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Review of WDFW Groundfish Research, Assessment, and Management Activities in 2008
A. Puget Sound Area Activities

1. 
Puget Sound Groundfish Monitoring, Research, and Assessment (Contact: Wayne Palsson 425-379-2313,Wayne.Palsson@dfw.wa.gov) Marine Fish Science Unit

Staff of the Puget Sound Marine Fish Science (MFS) Unit includes Wayne Palsson, Robert Pacunski, Tony Parra, and Jim Beam. In addition, Courtney Adkins and Pete Sergeef work as MFS employees during the spring 2008 bottom trawl survey.  Unit 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 through 2007.

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.  The majority of rockfish stocks or populations in Puget Sound were in the Precautionary condition, but several species once important to recreational fisheries in Vulnerable or Depleted status.  The patterns of stocks status were generally similar between the two regions for the 17 species of rockfish examined.  Seven (19%) of the 32 populations present in either North or South Sound were in Healthy status.  Eighteen populations (56%) were in Precautionary status, while two populations (6%) were in Vulnerable status, and five populations (16%) were in Depleted status.  Many of the Precautionary ratings reflected a lack of information regarding the population.

Stock condition is related to the frequency of that species in the recreational catch with more common species being in poor condition and smaller and deeper species, which are seldom caught, being in the healthiest conditions.  Copper and quillback rockfishes have been the two most important species in the recreational fishery and have three of four stocks in Vulnerable or Depleted condition.  Yelloweye and canary rockfishes, once infrequently fished in Puget Sound, are in Depleted condition.  Six species in North Sound and seven species in South Sound are in Precautionary status.  These species, such as black, yellowtail, splitnose, 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, were an exception to the overall Precautionary status, perhaps because this area is likely benefiting from the spillover of black rockfish 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 status populations include the deepwater redstripe rockfish, greenstriped rockfish, Puget Sound rockfish in South Sound, and shortspine thornyhead, all species that appear to be uncommon or rare in inspected catches.  Many species in Precautionary status are classified in this condition because of a lack of any stock evaluation information.   These species are often rare in catches or in surveys 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 obtained.

b. ESA Petition for Five Deep-water Rockfishes

In 2007, NOAA Fisheries received a petition to list yelloweye, canary, bocaccio, redstripe, and greenstriped rockfishes under the Endangered Species Act.  NOAA accepted this petition and formed a Biological Review Team to evaluate distinct population segments and the risks of extinction.  MSU staff provided technical consultations and data to the team.  A listing decision is expected in spring 2009.

c. ROV Studies

In 2007, the Washington Department of Fish and Wildlife (WDFW) partnered with the Washington Department of Natural Resources (WDNR) to purchase a Seaeye Falcon remotely operated vehicle (ROV). Robert Pacunski serves as the chief pilot for the ROV, and Lisa Hillier (Shellfish Unit) serves as the WDFW point-of-contact and backup pilot for the vehicle. In 2008 the ROV was used to conduct several studies in support of Puget Sound and Coastal MFS projects.  

Investigation of seafloor mounds in Hood Canal

In September 2008, Robert Pacunski, Jim Beam and Lisa Hillier participated in a joint investigation with WDNR geologists to investigate the composition of two recently identified seafloor mounds in southern Hood Canal. Three transects were conducted with the ROV: one on each mound, and one along a rocky wall near DeWatto. The video data collected during the operation confirmed that the mounds were neither drumlins (hills of glacial drift) nor natural gas seeps as had been previously hypothesized.  Instead, WDNR geologists concluded that the mounds are likely landslide deposits, based on the color, texture and coarseness of the associated substrates. While not directly intended as a fish survey, valuable video data was collected on greenstriped and splitnose rockfish that were found inhabiting one of the mounds. Because these fish were observed in an area that cannot be easily surveyed by traditional assessment methods (i.e., trawls), valuable insight was gained into the distribution and habitat use of these species in Hood Canal, which will be used to plan future assessment surveys using the ROV. Results of this investigation were presented in a poster at the 81st Annual Meeting of the Northwest Scientific Association.  

