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A1.  Overview of the Study
 SEQ CHAPTER \h \r 1Management strategies for fisheries in the Bering Sea and in the Gulf of Alaska have been severely altered in recent years in response to the listing of the Steller sea lion as endangered under the Endangered Species Act.  The Fisheries Interaction Team (FIT) of the AFSC has been charged with investigating the effectiveness of these changes in fishery management.  Currently the information available to evaluate alternative methods for protecting Steller sea lions and their habitat is very limited.   The FIT has proposed a field experiment to improve the information available to assess further management actions to protect Steller sea lions. This study is an integral part of a NMFS comprehensive research program designed to evaluate effects of fishing on the foraging behavior of Steller sea lions.
The goal of the experiment is to evaluate the effects of commercial trawl fishing on the local abundance of Pacific cod (Gadus macrocephalus), which aggregate over spawning grounds in the Aleutian Islands and southeastern Bering Sea during winter months.  Cod have been found to be a frequent prey item in winter scat samples from Steller sea lions in the eastern Aleutians (Sinclair and Zeppelin 2002).  The same dense aggregations of cod which attract commercial fishing may provide an important seasonal food resource for sea  lions.  Localized depletion of Pacific cod has been implicated as a possible mechanism for adverse effects of the commercial fishery on availability of prey for Steller sea lions.   This experiment is designed to look at effects of the intensive winter trawl fishery on local abundance of Pacific cod in the vicinity of Unimak Pass in the eastern Bering Sea (Figure A1-1).  A successful experiment will provide data for a quantitative statistical test of the presence or absence of a localized depletion effect from this fishery, which will help to define appropriate management action.  The localized depletion study also provides a platform for sample collection and observation of spawning cod that is not available from regular summer surveys.  A cod tagging program focused on winter spawning aggregations is also being conducted to collect information on both small-scale movements and long-range seasonal migrations.  Data from tagging studies will be useful to help formulate a model of cod behavior and distribution.  Such a model may be able to provide specific hypotheses and predictions of effects of various management alternatives.  

The study will use standardized pot-fishing gear to collect an index of local cod abundance. Pot gear is well-proven for Pacific cod, and can be fished at fine spatial resolution.  Most importantly, pot catch data has statistical properties that make it much more amenable to statistical testing than trawl samples.  The large number of pots that can be worked within a sea day allows a larger sample size than would be feasible with a trawl study, which increases statistical precision.  Feasibility studies have also shown that pot catches of cod have a much lower variance than trawl data, which also increases the power of a statistical test. 

The research proposal recognizes that many uncontrolled factors play a role in determining local cod abundance, including habitat variation, seasonal and short-term fish movement, and effects of climate, circulation, and weather events.  The study is designed as a comparison between sites within the area subject to intensive seasonal trawling (the (treatment() and (control( sites within a  nearby zone where trawling is prohibited. Each site is to be surveyed before and immediately after the main trawling season.  While there are many factors that may contribute to a change in local abundance between the two surveys, these factors are expected to have similar effects on trawled and control areas.  Thus, the experiment is designed to look at the rate of change in local abundance between the (before( and (after( surveys, and test whether this rate of change is the same in trawled and untrawled areas.
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 SEQ CHAPTER \h \r 1Figure A1-1. General location of Unimak Pass study area, and NMFS statistical reporting areas in the southeast Bering Sea. 
 SEQ CHAPTER \h \r 1
Current regulations prohibit directed trawling for walleye pollock or Pacific cod within 10 nautical miles (nm) of specified Steller sea lion rookery and haulout sites, including haulouts at Akun Head on Akun Island and at Cape Sarichef on Unimak Island.  These trawl exclusion zones bracket the northeastern and northwestern sides, respectively, of Unimak Pass.  The Cape Sarichef zone, in particular, intersects the area that has historically been the main site of the winter cod trawl fishery.  The study areas selected for the local abundance experiment include the outer portion of the Cape Sarichef no-trawl zone and the open trawling grounds just outside this boundary.  

