality and catchability.  The model retains the utility to fit combined sex data inputs.


The 2008 stock assessment incorporates the 2008 catch and survey biomass, the age compositions from the 2007 survey and 2007 catch and an update of weight-at-age estimates using biological data through 2007. The 2008 EBS bottom trawl survey resulted in a biomass estimate of 2,099,000 t, a decrease of 2.5% from the 2007 point estimate. The stock assessment model indicates that the stock has been slowly declining over the past twenty years, although still at a high level, due to recruitment levels which are less than those which built the stock to high levels in the late 1960s and early 1970s. The time-series of survey age compositions indicate that only 5 of the past 20 year classes have been at or above the long term average. The 2008 catch of 149,000 t represents the largest flatfish fishery in the United States and the five-year average exploitation rate has been 4% for this stock.  This assessment features an estimate of the relationship between survey catchability and annual mean bottom water temperature and also estimates a Ricker form of the spawner recruit relationship within the model.  Results indicate that catchability, averaged over 25 years, = 1.14.

Several models were analyzed for this assessment. The models differed by changing whether natural mortality (M) or catchability (Q), or both, were estimated as free parameters in the model to determine the uncertainty of these key parameters and their effect on the model estimates. The SSC determined in 2006 that the reliability of the spawner recruit relationship estimated in the yellowfin sole assessment warranted moving this stock to Tier 1 management. In the yellowfin sole stock assessment model, a Ricker form of the stock-recruit relationship was fit to the estimates of female spawning biomass and recruitment and estimates of FMSY and BMSY were calculated, assuming that the fit to the stock-recruitment data points represent the long-term productivity of the stock.  Results from these Tier 1 calculations for yellowfin sole indicate that the harmonic mean of the FMSY estimate is very close to the geometric mean value of the FMSY estimate due to the low variability in the parameter estimates.  This result indicates that the estimates of FMSY are obtained with very little uncertainty.  To better understand how uncertainty in certain parameter estimates affects the Tier 1 harvest policy calculations for yellowfin sole, the following analysis was undertaken.  Selectivity, catchability, natural mortality and recruitment variability (R sigma) were selected as important parameters whose uncertainty may directly affect the pdf of the estimate of FMSY.  Twelve different model configurations were chosen to illustrate the effect of a range of uncertainly in these individual parameter estimates (0.4 and 0.9 for M and 0.8, 1.0, 1.2 and 1.4 for R sigma) and how they affect the estimate of the harmonic mean of FMSY.

Results indicated that increases in recruitment variability would have the largest effect on the pdf of the estimate of FMSY, whereas the uncertainty in the other parameters did not.

The Tier 1 recommendations for this stock are as follows: The estimate of BMSY from the present assessment is 329,000 t. As in last year’s assessment, 1978-2003 spawner recruit data were used as the basis to determine the Tier 1 harvest recommendation. This provided an FABC = Fharmonic mean Fmsy = 0.19. The FOFL = FMSY = 0.2. The product of the harmonic mean of FMSY and the geometric mean of the 2009 biomass estimate produced the recommended ABC of 197,500 t and OFL of 210,000 t. 
 Model projections indicate that this stock is neither overfished nor approaching an overfished condition.  This stock is predicted to be fairly stable or decrease slightly in the near future due to below average recruitment in the last 5 years.

Northern rock sole -  The current assessment model has been modified to accommodate the sex-specific aspects of the population dynamics northern rock sole.  The model now allows for the input of sex-specific estimates of fishery and survey age composition and weight-at-age and provides sex-specific estimates of population numbers, fishing mortality, selectivity, fishery and survey age composition and allows for the estimation of sex-specific natural mortality and catchability.  The model retains the utility to fit combined sex data inputs.


Changes to the input data for the 2008 assessment include addition of the 2007 fishery age composition, 2007 survey age composition, the 2008 catch biomass and 2008 trawl survey biomass point estimate and standard error. The 2008 bottom trawl survey resulted in a biomass estimate of 2,031,000 t, virtually unchanged from last year’s estimate of 2,032,000 t.  The assessment continued the investigation of catchability (q) began in 2002.  As in past assessments, a value of 1.4 obtained from a trawl “herding” experiment was used as the mean of a prior distribution on q. The updated value from this assessment gives a q estimate of 1.5.  Natural mortality was estimated as a free parameter (with q constrained as stated above) giving the best fit at M = 0.15.  The model estimates that the biomass of rock sole has increased the past five years after declining from a peak value observed in 1995.  The increase is due to strong recruitment from the 2001, 2002 and 2003 year classes which are now contributing to the population biomass.  The model estimates the 2008 biomass of rock sole at 1,754,000 t, an increase of 5% over 2007 and about 4% less than the peak level observed in 1995.

The SSC determined in 2006 that the reliability of the spawner recruit relationship estimated in the northern rock sole assessment warranted moving this stock to Tier 1 management. In the northern rock sole stock assessment model, a Ricker form of the stock-recruit relationship was fit to the estimates of female spawning biomass and recruitment and estimates of FMSY and BMSY were calculated, assuming that the fit to the stock-recruitment data points represent the long-term productivity of the stock.  Results from these Tier 1 calculations indicate that the harmonic mean of the FMSY estimate is very close to the geometric mean value of the FMSY estimate due to the low variability in the parameter estimates.  This result indicates that the estimates of FMSY are obtained with very little uncertainty.  To better understand how uncertainty in certain parameter estimates affects the Tier 1 harvest policy calculations for northern rock sole, the following analysis was undertaken.  Selectivity, catchability, natural mortality and recruitment variability (R sigma) were selected as important parameters whose uncertainty may directly affect the pdf of the estimate of FMSY.  Twelve different model configurations were chosen to illustrate the effect of a range of uncertainly in these individual parameter estimates (0.4 and 0.9 for M and 0.8, 1.0, 1.2 and 1.4 for R sigma) and how they affect the estimate of the harmonic mean of FMSY.

Results indicated that increases in recruitment variability would have the largest effect on the pdf of the estimate of FMSY, whereas the uncertainty in the other parameters had little effect.

The SSC has determined that northern rock sole qualifies as a Tier 1 stock; therefore the 2008 assessment was calculated using Tier 1 methodology. In 2006, the SSC selected the 1978-2001 spawner-recruit data set for the Tier 1 harvest recommendation.  The Tier 1 2009 ABC harvest recommendation is 296,000 t (FABC = 0.177) and a 2009 OFL of 300,000 t (FOFL = FMSY = 0.179). The northern rock sole harvest is from a stable fishery that lightly exploits the stock because it is constrained by prohibited species catch limits and the BSAI optimum yield limit. Model projections indicate that this stock is neither overfished nor approaching an overfished condition. Usually the fishery only takes a small portion of the northern rock sole ABC, but there will be more room in cap this year because the pollock ABC is lower. 


Flathead sole -  The latest assessment updated the previous by incorporating new catch, discard, survey biomass, length composition, and age composition data.  The 2008 fishery length compositions, based on observer data, were added to the assessment and fishery length compositions from previous years (1990-2007) were recalculated. Sex-specific length compositions and  mean bottom temperatures were also added.  The 2008 trawl survey biomass estimate of 554,000 t was a 3% decrease over last year’s estimate of 571,000 t.  Survey biomass has been relatively stable over the past four years compared to the decrease observed from 1998-2000. 

The 2008 stock assessment model estimates that the age 3+ biomass decreased from 836,800 t in 2007 to 822,400 t in 2008, a 2% decrease. Similarly, the model estimate of female spawning biomass has declined 1% from 257,500 t in 2007 to 255,100 t in 2008.  This is a stock which has been in a slow decline since a peak level of 1,012,500 t in 1994 due to below average recruitment in recent years.


Several options regarding initial age compositions were added to the assessment model architecture. Runs incorporating these options were evaluated as alternatives to using last year’s model. The configuration used last year was again selected as the best. An experimental option that used a lagged version of survey bottom temperatures to model temperature-dependent survey catchability was added to the model architecture. Lagging bottom temperature by one year resulted in a highly significant improvement in model fit to the survey biomass time series, although the resultant reference points were very similar, when compared with last year’s model. Further research during the coming year is required to validate this result, assess its wider validity among other flatfish stocks, and determine plausible biological mechanisms behind it. As such, the lagged-temperature model is regarded as preliminary.


The SSC has determined that reliable estimates of B40% (139,000 t), F40%, (0.28) and F35% (0.34) exist for this stock, thereby qualifying the stock for management under Tier 3. Given that the projected 2009 spawning biomass of 246,000 t exceeds B40%, the ABC and OFL recommendations for 2009 were calculated under sub-tier “a” of Tier 3. The FABC was set at the F40% (0.28) level, which is the maximum permissible level under Tier 3a. Projected harvesting at the F40% level gives a 2009 ABC of 71,400 t.  The OFL was determined from the Tier 3a formula using the F35% value of 0.34 to give a 2009 OFL of 83,800 t. Model projections indicate that this stock is neither overfished nor approaching an overfished condition.

Alaska plaice -  The 2008 assessment incorporated the 2008 shelf survey biomass estimate (509,382 t) and the 2008 catch data into the stock assessment model as well as the 2007 survey age composition.  The survey biomass estimate was 20% higher in 2008 than in 2007 (survey biomass estimates have been highly variable in recent years).  The stock is estimated to be at a high and stable level with relatively stable recruitment since the 1970s and a low level of harvest which is typically bycatch from other target fisheries.  Recent good recruitment from the 2000 – 2002 year classes may increase the biomass in the near future.  In response to a request from the SSC, the length/age conversion matrix was extended from 45 to 60 cm.  Catchability investigations do not indicate a temperature effect as shown for some of the other shelf flatfish.

Reliable estimates of B40%, F40%, and F35% exist for this stock, therefore qualifying it for management under Tier 3 of the BSAI Groundfish FMP. The updated point estimates are B40% = 148,000 t, F40% = 0.62, and F35% = 0.86. These are high values for flatfishes, but these values are the consequence of Alaska plaice maturing before recruiting to the fishery. Given that the projected 2009 spawning biomass of 385,000 t exceeds B40%, the ABC and OFL recommendations for 2009 were calculated under sub-tier “a” of Tier 3. Projected harvesting at the F40% level gives a 2009 ABC of 232,000 t. The OFL was determined from the Tier 3a formula, which gives a 2009 OFL of 298,000 t. 


The total estimated biomass of Alaska plaice is down slightly, but it is expected to increase because of the above average 1997 and 1998 year classes.  Model projections indicate that this species is neither overfished nor approaching an overfished condition. There is not a targeted fishery for this species as there is presently no market. The total exploitation rate is quite low for Alaska plaice as it is caught only as bycatch and is mostly discarded.

Other flatfish -  The “other flatfish” complex currently consists of Dover sole, rex sole, longhead dab, Sakhalin sole, starry flounder, and butter sole in the EBS and Dover sole, rex sole, starry flounder, butter sole, and English sole in the AI.  Starry flounder, rex sole, and butter sole comprise the vast majority of the species landed. For example, Starry flounder and rex sole comprised 81% of the “other flatfish” catch in 2008.  Because of insufficient information about these species, no model analyses are possible. The latest assessment incorporates 2008 total catch and discard and 2008 trawl survey information. The 2008 EBS bottom trawl survey resulted in biomass estimates of 104,600 t, a 20% decrease from the point estimate of 133,500 t from the 2007 survey (the highest observed since 1980).  The biomass of these species in the Aleutian Islands is 16,400 t from the 2006 survey, the highest observed since surveys began in 1983.