San Juan Archipelago ROV survey

From 29 September to 26 November 2008, the MFS staff conducted an ROV survey of the rocky habitats within the San Juan Archipelago (SJA). The survey was designed using available high-resolution (1-5 m2) geomorphic habitat maps developed by Dr. Gary Greene and his graduate students at the UCSB Moss Landing Marine Laboratories.  These maps and some previous survey results provided a sampling frame of rocky habitats in the San Juan Islands.  The survey area was stratified by depth along the 20-fathom contour to allow for comparisons to earlier drop-camera surveys of the region. A total of 207 transects were completed, ranging in depth from the surface to 250 m (820 ft), with an average length of 320 m.  The most common species observed were kelp greenling, copper rockfish, quillback rockfish, Puget Sound rockfish, lingcod, and juvenile gadids. Other species observed with the ROV were yelloweye rockfish, greenstriped rockfish, tiger rockfish, black rockfish, yellowtail rockfish, and brown rockfish. Approximately 50 hours of videotape were collected during the survey. Review and analysis of the videotapes is expected to begin in early April 2009. Results of the SJA survey will be used to estimate the population abundance of the most common species and to improve the habitat characterization techniques used by the geologists.  

i. Recent Publications:

Pacunski, R.E., W.A. Palsson, H.G. Greene, and D.R. Gunderson.  2008.  Conducting visual surveys with a small ROV in shallow water.  Pages 109-128 in Marine Habitat Mapping Technology for Alaska, J.R. Reynolds and H.G. Greene, eds. Alaska Sea Grant Program, AK-SG-08-03.  282 p.

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

During 2008, MFS staff reoccupied dive sites surveyed in 2006 that documented a remarkable settlement of post-larval, young-of-the-year (YOY) rockfishes in the inland waters of Washington.  As in 2007, divers observed very few YOY rockfish at the eighteen index sites in Central and Southern Puget Sound in 2008.   Large numbers of now 2+ year-old copper and quillback rockfish were observed on adult habitats adjacent to several of the nearshore YOY sites.  Also in 2008, MFS staff observed what appears to be an immigration of 2+ year- old black rockfish to several dive sites in Puget Sound and the San Juan Islands. MFS staff hypothesize that these fish are emigrating from waters along the Washington coast and western Strait of Juan de Fuca where large numbers of juvenile pelagic rockfishes were observed during the 2006 recruitment event.  Divers also documented a recruitment of copper and quillback rockfishes in 2008 in Hood Canal where few have been observed during the past nine years of surveys.

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. Between 2002 and 2006, low DO concentrations have become chronic, extending into nearshore waters and possibly becoming worse due to eutrophication.  Mass mortality events of fishes and invertebrates (Fish Kills) in 1926 and 1963 likely have resulted from poor water quality in this fjord naturally prone to hypoxia.  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. Monitoring at this site by MFS staff continued in 2008 to detect potential impacts to fish populations inhabiting the local area. Similar to 2007, no extreme hypoxic events or fish kills were reported, thus 2008 can be classified as a low-impact year. MFS staff continued their participation in the Hood Canal Dissolved Oxygen Program as partners and scientists. 

Recent Publications

Palsson, W.A., R.E. Pacunski, T.R. Parra, and J. Beam.  2008.  The effects of hypoxia on marine fish populations in southern Hood Canal, Washington. Pages 255-280 in Mitigating Natural Disasters in Fisheries Ecosystems, K.D. McLaughlin, ed.  American Fisheries Society, Symposium 64, Bethesda, Maryland. 446 p.

e. 
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 and at different scales since 1987.  Early surveys between 1987 and 1991 were synoptic surveys of the entire Puget Sound, later were stratified, random surveys focusing on individual sub-basins, and beginning in 2008 became synoptic again with stations at fixed sites.  