Gear trials and preliminary feasibility studies with research pot fishing were conducted off Kodiak Island in June 2001 and in Unimak Pass in March-April 2002. Final gear trials are scheduled for September-October 2002 and the full experiment for winter 2003.  Repetition of the experiment in future years is anticipated, contingent on funding and the results obtained in 2003.

A regulatory amendment is being requested in fall 2002 to create a short-term closure in the vicinity of the cod pot study.  This closure is being requested due to the incompatible nature of trawling and fixed-gear fisheries.  In order to conduct the “after” survey in the trawled zone, NMFS will need to set and haul experimental pots at the trawled sites without having research gear picked up or disturbed by trawls.  NMFS’s concern  is not only the expense of lost gear, but the potential damage to the experimental design due to lost survey data.   The proposed regulatory amendment would prohibit trawl fishing in the experimental area only during the “after” portion of the experiment, which will be scheduled for March 15 and 31 of each year (2003 through 2006).  The requested prohibition affects only a portion of the traditional cod trawling ground, and is limited to the two-week period needed for the experiment.  A full EA/RIR/IRFA for the proposed closure has been prepared.

A2. Preliminary Studies and Need for Experiment
Section 7(a) of the Endangered Species Act requires that any Federal Agency action .....” is not likely to jeopardize the continued existence of any listed species or result in the destruction or adverse modification of critical habitat.”  As the action agency for management of groundfish fisheries in the BSAI and GOA, NMFS has responsibility for ensuring that fishery regulations in these regions comply with the ESA.  This study is part of an NMFS research effort to examine possible effects of the Pacific cod fishery on this species.

Sea lion diet analysis (Sinclair and Zeppelin 2002) shows that Pacific cod are a frequent component of sea lion diets during the winter months.  A preliminary discussion paper on the potential for interactions between the BSAI and GOA cod  fisheries and Steller sea lions was prepared by the Protected Resources Division of NMFS and discussed at the June 2000 Council meeting.  This paper concluded that spatial and temporal overlap exists between commercial cod fisheries and use of cod by Steller sea lions during the winter months, and that a substantial fraction of the pre-2000 commercial catch was taken within SSL critical habitat.  The spatial and temporal intensity of the cod fishery, especially the trawl fishery, was noted and a possibility of localized depletion of pacific cod in critical habitat was raised.  The August 2000 injunction closing SSL critical habitat to trawl fishing included trawling for Pacific cod.  The November 2000 Biological Opinion (NMFS 2000, page 233 & 260) identified three major groundfish fisheries as having the greatest potential for effecting the endangered western stock of Steller se lions: walleye pollock, Atka mackerel, and Pacific cod.  The Biological opinion cited temporal concentration of fishing effort for walleye pollock, Pacific cod, and Atka mackerel as resulting in high local harvest rates, which may reduce the quality of the habitat for Steller sea lions on a seasonal time scale.  This possibility of “localized depletion” effects from the trawl fishery was the basis for recommendations regarding seasonal and regional apportionment of TAC for these three species, and seasonal no-trawl zones around SSL rookeries and haulouts.  

A statistical evaluation of NMFS observer data examined CPUE of commercial cod trawls within the Sea Lion Conservation Area of the southeast Bering Sea (M. Smith, NMFS unpublished internal document, August 2000).  This analysis concluded that CPUE showed statistically significant declines over time in this region, consistent with localized depletion of Pacific cod.  The analysis was, however, unable to distinguish between localized depletion and seasonal dispersion of cod from high-density spawning assemblages to a lower-density spatial pattern.   Previous tagging studies with Pacific cod (Shimada and Kimura 1994) indicate that these fish undergo a substantial seasonal migration, aggregating near the edge of the southeast Bering Sea shelf in winter to spawn.  Little is presently known about the spawning locations and behavior of Pacific cod, including the timing of seasonal migration, spawning aggregation, and dispersal.  A workshop on Pacific cod spawning processes was held in Anchorage in March 2002; one of the principal conclusions of this workshop was that a much better understanding is needed of cod spawning habitat, spawning behavior, size and age at maturity, and fecundity.