Due to the amount of information available, “other flatfish” are classified as a Tier 5 species complex with natural mortality rates as described below. Projected harvesting at the 0.75 M level, gives a 2009 ABC of 17,384 t for the “other flatfish” species. The corresponding 2009 OFL is 23,067 t. It is not possible to determine whether the “other flatfish” complex is overfished or approaching an overfished condition because it is Tier 5 and not managed under Tiers 1-3. Insufficient information about these species makes model analysis impossible.


Species-specific natural mortality rates are used to calculate ABC for the species in this complex, where they are available.  Estimates of M for the GOA were used for Dover sole (0.085) and rex sole (0.17). All other species were assigned an M of 0.20.  Starry flounder natural mortality estimates were examined (male M = 0.45, female M = 0.30), but are available only from the west coast stock assessment and may not be valid for Bering Sea starry flounder, so they are not being used at this time.  Proportionally more butter sole are caught in the fishery than in the trawl survey. In response to the SSC’s concern about the disproportionate amount of butter sole caught in the fishery relative to the survey, the authors note that this species is at the northern extent of its range, is at times captured in large quantities in a few trawl hauls, and thus the CV’s are quite large.

Greenland turbot -  This year’s Greenland turbot assessment model included updated 2007 and 2008 catch data, EBS shelf survey 2008 biomass and length composition estimates, and aggregated longline survey data index for the EBS and Aleutian Islands regions through 2008.   The 2008 EBS shelf trawl survey biomass estimate was down by about 19% from the 2007 estimate and estimates from the last three years average about 68% of the long-term mean value from this survey. The 2008 EBS slope trawl survey biomass estimate was 17,900 t compared to the next most recent (2004) estimate of 36,600 t. Most of this difference was attributed to the lack of Greenland turbot found in the 400-600 m depth strata compared to the other years.

As was done last year, a simplified Tier 5 approach was also provided for contrast to the Stock Synthesis 2 model results. Also as in last year’s assessment, the slope-trawl survey was assumed to index 75% of the Greenland turbot stock inhabiting US waters.  The current estimate of 2009 female spawning biomass is 56,400 t from the stock assessment model. Compared to the 2008 spawning biomass of 58,100 t this represents a slight decrease, consistent with the general decline prevalent since the mid 1970s. 

The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock. Greenland turbot therefore qualifies for management under Tier 3. Updated point estimates of B40%, F40%, and F35% from the present assessment are 43,700 t, 0.46, and 0.57, respectively. Projected spawning biomass for 2009 is 58,200 t, placing Greenland turbot in sub-tier “a” of Tier 3. The maximum permissible value of FABC under this tier translates into a maximum permissible 2009 ABC of 11,900 t. 

A possible reason for the differences in the survey and model estimates and trends is the unavailability of the entire biomass (e.g., large females) to the survey. For 2010 the authors intend to further evaluate possible reasons for the differences between survey and model biomass estimates. 

Given the recent slope survey and continuing signs of favorable recruitments, the authors recommended an increase in the ABC over last year. The Team concurred with an increase; however, because of differences noted in biomass estimates, coupled with continuing uncertainties in stock trends, the Team recommended a stair-step procedure for increasing the ABC up to the maximum permissible ABC, assuming that there is a 2010 survey. If no survey occurs in 2010 the team recommends maintaining the 2009 ABC for 2010. The step for 2009 would yield an ABC that is 60% of the maximum permissible ABC, or 7,380 t, which corresponds to a full selection fishing mortality rate of 0.27. The OFL fishing mortality rate is computed under Tier 3a, FOFL = F35% = 0.57, and translates into a 2009 OFL of 14,900 t.

Arrowtooth flounder -  The present assessment continues to utilize catchability as a function of the annual average bottom temperature during the EBS shelf trawl survey and also uses the EBS shelf trawl survey sex ratios as prior information to estimate sex-specific population numbers at age. New last year was the incorporation of the 10 Aleutian Islands surveys biomass and size compositions into the assessment model.  This year’s EBS shelf bottom trawl survey resulted in a biomass estimate of 583,900 t, a 7% increase from the 2007 survey.  The 2008 slope survey biomass estimate was 96,200 t, by far the highest biomass ever reported on the slope.  The 2006 Aleutian Islands trawl survey estimate of 229,000 t was the highest ever estimated in that region. The stock assessment model indicates that the biomass is at its highest level since observations began in 1975 due to episodes of above average recruitment in the 1980s and again in the period 1998 to the present.  The stock remains very lightly harvested with fish caught primarily as bycatch in other fisheries.  Discarding occurs at a rate exceeding 50%.


Since more female arrowtooth flounder are caught in trawl surveys throughout Alaska compared to males, and because the oldest female fish have been determined to be older than the oldest males, it is hypothesized that there are different natural mortality values for each sex. With the female natural mortality rate fixed at 0.2, male natural mortality was profiled over a range of values to determine which value provided the best fit to all the observable population characteristics and still gave reasonable estimates of male selectivity to the survey trawl.  The male natural mortality rate that provided the best fit was 0.34.  With the stock assessment model configured in this way, the population biomass was estimated at 1,090,100 t.

The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock, arrowtooth flounder was assessed for management under Tier 3. The updated point estimates of B40%, F40%, and F35% from the present assessment are 255,000 t, 0.24, and 0.29, respectively. Given that the projected 2009 spawning biomass of 802,000 t exceeds B40%, the Team’s ABC and OFL recommendations for 2009 were calculated under sub-tier “a” of Tier 3. The Team recommends setting FABC at the F40% (0.24) level, which is the maximum permissible level under Tier 3a. Projected harvesting at the F40% level gives a 2009 ABC of 156,000 t. The OFL fishing mortality rate under Tier 3a is F35% (0.29), which translates to a 2009 OFL of 190,000 t. 


The ABC recommendation is for the combined harvest of arrowtooth flounder and Kamchatka flounder, which are difficult to distinguish and had similar biomass trends from the EBS trawl survey since 1991. Ecosystem considerations of predator-prey dynamics of arrowtooth flounder in the Bering Sea indicated that the top prey species of arrowtooth flounders are juvenile pollock. However, juvenile arrowtooth flounder in the Bering Sea are an important prey for adult pollock. The ramification of increases of one of these species, with decreases of the other, has unknown consequences due to this duality of the predator-prey relationship.
For further information, contact Thomas Wilderbuer (206) 526-4224.

GULF OF ALASKA

Arrowtooth flounder -  Since the Gulf of Alaska was not surveyed in 2008, the 2007 assessment is the basis for projecting the stock status forward for 2009 management.  The 2007 survey biomass estimate for Gulf of Alaska arrowtooth flounder was 1,939,055 t, a 2% increase from the 2005 survey.  This biomass estimate and the length composition from the 2007 survey were added to the age-structured stock assessment model, as well as the 2005 survey age composition.  In addition, the age-length conversion matrix was updated with mean length at age data for 1984 to 2005 to better model growth.


New information available to update the projection model consists of the updated total catch for 2007 (25,364 t) and the current catch for 2008 (27,938 t as of October 11, 2008). The recommended ABC and OFL in last year’s assessment were based on Tier 3, using F40% and F35%, respectively. The projection model was run to generate estimates of biomass for 2008-2010. The 2009 catch was estimated as the average catch over the last 3 three years (2006 to 2008, 26,985 t) for use in the projections. The recommended ABC’s for 2009 and 2010 are 221,512 t and 258,397 t, respectively. The new ABC recommendation for 2009 is slightly lower than that recommended for 2009 using last year’s full assessment model (269,237 t).  The ABC is apportioned as follows:
             Western   Central   West Yakutat  East Yakutat/SE      Total

  2009      30,148       164,251           14,908               12,205                     221,512

  2010      29,843       162,591           14,757               12,082                     219,273

Gulf of Alaska flatfish -  The only new information available concerning the shallow and deep water flatfish complexes are the updated 2007 catch (8,788 t) and the best estimate of 2008 catch (7,390 t through October 11, 2008). Consequently, the recommended species-level ABCs and OFLs for 2009-10 are the same as those for 2008-9.  The details from the 2007 assessments are listed below.

New data for the 2007 flatfish assessment included the 2007 NMFS bottom trawl survey biomass estimates and the 2007 catch.  The 2007 survey biomass estimates were used to calculate ABC’s for 2008 for all species except Greenland turbot and deepsea sole, where the mean catch from 1978 to 1995 was used.  The survey sampled to 700 m depth while the distribution of these deep water species extends deeper.  Dover sole, the main constituent of the deep water group, is now assessed in using an age structured model.  These stocks remain lightly harvested relative to their estimated biomass because the annual catch is almost always less than the TAC levels which are typically set less than the ABC.


The flatfish group is subdivided into arrowtooth flounder, deep water flatfish, flathead sole, rex sole and shallow water flatfish.  Flathead sole and arrowtooth flounder, and rex sole are presented in separate assessments using age-structured models.  The 2007 exploitable biomass for each group (except for those species with age-structured models) is based directly on results from the 2007 NMFS trawl survey. Survey abundance estimates for the shallow water flatfish complex were higher in 2007 compared to 2005 for northern rock sole, southern rock sole, sand sole, starry flounder, butter sole and Alaska plaice.  The 2007 survey abundance estimates were less than 2005 for yellowfin sole and English sole.  The overall survey abundance estimates for the shallow water group increased by 70,824 t from 2005 to 2007.


ABC and OFL were calculated by species, with individual species identified as Tier 4, 5, or 6 depending upon the available data.  The ABC’s for northern and southern rock sole were estimated based on Tier 4 with FABC= F40% (Southern rock sole F40%=0.162; Northern rock sole F40%=0.204) and FOFL=F35% (southern rock sole F35%=0.192; northern rock sole F35%=0.245) while other flatfish ABC’s were estimated with FABC=0.75 M and FOFL=M (Tier 5).  Overall, the shallow water flatfish ABC increased from 51,450 t in 2007 to 60,989 in 2008.  TACs are annually set below the ABC levels.


Survey estimates of Dover sole biomass increased from 213,221 t in 2005 to 280,990 in 2007.  The stock assessment model for Dover sole indicated that age 3+ biomass estimates increased 9% from 2007 to 2008 (297,353 to 324,197) and that female spawning biomass estimates increased about 6%.  Recruitment may have been high in 2002 and catches remain well below the TAC.  The 2008 ABC using F40% = 0.38 was estimated at 44,735 t, and the 2008 OFL using F35%= 0.494 was estimated at 55,787 t.  


Greenland turbot and deep-sea sole ABC’s were estimated at Tier 6 with ABC=0.75 OFL (183 t) and OFL=average catch from 1978 to 1995 (244 t). ABC’s were apportioned among the regulatory areas by applying the average fraction of the survey biomass in each area in 2005. As in 2005, the ABC was split between the eastern GOA and the WY and EYAK/SEO sub areas.

