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A. Puget Sound Area Activities

I. Puget Sound Groundfish Monitoring, Research, and Assessment (Contact: Theresa Tsou 360-902-2855, tsoutt@dfw.wa.gov; Wayne Palsson 425-379-2313, palsswap@dfw.wa.gov) Marine Fish Science Unit
Staff of the Puget Sound Marine Fish Science Unit includes Wayne Palsson, Robert Pacunski, Tony Parra, Jim Beam, and Ocean Eveningsong.  Their tasks are primarily supported by supplemental funds from the Washington State Legislature for the recovery of Puget Sound bottomfish populations. Most of the work of the staff is associated with the Puget Sound Assessment and Monitoring Program (PSAMP) and is tasked by the newly formed Puget Sound Partnership. The main activities of the unit include the assessment of bottomfish populations in Puget Sound, the evaluation of bottomfish in marine reserves, and the development of conservation plans for species of interest.  Groundfish in Puget Sound are managed under the auspices of the Puget Sound Groundfish Management Plan (Palsson, et al. 1998).

a. Rockfish Conservation Plan

Twenty-seven species of rockfishes occur in the inland marine waters of Washington, here defined as Puget Sound.  The Washington Department of Fish and Wildlife manages these species and the various commercial and recreational non-tribal fisheries that have either targeted rockfishes or have caught them incidentally to other targeted species.  Rockfishes and other groundfish are managed for non-tribal users under the auspices of the Puget Sound Groundfish Management Plan and are co-managed with the Treaty Tribes of Washington.  We have been developing a technical review on the Biology and Status of Rockfishes in Puget Sound that will serve as a source document for the development of a Conservation Plan for Rockfishes in Puget Sound. We summarized current knowledge of Puget Sound rockfish biology (life history, habitat usage, and ecosystem linkage) and provide an overview of their exploitation history and population status in 2008.  

Because the data sources are poor, we used an adaptation of the American Fisheries Society’s Criteria for Marine Fish Stocks at Risk  (Musick 1999, Musick et al. 2000) and available indices from fisheries dependent and independent surveys.  Because of a lack of complete catch and demographic information, formal stock assessments with retrospective and predictive models could not be conducted. The status of rockfish populations in Puget Sound were evaluated in terms of their vulnerability to extinction and, and where appropriate, populations will be evaluated for their fishery potential and biological reference points.  To achieve this, information on fishery landings trends, species composition trends, and yield per recruit for nine rockfish species from Puget Sound were evaluated for long-term trends.  

Preliminary results indicate that the patterns of stocks status were generally similar between North and South among the 17 species of rockfish that were examined.  Six populations (19%) of the 32 populations present in either North or South Sound were in Healthy Status.  Twelve populations (38%) were in Precautionary status. Only one population in North Sound was in Vulnerable status, and seven populations (22%) were in Depleted status.  Six populations (34%) were in Unknown status with five of these in North Sound.  Copper and quillback rockfishes have been the two most important species in the recreational fishery, and both were both in depleted or vulnerable status in both North and South Puget Sound.  Yelloweye and canary rockfishes are also depleted but were always uncommon in Puget Sound catches but have been overfished in coastal waters.  Five species in North Sound and six species in South Sound were in precautionary status, and these species such as black, yellowtail, and bocaccio have been secondary species of importance in recreational and commercial fisheries.  Black rockfish in the western portion of the Strait of Juan de Fuca are a special exception to the overall precautionary status, perhaps because this area is fed directly by spillover from coastal areas.  Populations of brown rockfish in South Sound are another exception:  This population is healthy but generally not present in the recreational catches.  Other healthy populations include the deepwater redstripe, greenstriped, and shortspine thornyheads, all species that appear to be uncommon or rare in inspected catches.  The status of six populations was unknown with most of these in North Sound.  These species are rare in catches and include tiger, China, Blue, brown, and splitnose rockfishes in North Sound and tiger rockfish in South Sound.  Several species are generally not detected in South Sound including China and blue rockfishes in South Sound.  Vermilion rockfish appear to be invading Puget Sound from coastal waters but their status is Precautionary until more assessment information is developed.

b. Puget Sound Marine Habitat Studies

Wayne Palsson and Robert Pacunski continue to collaborate with Professors Don Gunderson of the University of Washington and Gary Greene of Moss Landing Marine Labs in developing habitat use models for groundfish in Puget Sound. A Washington Sea Grant study was conducted in 2004 and 2005 to examine the distribution of marine fishes in relation to seafloor habitats in the San Juan Archipelago.  Seafloor maps developed from high-resolution multibeam bathymetric and backscatter data was used to design the two surveys. In 2004 we used a Phantom 2+2HD ROV to visually survey the diversity of rocky, coarse, and fine sediment habitats in San Juan Channel.  As expected, rockfish and lingcod were almost exclusively associated with rocky habitats, and we found strong community associations with the major substrate types surveyed.  In 2005, we used the same ROV, focusing solely on rocky habitats to better examine the factors controlling the habitat relationships of rockfish and lingcod in San Juan Channel.  Data from the 2004 have been analyzed and a preliminary manuscript developed for publication in a peer-reviewed publications.  Wayne Palsson and Gary Greene organized and led a session on seafloor mapping at the 2007 Georgia Basin/Puget Sound (GBPS) Research, and Robert Pacunski presented the results of the 2004 survey in that session.  In April 2007, Robert Pacunski gave a presentation at the Habitat Mapping Technology Workshop for Alaska, resulting in a peer-reviewed paper, “Conducting Visual Surveys with a Small ROV in Shallow Water”, that will be published in the workshop proceedings.  Videotape data from the 2005 survey have been reviewed and are in the preliminary stages of analysis.  A draft document for peer-review is expected to be ready by Fall 2008.  