From 12 May through 13th June 2008, WDFW conducted a bottom trawl survey to assess the abundance of groundfishes in the inland marine waters of Washington (Puget Sound).  The survey area was divided into Puget Sound’s oceanographic basins including the Eastern and Western Strait of Juan de Fuca, San Juan Archipelago, Strait of Georgia, Whidbey Basin, Central Puget Sound, Southern Puget Sound, and Hood Canal.  The goal of the survey was to detect long-term changes in abundance of fishes living on or near the bottom and to characterize the structure of the fish communities.  The specific objectives of this survey were to estimate the relative abundance, species composition, and biological characteristics of groundfish species at pre-selected, permanent index stations.  Key species of interest include Pacific cod, walleye pollock, Pacific whiting, English sole, spiny dogfish, and skates, but all species of fishes and invertebrates will be identified and recorded. 

The survey design was different from previous departmental surveys and focused on permanent index stations in all basins and Puget Sound Partnership Action Areas.  This new design will be used in the future to assess changes in the relative abundance of key groundfish species because reoccupying fixed stations will minimize the variation in sea floor and habitat and provide more powerful inter-annual comparisons.  Previous designs targeted sampling several basins per year, rotating basins among years, and selecting stations at random within depth zones.  This previous design was best used to estimate the total biomass of fish within a region.  For the new survey design, we divided each oceanographic basin into two geographic components (north and south or east and west) for representative coverage.  We selected previously trawled stations within each component area from pre-existing depth zones such that one station would be occupied between depths of 30 to 240 feet, from 240 to 360 feet, and greater than 360 feet.  Two replicate trawl samples were collected at each stations and were spaced several hundred meters apart to be close to each other but not directly over the first trawl location.  Because the logistics and scheduling were unknown, we planned to occupy between 32 and 51 index stations among eight oceanographic basins, two geographic component areas, and three depth zones (8 x 2 x 3).  An additional set of three stations was planned for the central portion of Central Puget Sound to better represent this elongate basin.  

While WDWF adopted a new survey design, the trawling procedure of the survey was similar to previous WDFW trawl surveys (Palsson et al. 2002, 2003).  The 58-foot F.V. Chasina was the chartered sampling vessel, and it was equipped with an agency-owned 400-mesh Eastern bottom trawl fitted with a 1.25 inch codend liner.  The net was towed at each station for a distance of 0.40 nautical miles at a speed of 1-3 knots, and the tows lasted approximately 12 minutes.  Net openings ranged from 8 to 14 m depending upon depth and the amount of cable towing the net.  The resulting catch was identified to species, weighed and enumerated, and most of the catch was returned to the sea.  The density of fish at each station was determined by dividing the catch numbers or weight by the area sampled by the net.  Some of the catch was taken for biological samples that were sampled on deck or preserved laboratory analysis.  

During the 20 survey days, we occupied 46 stations and conducted 92 bottom trawls (Figure 1).  Due to equipment problems, we only occupied three stations in the Whidbey Basin, and timing only allowed us to occupy one of the three central stations in Central Puget Sound.

We captured a total of 28,458 kg (63,000 lbs) of fish and invertebrates representing 200 species of fish and invertebrates.  There were 92 recorded fish species that amassed 18,100 kg (40,000 lbs).  Of the fishes, spotted ratfish accounted for 63% of the sampled weight, flatfishes 19%, and dogfish 6.5%.  Two trawl samples on the last day of the cruise totaled 4,508 kg of ratfish and 559 kg of dogfish and together accounted for 28% of the entire catch of the survey.  Dogfish were otherwise not very common.  Dungeness crab comprised 34% of the sampled invertebrate catch with sea anemones comprising 15% of the invertebrate catch.  We also collected information on marine debris collected by the trawl.  