2009 ABC area apportionment

Flatfish group            Western          Central        WYAK        EYAK/SEO        Total

Deep water                       690                 6,721            965                    527               8,903

Shallow water              26,360              29,873          3,333                1,423             60,989


Flathead sole -  Since the Gulf of Alaska was not surveyed in 2008, the 2007 assessment is the basis for projecting the stock status forward for 2009 management.  Flathead sole is in Tier 3a. New information available to update the projection model consists of the total catch for 2007 (3,159 t) and the current catch for 2008 (2,825 as of Sept. 20, 2008). To run the projection model to predict ABC’s for 2009 and 2010, estimates are required for the total catches in 2008 and 2009. Because it is likely that more flathead sole will be caught this year, and because the 2007 catch was the largest over the previous 5 years, the 2007 catch was used as a “best” estimate of the total catches taken in 2008 and 2009. Based on the updated projection model results, the recommended ABC’s for 2009 and 2010 are 46,464 t and 47,652 t, respectively. The new ABC recommendation for 2009 is similar to that recommended for 2009 using last year’s full assessment model (46,505 t).  The details of the 2007 assessment are listed below.


The 2007 survey biomass estimate for flathead sole was 280,290 t, a 31% increase over the 2005 point estimate of 213,213 t.  This new biomass estimate and the survey length data, as well as updated catch biomass and length comps were included in the assessment model.  In addition, maturity parameters were updated and estimates of reference fishing mortality were estimated from spawner per recruit analysis.  The 2008 biomass estimate from the age-structured model was 324,200 t, continuing a stable trend since the mid 1980s.


The projected 2008 female spawning biomass is estimated to be well above the B40% level therefore flathead sole ABC and OFL are calculated using Tier 3a calculations.  Under this definition, FOFL=F35%, and FABC is less than or equal to F40%.  The ABC for 2008 using F40% = 0.38 was estimated at 44,735 t (increase of 5,625 t from 2007).  The overfishing level using F35% = 0.494, results in 55,787 t.  Area apportionments of flathead sole ABC’s for 2008 (using F40%) are based on the fraction of the 2007 survey biomass in each area:

Western        Central        West Yakutat        East Yakutat/SE        Total

  12,507          28,174               3,420                          634                     44,735

For further information, contact Jack Turnock (206) 526-6549 and William Stockhausen (206) 526-4241.


10.  Walleye pollock  



a.  Research

Echo Integration-Trawl Surveys

GULF OF ALASKA

Winter echo integration-trawl surveys in the vicinity of Shumagin Islands and Sanak Trough, Shelikof Strait, and along the Gulf of Alaska shelf break between Chirikof and Middleton Islands 
The MACE Program conducted a winter echo integration-trawl (EIT) survey aboard the NOAA ship Miller Freeman, targeting walleye pollock in the Shumagin Islands and Sanak Trough.  The Shumagin Islands portion of the survey was conducted between 8-12 February along parallel transects.  Transects were spaced 5-nmi apart within Shumagin Trough, 1-nmi apart east of Renshaw Point, and 2.5-nmi apart elsewhere.  The Sanak Trough survey was conducted between 12-13 February along transects spaced 2-nmi apart.

In the Shumagin Islands, the densest walleye pollock aggregations were located in Shumagin Trough and off Renshaw Point, although the Renshaw Point quantities were significantly less than detected in earlier surveys.  Most fish off Renshaw Point were age-3 (25-32 cm FL) or exceeded 40 cm FL.  Significant quantities of age-1 pollock (8-13 cm FL) were detected in Shumagin Trough.  The unweighted maturity composition for males longer than 40 cm FL was 23% immature, 35% developing, 42% pre-spawning, 0% spawning, and 0% spent.  The maturity composition of females longer than 40 cm was 12% immature, 23% developing, 61% pre-spawning, 0% spawning, and 4% spent.  The mean gonado-somatic index (GSI: ovary weight/body weight) for mature pre-spawning females was 0.08.  The pollock EIT survey abundance estimate in the Shumagin Islands area was 1.6 billion pollock weighing 30,600 metric tons, based on catch data from 7 trawl hauls and acoustic data from 293 nmi of survey transects.

The densest pollock aggregations in Sanak Trough, which consisted of only adult pollock, were located in the central and eastern parts of the Trough.  The unweighted maturity composition for males longer than 40 cm FL was 0% immature, 11% developing, 71% pre-spawning, 12% spawning, and 6% spent.  The maturity composition of females longer than 40 cm FL was 0% immature, 4% developing, 71% pre-spawning, 0% spawning, and 25% spent.  The large percentage of spent females indicated that the survey timing was late.  The average GSI for pre-spawning females was 0.14.  The abundance estimate for Sanak Trough of 13 million pollock weighing 19,800 t, based on catch data from 2 trawl hauls and acoustic data from 120 nmi of survey transects, was the lowest in the time series.

The MACE Program also conducted winter EIT surveys aboard the NOAA ship Oscar Dyson, targeting walleye pollock along the shelfbreak from southeast of Chirikof Island to Middleton Island and in the Shelikof Strait area.  The Shelikof Strait sea valley was surveyed from south of Chirikof Island to north Kuliak Bay on the Alaska Peninsula during 13-19 March along parallel transects spaced 7.5-nmi apart.  The shelf break was surveyed during 19-21 March (Chirikof Island to the mouth of Chiniak Bay) and 28-31 March (Middleton Island to the mouth of Chiniak Bay) along parallel transects spaced 6-nmi apart.

In the Shelikof Strait area, the densest walleye pollock aggregations were detected from just south of the Strait proper to northeast of the Semidi Islands.  Walleye pollock abundance was sparse along on the north side of the Strait, where historically the highest abundance of mature, pre-spawning walleye pollock was located.  Most walleye pollock were generally located within 50 m of the seafloor over bottom depths exceeding 150 m.  Trawl hauls conducted within Shelikof Strait proper revealed a mixture of age groups of walleye pollock, with age-1 fish dominating most catches by number.  South of the Strait proper between Kodiak Island and the Semidi Islands, catches were dominated by both age-1 and age-2 fish.  Age-1 fish heavily dominated catches at the extreme southern end of the Shelikof Strait survey area between the Semidi Islands and Chirikof Island.  The unweighted maturity composition for males longer than 40 cm FL was 7% immature, 44% developing, 28% pre-spawning, 21% spawning, and 0% spent.  The maturity composition of females longer than 40 cm FL was 0% immature, 48% developing, 51% pre-spawning, 1% spawning, and 0% spent.  These results are similar to previous survey results in terms of the relatively low numbers of spawning and spent female fish, which suggests that the survey timing was appropriate.  A logistic model provided a reasonable fit to the female maturity-at-length data and predicted that 50% of females were mature at a length of 47 cm. The average GSI for mature pre-spawning females was 0.12.  The pollock abundance estimate for Shelikof Strait was 2.1 billion pollock weighing 208,000 t, based on catch data from 11 trawl hauls and acoustic data from 669 nmi of survey transects.

Along the Chirikof shelf break, walleye pollock were found in low densities between Chirikof Island and the mouth of Barnabas Trough in midwater layers between 275 and 400 m depth over bottom depths of 300-1,000 m.  Few pollock were found east of the mouth of Barnabas Trough.  However, dense Pacific ocean perch acoustic backscattering was detected in this area, particularly near the mouth of Amatuli Trench.  Pollock size composition ranged from 33-69 cm with a mode at 57 cm FL.  The unweighted maturity composition for males longer than 40 cm FL was 0% immature, 17% developing, 57% pre-spawning, 26% spawning, and 0% spent.  The maturity composition of females longer than 40 cm FL was 0% immature, 3% developing, 97% pre-spawning, 0% spawning, and 0% spent.  The high percentage of pre-spawning females indicates that peak spawning had not occurred.  The average GSI for pre-spawning females was 0.16.  The pollock abundance estimate for the area from Chirikof Island to the mouth of Barnabas Trough was 15 million pollock weighing 22,000 t, based on catch data from 2 trawl hauls and acoustic data from 145 nmi of survey transects.  East of Barnabas Trough, the abundance estimate was 13 million pollock weighing 4,200 t, based on catch data from 7 trawl hauls and acoustic data from 410 nmi of survey transects.  

BERING SEA

Summer echo integration-trawl survey on the eastern Bering Sea shelf


The MACE Program conducted an echo integration-trawl (EIT) survey of midwater walleye pollock (Theragra chalcogramma) between 2 June and 31 July 2008 aboard the NOAA ship Oscar Dyson. The survey design consisted of 31 north-south transects spaced 20 nautical miles (nmi) apart from Port Moller, Alaska across the U.S.-Russia Convention Line to the Cape Navarin area of Russia. The survey’s primary objective was to collect 38 kHz echo integration and trawl information to estimate daytime midwater walleye pollock abundance and distribution. Additional survey sampling included conductivity-temperature-depth (CTD) and expendable bathythermograph (XBT) casts to characterize the Bering Sea shelf environment, and supplemental trawls to improve species identification using multiple frequency techniques. Macrozooplankton and micronekton layers (principally euphausiids) were sampled and target strength measurements were made as part of the multi-disciplinary Bering Sea Integrated Ecosystem Research Program (BSIERP) study.  A number of new, specialized sampling devices were tested, including light level sensors, Simrad ME70 multibeam sonar, and a lowered echosounding system. Seabird and marine mammal species abundances were recorded. After the survey was completed, Aleutian wing trawl (AWT) codend mesh liner comparison data were collected to evaluate the impact of switching from a 1.25” to a 0.5” mesh liner, and additional acoustic, trawl, and free-floating buoy acoustic data were collected for the vessel comparison work between the Oscar Dyson and Miller Freeman.

 
Survey results showed that ocean conditions were cold in 2008, as in 2006 and 2007, compared to the previous 5 years. About 1/3 of the summed acoustic backscatter at 38 kHz observed during the 2008 survey was attributed to adult or juvenile walleye pollock. The remaining 38 kHz backscatter was attributed to an undifferentiated invertebrate-fish species mixture, or in a few isolated areas, to arctic cod, or unidentified fish. Fewer pollock were observed east of 170(W than in 2007 or 2006, and a larger percentage of those observed were inside the Steller Sea Lion Conservation Area (SCA).  The majority of the pollock biomass in the U.S. Exclusive Economic Zone (EEZ) was located to the west and southwest of St. Matthew Island between the 100 m and 200 m isobaths. Estimated pollock abundance in midwater (between 16 m from the surface and 3 m off bottom) in the U.S. EEZ portion of the Bering Sea shelf was 4.70 billion fish weighing 0.997 million metric tons;  in the Russian EEZ, there were 58.6 million fish weighing 0.03 million metric tons (3% of the total midwater biomass). East of 170(W (11% of total biomass) the predominant length mode was 55 cm inside the SCA and 51 cm outside the SCA. In the U.S. west of 170(W (86% of total biomass) modal lengths were 23, 32 and 47 cm.  In Russia modal lengths were similar to those in the U.S. west of 170(W with proportionally more adults and fewer juveniles. 


Age results indicated that inside the U.S. EEZ, age 2 and 3 fish were dominant numerically (62% and 22%, respectively) and together represented 46% of the total biomass. Walleye pollock ages 4+ totaled 16% of the population numerically and made up 53% of the total biomass.  Age-1 pollock accounted for only 1% of the total estimated numbers and less than 0.1% of the biomass. 