In an effort to adapt a quantitative 3-beam laser scaling system for use on a small ROV, Marine Fish Science staff conducted a weeklong survey in Hood Canal.  Based on habitat maps developed from previous WDFW scuba and drop-camera surveys, the 2007 ROV survey was designed to sample many of the rocky habitats within the canal to evaluate the efficacy of the technique. A total of 57 transects were completed, although several technical difficulties were encountered that limited our ability to complete all of the planned transects.  The collected video data have been reviewed and are awaiting analysis. 

c. Continued investigation of the 2006 Recruitment Event of of Young-of-the-Year Rockfishes in Puget Sound and the Strait of Juan de Fuca 

During 2007, Marine Fish Science staff reoccupied dive sites surveyed in 2006 that documented remarkable settlement of post-larval rockfishes in the inland waters of Washington.  In contrast to the previous year, no YOY rockfish were observed at any site in 2007, although large numbers of now 1+ year-old copper and quillback rockfish were observed on adult habitats adjacent to the nearshore YOY sites.  Larry LeClair presented the results of the 2006 scuba surveys at the 2007 Georgia Basis/Puget Sound Research Conference.  

d. Low Dissolved Oxygen Conditions at Sund Rocks Marine Reserve

Hood Canal is a fjord connected to Puget Sound in the north and extending 100 km to the south.  The steep sides of the canal extend to depths of 180 m in the north and range to depths of over 125 m for most of the water body.  Hood Canal is one of the water bodies identified in the Pew Ocean Commission report as a hypoxic dead zone. Dissolved oxygen (DO) concentrations of less than 2 mg/l have been observed for decades in deep and shallow waters in the southern portion of the canal, and these low concentrations have been attributed to naturally poor circulation resulting from low estuarine flow and bottom water replacement.  In recent years, low DO concentrations have become chronic, extending into nearshore waters and possibly becoming worse due to eutrophication (J. Newton, Hood Canal Dissolved Oxygen Program).  Mass mortality events of fishes and invertebrates (Fish Kills) in 1926 and 1963 likely have resulted from poor water quality.  

Marine Fish Science staff has been conducting regular surveys at the Sund Rock Marine Reserve Site since 2001, with additional surveys conducted when extreme hypoxic conditions arise.  MFS staff continued monitoring at this site in 2007 to detect potential impacts to fish populations inhabiting the local area.  Unlike the previous year, 2007 can be classified as a low-impact year, with no extreme hypoxic events or fish kills reported. MFS staff continued their participation in the Hood Canal Dissolved Oxygen Program as partners and scientists.  Wayne Palsson and MFS staff authored a peer-reviewed paper, “The Effects of Hypoxia on Marine Fish Populations in Southern Hood Canal”, based on the results of scuba surveys conducted at Sund Rocks MR since 2002.  The paper was presented by Wayne Palsson at the 2007 American Fisheries Society Symposium on Mitigating Impacts of Natural Hazards on Fishery Ecosystems and is in press in the American Fisheries Society Symposium series.

e. Second Tacoma Narrows Bridge Mitigation Study

In March 2003, the Washington Department of Transportation (WSDOT) and the Washington Department of Fish and Wildlife (WDFW) established a contract to fulfill part of the terms of the mitigation agreement for the construction of a second bridge at Tacoma Narrows, connecting Tacoma with the Kitsap Peninsula across Puget Sound. The contract establishes that staff from WDFW will conduct sampling to examine the impacts bridge construction activities of the bridge on marine fish communities at the bridge site.  Primary areas of interest include the two caisson and pier sites, the proposed anchor sites, and riprap fields placed at the footings of the existing and new tower piers.  As part of the mitigation requirements associated with the Second Narrows Bridge, a new artificial reef was created at Toliva Shoal in spring 2005 that was designed to test the efficacy of attracting young-of-the-year and juvenile rockfish to the offshore location of the shoal.  The new reef consisted of strips of small, quarried rock placed on or near existing artificial habitat composed of large boulders and concrete deployed for attracting adult rockfish.  The Tacoma Narrows Mitigation Project final report is in preparation, with an expected completion date of April 1, 2008.

Monitoring at the bridge site included scuba surveys in the shallow waters (<100 ft) at planned anchor sites and matched control sites, and a towed video survey at the planned anchor and matched control stations, as well as the riprap fields surrounding the new bridge towers. Pre-construction surveys revealed that most rockfish and lingcod were distributed along old bridge rubble and natural hardpan habitats on the eastern side of the Narrows.  Post-construction data were collected in 2006 and analyzed by finfish taxa to examine changes that may have occurred as a result of bridge construction activities.  Densities of rockfishes, lingcod, sculpins, and surfperches generally declined at control and caisson anchor sites after bridge construction.  In contrast, these taxa remained constant or increased at the east and west caisson sites after construction.  Increased rocky habitats resulting from the placement of riprap fields around the caissons are likely to have influenced these results.  We did not observed any effects of a novel anchoring system to hold the caissons in place during deployment.  In contrast to large concrete anchors used for the original bridge construction, the new anchors were steel, locking anchors that were injected in the seafloor with minimal exposure above the seafloor itself.

Total finfish abundance decreased throughout the Tacoma Narrows over the study period, with large declines observed at both control and anchor (i.e., impact) stations.  These results indicate a general decline in finfish abundance in the Tacoma Narrows that cannot be attributed to bridge construction activities.  Factors potentially influencing our results include the attraction and aggregation of fishes to the caisson sites after bridge construction, recreational harvest of fishes at these sites, and seasonal movements of fishes in the Narrows.
At the Toliva Shoal study site, scuba surveys conducted prior to the installation of the juvenile reef found that most rockfish and lingcod were sparsely distributed on previously existing artificial habitat composed of concrete and large (>1 m) quarried boulders.  Scuba surveys following reef construction found sub-adult (<200 mm) rockfishes occurring in greater densities on the small (<20 cm) quarry rock comprising the new reef than on the existing adult reef.  Overall abundance of rockfish at Toliva Shoal increased significantly at almost all impact and control treatments.  These increases are potentially the result of aggregation as well as recovery of rockfishes resulting from increased protective measures in Puget Sound and the MPA status enacted at Toliva Shoal in 2005.