Among the biological data collected during the course of the survey, 11,484 fish were measured representing 41 species.  Ageing structures and fin clips were taken from over 600 specimens including 252 Pacific hake, 200 rockfishes, 97 starry flounder, 14 lingcod, and 28 walleye pollock.  Data were entered into computers in the field and error checked in the laboratory. 

The survey offered the opportunity for collaborative science and participation from co-managers.  We collected fin clips for genetic analysis from Pacific sanddab for a California researcher examining the population structure of that species along the west coast.  We collected fish samples for several contaminant studies for harbor porpoises and seals.  Voucher specimens of fishes were collected and sent to the University of Washington Fish Collection including a rare record of Pacific viperfish from the Strait of Juan de Fuca.  We hosted a groundfish biologist and tribal fisher from the Makah Nation during one afternoon.

f. 
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, fourteen of which are significant for groundfish resources. As the system has expanded, MFS staff regularly monitors a core of the marine reserve sites on a frequent basis and visit other subtidal reserves on a periodic basis. This monitoring effort builds upon field research at many of these sites that was begun as early as 1986. The fieldwork consists primarily of scuba divers using standardized techniques to conduct visual censuses along a fixed strip transect at central Puget Sound sites or of the site “footprint” at south Puget Sound sites. Along with estimating fish density, divers measure individual fish, and in the case of lingcod, quantify nesting activity. Specific monitoring activities in 2008 included surveying a number of the Puget Sound reserves and comparable fished sites. Several reserves in central Puget Sound were visited six times during 2008 as an extension of a study initiated in 1995 that takes advantage of previous information collected at Orchard Rocks. Prior to 1998 when Orchard Rocks was declared a fully protected reserve, MFS staff conducted monitoring in 1986, 1987, and from 1995-1997. With the addition of a new fished-site treatment located 1 nm across the channel at Point Glover, the newly created Orchard Rocks refuge in a formerly monitored fished area provided MFS staff with an excellent opportunity to evaluate the before and after impacts of refuge creation with a comparable fished-site treatment. Monitoring at Zee’s Reef and Colvos Passage that began in 2002 continued with six surveys conducted in 2008. Several of the sites showed a marked increase in the number of 2+ year-old copper and quillback rockfish at most sites, although brown rockfish continue to be the dominant species at most of the central Puget Sound sites, whereas a more even distribution of the three species was seen at the southern sites. 

MFS staff also 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 in 2008 and in the past several years shows that lingcod at the marine reserve sites continue to be larger, more abundant, and have higher nest densities than fish at non-reserve (i.e., fished) sites.

g. Other Activities

Wayne Palsson attended a workshop sponsored by the California Department of Fish and Game that focused managing fisheries in data poor environments. Wayne Palsson presented a talk on groundfish and habitat at the NOAA Northwest Center in Seattle. MFS staff continues to work with NOAA personnel regarding the issue of lingcod culture in Puget Sound. Wayne Palsson was actively involved with the evolving 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.   Palsson also continued his groups association with the Puget Sound Assessment and Monitoring Program (PSAMP).  

Robert Pacunski participated in a “Live Dive” webcast to area agencies, schools and universities as part of a WDFW Outreach and Education project.  Robert Pacunski identified 39 illegally caught rockfish and wrote a Biological Opinion for WDFW Fish and Wildlife Officer Eric Olson, resulting in the conviction and revocation of fishing rights of three fishermen and a $1500 fine. In response to a request by WDFW Enforcement Sgt. Rich Phillips, MFS staff provided Marine Detachment officers with maps showing many popular lingcod fishing sites in Puget Sound, resulting in a number of citations being issued before, during, and after the lingcod season.

Tony Parra completed his analysis and a draft report on mitigation activities associated with building the Second Tacoma Narrows Bridge.

2. Puget Sound Herring Stock Assessment (Contact: Kurt Stick (360) 466-4345 ext. 243; Kurt.Stick@dfw.wa.gov)

Annual herring spawning biomass is estimated in Washington using spawn deposition and acoustic-trawl surveys.  WDFW Region 4 staff based in the Mill Creek and La Conner offices currently conduct these assessment surveys of all adult herring populations in Washington’s inside waters annually.  Stock assessment activities for the 2009 spawning season are in progress.