Analyses of walleye pollock vertical distribution indicated that 93% of adult biomass was within 40 m of the seafloor.  Juveniles were found both near the seafloor and higher in the water column; 21% of juvenile biomass was within 60 m of the surface. 

INTERVESSEL COMPARISON

The National Oceanic and Atmospheric Administration (NOAA) is building four noise-reduced fisheries research ships of a single design that are intended to conform to the ICES recommendations for underwater radiated noise. The first of these, the NOAA ship Oscar Dyson, operates in the North Pacific, where it is scheduled to replace the conventional (i.e. not noise-reduced)  NOAA ship Miller Freeman as the primary vessel used to continue a long time-series of acoustic-trawl assessment surveys of walleye pollock (Theragra chalcogramma) in Alaska. Because the Oscar Dyson is a noise-reduced vessel whereas the Miller Freeman is not, there is concern that biomass indices derived from the two vessels will differ. 

To ensure consistent results as the acoustic surveys transition to the Oscar Dyson, the Alaska Fisheries Science Center’s (AFSC) Midwater Assessment and Conservation Engineering (MACE) program has undertaken a series of field experiments designed to establish if walleye pollock differentially avoid the two ships.  Four different acoustic surveys of walleye pollock are routinely conducted by the AFSC: a summer survey of the eastern Bering Sea (2006, 2008), and winter surveys of pre-spawning fish in the vicinity of Bogoslof Island in the Bering Sea (2007), and Shelikof Strait (2007) and the Shumagin Islands (2008) in the Gulf of Alaska. The potential for differential vessel avoidance has been evaluated separately in each survey area as the walleye pollock in these surveys differ markedly in their depth distribution, age-structure, reproductive state, and environmental conditions.


The experiments followed a two-part design where the vessels 1) were arranged side by side during the survey transects, or 2) conducted a series of transects in which one vessel led and the other followed behind the leading vessel.  During the side-by-side transects, one vessel conducted an acoustic survey using standard protocols along equally spaced transects.  The accompanying vessel was laterally displaced by 0.5 -0.7 nautical miles (nmi) to the side of the survey vessel.  The side-by-side transects were periodically interrupted to conduct a series of 5-nmi-long follow-the-leader transects oriented in an east/west direction and spaced 0.5 nmi apart.  The other vessel followed at a distance of 1 nmi and was offset to starboard by 0.1 nmi. The paired acoustic data from both the side-by-side and follow-the-leader transects were analyzed in 5 nmi segments. During the Shumagin Islands survey, a dedicated experiment using an echosounder mounted in a free-floating buoy was conducted to characterize the behavioural responses of walleye pollock as they were approached and then passed by the Oscar Dyson and the Miller Freeman.  


The comparison of acoustic backscatter observed by the vessels revealed strong contrasts among study areas.  In daytime surveys in the eastern Bering Sea where the fish were the shallowest (< 120 m), there was no significant difference in acoustic backscatter strength in 2006 and 2008.  This suggests that acoustic estimates from the Oscar Dyson and the Miller Freeman were not different in this area.  This was also the case for the Bogoslof area, where walleye pollock were distributed between 400 and 700 m.  However, significant differences were observed in the Shumagin Islands and Shelikof Strait.  On average, acoustic abundance estimates from the Oscar Dyson were 31% higher than those from the Miller Freeman in the Shumagin islands and 13% higher in Shelikof Strait.  The discrepancies in vessel ratio were greater for shallower fish, which is consistent with the expectation of a stronger response for fish closer to the vessels.  The differential vessel avoidance observed during the Shumagins experiment was independently confirmed by the experiment conducted using the buoy-mounted echosounder. When the Miller Freeman passed the buoy, larger decreases in backscatter intensity and an increased diving response were observed compared to when the Oscar Dyson passed.  The reaction was observed to begin ~45 seconds prior to the time the vessels passed over the buoy, which corresponds to a separation distance of ~270 m.

These studies demonstrate, for the first time, that a noise-reduced vessel designed to minimize fish avoidance detected more fish than a conventional (i.e. non-noise reduced) vessel under some survey conditions.  The vessel-specific differences in acoustic survey results have implications for management of walleye pollock, which form the basis of a considerable fishery.  In the case of the Shumagin Islands and Shelikof Strait abundance surveys, the acoustic estimates of abundance from the Oscar Dyson are expected to be higher than those conducted by the Miller Freeman.  This result illustrates that there may be a 'vessel effect' , and that differential biases can be introduced into a time series by switching vessels, particularly in the case where the change involves a noise-reduced vessel designed to minimize avoidance such as the newest generation of NOAA fisheries research ships.

For more information, please contact MACE Program Manager, Chris Wilson, (206) 526-6435.



b.  Stock assessments

GULF OF ALASKA


The age-structured model developed using AD Model Builder and used for GOA W/C/WYK Pollock assessments in 1999-2007 is fundamentally unchanged. The 2008 pollock assessment features the following new data: (1) 2007 total catch and catch at age from the fishery, (2) 2008 biomass and 2007 and 2008 age composition from the Shelikof Strait EIT survey, (3) 2007 age composition from the NMFS bottom trawl survey, and (4) 2008 biomass and length composition from the ADF&G crab/groundfish trawl survey. 

A vessel comparison (VC) experiment between R/V Miller Freeman and R/V Oscar Dyson was conducted in March 2007 during the Shelikof Strait acoustic-trawl survey. Results indicate that the ratio of 38 kHz pollock backscatter from the R/V Oscar Dyson relative to the R/V Miller Freeman was significantly greater than one (1.13), as would be expected if the quieter R/V Oscar Dyson reduced the avoidance response of the fish. Methods to incorporate this result in the assessment model were explored.  The method applied was to treat the R/V Miller Freeman and the R/V Oscar Dyson time series as independent survey time series, and include the vessel comparison results directly in the log likelihood of the assessment model. 

In 2007, the largest discrepancy between fishery data and the model prediction was a lower than expected abundance of the 2004 year class (age-3 fish), suggesting that this year class is less abundant than previously estimated. The abundance of this year class was also less than expected in the 2008 Shelikof Strait EIT survey. General trends in survey time series are fit reasonably well, but since each survey time series shows a different pattern of decline, the model is unable to fit all surveys simultaneously. The ADF&G survey matches the model trend better than any other survey, despite receiving less weight in model fitting. The 2007 NMFS trawl survey is nearly exactly equal to the model prediction. Since this survey is the most comprehensive survey, the consistency between the NMFS survey and the assessment lends support to assessment results.

The 2008 Shelikof Strait EIT trawl survey was the first conducted using the R/V Oscar Dyson. The 2008 biomass estimate for Shelikof Strait was 15% higher than the 2007 estimate. In winter of 2007, a vessel comparison experiment was conducted between the R/V Miller Freeman (MF) and the R/V Oscar Dyson (OD), which obtained an OD/MF ratio of 1.132. These results suggest that biomass was relatively constant from 2007 to 2008. Biomass estimates of Shelikof Strait fish ≥43 cm (a proxy for spawning biomass) decreased by 52% from the 2007 estimate, apparently due to below average recruitment to the spawning population in recent years.  The 2008 ADF&G crab/groundfish survey biomass estimate increased 9% from 2007.

The assessment model, configured as described, fixed the NMFS bottom trawl survey catchability (q) at 1.0 and estimated other survey catchabilities. Although the likelihood is higher for models with q closer to 0.74, the change in likelihood is small (less than 1.5) between models with q fixed at 1.0 or estimated. Fixing q at 1.0 results in a more precautionary estimate of spawning biomass.  Despite the significant difference in the ratio of pollock backscatter between the R/V Miller Freeman and the R/V Oscar Dyson, the impact on assessment results and recommended ABCs was minor regardless of the modeling approach. The 2009 spawning biomass and ABCs varied 5-7% across different model configurations, while population biomass varied by about 3%. Models that included a likelihood component for the vessel comparison experiment were considered to be a better approach from a technical perspective.  The model results produced an estimated 2009 spawning biomass of 132,810 t, or 22.4% of unfished spawning biomass. The B40% estimate is 237,000 t. Estimates of 2009 stock status indicate that spawning biomass remains low.

Pollock are not overfished nor are they approaching an overfished condition.  Because model estimated 2009 female spawning biomass is below B40%, the W/C/WYK Gulf of Alaska pollock are in Tier 3b. The author recommended reducing FABC from the maximum permissible using the “constant buffer” approach (first accepted in the 2001 GOA pollock assessment). The projected 2009 age-3+ biomass estimate is 638,950 t. A Markov Chain Monte Carlo analysis indicated the probability of the stock being below B20% to be highest in 2009, with a probability of 12%, but drops to less than 1% in subsequent years.  Therefore, the ABC for 2009 is based on this precautionary model configuration and the adjusted harvest control rule is 43,270 t (FABC= 0.11) for GOA waters west of 140°W longitude (Note that this ABC recommendation is not reduced by 1,650 t to account for the Prince William Sound GHL, thus the final ABC is 41,620 for 2009). The 2009 OFL under Tier 3b is 58,590 t (FOFL= 0.15).

Southeast Alaska pollock are in Tier 5 and the ABC and OFL recommendations are based on natural mortality (0.30) and the biomass from the 2007 survey. The 2007 NMFS bottom trawl survey increased 37% since 2005. This results in a 2009 ABC of 8,280 t, and a 2009 OFL of 11,040 t. In recent years, the two year projections of ABCs show increases that have not been realized. This could be due to a number of factors including the use of average recruitment in the current projection while below average recruitment is occurring, and juvenile natural mortality may be higher than assumed.

There were no major additions to the pollock stock assessment ecosystem considerations section this year.  Previous results suggested that high predation mortality plus conservative fishing mortality might exceed GOA pollock production at present, and that this condition may have been in place since the late 1980s or early 1990s. The Plan Team thinks that this provides additional support for continued precautionary management of GOA pollock.
For more information contact Dr. Martin Dorn 526-6548.

EASTERN BERING SEA


Consistent with the estimates produced in last year’s assessment, the abundance of EBS walleye pollock has declined steadily since 2003 due to poor recruitment from the 2001-2005 year classes. This string of five consecutive poor year classes is unprecedented in the known history of the stock which has sustained a fishery with annual removals of more than 1 million metric tons for 23 of the past 25 years.


New data in this year’s assessment include the following:

Updated total catch for 2007 and a preliminary estimate of the 2008 catch.  Biomass estimates from the 2008 bottom trawl survey and the 2008 echo-integration trawl (EIT) survey. The estimate from the bottom trawl survey was 3.03 million t, down 30% from the 2007 estimate, and the third lowest point in the 1982-2008 time series. The estimate from the EIT survey was 0.942 million t, down 47% from last year’s survey, and the lowest in the 1979-2008 time series.  Age composition data from the 2008 bottom trawl survey, updated age composition data from the 2007 EIT survey, and preliminary age composition data from the 2008 EIT survey (based on the age-length key from this year’s bottom trawl survey). The 2008 survey age compositions tend to confirm the strength of the large 2006 year class first observed in the 2007 surveys.  Age and size composition data and weight-at-age data from the 2007 fishery. 