During 2006, an unprecedented recruitment of young-of-the-year rockfish was observed in the nearshore vegetated habitats of central and southern Puget Sound.  However, no young-of-the year rockfish were observed at the artificial habitats at Toliva Shoal during the initial surveys at this site, although a total of 31 YOY rockfish were later observed in Fall 2006.  Hundreds of YOY copper and quillback rockfish were observed at inshore habitats in close proximity (<2 km) to the newly created juvenile reef at Toliva Shoal, suggesting that offshore habitats are not as important as nearshore habitats for the settlement of larval rockfishes in Puget Sound. Compared to 2006, surveys conducted in 2007 showed little change in the overall abundance of juvenile and adult rockfish at the juvenile and adult reefs, while the presence of YOY rockfish at the site was rare.  Due to the strong current patterns that occur at the Toliva Shoal site, portions of the juvenile reef are being inundated or buried by the coarse sands that are common in the area.  This process is resulting in a loss of habitat at the juvenile reef due to the infilling of interstitial spaces utilized by the juvenile rockfishes inhabiting the reef.  

f. Bottom Trawl Surveys of Puget Sound

Since 1987, WDFW has conducted bottom trawl surveys in Puget Sound that have proven invaluable as a fisheries-independent indicator of population abundance for fishes living on unconsolidated habitats. These surveys have been conducted at irregular intervals since 1987, but more recently have focused on individual sub-basins to improve region specific confidence intervals.  The goals and objectives of the current surveys are to estimate the abundance and describe the distribution of recreational and commercial groundfish and macro-invertebrate species, collect biological information from key species, and evaluate the relationship of abundance and distribution of key species to oceanographic features.  The 2007 survey was divided into two sub-regions, East Strait of Juan de Fuca and West Strait of Juan de Fuca, and included a special study in Discovery Bay.  The survey was conducted using the chartered vessel F.V. Chasina towing a 400 mesh Eastern net fitted with a 3 cm codend liner.  Sampling stations were selected using a stratified random approach based upon four standardized depth zones within each of the sub-regions.  The area sampled at each station was measured using differential GPS positions and known net width openings.  The catch from each trawl station was identified, weighed, and enumerated.  To estimate species densities, the weights and numbers of each species were divided by the area sampled.  Species abundance was estimated multiplying the average station density within each stratum by the stratum area. A total of 98 trawl stations were occupied in the two sub-regions and special study.  Pacific halibut and yearling lingcod were notably common during this survey.

g. Marine Reserve Monitoring : Evaluation of No-Take Refuges for Rocky Habitat Fishes

WDFW has developed a system of 24 fully and partially protected marine reserves in Puget Sound (Figure 2), fourteen of which are significant for groundfish resources.  As the system has expanded, MFSU staff  monitored a core of the marine reserves on a frequent basis and visit other subtidal reserves on a periodic basis.  This monitoring  builds upon field research at many of these sites that was begun as early as 1986.  The field work primarily consists of scuba divers conducting visual censuses along strip transects.  Along with estimating fish density, divers measure individual fish, and in the case of lingcod, quantify nesting activity.

Specific monitoring activities in 2007 included surveying many of the Puget Sound reserves and comparable fished sites.  Several reserves in central Puget Sound were visited six times during 2007 as an extension of a study initiated in 1995 that takes advantage of the previous information collected at Orchard Rocks.  This site was declared as a fully-protected reserve in 1998 but was a fished site monitored in 1986, 1987, and from 1995-1997.  With the addition of a new fished site treatment at Point Glover, the newly created refuge in a formerly monitored fished area is an excellent opportunity to evaluate the before and after impacts of refuge creation with a comparable fished site treatment.  Monitoring was continued at the Zee’s Reef and Colvos Passage in 2002 with six surveys conducted in 2007.  MFS staff conducted scuba surveys at established sites in San Juan channel to examine the nesting success of lingcod in marine reserve and fished areas.  An analysis of the data collected over the past several years shows that lingcod at the marine reserve sites are larger, more abundant, and have higher nesting success than fish at non-reserve (i.e., fished) sites.  

h. Other Activities

Wayne Palsson and Robert Pacunski participated in a 2-day Temperate Reef Symposium held at the University of Washington.  The Symposium gathered many scientists and fishery managers involved with the research and management of fishery resources along the west coast of the United States.  

At the invitation of University of Washington professors Dr. David Duggins and Dr. Ken Siebens, Wayne Palsson and Robert Pacunski assisted with the instruction of undergraduate and graduate students participating in a Subtidal Ecology Internship class at the Friday Harbor Laboratories.  As part of the class field activities, we reoccupied a site at Pt. George in San Juan Channel that had previously been surveyed by Dr. Larry Moulton in the 1970’s and sporadically thereafter by several graduate students at FHL, with the goal of developing a long-term database to be used by successive internship classes for assessing fishing, habitat, and climatic impacts on fishes within the region.  

In response to an effort to examine the practicality of replenishing marine fish stocks, WDFW is entering a partnership with NOAA Fisheries to experimental releases of lingcod stocks in Puget Sound.  Wayne Palsson has been examining the potential impacts to existing lingcod populations that may result from the introduction of hatchery-raised lingcod into Puget Sound.  A joint proposal is in development to fund an intensive field and hatchery study.

Wayne Palsson has been actively involved with the newly created Puget Sound Partnership, working closely with scientists from NOAA and other State agencies to prioritize Partnership activities and establish baselines for conducting ecosystem risk assessments.

On April 10, 2007, NOAA Fisheries received a petition to list distinct population segments (DSP) of five rockfish species in Puget Sound (bocacio, greenstripe, yelloweye, canary, redstripe) as threatened or endangered under the provisions of the ESA.  Citing a lack of sufficient commercial or scientific information, NOAA declined to initiate a review.  On October 29, 2007, the petitioner submitted additional information not included in the original petition.  In light of this new information, coupled with the previously supplied information and data within NOAA’s files, NOAA determined that the new petition presented substantial scientific or commercial indicating that petition actions may be warranted.  As a result of this determination, NOAA scientists have begun requesting relevant information from MFS staff to be incorporated into the Biological Review of the five petitioned species.  