In general, the abundance of south and central Puget Sound herring stocks in recent years is comparable to the 1970’s and 1980’s, while the Cherry Point stock, and cumulative north Puget Sound (excluding the Cherry Point stock) and Strait of Juan de Fuca regional spawning biomasses are at low levels of abundance.

Several genetic studies published since 2001 have demonstrated that some Puget Sound herring populations, particularly the Cherry Point stock, are genetically distinct from other Puget Sound and British Columbia sampled populations.  However, a lack of differentiation has been demonstrated between other sampled Puget Sound spawning aggregations.  

The herring spawning biomass estimate for all Puget Sound stocks combined in 2008 is 11,038 tons (see table and figure below).  The cumulative total is a slight decrease from the 2008 total of 12,274 tons, considerably lower than the recent peak of 17,765 tons in 2006, and less than the mean cumulative total for 1998-2007 of 14,217 tons.  The combined biomass of south/central Puget Sound (including Hood Canal) stocks in 2008 was comparable to 2007; a decrease from 2006, reflecting the total Puget Sound trend.
Cumulative biomass of North Puget Sound stocks is currently at a low level of abundance.   The Cherry Point stock’s spawning biomass decreased in 2008 to 1,352 tons, which was the lowest observed spawning biomass for this stock since 2002.  The Cherry Point stock ranged from 3,100 to nearly 15,000 tons between 1973 and 1995.  

Herring spawning activity for the Strait of Juan de Fuca region was low in 2008, with an estimated total of 317 tons.  This followed a relatively high estimate for the Discovery Bay stock in 2006 of 1,325 tons and only 42 tons in 2007. 

No surveys were completed in 2008 for coastal herring spawning grounds in Grays Harbor or Willapa Bay.  In general, herring spawning biomass for these areas is considered to be relatively small compared to Puget Sound.
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Squaxin Pass

1025

557

755

436

828

2201

3150

1597

371

474

Wollochet Bay

45

35

27

67

52

152
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133

142

Quartermaster Harbor

491

441

987

756

727

930

416

1320

743

1257

Port Orchard-Port Madison

1186

1589

2112

1958

700

1085

878

2007

1756

2006

South Hood Canal

223

70

244

210

176

207

166

187

140

516

Quilcene Bay

2531

2372

2530

1125

2342

916

2585

2091

2426

2464

Port Gamble

208

826

774

1372

1257

1064

1812

1779

2459

1664

Kilisut Harbor

0

24

54

170

184

448

774

612

107

802

Port Susan

345

643

321

157

429

450

775

587

785

545

Holmes Harbor

686

572

1297

498

673

678

573

275

281

175

Skagit Bay

1342

1236

2826

1169

1245

2983

2215

2170

646

905

South-Central Puget Sound Total

8082

8365

11927

7918

8613

11114

13450

12758

9856

10808

Fidalgo Bay

156

159

323

231

339

569

865

944

737

1005

Samish/Portage Bay

409

348

412

218

351

299

496

470

196

555

Int. San Juan Is.

60

33

285

41

67

72

158

219

128

197

N.W. San Juan Is.

0

0

0

0

0

13

131

62

90

Semiahmoo Bay

662

1124

1277

870

629

1087

1012

1098

926

868

Cherry Point

1352

2169

2216

2010

1734

1611

1330

1241

808

1266

North Puget Sound Total

2639

3833

4513

3370

3120

3651

3992

4034

2885

3891

Discovery Bay

248

42

1325

33

252

207

148

137

159

307

Dungeness/Sequim Bay

69

34

0

0

22

44

131

93

138

352

Strait of Juan de Fuca Total

317

76

1325

33

274

251

279

230

297

659

Puget Sound Total

11038

12274

17765

11321

12007

15016

17721

17022

13038

15358

(blanks indicate no surveys done that year)