There were no substantive changes to the stock assessment model this year.  Consistent with the estimates produced in last year’s assessment, age 3+ biomass of EBS walleye pollock has declined steadily since 2003 due to poor recruitment from the 2001-2005 year classes, with the age 3+ biomass for 2008 estimated to be the lowest in the time series since 1980. This string of five consecutive poor year classes is unprecedented in the known history of the stock. Spawning biomass is estimated to be 34% below BMSY in 2008. The 2006 year class is reliably estimated to be well above average, therefore spawning biomass is projected to increase in the near future (25% below BMSY in 2009 and near BMSY in 2010, if the stock is fished at the maximum permissible ABC). 

The SSC has determined that reliable estimates of BMSY and the probability density function for FMSY exist for EBS walleye pollock. Therefore, it qualifies for management under Tier 1. The assessment authors indicate that the Tier 1 reference points continue to be reliably estimated. 

The updated estimate of BMSY from the present assessment is 1.919 million t, compared to 1.88 million t from last year’s assessment. Projected spawning biomass for 2009 is 1.443 million t, placing EBS walleye pollock in sub-tier “b” of Tier 1. As in recent assessments, the maximum permissible ABC harvest rate was based on the ratio between MSY and the equilibrium biomass corresponding to MSY. The harmonic mean of this ratio from the present assessment is 0.332, very close to last year’s value of 0.341. 

The harvest ratio of 0.332 is scaled according to the Tier 1b formula and then multiplied by the geometric mean of the projected fishable biomass for 2009 (3.321 million t) to obtain the maximum permissible ABC for 2009, which is 815,000 t. This ABC is 78% higher than the 2009 yield of 458,000 t that would correspond to a Tier 3b strategy based on a B40% value of 2.43 million t. 

The Plan Team supports the authors’ recommendation to set 2009 ABC at the maximum permissible level of 815,000 t. The Team considered recommending a lower value, but concluded that the maximum permissible level is sufficiently conservative for the following reasons: 

1) A 2009 ABC of 815,000 t will keep the spawning exploitation rate within the range experienced during the 1979-2005 period, and below the comparatively high values experienced in 2006-2008.   

2) The Tier 1 harvest control rules already have a built-in precautionary adjustment for stocks that fall below BMSY.  Uncertainty is already factored into the Tier 1 harvest control rules.  

3) A 2009 ABC of 815,000 t constitutes a large (18%) reduction from the 2008 ABC of 1 million t and would result in greater short-term catch stability than a lower ABC.  

4) The strength of the 2006 year class, estimated for the first time in last year’s assessment, has been confirmed after a second year of survey observations, and the confidence interval has tightened considerably in the present assessment. A strong 2006 year class following weak 2001-2005 year classes would also be consistent with the hypothesis that the 2006 year class was affected positively by both decreased temperature and increased copepod abundance. 

Under a 2009 ABC of 815,000 t, the stock is expected to return to near BMSY by 2010 if the stock is fished at the maximum permissible level. 

The authors also recommended setting the preliminary ABC for 2010 at the maximum permissible level, which is 1.23 million t. However, the Team emphasizes that its recommendation next year for the final 2010 ABC will depend on the estimates of recent year class strengths contained in next year’s stock assessment. For example, if the 2006 year class is only average (which appears unlikely based on the data presently available), this year’s assessment indicates that the maximum permissible ABC for 2010 would be reduced to about 900,000 t. Next year’s estimates of other incoming year classes will also factor into the recommendation for the final 2010 ABC. 

The OFL harvest ratio under Tier 1a is 0.398, the arithmetic mean of the ratio between MSY and the equilibrium fishable biomass corresponding to MSY. The product of this ratio, rescaled according to the Tier 1b formula, and the geometric mean of the projected fishable biomass for 2009 gives the OFL for 2009, which is 977,000 t. The current projection for OFL in 2010 given a 2009 catch of 815,000 t is 1.43 million t. The walleye pollock stock in the EBS is not overfished and is not approaching an overfished condition.  

Both copepods and euphausiids are present in the diet of pollock in all years. While estimates of copepod abundance are available, similar information on euphausiids is presently lacking. However, ongoing research should provide more information on euphausiid abundance in the next couple of years. The weakness of the 2001-2005 year classes suggests that it has been harder than average for pollock to survive through their first year. Recent abundance of apex predators has been within the range of historic variability, though pelagic foragers (including pollock) have declined recently, perhaps due to reduced prey (e.g., copepod) abundance during the early part of this decade. Pribilof fur seal pup weights in 2008 were lower on those rookeries where females forage on the shelf than for off-shelf foragers. This may have been due to insufficient local availability of forage for nursing females, requiring them to make longer than normal foraging trips.
ALEUTIAN ISLANDS

The AI pollock assessment underwent an extensive peer review during the summer of this year, conducted by the Council of Independent Experts (CIE). In response to this review, many changes were made in the assessment model.  The only new data in the model consists of fishery catches in the area from 170-174°W, as recommended by the CIE reviewers.  Changes to the model, all recommended by the CIE reviewers, were as follows: 

A bootstrap method was used to compute annual catch at age, average weight at age, and input sample sizes for catch at age. 

A constant sample size of 100 was assumed for survey age compositions, except for the 1991 survey, which was given a lower sample size due to non-representative age structure sampling. 

The maturity schedule from the GOA pollock stock was used instead of the maturity schedule from the BS stock. 

Survey selectivity was forced to be constant across the entire time series, and fishery selectivity was forced to be constant within each of three time blocks (pre-1992, 1992-2005, and post-2005). 

Values of stock-recruitment parameters were assumed rather than estimated. 

The age range for which average catchability is forced to equal 1.0 was changed from 8-10 years to 5-12 years, and the range of years used to estimate average recruitment was changed from 1990-2007 to 1978-2006. 

To make projections, the selectivity curve estimated in the AI assessment model was used instead of the selectivity curve estimated in the EBS assessment model. 

Spawning biomass and stock status trends 
Relative to last year’s assessment, the numerous revisions to this year’s model resulted in a major change in the estimated trajectory of the stock relative to biomass reference points. In last year’s assessment, the stock was estimated to have been well above B40% for the entire time series. In contrast, this year’s assessment estimates that spawning biomass reached a minimum level of about B21% in 1999, increased steadily through 2006 to a level around B30%, and then remained fairly close to that level through the present. The increase in spawning biomass since 1999 has resulted more from a large decrease in harvest than from good recruitment, as there have been no above-average year classes spawned since 1983. However, it should be noted that the average recruitment for this stock is almost twice the median level. The 2000 year class was the first to exceed the median level since the 1989 year class. Spawning biomass for 2009 is projected to be 85,500 t. 

The SSC has determined that this stock qualifies for management under Tier 3.  The revised model estimates B40% at a value of 113,000 t, placing the AI pollock stock in sub-tier “b” of Tier 3. Under Tier 3b, with F40%=0.29, the maximum permissible ABC for 2009 is 26,900 t. This value is more than 10 times the maximum catch taken in the last decade. Given that the stock is well belowB35%, that all cohorts presently in the population are estimated to be below average, and that the assessment model is in a state of transition, the Plan Team recommending setting the 2009 ABC at some level lower than the maximum permissible. As an alternative to the maximum permissible ABC under Tier 3b, the assessment authors have provided the value corresponding to the maximum permissible ABC under Tier 5, which is 15,300 t (based on the model’s estimated value of 0.22 for the natural mortality rate). The SSC set the ABC at the Tier 3b value.  For OFL, the Tier 3b formula was also used: F35%=0.36, OFL for 2009 is 32,600 t. The projected OFL for 2010, given a 2009 catch of 2,000 t, is 36,800 t. The walleye pollock stock in the Aleutian Islands is not overfished and is not approaching an overfished condition.   There is less than a 1% chance that the AI pollock stock will be below B20% in 2009.
BOGOSLOF
This assessment has been placed on a biennial schedule, and Chapter 1b is basically a summary of last year’s assessment.  No survey took place this year.  Survey biomass estimates since 2000 have all been lower than estimates prior to 2000, ranging from a low of 198,000 t in 2003 to a high of 301,000 t in 2000. The 2007 estimate was the highest since the 2000 estimate. 

The SSC has determined that this stock qualifies for management under Tier 5. The ABC for this stock has been set using a formula similar to the Tier 3 formula, but substituting a reference biomass level of 2 million t for B40%.  Given F40%=0.27, this results in FABC=0.022 and a 2009 ABC of 7,970 t. The projected ABC for 2010 is the same.  Following the Tier 5 formula with M=0.20, OFL for 2009 is 58,400 t. The OFL for 2010 is the same. As a Tier 5 stock, it is not possible to determine whether Bogoslof pollock is overfished or is approaching an overfished condition.  

For further information contact Dr. James Ianelli, (206) 526-6510

11. Dogfish


 a.
Research
NMFS Auke Bay Laboratory and University of Alaska Fairbanks Joint Research on Spiny Dogfish in the Gulf of Alaska


Scientists from the NMFS Auke Bay Laboratories, the University of Alaska School of Fisheries and Ocean Sciences, and the University of Washington School of Aquatic and Fishery Sciences continued a joint study on spiny dogfish (Squalus acanthias) in the Gulf of Alaska.  Little is known about the life history or ecological role of spiny dogfish in the North Pacific despite the fact that they comprise a relatively large biomass in coastal northeast Pacific waters.  


Spiny dogfish are a long-lived, slow-growing species.  Length at age data collected from 2004-2007 in cooperation with the Sablefish Longline Survey, the Alaska Observer Program, and ADF&G and University of Alaska Fairbanks surveys were examined to determine the growth and age structure of the species in the Gulf of Alaska.  Results suggest that spiny dogfish are among the slowest growing species of shark and grow to a larger size, older age, and mature later in the Gulf of Alaska than other regions in which they occur.  Demographic analyses also suggest that the species has a low rate of natural mortality and fecundity, which combined with the age assessment suggest that the species can only tolerate a low level of fishing mortality.  Recent work has been completed on an analysis of the diet of spiny dogfish, ontogenetic shifts in diet, and the potential ecological impacts on a seasonal and regional scale.  The age, growth, demographic, and diet analyses are now included in the annual Stock Assessment and Fishery Evaluation (SAFE) report for sharks in the Gulf of Alaska.

For more information, contact Cindy Tribuzio at (907) 789-6415.