Congressional appropriation of  funding for Steller sea lion research specifically mentions  testing of the localized depletion hypothesis as a research goal, and the AFSC Draft Framework for FY2001 Stellar Sea Lion Research specifically requested : “Construct studies associated with commercial fishing that characterize the prey field before, during, and after fishing”.  The Fisheries Interaction Team at the Alaska Fisheries Science Center (AFSC) proposed a field experiment to examine effects of the winter Pacific cod trawl fishery on local abundance of cod.  This experiment was designed both as a general test of the localized depletion hypothesis and as a specific study of possible localized depletion of Pacific cod within SSL critical habitat. The study is designed as a comparison between sites subject to intensive seasonal trawling and nearby “control” sites where trawling is prohibited.  The experiment is designed to look at the rate of change in local abundance between the “before” and “after” surveys, and test whether this rate of change is the same in trawled and untrawled areas.  The study will use pot catch of Pacific cod as an index of local abundance.  Coupled with the localized depletion experiment are a tagging study and sample collection to gather better information on cod spawning habitat, behaviors, seasonal movement rates, and maturity/fecundity.  

This study has been funded through 2003 as an integral part of a NMFS comprehensive research program designed to evaluate effects of fishing on the foraging behavior of Steller sea  lions. A study result that clearly demonstrates localized changes in fish abundance due to commercial harvest will support the current limitations on commercial catch of cod in SSL critical habitat areas.  A negative result would suggest that fishing at currently permitted levels does not cause substantial localized depletion. This project will also provide initial feasibility work for scientific studies using pot gear, which could be used to address questions of spatial variation for cod and other demersal species.  NMFS has conducted initial feasibility trials to develop design of the experiment and is ready to conduct the full localized depletion experiment in winter 2002-2003.  NMFS cod studies in the Unimak Pass area are being coordinated with physical oceanographic studies by the Pacific Marine Environmental Laboratory, other NMFS fisheries  interaction studies, and projects of the National Marine Mammal Laboratory.

E3.  Objectives of the Study
The study objectives fit broadly into three categories:
1) Test of the localized depletion hypothesis.  One of the mechanisms suggested by which commercial fishing may adversely affect Steller sea lions is by localized depletion of sea lion prey.  The overall harvest level for groundfish in the BSAI is regulated at a sustainable level by the FMP.  What is not known is whether intensive fishing within a small area can create a localized depletion of groundfish at spatial and temporal scales relevant to Stellar sea lions.   The winter trawl fishery for Pacific cod in the southeastern Bering Sea  is strongly localized over both space and time; a large percentage of the catch is taken in the area  immediately north of Unimak Pass in February and March of each year.  Localized depletion by this fishery has been suggested by preliminary analysis of commercial CPUE data. The experiment is designed to look for effects of the intensive winter trawl fishery near Unimak Pass on local abundance of Pacific cod.  A successful experiment will provide data for a quantitative statistical test of the presence or absence of a localized depletion effect.

2) Biological information on cod spawning habitat, spawning behaviors, and seasonal movement.  A recent meeting of cod researchers identified several areas of basic biological information about cod reproduction that are still unknown. The localized depletion study provides a  platform for sample collection and observation of spawning cod that is not available from regular summer surveys.  Investigations already initiated in conjunction with the study include collection of length frequencies, sex ratios, and maturity data from cod on spawning grounds; sample collection for proximate analysis and fecundity studies of cod at different ages and spawning stages.  A winter tagging program has been set up to collect information on both small-scale movements of cod during spawning season and long-range seasonal migrations.  These studies may also help to distinguish seasonal patterns of aggregation and dispersion among Pacific cod, which will help in the interpretation of local abundance and CPUE data. Another goal of the tagging study is to parameterize cod movements in models of Steller sea lion foraging.  Expanded knowledge of seasonal movement, spawning habitat, and behaviors may also improve future stock assessment modeling and management of BSAI Pacific cod.