HERRING SPAWNING BIOMASS ESTIMATES (SHORT TONS) BY STOCK AND REGION, 1999-2008.
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2009 Scheduled acoustic/trawl surveyed stocks/areas:


Squaxin Pass


Carr Inlet


(Hale Pass) Wollochet Bay


Quartermaster Harbor


Port Orchard/Madison


Port Gamble (probably acoustic only)


Skagit Bay


Port Susan


Holmes Harbor


Cherry Point

2009 Scheduled spawn deposition survey areas:

Quartermaster Harbor
Holmes Harbor


Wollochet Bay

Fidalgo Bay


South Hood Canal

Samish Bay


Purdy (Carr Inlet)

Portage Bay


Quilcene Bay


Int. San Juans (Mud,Blind Bay, East Sound)


Port Gamble


N.W. San Juan Is. (1-2 surveys)


Kilisut Harbor

Semiahmoo Bay


Port Susan


Cherry Point


Discovery Bay

Dungeness/Sequim Bay
3. Puget Sound Ambient Monitoring Program (PSAMP) (Contact: Jim West 360- 902-2842, James.West@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.   

B. Coastal Area Activities

I. Coastal Groundfish Management (Contact: Corey Niles, 360-249-1223, Corey.Niles@dfw.wa.gov), Intergovernmental Resource Management
Activities Related to Pacific Fishery Management Council
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 (Farron Wallace 360-902-2712,Farron.Wallace@dfw.wa.gov) Marine Fish Science Unit
Age Determination of Spiny Dogfish

Spiny dogfish is aged with the annulus ring counts on the second dorsal spine. As it grows, the enamel at the earliest formed distal tip of the spine is worn away, producing a zone of missing annulus rings. Sixty-seven male and 115 female fish specimens were randomly selected from captured spiny dogfish taken off the Washington coast in 2005-2006 and their fork lengths measured. For the second dorsal spine from each specimen, five measurements were recorded. These measurements permit the estimation of the unknown age with worn spines even if there is no repeat capture information for a specimen. We modeled the three base width measurements with mixed effects models and treated the number of missing annulus rings as random effects. Three transformations were applied in the random effects and square root transformation outperformed the other two transformations. We compared our results with Ketchen’s (1975) “no wear point” method. The mean estimated number of missing annulus rings for male and female dogfish from the proposed method were 9.760 yrs and 16.136 yrs. The estimated mean numbers of male and female dogfish missing annulus rings of Ketchen’s method are 23.3% and 10.8% smaller than the estimated mean number of male and feamale dogfish missing annulus rings of the proposed method. The estimated expected maximum fork lengths of male and female spiny dogfish were 86 cm and 137 cm, respectively.
Longline Rockfish Survey

4187 hook by hook catch information from a longline fishing survey was analyzed with Monte Carlo simulation method.  They were targeting halibut and rockfish at 14 stations with 3 skates at each station along Washington Pacific coast. There are 14 types of hook results which include type of catches and hook and bait conditions, e.g. missing bait and untouched bait. There are spiny dogfish, Pacific Halibut, black cod, yelloweye rockfish, lingcod, longnose skate, arrowtooth flounder, bocaccio, sunflower sea start, petrale sole, spotted ratfish, and  starry flounder in the catch.  By comparing the 95% confidence intervals of random biting behavior, black cod hook by hook catches follows a random spatial distribution but not others. Spiny dogfish, yelloweye rockfish, missing bait  and untouched bait hook by hook catches likely follow cluster distributions.  Pacific halibut hook by hook catches follows a regular or uniform pattern. All these information can assist scientists, fishermen and managers to develop more effective longline gears targeting on specific fish species.