14.
Other Species

 
 a.  Research

Ecosystem Considerations of Pacific Sleeper Sharks in the Northeast Pacific Ocean

Collaborative research is being conducted by the NMFS Auke Bay Laboratories (ABL) and the University of Alaska Fairbanks (UAF) on ecosystem considerations of Pacific sleeper shark bycatch in the northeast Pacific Ocean.  Specific topics being addressed include the determination of Pacific sleeper shark relative abundance trends, distribution, habitat, and trophic level in Alaskan marine waters.  Historical trends in area-weighted catch per unit effort (CPUE) of Pacific sleeper sharks in the northeast Pacific Ocean between the years 1979 and 2003 were determined from sablefish longline surveys.  There are no directed fisheries or surveys for Pacific sleeper sharks in Alaskan marine waters; consequently, abundance estimation is limited to indirect methods.  We analyzed Pacific sleeper shark incidental catch (bycatch) from sablefish longline surveys conducted on the upper continental slope of the eastern Bering Sea, Aleutian Islands, and Gulf of Alaska between the years 1979 and 2003. Our objectives were to estimate trends in Pacific sleeper shark relative abundance and their statistical significance.  A total of 1,565 Pacific sleeper sharks were captured by sablefish longline surveys between the years 1979 and 2003 with a sample effort of 19.7 million hooks.  Area (km2) weighted CPUE of Pacific sleeper sharks was analyzed from standardized sablefish longline surveys between the years 1982 and 2003 with bootstrap 95% confidence intervals as an index of relative abundance in numbers.  Within the limited time series available for hypothesis testing, area-weighted CPUE of Pacific sleeper sharks increased significantly in the eastern Bering Sea between the years 1988 and 1994 and in the Gulf of Alaska between the years 1989 and 2003, but also decreased significantly in the Gulf of Alaska in 1997.  The increasing trend in the Gulf of Alaska was driven entirely by one region, Shelikof Trough near Kodiak Island, where most (54%) Pacific sleeper sharks were captured.  Increasing trends in area-weighted CPUE of Pacific sleeper sharks in the eastern Bering Sea and Shelikof Trough are consistent with previous analyses of fishery-dependent and fishery-independent data from the northeast Pacific Ocean and with evidence of a climatic regime shift that began in 1976 and 1977.  Whether these increasing trends in CPUE represent an increase in the relative abundance of Pacific sleeper sharks at the population level or just reflect changes in local densities is unknown because of caveats associated with computing the area-weighted CPUE and because of a lack of information on the life history and distribution of Pacific sleeper sharks.

For more information, contact Dean Courtney at (808) 983-5345.

Deep-water Longline Study for Giant Grenadier and Sablefish

In August 2008, ABL used the chartered commercial longline vessel Beauty Bay to conduct a deep-water longline survey feasibility study in the western Gulf of Alaska.  The objective was to investigate the abundance and biological characteristics of giant grenadier and sablefish in deep waters of the Gulf of Alaska that have not been previously sampled in fishery surveys.  Longline and trawl surveys in Alaska both indicate that these two species are by far the most abundant fish at depths 400-1,000 m on the continental slope, but their abundance in deeper water is unknown.  The study consisted of fishing five longline stations on August 6-10 east of Dutch Harbor at depths up to 1,620 m.  However, due to vessel mechanical problems and the difficult fishing conditions encountered at the deep-water stations, total fishing effort in the study was ~40% less than had been planned, and depth coverage was also less than ideal.

The study demonstrated that fishing longlines in deep water can present special problems, and that extra fishing effort may be needed to compensate for these problems.  Because of the limited fishing effort and incomplete depth coverage, results of the study were not conclusive.  However, catch rates of sablefish were extremely low, and those of giant grenadier were relatively high.  This suggests that biomass of sablefish at depths >1,000 m in the western Gulf of Alaska is probably inconsequential, whereas considerable biomass of giant grenadier may exist at these depths.  An unexpected finding of the study was the large abundance of another grenadier species, Pacific grenadier, at some of the deep-water stations.  At one station, Pacific grenadier were caught on 56% of the hooks that were set.

For more information, contact Dave Clausen at (907) 789-6049.

Octopus life history – RACE Groundfish Kodiak/REFM collaboration


Initial stock assessments of octopus within the Gulf of Alaska have revealed that there is little life history information available for this group. RACE biologists at the Kodiak Laboratory in collaboration with REFM biologists in Seattle will initiate a life history study of Giant Pacific Octopus within the fall months.  This study will likely co-occur with gear experimentation studies to examine the feasibility of an octopus fishery. A commercial fisher willing to provide octopus samples within the fall months during the pot cod fishery has been identified.  These samples will be utilized to identify reproductive stages of the octopus to achieve a better understanding of the life history of this species.

For more information, contact Dr. Christina Conrath, (907)481-1732.



b.  Stock Assessment

Shark Bycatch in Alaskan Waters


The shark bycatch assessment chapters from 2008 for the Bering Sea/Aleutian Islands (BSAI) and for Gulf of Alaska (GOA) were updated for 2009 and presented to the North Pacific Fishery Management Council’s Groundfish Plan Teams in November 2008. 


Incidental catch estimates for sharks are now available from the NMFS Alaska Regional Office (AKRO).  Incidental catch for sharks was updated with the most recent AKRO estimates, and incidental catch from the years 1997–2007 was established as a baseline for identifying options for setting future sustainable incidental catch limits for sharks in the BSAI and GOA. Bottom trawl survey biomass data were updated for the 2008 Eastern Bering Sea (EBS) slope and shelf.  Previous survey data were available from NMFS AFSC bottom trawl surveys in the EBS shelf (1979–2008), EBS slope (historical 1979-1991, and new time series 2002, 2004, 2008), and Aleutian Islands (1980–2006).  Previous trawl survey data were available from NMFS AFSC bottom trawl surveys conducted triennially and biennially in the GOA (1984–2007).  


There are currently no directed commercial fisheries for shark species in federally or state managed waters of the BSAI or GOA, and most incidentally captured sharks are not retained.  In the BSAI, average incidental catch of Pacific sleeper sharks from 1997–2007 (414 mt) represented 8.6% of the available Pacific sleeper shark biomass from BSAI bottom trawl surveys in 1996–2007 (total of the average biomass from three surveys was 5,168 mt).  Historically, BSAI survey catches of Pacific sleeper sharks were rare, and abundance trends from the surveys were unreliable as evidenced by the high uncertainty in the biomass estimates.  However, the new EBS slope bottom trawl survey (2002 and 2004) showed a substantial biomass of Pacific sleeper sharks on the EBS slope in 2002 (25,445 mt) but not in 2004 (2,260 mt).  The EBS slope survey was conducted again in 2008.  The EBS shelf survey did not encounter sharks in 2007 or 2008 and the biomass estimates were zero, but the EBS slope survey did encounter sharks in 2008 (2,051 mt).  Spiny dogfish and salmon sharks were rarely encountered in commercial fisheries or bottom trawl surveys in the BSAI.  Therefore, spiny dogfish and salmon sharks were not assessed separately in the BSAI.


In the GOA, average bycatch of spiny dogfish from 1997–2007 (482 mt) represented less than 1% of the available spiny dogfish biomass from GOA bottom trawl surveys in 1996–2007 (average biomass of spiny dogfish in the surveys was 66,771 mt).  The 2001 survey did not include all areas of the Eastern GOA; hence, it may not be comparable with the other surveys for species such as spiny dogfish which appear to be relatively abundant in the Eastern GOA.  Average bycatch of Pacific sleeper sharks from 1997–2007 (304 mt) represented less than 1% of the available Pacific sleeper shark biomass from GOA bottom trawl surveys 1996–2005 (average biomass of Pacific sleeper sharks was 37,821 mt).  Average bycatch of salmon sharks from 1997–2007 (63 mt) was relatively small, and GOA bottom trawl survey biomass estimates for salmon sharks were unreliable because salmon sharks were only caught in four hauls from 1996–2007.

For more information, contact Cindy Tribuzio at (907) 789-6415.
Grenadiers in Alaska


In 2008, an updated complete assessment was done for grenadiers in Alaska and incorporated as an appendix into the North Pacific Fishery Management Council’s (NPFMC) annual Stock Assessment and Fishery Evaluation Report.  The first-ever assessment of grenadiers was done in 2006.  Assessment of grenadiers is needed because of the possible inclusion of grenadiers in the NPFMC’s Groundfish Management Plans and also because of the relatively large numbers of these fish that are taken as bycatch in other directed fisheries.  Presently, grenadiers are not  “specified” (i.e., included) in these management plans.  As a result, fishermen are free to catch as many grenadiers as they want, and there is no official tracking of catch by management.


Giant grenadier (Albatrossia pectoralis) appears to be the only grenadier species to warrant management concern in Alaska at present.  Survey information indicates that giant grenadier is the most abundant fish on the continental slope at depths 400-1,000 m in all surveyed areas of Alaska except the eastern Gulf of Alaska.  As such, it has a significant role in the slope ecosystem and is an important predator in this habitat.  Although there has been little or no directed fishing for giant grenadier in Alaska, substantial numbers are taken as bycatch and discarded in the sablefish and Greenland turbot longline and pot fisheries.  Discard mortality is 100%.  Estimated annual catches of giant grenadier in Alaska based on observer data have ranged between 11,000 mt and 21,000 mt in the years 1997-2008.  By geographic region, these catches averaged 2,901 mt in the eastern Bering Sea (EBS), 2,244 mt in the Aleutian Islands (AI), and 10,789 mt in the Gulf of Alaska (GOA).


In the assessment, data from AFSC bottom trawl and longline surveys were used to compute corresponding biomass estimates of giant grenadier as follows: EBS, 518,778 mt; AI, 979,256 mt; and GOA, 488,414 mt.  The assessment applied an F=M=0.078 approach to these biomass estimates to compute overfishing levels (OFLs) for giant grenadier in each region, and then multiplied the OFLs by 0.75 to compute the following ABCs: EBS, 30,349 mt; AI, 57,286 mt, and GOA, 28,572 mt.  When these values are compared with the estimated catches of giant grenadiers, it appears that giant grenadiers are not being overfished at this time.  However, the reported longevity, slow growth, and deep-sea habitat of this species makes it susceptible to overfishing.  Furthermore, a high proportion of the catch is likely female because mostly female giant grenadier live at the depths where the commercial fishery operates.  Disproportionate removal of females by the fishery could put stocks of giant grenadier at greater risk.  Because of these special concerns for susceptibility of giant grenadier to overharvest, fishery managers should closely monitor future catches to ensure that overfishing does not occur.


The AFSC REFM Division Age and Growth Program aged giant grenadier for first time in 2006-2007 based on otoliths collected during the 2004 and 2006 NMFS longline surveys in the GOA for an age of maturity study.  These ages were used in 2008 as the basis for determining the new mortality estimate of 0.078 that was used in the OFL and ABC computations.  The aging procedure developed by the Age and Growth Program is considered experimental, and a small study was conducted in 2008 based on carbon 14 analysis of the otoliths in an attempt to confirm some of the ages.  This study proved unsuccessful because carbon 14 could not be found in sufficient concentration in the otoliths, and other means of validation will be necessary.

For more information, contact Dave Clausen at (907) 789-6049.

D. Other Related Studies

Nearshore Fish Assemblages in Kachemak Bay, Alaska

Nearshore fishes were sampled in inner and outer Kachemak Bay near Homer, Alaska, in July 2008 to determine distribution and habitat use.  Fish were sampled with a beach seine in three shallow-water (<5 m deep) habitats (bedrock outcrops, kelp, and sand/gravel).  A total of 1,747 fish representing 25 species were captured in 15 seine hauls.  Five species accounted for 82% of the total catch: in decreasing order of abundance, pink salmon (Oncorhynchus gorbuscha), walleye pollock (Theragra chalcogramma), juvenile cottids (Cottidae), saffron cod (Eleginus gracilis), and Pacific sand lance (Ammodytes hexapterus).  Overall percent frequency of occurrence (FO) was 73% for saffron cod, 40% for pink salmon, 20% for walleye pollock, and 13% for both juvenile cottids and Pacific sand lance.  Most fish captured were juveniles; mean length of the five most abundant species was less than 184 mm. Distribution and abundance of saffron cod appears to be increasing in Kachemak Bay: FO in beach seine catches was about 2% in 1976 and 9% in 1995 compared to 73% in 2008. 