II. Herring Stock Assessment (Contact: Kurt Stick 360 466-4345 ext. 243, stickkcs@dfw.wa.gov)

Annual herring spawning biomass is estimated for known herring populations in Washington waters using spawn deposition and/or acoustic-trawl surveys.  WDFW Region 4 staff based in the Mill Creek and La Conner offices attempts to conduct spawn deposition and/or acoustic-trawl surveys of all adult herring populations in Washington annually.  Stock assessment activities for the 2008 spawning season are in progress.

The herring spawning biomass estimate for all Puget Sound stocks combined in 2007 is 12,274 tons (see table and figure below).  The cumulative total is a considerable decrease from the 2006 total of 17,765 tons and less than the mean cumulative total for 1997-2006 of 14,067 tons.  The combined biomass of south/central Puget Sound (including Hood Canal) stocks also decreased in 2007 compared to 2006, reflecting the total Puget Sound trend.
Cumulative biomass of North Puget Sound stocks has remained at a low level of abundance, primarily due to the continued critical status of the Cherry Point herring stock.  The Cherry Point stock’s spawning biomass in 2007 is 2,169 tons, a small decrease from 2,216 tons in 2006.  This interrupted a gradual increase in this stock’s abundance since a low of 808 tons in 2000.  The Cherry Point stock ranged from 3,100 to nearly 15,000 tons between 1973 and 1995.  The Fidalgo Bay herring stock continued a downward trend since 2001.

Herring spawning activity for the Strait of Juan de Fuca region was very reduced in 2007, with an estimated total of only 76 tons.  This followed a relatively high estimate for the Discovery Bay stock in 2006 of 1,325 tons. 

No spawning activity was observed in 2007 for coastal stocks (Willapa Bay and Grays Harbor).  In general, herring spawning biomass for these areas is relatively small compared to Puget Sound.
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III. Puget Sound Ambient Monitoring Program (PSAMP) (Contact: Sandie O’Neill 360- 902-2843, ONEILSMO@dfw.wa.gov)
The Washington Department of Fish and Wildlife continues to be a key component of the Puget Sound Ambient Monitoring Program Project (PSAMP), a multi-agency effort to assess the health of Puget Sound.    To assess how the health of the Sound is affected by chemical contamination of it’s fish, the PSAMP Fish Component monitors “legacy” pollutants like PCBs and DDTs that persist in the ecosystem despite restrictions in their use, PAHs, which are compounds associated with petroleum and with combustion, heavy metals, and emerging toxics like PBDEs that are used as flame retardants.   

IV. Puget Sound Ecosystem Investigation (Contact: Ray Buckley 360-902-2828, BUCKLRMB@dfw.wa.gov)
a. Trans-generation Marking of Viviparous Marine Fish Larvae in Puget Sound

Investigators at the Washington Department of Fish and Wildlife confirmed, through several years of experimentation and field trials, that an increased body-burden of elemental strontium in gestation rockfishes and surfperches will induce permanent marks the otoliths of viviparous marine fish larvae prior to birth.  Laboratory trials developed the protocols for using intramuscular injection of strontium chloride to produce a mark that is detected as a narrow band of increased strontium/calcium in the otoliths of larvae. This is a unique method for directly estimating retention and dispersion rates of larval marine fishes from local populations.

Field trials were conducted in 2004-2006 at Point Heyer artificial reef, Vashon Island, Washington, with brown rockfish (Sebastes auriculatus).  A total of 139 gestating females were injected and released in situ, and 671 otoliths from injection cohort juveniles have been recovered.  A single marked otolith has thus far been found among the 242 juveniles assayed to date.  The preliminary results of this work are published in:

Buckley, R.M., L.L. LeClair, E.C. Volk and S.L. Schroder. 2007. Preliminary results of trans-generational marking of larval marine fish otoliths. Pages 87-98, In J. Heifetz, J. DiCosimo, A.J. Gharrett, M.S. Love, V.M. O’Connell, and R.D. Stanley (eds.), Biology, assessment, and management of North Pacific rockfishes. Alaska sea Grant, University of Alaska, Fairbanks.

Funding for completing this research was eliminated in 2007.

b. Use of Microsatellite DNA and Pedigree Analysis to Test for Self-recruitment in an Isolated Population of Brown Rockfish in Puget Soun

This collaborative study between the Washington Department of Fish and Wildlife and the University of Washington used genetic markers to identify progeny of resident adult brown rockfish (Sebastes auriculatus) among juveniles sampled at Point Heyer artificial reef, Vashon Island, Washington, for the trans-generational marking field trials (see Trans-generational Marking of Viviparous Marine Fish Larvae in Puget Sound, Washington). Preliminary genetic results using a maximum likelihood estimation approach indicate self-recruitment to be about 15%.  These genetic determinations verified that the juvenile brown rockfish with the strontium marked otolith was from a female injected with strontium chloride. The results of this work are reported in:

Hauser, L., L. Newton, L. LeClair and R. Buckley. 2007. Genetic identification of progeny of reef-resident brown rockfish (Sebastes auriculatus). Pages 99-120, In J. Heifetz, J. DiCosimo, A.J. Gharrett, M.S. Love, V.M. O’Connell, and R.D. Stanley (eds.), Biology, assessment, and management of North Pacific rockfishes. Alaska sea Grant, University of Alaska, Fairbanks.

c. A multidisciplinary approach to estimating larval dispersal rates and distances in Puget Sound brown rockfish (Sebastes auriculatus).
This is a collaborative Washington Sea Grant funded study between the Washington Department of Fish and Wildlife and the University of Washington to determine the dispersal patterns of larval brown rockfish (Sebastes auriculatus) produced by females resident on Point Heyer artificial reef, Vashon Island, Washington. The rockfish production at the reef at Pt Heyer is used to simulate rockfish produced in a Marine Protected Area (MPA) which are used in Puget Sound management to maintain rockfish populations and preserve biodiversity. However, nothing is known about the dispersal of larval rockfish to local and regional habitats. This study brings together the disciplines of oceanographic modeling, genetic determinations and otolith microstructure analyses to determine the dispersal patterns of the 2007 and 2008 cohorts of brown rockfish produced in the south-central Puget Sound basin. 