3) Development of Experimental Pot-Fishing Gear.  Current stock assessments rely primarily on data from trawl surveys, which allow an estimate of total biomass over a region or management unit.  However, the high variability and small sample sizes associated with trawl gear limits its use for comparative studies where statistical compariosns are desired.  This experiment provides feasibility testing and development for experimental use of pot gear, which may be useful in future studies where comparison of abundance indices under different conditions or over small spatial and temporal scales is the primary goal.  Development of trigger timers and pot-mounted water-quality sensors for this experiment may also be useful for studies of diel and tidal movement and foraging of groundfish.

 SEQ CHAPTER \h \r 1A4.  Selection of the Study Area
The area selected for the localized depletion study is along the outer Bering sea shelf on the north side of Unimak Pass and Unimak Island (Figure A1-1).   This area  is known to be an area of high biological productivity, probably because of unique physical/chemical features (National Research Council 1996).  Some northward transport of North Pacific water through the pass occurs as the Alaskan coastal current passes along the south side of the Alaska peninsula.  Upwelling of deep Bering Sea waters is also believed to occur as the eastward-flowing Aleutian current encounters the  “horseshoe” at edge of Bering Sea shelf.  The physical and chemical structure of waters in the study area is also subject to annual climate variation and strongly effected by ice dynamics and weather-driven thermal structuring of the southeastern Bering sea (Stabeno et al 2002).

Examination of commercial catch data for 1993-2002 showed that the area north and northeast of Unimak Pass was consistently a source of high catches of Pacific cod (Figure A4-1).  Prior to creation of no-trawl zones in 1999, over 50% of the winter catch of Pacific cod came from within Steller sea lion critical habitat (NMFS 2000).  Even after the implementation of sea lion protection measures, as much as 15% of the annual cod catch comes from federal area 517 during the winter quarter (Jan-March).  The Unimak Pass area was selected for the study because the trawl fishery here has historically been highly focused both in space and time, conditions which are believed most likely to result in localized depletion of target fish.  The area that has historically been heavily fished is a plateau at 70-90 meters depth (40-50 fathoms) directly north of the pass and north of Cape Sarichef on the eastern tip of Unimak Island.  A popular trawl alley includes this plateau and generally runs along the 100 meter depth contour north and east from the pass. 

Since 1999, 3 nm no-transit zones and 10-20 nm no-trawl zones have been established around known locations of Steller sea lion rookeries or haulouts in the GOA and BSAI (NMFS 2001b).  From 1999 through 2001, these zones included a 20 nm no-trawl boundary around the Billings Head rookery on Akun Island and a rookery on Ugamak Island, on the south side of Unimak Pass.  The eastern and northern edges of these zones reach the edge of the plateau region north of the pass, and for 2000—2001 these boundaries defined the fished zone.  For 2002, a sea lion haulout at Cape Sarichef on Unimak Island (54.5717N, 164.9467W) was added to the list of protected sites, and the no-trawl zones at Billings Head  was reduced to 10 nm. Figure A4-2 compares the placement of the regulatory boundaries both before and after this change, and shows haul locations for observed bottom trawls in 2001 and 2002, respectively.  The figure clearly illustrates the intense use of the area just outside the no-trawl boundary.  In designing the study, we make use of this regulatory boundary to provide “treatment” and “control” areas that have similar habitat and physical conditions but very different levels of fishery exploitation.  This location provides the greatest feasibility for a field experiment regarding the effects of commercial trawling on local distributions of groundfish.
Figure A4-1.  Map of historical cod trawl catch data from 1999 (aggregated over 5Km square blocks).  Areas of highest catches are shown in dark green in the BSAI and red in the GOA. (R. Reuter, AFSC)

 SEQ CHAPTER \h \r 1Figure A4-2.  Comparison of no-trawl boundaries and observed bottom trawl hauls in the vicinity of Unimak Pass during 2000 (upper map) and 2002 (lower map).  Each plotted point represents hauls from three or more vessels.
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 SEQ CHAPTER \h \r 1A5.  Results of Feasibility and Pilot Studies
Preliminary gear trials were conducted from 13 - 22 June 2002 out of Kodiak on the chartered F/V Big Valley. This cruise was the first step in developing pots as a sampling gear for cod.  The foci of the feasibility study were methods for handling fishing gear in a research context, deployment and retrieval of research instruments, data collection methods, maximizing the efficiencies of all operations, and data management.  As an important step to evaluating feasibility of the localized abundance experiment, the number of research pot lifts that could be conducted in a regular working day needed to be determined.  A less rigorous goal was to acquire hands-on experience with this gear as a research instrument.