For more information, contact Scott Johnson at (907) 789-6063.
Bycatch Studies – Effects of fatigue on swimming in confined space (simulated codend) – RACE FBE Newport

Designing bycatch reduction devices in trawls is not a simple matter of passive filtration of fish.  Fish motivation and ability to swim and orient to escape from nets changes with fatigue, light conditions, size, and species.  When designing bycatch reduction devices for fish, it is important to measure and understand swimming abilities and motivation states.  Walleye pollock and Pacific cod juveniles (1+, 2+, and 3+ year) were tested by swimming for 6 h at 9oC in a circular flume which simulated confinement in a trawl cod end.  The circular flume contained an outer zone of higher current speed and an inner zone of lower current speed (approximately half of the outer zone speed).  Outer zone current speeds ranged from 0 - 42 cm s-1 and fish were able to choose swimming modes and directions in the current gradient.  Fish were also chased with a net for 8 min to a state of fatigue in which they no longer responded to the net (simulating swimming in the mouth of a net and capture).  Fatigued fish were then tested in the circular flume and responses were compared to control fish. Studies are ongoing and preliminary results have shown that current speed, fatigue, fish age, and species can act as factors in swimming behavior.  We are also testing the effects of darkness and cold temperature (3oC) on swimming behavior of control and fatigued fish in the circular flume.

For further information, contact Dr. Allan Stoner,  (541) 867-0165.

RACE Habitat Research Team 

Research by the RACE Division Habitat Research Team (HRT) addresses Congressional mandates to describe and identify essential fish habitat (EFH) of federally managed species in Alaska.  In practice, systematic trawl survey data are used to designate EFH as those areas supporting the highest relative abundance.  This approach assumes that density data reflect habitat utilization, and the degree to which a habitat is utilized is considered to be indicative of habitat quality.  Subsequent characterization of the habitat in these areas requires systematic mapping of the relevant biotic and abiotic variables, and the development of quantitative habitat models.  

The research themes of the HRT include: (1) the identification of suitable predictor variables for building quantitative habitat models, (2) the development of tools for mapping these variables over large areas, and (3) the investigation of activities with potentially adverse effects on EFH, such as bottom trawling.   In FY08, NOAA Corps hydrographer LT John Lomnicky completed his three-year assignment as a Benthic Mapping Specialist, the first such cross-over billet between NOAA hydrography and fisheries.  His replacement, LTjg Meghan McGovern reported in June 2008.  Two papers published in 2008 discussed the benefits of integrated ocean mapping (Lomnicky and McConnaughey, 2008; Lomnicky et al., 2008).  


The main research focus in FY08 was on evaluating acoustic backscatter and benthic infauna characteristics as predictors of groundfish distribution.  Results of a study in 2002 in Bristol Bay to model the relationship between processed side scan sonar backscatter data and groundfish distributions were published (Yeung and McConnaughey 2008).  Results of another study in 1999 in the eastern Bering Sea (EBS) to model the relationship between single-beam echosounder backscatter and groundfish distributions are in press (McConnaughey and Syrjala 2009).  Acoustic data collected in 2006 during the multi-mission hydrographic-fisheries experiment (“FISHPAC”) in the EBS were processed and prepared for analysis.  Processing and analysis of the infauna and sediment grab samples collected during FISHPAC 2006 was completed, and a manuscript detailing the inter-relationship between sediment type, infauna community, and the distribution of groundfish was completed (Yeung et al., in review ).  The second FISHPAC experiment in 2008 was significantly shortened due and the full study was rescheduled for FY09.  

2008 HRT Research Activities

Long-range fisheries sidescan sonar (LRSSS) R&D - The broad scope of the EFH mandate requires a SEQ CHAPTER \h \r 1n efficient process for identifying and mapping habitat.  Although research indicates surficial sediments affect the distribution and abundance of many groundfish species, direct sampling with benthic grabs is prohibitively expensive over large areas.  Similarly, it has been estimated that remote sensing with conventional multibeam echosounders will require over 545 years and $5 billion to acquire data for mapping the U.S. EEZ.  The development of a Long Range Side Scan Sonar (180 kHz) capable of very broad coverage (1.2 km swath) at high tow speeds (7.5 kts with 100% coverage, 12 kts maximum) addresses the need for greater efficiency when mapping and characterizing the seafloor for fisheries and habitat research.  Research and development of the LRSSS and its fiber-optic interface has been progressing since 2004.  A prototype LRSSS was successfully deployed and data were acquired during the 2006 FISHPAC experiment in the southeastern Bering Sea.  The Factory Acceptance Test for the two LRSSS systems was completed in 2008 and a technical review of the results was undertaken.  Some additional field data were acquired in the EBS during an abbreviated 2008 research cruise.  Delivery of the first system is scheduled for 2009.  In addition to side scan sonar, the LRSSS towfish also carries an independent single beam echosounder, an integrated multibeam echosounder, and a triplet of optical scatter sensors that measures the concentration of chlorophyll-a, dissolved organics and total particulates. 

Acoustic backscatter for Essential Fish Habitat characterization (FISHPAC) - The first FISHPAC field experiment was conducted in the EBS in the summer of 2006 aboard the NOAA ship Fairweather
.  The scientific objective of the cruise was to evaluate the utility of acoustic backscatter data for characterizing EFH, while simultaneously comparing the performance of five different sonar systems.  The five systems included two hull-mounted multibeam echosounders on Fairweather (50 kHz, 100 kHz); a high-resolution interferometric side scan sonar (455 kHz), the prototype LRSSS (180 kHz), and a vertical incidence echosounder (38 kHz) mounted on the LRSSS towfish.  Multiple passes were made along 720 nmi of survey tracklines spanning strong gradients of groundfish abundance that are represented in a time series of fixed-station annual trawl survey catches.  Three sampling devices - (1) a Free Fall Cone Penetrometer (FFCPT), (2) a SEABed Observation and Sampling System (SEABOSS), and (3) a Towed Auto-Compensating Optical System (TACOS) - were used at selected stations on the tracklines to groundtruth acoustic backscatter and assemble a mutifaceted understanding of the seafloor.  The performance of each acoustical system will be evaluated based on the degree of statistical correlation between normalized backscatter and fish density.  The benefits and costs of each system will be compared to identify the most appropriate system for broad-scale mapping of the EBS shelf.  Acoustic data are being processed in collaboration with FISHPAC research partners at the University of New Hampshire Center for Coastal and Ocean Mapping and the NOAA Pacific Hydrographic Branch.   Approximately 920 nmi of unique trackline data were acquired using the Fairweather’s two multibeam echosounders. These bathymetry data have been processed and formally submitted for NOAA nautical chart updates.  FFCPT data, TACOS imagery, and SEABOSS imagery have been processed.  Infauna identification and sediment grain size analyses have been completed.  Additional acceptance testing of the LRSSS near Catalina Island and field trials in Puget Sound occurred in 2008.  Some additional field work was also conducted in the EBS in summer 2008.
 Fairweather departed Dutch Harbor on 7 August after reaching minimum staffing level, completing winch repairs, and conducting local gear trials.  Surveying began on 8 August and Fairweather returned to Dutch Harbor on the morning of 10 August.  There were a number of significant accomplishments despite limited sea time.  During pre-cruise testing near Dutch Harbor, the capability to deploy both a side scan sonar and the FFCPT to simultaneously collect seabed backscatter, sound velocity profiles and geotechnical properties of sediment (groundtruth) was demonstrated while underway at 6 kts.  The project also:  (1) collected new Reson 8111 and 8160 survey data along a previously surveyed (2006 FISHPAC) transect to enable interannual comparison of backscatter characteristics; (2) completed multibeam and side scan sonar surveys at active hydrothermal features near the port of Dutch Harbor; (3) collected new infauna samples as part of a continuing project to characterize these communities in the EBS; (4) collected LRSSS reconnaissance data along two cross-shelf transects totaling 220 nmi, at depths of  80-1300 meters; (5) collected continuous dissolved organics (red 370 nm), chlorophyll-a (green 470 nm), and total particulate concentration (blue 660 nm) data from the pelagic environment along the same two cross-shelf transects; (6) acquired hydrographic-quality bathymetry data for updating NOAA nautical charts of an area with outdated or non-existent information; and thus (7) further demonstrated the feasibility of the multi-mission Integrated Ocean and Coastal Mapping (IOCM) concept.  A make-up cruise scheduled for 2009 will acquire habitat and acoustic data north of the 2006 study area as planned for 2008.  Coverage of the entire EBS with the most cost-effective acoustic system is targeted in the future. 

Reconnaissance mapping with side scan sonar - A reconnaissance of Bristol Bay seafloor habitats was undertaken in 2002 using a high-resolution 455 kHz side scan sonar (Klein model 5410).   The reconnaissance effort was centered on an 800 mi2 area of central Bristol Bay that has never been surveyed by NOAA hydrographers.  A 150 m swath of bathymetric data and imagery was collected along survey lines totaling nearly 600 linear miles.  In addition to providing spatial context for the ongoing trawl impact study in Bristol Bay, the survey also intersected 18 RACE Division trawl survey stations and followed 78 mi of seabed previously classified using a QTC View single beam acoustic system.  Imagery was systematically groundtruthed using an underwater video camera and van Veen grab samples.  Acoustic variables from QTC software processing of raw digital backscatter data were used in multiple linear regression to model individual species abundance from bottom-trawl survey data (Yeung and McConnaughey 2008). The acoustic variables were the three Q-values (Q1, Q2, Q3) representing the first three principal components of the data derived from image analysis of backscatter echoes, and a complexity metric (compx) measuring the variance of Q-values in a geographic area.  Habitat models for flathead sole (Hippoglossoides elassodon), Pacific cod (Gadus macrocephalus), walleye pollock (Theragra chalcogramma), red king crab (Paralithodes camtschaticus), basket star (Gorgonocephalus eucnemis), and sponges (Porifera) include acoustic variables as significant predictors.  For these six taxa, full models explained 67-86% of variability in abundance, with 9-54% of that total contributed by the acoustic predictors.  The results suggest that acoustic data could advance habitat research for some bottom-associated marine species.  