During August and September 2007, the first phase of this research released three satellite-communicating drifter buoys at Pt Heyer to determine the movement of the top 60 ft. of water during the period when the larval brown rockfish were planktonic, The positions of these drifter buoys were reported every 30 minutes revealing the fine-scale patterns of movement of this water mass for in-put into oceanographic models. 

B. Coastal Area Activities

I. Coastal Groundfish Management (Contact: Heather Reed 360-249-1202, REEDHJR@dfw.wa.gov; and Corey Niles, 360-249-1223, nilescbn@dfw.wa.gov), Intergovernmental Resource Management
a. Council Activities

The Department contributes technical support for coastal groundfish management issues via participation on the Groundfish Management Team (GMT), the Scientific and Statistical Committee (SSC), and the Habitat Steering Group (HSG) of the Pacific Fishery Management Council (PFMC).  The Department is also represented on the Scientific and Statistical Committee and Groundfish Plan Teams of the North Pacific Fishery Management Council.  Landings and fishery management descriptions for PFMC-managed groundfish are summarized annually by the GMT in the Stock Assessment and Fishery Evaluation (SAFE) document.

II. Coastal Groundfish Monitoring, Research, and Assessment (Contact: Theresa Tsou 360-902-2855, TSOUTT@dfw.wa.gov; and Farron Wallace 360-586-6129, WALLAFRW@dfw.wa.gov) Marine Fish Science Unit
a. Black Rockfish Stock Assessment

The Northern portion of the black rockfish (Sebastes melanops) stock found between Cape Falcon, Oregon and the U.S. border with Canada was assessed in 2007. This assessment treats these fish as a separate unit stock. The stock found South of Cape Falcon, Oregon is treated as another unit stock in a different assessment document. 

This portion of the U.S. black rockfish stock was last assessed in 1999 (Wallace et al. 1999) with a population dynamics model constructed with AD model builder software (Fournier1997). 

The current assessment employed Stock synthesis 2 (SS2V2.00c, compiled 3/27/2006) to model the dynamics of this stock. The model was specified to begin in 1915 to ensure population equilibrium at the start of the modeling time period. Catch data were decayed from the last reliable catch estimates (1965) to 0 by 1940. Fisheries catch, size and age compositions were pooled into three fishery types including trawl, sport and non-trawl. The first size-age compositions were collected in the mid 1970’s from the trawl fishery, but samples were not collected on a systematic basis until 1985. Growth (Lmin, Lmax and k) was estimated within the model to account for fishery selection of the larger individual fish at age. The population model was tuned to two fisheries-independent indices that include a tagging CPUE (1986-2007) and a tag abundance biomass index (2000-2007), both derived from WDFW black rockfish tagging information. Both STAT and STAR Panel members agreed that the available fishery dependent indices should not be incorporated due to potential bias resulting from bag limit changes and undocumented measures of fishing effort resulting from changes in search time across the time series.

The estimated current spawning biomass was 1,239 mt and unexploited spawning biomass at 2,321 mt, resulting in a current stock level that is 53.4% of the unfished.  Several models were explored and all indicate that spawning biomass and age 3+ biomass reached the lowest levels in 1995, following poor recruitment and intense fishing in the late 1980’s. Recent increases in biomass are the result of two prominent year classes in 1994 and in 1999. The 1999-year class is estimated to be the largest year class since the beginning of the estimation phase. Most current information suggests that there are no year classes above average since the 1999 recruitment event.
b. Black Rockfish Tagging Study 

In 1998, WDFW began a multi-year mark-recapture survey near Westport Washington, the principal location of recreational landings of black rockfish along the Washington coast. The survey design involves annual releases of coded wire tagged (CWT) fish and recovery of tagged carcasses from the recreational fishery, both of which are currently on going. From 1998 to 2001, WDFW’s R/V Corliss was used to capture, tag and release 2,622, 3,478, 2,779 and 3,200 black rockfish annually. Since 2002, commercial charter vessels have been used, including F/V Hula Girl, F/V Slammer and F/V Tequila Too. A total of 4,089 black rockfish were caught, tagged and released in 2002, 6,744 in 2003, 5,981 in 2004, 3,940 in 2005, 6289 in 2006 and 5780 in 2007. In 2004, passive integrated transponder (PIT) tags were used to reduce the labor needed to read and match recovered tags. In 2005, all tagged fish released were tagged with both CWTs and PIT tags, which will allow estimation of PIT tag loss rates (since CWT loss rates are already known).  Tag detection experiments in 2006 indicated that detection of PIT tags during high volume recovery where fish are in the detectors range for less than a second was less than 60%. CWT tag detection was over 95%.  Due to this, PIT tags have been excluded from tag releases in 2007.

Fish are released on pinnacles distributed throughout the area fished by the Westport charter fishing fleet. Each CWT tagged fish had two tags placed in the opercular musculature; one on each side of each fish’s head. The tags were marked to allow for identification of specific individuals upon subsequent recapture. No tag shedding or tag related mortality was observed during holding experiments during 1998, 1999 and 2003. 
On an annual basis, roughly 40% of the total Westport recreational black rockfish catch is sampled for CWT tags by passing fish carcasses through a metal detector tube (Northwest Marine Technologies R8000). 
c. Cooperative Rockfish Sampling Survey Update
A join rockfish longline survey with the International Halibut Commission (IPHC) was conducted in 2006 and 2007.  There were 25 and 18 rockfish stations added to the existing 27 IPHC survey stations off Washington coast in years 2006 and 2007, respectively.  The locations of rockfish survey stations were selected based on an advanced systematic adaptive sampling framework that utilized historical rockfish catch from the IPHC survey stations, the Pacific Coast Groundfish EFH Mapper program, spot prawn logbook trawling data.  The goals are to reduce the uncertainty of the estimation of catch per unit effort and to resolve the spatial confounding factors affecting the distribution of rockfish species.  The results from the 2-year experiment showed that the adaptive sampling protocols on average reduced 32% of coefficient of variation of the abundance index when compared with the same sampling survey efforts applied with a random sampling design.  Results were presented at the 15th Groundfish conference, 4-8 Feb. Santa Cruz, California, entitled  “Adaptive experimental design for rockfish survey along Washington State coast”. This is collaboration among WDFW IRM, Marine Resource Unit, Science Division, and IPHC staff. 