1981-1997 Black rockfish tagging studies

Between 1981 to 1990, there were 52042 black rockfish tagged with spaghetti tag(s) within three PCA areas along Pacific Washington coast. During 1981 to 1997,  2.96% of them was returned with fork length measurement, sex and recapture location.  1.37%  of them are with displacement greater than 2 km and at large greater than 90 days. There is no difference (P=0.15) between sex on the size of recapture. There is no difference (P=0.50) between sex on the displacement too. There is no difference (P>0.10) between sex in directional movement.  Both Rayleigh and Watson test of circular uniformity of PCA1 (P <0.01), PCA2 (P <0.01), and PCA3&4 (P <0.01) confirm that all the directional movement of black rockfish in all PCAs are not uniformly distributed. A mixture of von Mises distributions is fitted to the bimodal distribution of angular movement in each PCA area. It shows a distinct south and north seasonal movements.  All these information supports a single sex stock assessment and data collection.
Cooperative Rockfish Sampling Survey Update
A join rockfish longline survey with the International Halibut Commission (IPHC) was conducted in 2006, 2007, and 2008.  In 2006, there were 25 rockfish added to the existing 27 IPHC survey stations off Washington coast, whereas 18 rockfish stations were added in 2007 and 2008.  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 3-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.  One of the highlights of 2008 survey was the collection of hook-by-hook catch information, which provides insights for species spatial distribution.  We used Monte Carlo simulation method to analyze the hook-by-hook distribution of the 14 species and bait conditions, eg. missing bait and untouched bait.  By comparing the 95% confidence intervals of random biting behavior, black cod hook by hook catches follows a random spatial distribution but not others. Spiny dogfish, yelloweye rockfish, missing bait and untouched bait hook-by-hook catches likely follow cluster distributions.  Pacific halibut hook by hook catches follows a regular or uniform pattern. All these information can assist scientists, fishermen and managers to develop more effective longline gears targeting on specific fish species.
Underwater Remotely Operated Vehicle Survey 
WDFW conducted an underwater ROV survey in September 2008.  The objectives of the survey were to gather data that could be used to determine regional abundance trends off the northern Washington coast, explore movements of yelloweye rockfish across time and area, and establish habitat associations.  The survey, conducted in collaboration with SRI International and the University of Washington, began on September 10 and concluded on September 17.  The stations were selected based on information previously collected from a collaborative longline rockfish survey with the International Halibut Commission (IPHC).  These stations are located in areas of known high yelloweye rockfish abundance.  One of the stations has historically produced more than 90 percent of the total yelloweye rockfish caught in the IPHC annual longline survey off Washington.  The yelloweye abundance data from the annual IPHC survey has been incorporated into the Pacific Fishery Management Council’s yelloweye rockfish stock assessment; however, the data varies from year to year, is not yet informative to the assessment model.  In an effort to better understand the reasons for this variability, the ROV survey covered the same area as the IPHC survey in order to gather habitat and other species information.    

Yelloweye rockfish tagging

In May 2008, Robert Pacunski and Lisa Hillier conducted an ROV operation off the coast of Washington to determine the location and health of several acoustically tagged yelloweye rockfish as part of a study of the species movement and behavior.  The ROV was fitted with a hydrophone wired to the surface and positioned to allow for optimal detection of tagged fish. Three ROV deployments were accomplished on several small rock piles (each <0.5 hectare) approximately 15 miles offshore from the Port of Westport.  Two tagged adult yelloweye rockfish were successfully located and videotaped at a depth of ~250 feet, and a third fish at the same depth was tentatively located in a crevice but was not visible to the camera. This investigation confirmed that at least two of the tagged fished had survived the tagging procedure and remained at their original capture location.  
Figure 2.  Puget Sound Herring Cumulative Spawning Biomass Estimates by Region and Cherry Point stock, 1976-2008 (historical mean assumed if stock not sampled).





Figure � SEQ Figure \* ARABIC �2�.  Puget Sound Herring Cumulative Spawning Biomass Estimates by Region and Squaxin Pass stock, 1973-2008 (historical mean assumed if stock not sampled).
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