Evaluating single beam echosounders for synoptic seabed classification - Nearly 8 million digitized echo returns from the seafloor were simultaneously collected at two frequencies (38 and 120 kHz) along a 9,000 nmi trackline in the EBS during a 1999 hydroacoustic fishery survey on the NOAA ship Miller Freeman (McConnaughey and Syrjala, 200 ).  The acoustic data were processed with QTC algorithms to produce continuous variables, namely the first three principal components (the Q-values Q1, Q2 and Q3).  These results were then merged with 23 years of RACE trawl survey data from the EBS shelf (1982-2004).  Statistical analyses using generalized additive models (GAM) showed significant contributions of the continuous acoustic variables to the best habitat models for eight species of fish and two species of crab:  Alaska plaice (Pleuronectes quadrituberculatus), yellowfin sole (P. asper), flathead sole (Hippoglossoides elassodon), rock sole (Lepidopsetta spp.), arrowtooth flounder (Atheresthes stomias), Pacific halibut (Hippoglossus stenolepis), Pacific cod (Gadus macrocephalus), walleye pollock (Theragra chalcogramma), snow crab (Chionoecetes bairdi), and opilio crab (C. opilio).  The full models explained 28-77% of variability in abundance, with 2-13% of that contributed by the acoustic variables.  These results are similar to, although less compelling than, those from the study using side scan sonar in Bristol Bay (Yeung and McConnaughey, 2008).  Taken together, the studies suggest there are important differences in the relative costs and benefits of different acoustic systems and these should be considered when developing plans for broad-scale (EEZ) seabed mapping.  Collaborative research with QTC has also resulted in a fully-automated objective classification process based on the Q-values, involving a new application of the Bayesian Information Criterion (BIC).  An optimal classification scheme for the EBS shelf has been identified (14 distinct classes of bottom types for 38 kHz data).

Short-term trawling effects and recovery monitoring in the EBS - This ongoing multi-year study is a process-oriented investigation of short-term effects and recovery using a BACI experimental design.  The study area is located within the Crab and Halibut Protection Zone 1 closed area in Bristol Bay.  During a 35-day cruise in 2001, 6 pairs of pre-designated 10-mi long research corridors were sampled before and after a trawling disturbance with commercial gear (NETS 91/140 Aleutian cod combination).  Biological sampling consisted of 15 min research trawls for epifauna (n=72 total) and 0.1 m2 van Veen grab samples for infauna (n=144 total at 2 per epifauna site).   At each infauna sampling site, a second grab sample (n=144 total) was collected for characterizing carbon and nitrogen levels in surficial sediments, as well as grain size properties.  Each of the experimental and control corridors was also surveyed twice using a Klein 5410 side scan sonar system. The corridors were revisited in 2002 to monitor recovery.  There was no commercial trawling event, and a total of 36 epifauna trawls, 72 infauna grabs, 72 sediment grabs, and one side scan survey per corridor were performed in 2002.  Combined, these data quantify recovery in the experimental corridors after one year using corrections for temporal variability measured in the control corridors.  The experimental design for this study will accommodate one additional series of epifauna sampling and multiple years of grab sampling after 2002; the final recovery monitoring event has not been scheduled.   Processing of all 2001 and 2002 samples has been completed and statistical analysis is in progress. Preliminary observations indicate a very diverse epifaunal community (approximately 90 distinct taxa) on very-fine olive-gray sand at 60 m depth.  The seafloor appears to be brushed smooth in the 2001 side scan imagery, probably due to the sizable storm waves and strong tidal currents that regularly disturb the area.  Occasional video deployments on the trawls indicated somewhat greater complexity.  Derelict crab pots are scattered throughout the study area and there is evidence of extensive feeding by walrus (Bornhold et al. 2006
).  The physical effects of trawling were not dramatic probably due to the tightly compacted coarse-sand condition of the seabed, however distinctive patterns were detectable in the post-trawl sidescan surveys that were not present in imagery collected prior to trawling.  Preliminary statistical results for the epifaunal invertebrates also indicate minimal effects of trawling. 

Infauna community for Essential Fish Habitat characterization – The development of habitat models for managed species in the EBS is hampered by a lack of basic environmental and ecological information.  In particular, there is a critical need for studying benthic infauna as a component of essential fish habitat (EFH) and a link in fisheries productivity.  Benthic infauna constitute substantial portions of the diets of many fishes, crustaceans, mollusks, marine mammals and seabirds at various ontogenetic stages.  Since food availability is a strong driving force in habitat selection, the structure of the infauna community can be a useful predictor of favorable habitat for fish/invertebrate predators.  Benthic infauna are also key indicators of biodiversity, as well as a primary group used in monitoring anthropogenic and natural changes in benthic, especially soft-bottom, environments.  The HRT is collaborating with the Resource Ecology and Ecosystem Modeling (REEM) program (Mei-Sun Yang) in the AFSC Resource Ecology and Fisheries Management (REFM) division to study the infauna community in the EBS for EFH characterization.  The initial steps are to describe the spatial patterns of the infauna community and associated habitat characteristics, and to spatially link these variables to groundfish distributions.  Next, functional relationships will be established and incorporated into habitat models for individual groundfish species.  Paired infauna and sediment benthic grab samples were collected at 26 different locations during the 2006 FISHPAC survey; these were the first new observations on EBS polychaetes in nearly three decades (Yeung et al., 200 ). Canonical correspondence analysis indicated that surficial sediment was the most important factor in organizing the polychaete community, over other common environmental variables such as depth and temperature. Co-correspondence analysis of the distributions of the groundfishes and polychaete families did not indicate that predators are associated with specific prey taxa. Instead, prey availability may dictate consumption (or larger sample sizes may be required to demonstrate the predator-prey associations).  Additional grab sampling that was planned for the 2008 FISHPAC survey, extending coverage north of the 2006 survey, will be undertaken in 2009.  During the 2009 RACE summer bottom trawl survey, stomachs from selected flatfish species, such as yellowfin sole (Limanda aspera), will be collected near these grab sampling locations. 

Benthic invertebrate ecology knowledge base - Benthic invertebrates constitute the living component of benthic habitat, functioning as predators, prey, competitors, and shelter for managed species.  They are indicators of environmental conditions and a driving force behind the distribution of managed species.  Recognizing the need for ecological information on benthic invertebrates in the EBS to support habitat and fisheries research, a knowledge base is being compiled, including: (1) a comprehensive guide to the life history and ecology of key epibenthic macro-invertebrates; and (2) a database of EBS infauna from grab samples collected during HRT trawl impact studies and the FISHPAC project.  During FY08, a synopsis of the life history and ecology of the neptunid snails (genus Neptunea) was completed and a literature database was assembled.

For additional information, see http://www.afsc.noaa.gov/RACE/groundfish/hrt/default.php or contact Dr. Bob McConnaughey, (206) 526-4150.

Research Related to Improving Bottom Trawl Surveys

Working Group for Bottom Trawl Survey Improvements (WGBTSI) - Reducing Error in Area Swept Estimates


The Groundfish Assessment Program’s Working Group for Bottom Trawl Survey Improvements (WGBTSI) continues to critically review our bottom trawl surveys and to recommend ways to reduce systematic errors in survey procedures and data analyses.  Work in 2008 focused on improving estimates of distance fished and average net width during survey trawl hauls by improving the smoothing algorithms used to analyze position and net mensuration data.  Using a cubic spline smoother appears to be the most accurate and robust method of smoothing these data.  A report of this research will be released soon.

For additional information please contact Stan Kotwicki, (206) 526-6614.


E.  Other Items

GIS Resources


Data - A new color shaded-relief image of Earth from ETOPO1 Ice Surface, created by NGDC, is downloadable as a georeferenced TIFF or KMZ file from http://www.ngdc.noaa.gov/mgg/global/global.html.  

[image: image7.jpg]



GEBCO_08 Grid. a global 30 arc-second grid was released January 2009.  It is generated by combining quality-controlled ship depth soundings with interpolation between sounding points guided by satellite-derived gravity data.  It is available from http://www.gebco.net/data_and_products/gridded_bathymetry_data/.  The data are made available from this web application in the form of netCDF files and can be used with Generic Mapping Tools (GMT) software system. 

Other Tools 

Satellite Extension

There is now a new version of the Environmental Data Connector (EDC) that is compatible with ArcGIS 9.3.  The EDC uses a Java-based browser to allow users to connect to THREDDS (Thematic Real-time Environmental Distributed Data Services) catalogs. The connector leverages existing components from the Unidata libraries so that users can filter large amounts of data in space and time. The data is then converted to raster or feature classes in ArcGIS and is available for standard GIS analysis and display. The EDC is also provided by ASA as a stand-alone.  It is available from http://www.pfeg.noaa.gov/products/EDC/.  

Ecosystem-Based Management (EBM) tools are software or other highly documented methods that can help implement EBM in coastal and marine environments and their watersheds.  Some tools are designed to be used with a GIS while others are stand alone.  Check out http://www.ebmtools.org/ for more information. 
For more information, contact Jan Benson (206) 526-4183.

APPENDIX I - Alaska Fisheries Science Center Groundfish-Related Publications and Documents In Press – January 2008 through April 2009
(AFSC authors in bold text)


Alaska Fisheries Science Center (AFSC) Peer-Reviewed Journal Reports and Technical Memoranda in 2008 (AFSC authors are in bold). 

Note: Listings of 2008 Groundfish Stock Assessment Reports and AFSC Processed Reports are accessible by following the links provided below to the appropriate AFSC web page.


[This appendix will be compiled and provided later.]
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APPENDIX IV - Auke Bay Laboratory Marine Ecology and Stock Assessment (MESA) Program Staff

Name 



Duties

Phil Rigby


Program Manager


Doris Alcorn


Seafloor Ecology, Outreach


Dave Clausen


Rockfish, Grenadiers, Alaska Groundfish


Dave Csepp


Forage Fish, Hydroacoustics


Jeff Fujioka


Sablefish, Rockfish, Stock Assessment, Effects of Fishing


Dana Hanselman

Sablefish, Rockfish, Stock Assessment


Jon Heifetz


Effects of Fishing, Rockfish, Sablefish, Stock Assessment


John Karinen


Gulf of Alaska Groundfish


Mitch Lorenz


Essential Fish Habitat


Chris Lunsford

Rockfish, Sablefish, Stock Assessment, Longline Survey


Pat Malecha


Groundfish Ecology, Effects of Fishing


Nancy Maloney

Sablefish Tag Database, Longline Survey, and Seamounts


Cara Rodgveller

Sablefish, Rockfish, Longline Survey, Grenadiers


Tom Rutecki


Sablefish, Webmaster


Kalei Shotwell


Groundfish Habitat, Rockfish, Stock Assessment


Robert Stone


Seafloor Ecology, Effects of Fishing, Coral and Sponge Life History


Cindy Tribuzio

Sharks, Stock Assessment

Other ABL Staff Working on Groundfish-related Research


Scott Johnson


Essential Fish Habitat, Forage Fish


John Thedinga


Essential Fish Habitat, Forage Fish


Christine Kondzela

Rockfish Genetics


Sharon Hawkins

Forage Fish Genetics

� See � HYPERLINK "http://www.afsc.noaa.gov/RACE/surveys/cruise_archives/cruises2006/results_FW-FISHPAC2006.pdf" ��http://www.afsc.noaa.gov/RACE/surveys/cruise_archives/cruises2006/results_FW-FISHPAC2006.pdf�


� See � HYPERLINK "http://www.afsc.noaa.gov/RACE/surveys/cruise_archives/cruises2008/FISHPAC%20cruise%20report%202008%20(10-15-08)%20(2).pdf" ��http://www.afsc.noaa.gov/RACE/surveys/cruise_archives/cruises2008/FISHPAC cruise report 2008 (10-15-08) (2).pdf�


� Bornhold, B.D., C.V. Jay, R.A. McConnaughey, G. Rathwell, K. Rhynas and W. Collins.  2006.  Walrus foraging marks on the seafloor in Bristol Bay, Alaska – a reconnaissance survey.  Geo-Marine Letters 25: 293-299.
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