Table 1. Yelloweye catch summary from 2007 longline survey off Washington coast.
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d. Pilot Acoustic Tagging Yelloweye Rockfish Study
The current assessment (Wallace etal, 2006) treats the yelloweye stock as a single coastwide assemblage that is currently in a “Overfished Status”.  The affinity for hard bottom of this fish suggests that they may form stable local populations that, when recognized, could be treated as independent stocks, however, there is no current published information to verify this assumption.  The overall goal of this project is to learn more about this species in its natural environment by identifying activity patterns and trends.  Managers have little data with which to prioritize protection actions or for monitoring/assessment efforts information.  Information gained from this and future projects be used to formulate conservation strategies that are most likely to be effective and efficient in reducing incidental mortalities of Yelloweye rockfish.

This study is designed to assess current technology and our capability to acoustic tag Yelloweye rockfish to quantify the residency and movements of Yelloweye rockfish (Sebastes ruberrimus).

Specifically, the objectives of this project are:

(1) Test current acoustic technology and assess our capability to tag and release Yelloweye rockfish.

(2)Quantify residence time of a small sample of Yelloweye rockfish;

(3) Describe their movement patterns among selected sites in rocky shelf zone;

(4) Test the application of recent advances in acoustic telemetry for the study of essential fish habitat;

(5) Incorporate information into a possibly larger study to better understand residency and movement in a larger geographic scale; and 

(6) Provide recommendations to Management on the efficacy of current conservation strategies that will benefit Yelloweye rockfish.

The project relies on a combination of acoustic tagging of Yelloweye rockfish, deployment of acoustic receiving stations and tracking with mobile hydrophones.  Study location is off the central Washington coast (15 miles due west of Westport, Washington) in area known by local fishers to have high abundance of Yelloweye rockfish in depths of 70-100 meters.  We have focused our efforts on two locations approximately 4 square kilometers in diameter.  Acoustic tags were surgically implanted following similar procedures to those successfully used by Starr et al. (2004, 2005) on lingcod in southeast Alaska.  This pilot project was limited to our current inventory of 8 acoustic tags and 5 receivers.  The receivers were deployed in an array and moored approximately 1-2 m above the seafloor. Fish were tagged and immediately lowered back to depth and released in the catch area located in the central part of the acoustic hydrophone array.  Tags are designed for continuous operation over one year in which time the study will conclude and all moorings will be removed or additional specimens will be tagged and released.

Acoustic receiving station data has been recovered periodically over the last 6 months of deployment.    Preliminary data analysis suggests that all of the fish tagged and released survived the tagging and decompression process.  One fish has shown significant vertical migration over a relatively short time period (hours) before traveling outside receiver range and then returning 10 days later dropping in from the surface (Figure 1).  This study will be expanded in summer 2008 to include an additional 30 fish and 14 receiving stations.  We are also working with VEMCO Division AMIRIX Systems Inc personnel to test receiving stations that would provide telemetry information to track precise location and movement over time.


Figure 1. Diurnal patterns of movement from Yelloweye rockfish 950.
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		1973																																								14998		73																						12971

		1974																																								13963		74																				1900		9513

		1975		298						887								279																109						772		10337		75		11218				1464				0				12682						1901		6493

		1976		2138				1357		447		492		279		1142		495		697		47						126		478				77		10		157		321		11844		76		12409				6954				744				20107				8263		1902		9589
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		1984						1386		1293						2685				3144		31				1555						742		160						772		5901		84		7575		6673		6919		6919		3175		3144		17669		16736		11768		1910		5901

		1985						667		1415						2387				1447		18				1321		914				761		78						2325		5760		85		8924		8085		6704		5790		1465		1447		17093		15322		11333		1911		5760
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		1991		943				580		722		357		204		2259		613		925						245						1079				60		298		2061		4624		91		8122		6685		5923		3806		925		925		14970		11416		10346		1917		4362
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																																												2001-02 mean		4013				13104				255				17372						1930

																																												2003-04 mean		3386				9864				263				13512						1931
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Puget Sound Herring Cumulative Biomass by Region, 1976-2007
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Total other WA stocks

Cherry Point

Year

Spawning Biomass (tons)

PUGET SOUND HERRING SPAWNING BIOMASS
CHERRY POINT vs. REST OF WASHINGTON, 1976-2006



		ALL LANDINGS ARE IN SHORT TONS (2000 LBS/TON)