The goals of the study were all met.  Prototypes of event timers mounted on the entry triggers to the pot were tested extensively.  After some experimentation, these devices were shown to work under field conditions and to successfully capture times when fish entered the pot.  The catch timers can be deployed, retrieved, and downloaded without reducing the expected efficiency of a pot sampling operation.  The timing of the various aspects of research fishing with pots indicated that as many as 60 pot lifts can be accomplished in a single sea day, though 30 or 40 daily pot lifts is likely to be a  more reasonable pace to expect during an extended voyage under fair conditions. This preliminary study indicated that the experimental pot gear works well for Pacific cod, and that field operations of the scope needed for the study are feasible.  

A pilot pot fishing and tagging study was performed March 30-April 22, 2002, aboard the F/V Fierce Alleigance.  The principle goal of the pot-fishing pilot study was to fish pots according to research protocols and collect data on the level of variability in pot catch under these conditions.  Estimates of variability and spatial dependence in pot catch are critical to final design and power estimation for the localized depletion experiment.   This cruise was also used to test field feasibility and develop methods for cod tagging work using pots for fish collection.  A total of 200 data-storage tags and 1600 spaghetti tags were released during this cruise.  Mortality studies of Pacific cod held in on-deck storage tanks and ship holding tanks were also conducted.

The pilot study fished more than 700 pot-sets over 3-6 hour soaks.  Pots were baited with a standard commercial bait of ground frozen herring.  All fish and invertebrates captured in the pots were identified to species, with the number and total weight recorded by species for each pot.  The catch of Pacific cod was consistently good, with most pots containing between 15 and 50 cod (Table A5-1 and Figure A5-1).  Out of 555 pot sets with stadardized gear and soak times, only three had zero catches.  The largest catch was on April 4, of 103 cod.   The distribution of catches was slightly right-skewed; 21 pots (3%) contained 70 or more cod.  The overall average was 30.1 cod and 107.8 Kg cod per pot.  Total catch for the entire cruise was 20,261 cod at 72.7 mt (160,235 pounds). There was no consistent pattern of higher or lower catches for individual clusters of pots, but spatial analysis indicated that pots space closer than 1/3nm influenced each other’s catch. 

Catches of species other than Pacific cod were small.  Yellow Irish Lord were commonly found in pots in both sides of the pass.  Yellowfin sole, walleye pollock, Atka mackerel, and assorted flatfish and rockfish species were occasionally caught.  Tanner crabs (Bairdii) were fairly common at one of the study sites but were absent at most sites.  Giant Pacific octopus were caught in 13 pots and observed clinging onto the outside of other pots as they were brought up. Miscellaneous bottom fauna (sponges, starfish, brittle stars, hair crabs, and scallops) were present in some pots.  The consistency of catches in the pilot study suggests that good precision may be attained in the full experiment.  

 SEQ CHAPTER \h \r 1Figure A4-1.  Frequency distribution of numbers of cod per pot during pilot study near Unimak Pass.  
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 SEQ CHAPTER \h \r 1Table A4-1.  Results of Pot Fishing Pilot Study near Unimak Pass, April 2002.
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 SEQ CHAPTER \h \r 1A5.  Experimental Design 
A basic outline to the experimental design for the local abundance study is as follows:

· The experiment will be conducted in two legs.  A “before” survey will be conducted during January, before the beginning of trawl season, and an identical “after” survey will be conducted in late March.  This schedule is designed to bracket the typically most intensive period of trawl fishing in late February and early March.

· Each survey will cover a number of sites inside the 10nm no-trawl zone (the “control”) and an equal number of sites outside the no-trawl zone in the heavily trawled region (the “treatment”).  While it will not be possible to match treatment and control sites exactly with respect to depth, habitat, bottom currents, etc., each group of sites should cover a similar range of depths and habitats, as nearly as can be determined.  The final comparison will be between the population of study sites in the control zone and the population of study sites in the treatment zone.

· Standardized pots with identical mesh, openings, and trigger configurations will be fished at all sites. Bait will be standardized (fixed weight of chopped frozen herring).  All pots will be fished for as similar a soak time as is feasible; no less than 4 but no more than 8 hours.

· While it would be desirable to fish all pots at exactly the same time of day, this is not feasible.  Instead, all pots will be fished during daylight hours, with the starting time varying over the day.  Set and lift times for each pot will be recorded, along with position and depth information.

· As pots are lifted, Pacific cod in each pot will be counted and weighed.  Catch of species other than Pacific cod will also be recorded.  Individual length/weight and sex data will be collected on a subsample of each day’s catch.  Additional data and/or specimens may also be collected for related studies.  

· A “site” will consist of a fixed position, fished by three to five pot-sets during each survey.  The measured quantity for each “site” will be the ratio of the average catch (in numbers or weight of cod) from pots fished at that position during the “before” survey to the average catch during the “after” survey.  If one or more pots are lost or damaged during a survey, the catch may be averaged over the remaining pots.  At least three successful fishing events are necessary to obtain a valid measurement for a site.  A site that does not have a valid catch measurement for both before and after surveys cannot be used.

· Site locations will be selected randomly or systematically before the survey to cover all of the “treatment” area and a similar range of depths and habitats in the “control” area.  The number of sites fished and the number of pots per site will be somewhat subject to weather and sea conditions during the surveys.  The target is to fish at least 30 sites in each zone, with at least three fishing events during the before survey and at least three during the after survey. 

A Fisher randomization test (Manly 1991, Chapter 1) will be used to test the null hypothesis that the percentage change in CPUE between the before and after surveys at a site is not affected by whether a site was in the trawled or the untrawled zone.  This nonparametric test does not require independence or Normality of distributions in the measured variable.  The distribution of the test  SEQ CHAPTER \h \r 1statistic is determined empirically by repeatedly randomly assigning the observed measures to the treatment and control groups.  The observed measure of the actual data is then compared to this distribution to get a p-value for the test.  The power of the test under several alternative hypotheses will also be computed.

The major difficulty in design of this experiment is that there are many factors that might affect the local abundance and/or the rate of pot catch of Pacific cod at any given time or place.  Known factors that might affect catch rates include local variation in physical and chemical habitat characteristics, bottom currents, and orientation of pot openings in relation to bottom currents.  Fish behaviors that are poorly understood but might affect pot catch include diel and tidal patterns in feeding and movement, differences in feeding rates with spawning stage, and changes in response to bait odors at different levels of satiation.  Cod are known to undergo a large-scale seasonal migration pattern in the Bering Sea (Shimada and Kimura 1994), but the precise timing of seasonal and short-term migration and aggregation are not known.  The experimental design addresses the uncontrollable variation in three ways.  The first is to use not the absolute catch rate, but the percentage change in catch rate at a site, as the measured variable.  This allows for different sites to have differences in absolute abundance due to local habitat characteristics, and to show changes in abundance between the “before” and “after” portions of the study due to seasonal migration patterns.  The assumption is that, in the absence, of any fishery effect, the local abundance of cod will change at the same relative rate over all of the study sites.  The second component of the design is the use of “treatment” and “control” areas on either side of the 10nm no-trawl boundary around Cape Sarichef. The 10nm limit conveniently intersects the area that has historically been heavily trawled for cod (Figure A4-2).  By using catch rates within the “control” area as a baseline, we hope to account for such regional factors as climate and circulation events, seasonal migration and dispersion patterns, and background feeding levels.  The remaining variation (primarily short-term temporal and diel variation, and measurement error due to variation in fishing efficiency of each pot-set) is addressed by replication of sites within the treatment and control zones and use of multiple pot-sets to compute the measurement at each site.  In pilot studies, day-to-day variation was one of the major components of variance.  Using an average over several pot-sets as the measure at each site provides replication over this source of nuisance variation and reduces the likelihood of zero catches in the final data set.