		YEAR				sum		SportBait		Gen Purp		Sac Roe		SOK		CP COMBINED		CODE 422

		1935		69

		1936		454

		1937		438

		1938		508

		1939		142

		1940		462

		1941		147

		1942		36

		1943		394

		1944		303

		1945		269

		1946		227

		1947		597

		1948		242

		1949		420

		1950		194

		1951		273

		1952		359

		1953		283

		1954		133

		1955		230

		1956		266

		1957		549

		1958		4152

		1959		2768

		1960		2052

		1961		1801

		1962		3184

		1963		3486

		1964		1980

		65		4173		4173		312		3861		0		0

		66		2257		2257		307		1950		0		0

		67		3224		3224		327		2897		0		0

		68		3224		3224		484		2740		0		0

		69		4148		4148		479		3669		0		0

		70		2209		2209		530		1679		0		0

		71		1893		1893		429		1464		0		0

		72		1771		1771		559		1047		165		0

		73		3450		3450		629		794		2027		0		2027

		74		6070		6070		622		998		4450		0		4450

		75		7171		7171		1223		2104		3844		0		3844

		76		3045		3045		730		60		2255		0		2255

		77		3115		3115		711		108		2296		0		2296

		78		3030		3030		625		270		2135		0		2135

		79		3592		3592		979		698		1915		0		1915

		80		3513		3513		846		1080		1587		0		1587

		81		1531		1531		677		854		0		0		0

		82		1314		1314		576		300		438		0		438

		83		872		872		664		208		0		0		0

		84		576		576		426		150		0		0		0

		85		466		466		466		0		0		0		0

		86		602		602		602		0		0		0		0

		87		628		628		499		0		98		31		129

		88		1027		1027		901		0		5		121		126

		89		961		961		704		0		38		219		257

		90		1076		1076		781		0		17		278		295

		91		1003		1003		741		0		24		238		262

		92		968		968		778		0		13		177		190								Bait fishery				Harvest %

		93		938		938		635		0		23		280		303				south-central biomass				harvest		Harvest %		if 1 1/2 yr olds

		94		799		799		460		0		22		317		339				5575		558		460		8%

		95		793		793		460		0		26		307		333				8250		825		460		6%		8.3%

		96		590		590		458		0		6		126		132				6172		617		458		7%		5.6%

		97		399		399		399		0		0		0		0		41		6579		658		399		6%		6.5%

		98		361		361		361		0		0		0		0		15		6796		680		361		5%		5.5%

		99		385		385		385		0		0		0		0				10808		1081		385		4%		5.7%

		00		265		265		265		0		0		0		0				9856		986		265		3%		2.5%

		01						395		2		0		0		0		0		12758		1276		395		3%		4.0%

		02						592		7		0		0		0		0		13450		1345		592		4%		4.6%

		03						462		0		0		0		0				11114		1111		462		4%		3.4%

		04						361		0		0		0		0				8613		861		361		4%		3.2%

		05						397		0		0		0		0				7918		792		397		5%		4.6%

		06						222		0		0		0		0				11927		1193		222		2%		2.8%

		07								0		0		0		0				8365		837		415		5%		3.5%
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		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Landings

Maximum harvest target rate

YEAR

TONS

Puget Sound Herring Sport Bait Fishery Landings, 1965-2006
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LANDINGS BY FISHERY TYPE, 1965-2005
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Sport Bait

Reduction

Sac Roe

SOK
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PUGET SOUND HERRING FISHERIES
LANDINGS BY FISHERY TYPE, 1967-2006



		PUGET SOUND HERRING SPAWNER BIOMASS ESTIMATES FROM SPAWN DEPOSITION (OR A/T) SURVEYS																																																																		MEAN

		YEAR		SQUAXIN		HALE PASS		QM		PO-PM		S HOOD		QUILCENE		PG		KILISUT		DISCO		SEQUIM		DUNG		PT. S		HOLMES		SKAGIT		FIDALGO		SAM/PORT		INT.SJ		NWSJ		SEMIAHMOO		CHERRY PT				NSOUND		SO/CEN		STRAITS		TOT														CHERRY PT		NON-CP

																																														CUM.		CUM.		CUM.		CUM.				CATCH		ESC		MORT		PRED		SURV		MORT		MORT

		75		298						887								279																109						772		10337				11218		1464		0		12682				7171		5511

		76		2138				1357		447		492		279		1142		495		697		47						126		478				77		10		157		321		11844				12409		6954		744		20107		67.3%		3045		17062		0.265		4521.43		12541		0.265

		77		20				1413		1348		444		232		2525				1488		94						135		227				32		18		29		634		11097				11810		6344		1582		19736		82.2%		3115		16621		0.228		3789.588		12831		0.228

		78		58				1860						14		1984		254		1305		10																				10973				10973		4170		1315		16458		116.9%		3030		13428		0.193		2591.604		10836		0.193

		79		137				1941		1255						1790				882														333								9957				10290		5123		882		16295		73.4%		3592		12703		0.385		4890.655		7812		0.385

		80		683				1930		2133						2309		477		3220		335		43				78		453		276		1008								9329				10613		8063		3598		22274		46.7%		3513		18761		0.401		7523.161		11238		0.401

		81		772				1777		891						1753		324		3070												456								1008		6219				7683		5517		3070		16270		19.1%		1531		14739		0.544		8018.016		6721		0.544

		82						1778		1214		177				1463				2356						1391		78				182		310						1389		5342				7223		6101		2356		15680		0.0%		1314		14366		0		0		14366		0

		83						909		1651						2407				2578				197		1398						640		159						874		8063				9736		6365		2775		18876		9.4%		872		18004		0.514		9254.056		8750		0.514

		84						1386		1293						2685				3144		31				1555						742		160						772		5901				7575		6919		3175		17669		5.8%		576		17093		0.579		9896.847		7196		0.579

		85						667		1415						2387				1447		18				1321		914				761		78						2325		5760				8924		6704		1465		17093		4.0%		466		16627		0.702		11672.154		4955		0.702

		86						1181		1926						2050				1566				234		934						731		79						1464		5671				7945		6091		1800		15836		5.3%		602		15234		0.747		11379.798		3854		0.747

		87						924		2538				68		2046				1593						1216				1552		887						400				3108				4395		8344		1593		14332		7.2%		628		13704		0.6375		8736.3		4968		0.396		0.879

		88						750		1705						1390				853						570				1340		89								1965		4428				6482		5755		853		13090		13.7%		1027		12063		0.6195		7473.0285		4590		0.726		0.584

		89						898		1739						2395				1225						345		693						58		541				1701		4003				6303		6070		1225		13598		13.0%		961		12637		0.58325		7370.53025		5266		0.442		0.6303333333				0.623

		90		566				681		1795						2969		364		855						291		380								391		218		1930		4998				7537		7046		855		15438		11.5%		1076		14362		0.6534		9384.1308		4978		0.491		0.694