During fishing for the before and after abundance surveys, pots will be handled as rapidly as possible in order to maximize sample size.  Additional data will also be collected, however, during pot fishing for tagging studies.  Pots fished for tagging will use the same protocols and soak times as during the experiment, and may increase replication of samples from particular locations.  Pots whose fish are to be collected for tagging will be lifted at as slow a rate as possible with the boat’s hydraulic gear, in order to minimize damage from pressure changes.  Data collected during tagging operations will provide additional points from which to look at changing abundance over time.

 SEQ CHAPTER \h \r 1A6.  Tentative Schedule for Cod Pot Studies 2002-2003
The Alaska Fisheries Science Center will charter a commercial pot fishing vessel to conduct three research cruises in fall of 2002 and winter of 2003.  The cruises are to gather data to monitor change in the abundance of Pacific cod (Gadus macrocephalus) on a scale local to cod trawl fisheries and to tag and release Pacific cod.  All cruises will begin and end in Dutch Harbor, Alaska.  The cruise schedule, with explanation, is as follows:

Table 1.  Cruise schedule

	Start Date

(on or about)
	Duration
	Explanation and Comment

	25 September 2002
	16 days
	Cruise 1:  Test research cod pots, pot-mounted sensor equipment, and finalize fishing methods.



	29 December 2002
	12 days
	Cruise 2: Provide indices of Pacific cod abundance prior to the 2003 cod trawl fishery.  This cruise is timed to be completed prior to the opening of the 2003 trawling season and the Opilio crab fishery in the Bering Sea.



	26 February 2003 

Leg I begins 2/26

Leg II begins 3/14
	16 days

20 days
	Cruise 3: Tag and release Pacific cod and provide indices of Pacific cod abundance after the 2003 cod trawl fishery has passed its most intensive phase.  This cruise will be in two legs, the first to do the tagging, the second to collect local abundance data.


(Special note on timing: This schedule is intended to minimize conflict with commercial fishing seasons, the Opilio crab fishery in the Bering Sea in particular.  If fishing seasons are not as anticipated the timing of the second and third cruises can be altered to some degree without invalidating the research.) 

The three cruises in this charter will start on or about 25 September 2002, 29 December 2002, and 26 February 2003.  The cruises will last 16 days, 12 day, and 36 days respectively, with the third cruise being broken into two legs of 16 and 20 days.   These dates have been selected based on the timing of cod spawning and cod trawl fisheries.  However, this schedule is also intended to minimize conflicts with commercial fishing seasons.  For example, it is in hope of avoiding conflict that the cruise prior to the cod trawl fishery is scheduled to begin on or about 29 December 2002.  That cruise is intended to end on 9 January 2003, leaving time for the chartered vessel to prepare for crabbing by 13 January.  If the timing of the Opilio fishery is different in 2003 than it has been in previous years, then the Government will consider mutually agreeable schedule changes that both preserve the validity of the research and allow the vessel to meet its other commitments.  The 16 day leg devoted to tagging can be moved to follow immediately on the heels of the second cruise, in effect becoming a second leg of that cruise.  Alternatively, the tagging leg could also be moved to start on or about 3 April, in effect making it the second leg of the third cruise rather than the first.
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 SEQ CHAPTER \h \r 1Results of Preliminary Analysis of Pilot Study Data: Variance Structure

I. CV of all pot data ~ 0.5.  CV of means for cluster&day   (13 pots) ~ 0.2.  CV of mean over 5 days for each pot ~ 0.3.

II. ANOVA of cod counts indicate cluster, day, cluster*day, and crowding factor all signif. effects, residual variance still high.

III. Center pots signif. lower mean catch than others

IV. Correlation between pairs at 0.3 nm weakly negative (ρ = 0.4), between pairs at 0.6 nm weakly positive  (ρ = 0.2 ).

V. Some evidence of autocorrelation over successive days
VI. Pilot data were collected in two areas (strata); the two strata had significantly different mean catch  rates.  For each pot position, the ratio of catch from day one to day five of the pilot study was calculated; there was no significant difference between strata in this rate of change measure.
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