		91		943				580		722		357		204		2259		613		925						245						1079				60		298		2061		4624				8122		5923		925		14970		10.9%		1003		13967		0.6566		9170.7322		4796		0.621		0.6655				0.7134666167

		92		771				518		314		144		97		2270				727						545						1399		262		17				1501		4009				7188		4659		727		12574		9.8%		968		11606		0.848		9841.888		1764		0.728		0.878

		93		566				1075		304						1521		538		737		11				1693						1417		198		472				1902		4894				8883		5697		748		15328		13.6%		938		14390		0.4804		6912.956		7477		0.679		0.43075

		94		225				1412		424						2857		292		375		0				365						1207		459						1389		6324				9379		5575		375		15329		7.3%		799		14530		0.7515		10919.295		3611		0.699		0.769				0.6890769231

		95		157				2001		863				817		3158				261				287		363				891		1173		194						1245		4105				6717		8250		548		15515		6.9%		793		14722		0.7765714286		11432.6845714286		3289		0.529		0.8178333333

		96		374				805		806		239		328		2058		380		747		0		180		110		336		736		590		636		277		53		1219		3095				5870		6172		927		12969		5.9%		590		12379		0.8115		10045.5585		2333		0.745		0.8166153846

		97		149				1402		360		226		465		1419		307		199		0		158		828		530		893		929		509		30		79		621		1574				3742		6579		357		10678		6.1%		399		10279		0.6380		6558.002		3721		0.835		0.6201

		98		68				947		489		101		1152		971		311		0		0		112		2084		464		209		844		643				107		919		1322				3835		6796		112		10743		4.2%		361		10382		0.8198333333		8512		1870		0.793		0.8252

		99		474				1257		2006		516		2464		1664		802		307		0		352		545		175		905		1005		555		197				868		1266				3891		10808		659		15358		3.0%		385		14973		0.8688333333		13009		1964		0.856		0.8714

		00		371		142		743		1756		140		2426		2459		107		159		0		138		785		281		649		737		196		128		90		926		808				2885		9859		297		13041		3.2%		265		12776		0.6580		8407		4369		0.436		0.6827

		01		1597		133		1320		2007		187		2091		1779		612		137		6		87		587		275		2170		944		470		219		62		1098		1241				4034		12758		230		17022		3.6%		395		16627		0.6621818182		11010		5617		0.776		0.6508

		02		3150		106		416		878		166		2585		1812		774		148		0		131		775		573		2215		865		496		158		131		1012		1330				3992		13450		279		17721		5.6%		592		17129		0.6205		10629		6500		0.77		0.5991428571

		03		2201		152		930		1085		207		916		1064		448		207		0		44		450		678		2983		569		299		72		13		1087		1611				3651		11114		251		15016		5.3%		462		14554		0.5986666667		8713		5841		0.019		0.7146

		04		828		52		727		700		176		2342		1257		184		252		0		22		429		673		1245		339		351		67		0		629		1734				3120		8613		274		12007		5.0%		361		11646		0.6163333333		7178		4468		0.802		0.5792

		05		436		67		756		1958		210		1125		1372		170		33		0		0		157		498		1169		231		218		41		0		870		2010				3370		7918		33		11321		4.8%		397		10924		0.7552		8250		2674		0.942		0.7085

		06		755		27		987		2112		244		2530		774		54		1325		0		0		321		1297		2826		323		412		285		0		1277		2216				4513		11927		1325		17765		1.7%		222		17543		0.7355		12903		4640		0.691		0.7503333333

		07		557		35		441		1589		70		2372		826		24		42		0		34		643		572		1236		159		348		33		0		1124		2169				3833		8365		76		12274		0.0%
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Natural and Fishery Mortality of Puget Sound Herring Stocks, 1976-2006
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		WASHINGTON HERRING RECRUITMENT ESTIMATES (TONS)

		YEAR		SQUAXIN		HALE PASS		QM		PO-PM		S HOOD		QUILCENE		PTGAMBLE		KILISUT		DISCO		SEQUIM		DUNG		PT SUS		HOLMES		SKAGIT		FIDALGO		SAM/PORT		INT.SJ		NWSJ		SEMIAHMOO		CHERRY PT

		1973

		1974																																								1715

		1975																																								1910

		1976																																								1159

		1977																																								3008

		1978																																								3537

		1979																																								1129

		1980																																								3675

		1981																																								397

		1982																																								2043

		1983																																								1385

		1984																																								1001

		1985																																								2928

		1986																																								3295

		1987																																								1155

		1988														980																										2080

		1989								853						1567																								978		2497

		1990								1123						811																								1573		1901

		1991		839						339						655																								860		1141

		1992		0						223						1569																								636		1991

		1993								256						1225																1206								1554		3434

		1994								104						327																590								676		4076

		1995								708						2402																882		66								1204

		1996		315				757		517						947										75				736		273		487								772

		1997		141				438		325						1250		0								670		328		892		800		452		30				465		645

		1998		25				0		439						346		170								1276		141		31		680		419						731		984

		1999		442				1200		1809						1429		792																								890

		2000		360				562		1139						1916		107																								559

		2001		1120		101		1224		1770						1526		393								557				1309		500										680

		2002		1301		57		213		648						1133		629								72				1212		737		283								974

		2003		1159				655		673																374				2517		49		20								998

		2004		425				136		398																154				692												22

		2005		29				534		1176								120												462												1784

		2006		433				846		1647																				2275												2029

		2007		260						1089																				556												1515
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		Station ID		Catch		Skates		Fish/skate

		1061		1		5		0.2

		1081		18		5		3.6

		1082		13		5		2.6

		1083		1		5		0.2

		1514		18		3		6.0

		1515		18		3		6.0

		1516		6		3		2.0

		1528		42		3		14.0

		1529		63		3		21.0

		1530		5		3		1.7

		1531		125		3		41.7

		1533		33		3		11.0

		1534		12		3		4.0
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