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PREFACE
This data report is one of three types of standard reports presenting data from the 1993
Gulf of Alaska groundfish survey conducted by the National Marine Fisheries Service (NMEFS).
The three standard reports are:
1) A Cruise Report, outlining the survey objectives, documenting itinerary, personnel,

and vessels employed and summarizing major accomplishments.

2) A Report to Industry, containing a fishing log consisting of raw haul and catch data
for each haul made during the survey, catch summaries for the major species, catch

per unit effort by haul, and gear specifications and diagrams.

3) A Data Report (this document), containing detailed descriptions of the survey planning
and operation, species distribution and abundance charts, length frequency plots,
tables of estimated biomass, catchr per unit effort, average weight and length
estimates, length frequency plots, length-weight regression parameters, list of
identified species, survey strata specifications and charts, and trawl descriptions

and diagrams.
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ABSTRACT

The fourth triennial groundfish assessment sur\)ey of the Gulf of Alaska was conducted
during the summer of 1993 by the Alaska Fisheries Science Center's Resource Assessment aﬁd
Conservation Engineering (RACE) Division and the Auke Bay Laboratory (ABL). The survey
area covered the continental shelf and the upper continental slope to 500 m in the Gulf of Alaska
from Islands of Four Mountains (170°W long.) to Dixon Entrance (133°25'W long.). The RACE
portion of the survey was conducted aboard three chartered trawlers, the Argosy, Alsea, and

Progress. The ABL portion was conducted aboard the National Oceanic and Atmospheric

Administration’s (NOAA) research vessel Miller Freeman. A total of 775 survey stations was
successfully sampled using standard RACE Division Nor'eastern high-opening bottom trawl nets

with rubber bobbin roller gear.

The primary survey objectives were to define the distribution and estimate the relative
abundance of the principal éroundﬁsh and commercially important invertebrate species within the
survey area and to collect data on biological parameters useful to groundfish researchers and
managers including age, growth, length-weight relationships, feeding habits, and size, sex, and age

composition. The survey also collected ancillary data requested by other research groups.

A total of 128 fish species were identified from the survey catches. Arrowtooth flounder

(Atheresthes stomias), Pacific halibut (Hippoglossus stenolepis), walleye pollock (Theragra

chalcogramma), Pacific cod (Gadus macrocephalus) and Pacific ocean perch (Sebastes alutus)
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were the most abundant species within the survey area. Rock sole (Pleuronectes biliﬁeatg),
sablefish (Anoplopoma fimbria), yellowfin sole (Pleuronectes asper), and redstripe rockfish
(Sebastes proriger) were locally abundant in some areas. Survey results are presented including
estimates of catch per unit effort and biomass, species distribution, length frequency distribution,

and length-weight relationships for commercially important species encountered during the

survey.



INTRODUCTION

The fourth in a series of triennial groundfish surveys was conducted in the Gulf of Alaska
(GOA) during the summer of 1993 by th¢ National Marine Fisheries Service's (NMES) Alaska
Fisheries Science Center (AFSC). Survey design and operations were the responsibilities of
scientists from the AFSC's Seattle-based Resource Assessment and Conservation Engineéring
(RACE) Division for the western and central GOA (Islands of Four Mountains to Cape St. Elias).
The eastern GOA (Cape St. Elias to Dixon Entrance) was the responsibility of the AFSC's Auke

Bay Laboratory (ABL) located in Juneau, Alaska.

This report presents the combined survey results for the principal fish species in each of
the five GOA International North Pacific Fisheries Commission (INPFC) statistical areas:
Shumagin, Chirikof, Kodiak, Yakutat, and Southeastern. The purpose of this report is to provide
fishery resource managers with results of the two 1993 GOA groundfish surveys, and to
supplement the status of stocks resource assessment and allocation process. This report presents
the 1993 survey results only and makes no comparisons with prévious GOA surveys.
The survey objectives were to:
1) Delineate the distributions of major groundfish and commercially important invertebrate
species inhabiting the continental shelf and upper continental slope of the Gulf of
Alaska in water depths to 500 m.

2) Collect data to estimate the abundance of the major groundfish species.

3) Collect data on specific biological parameters of general interest to researchers and

resource managers including size, sex and age composition, growth, length-weight
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relationships, food habits, and ﬁsh pathology.
4) Collect accurate net mensuration data for all survey nets and vessels.
5) Collect data for speéial research projects including:
a) Atka mackerel life history.
b) Atka mackerel genetics.
. €) Atka mackerel maturity and fecundity.
d) Young-of-the-year walleye pollock.
e) Proximate composition of forage fish utilized by marine mammals and birds.
f) Dover sole mitochondrial DNA analysis.
g) Shortraker and rougheye rockfish mitochondrial DNA and electrophoretic

analysis.
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METHODS

- Survey Area

The Guilf of Alaska forms the northeastern border of the Pacific Ocean and consists of
complex bathymetric features ranging from jagged, mountainous pinnacles to flat, muddy areas.
The features provide a variety of habitats resulting in a complex ecosystem (Fig. 1). Prevailing
rough bottom conditions in many areas require the standard use of rubber bobbin roller gear for
all bottom trawling operations. The 1993 GOA survey included the entire continental shelf and
upper portion of the continental slope to the 500 m depth contour, excluding all the Southeastern

INPFC area's generally untrawlable shallow (1-100 m) inner shelf

The total survey area was approximately 299,410 km? (87,276 nautical miles squared
(nm?), Table 1). The shelf, comprising more than 90% of the total GOA survey area, extends
approximately 220 km (120 nm) off Cook Inlet and narrows to 40 km (22 nm) off Dixon
Entrance and 20 km (11 nmi) off the Islands of Four Mountains. Approximately 80% of the shelf
is shallower than 200 m. The remaining shelf area is bisected by several gullies, 100-500 m in
depth, extending from the upper slope to the inner shore. The outer shelf is bordered by the
continental slope, a region approximately 20 km in width, which descends steeply into the abyssal
Aleutian Trench in the western and central GOA and the Alaska Plain in the eastern 'GOA. The
survey assessed only that portion of the slope shallower than 500 m, an area of approximately

15,000 km? (8,000 nmi2).
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The Kodiak INPFC area with 97,529 km? (Table 1) has over 35% more total bottom area
than any other GOA area. The Chirikof INPFC area totals 63,457 km?, only 1% smaller than the
Shumagin INPFC area (64,163 km?), while the Yakutat INPFC area has approximately
52,7 04 km? in bottom area. The Southeastern INPFC area's bottom area (21,557 km?) is only

20% of the size of the Kodiak INPFC area.

Vessels

.The survey of the western and central areas of the Gulf of Alaska was conducted
aboard the chartered commercial trawlers Argosy, Alsea, and Progress from June to September |
1993 The Argosy is 37.95 meters in overall length, 13.71 m wide and powered by a s1ng1e main
engine generating 1,750 contmuous horsepower ‘Deck equipment included paired hydrauhc
winches with 1,646 m of 2.54 cm cable per drum mounted on the main deck, two hydraulic net
reels (one mounted over the stern ramp and the other mounted forward on the working deck), and

two gilson winches mounted on the main boom for pulling/lifting. The Alsea is 38.05 m in overall

length, 13.71 m wide and powered by a 1,750 continuous horsepower single main engine. Deck
equipment included paired hydraulic trawl winches with 1,463 m of 2.54 cm cable per drutﬁ
mounted on the bridge deck, two hydraulic net reels configured as previously noted and two
gilson winches mounted on the main boom for pulling/lifting. The Mg@_ is 35.42 m) in overall
length, 9.29 m wide and powered by a single main engine generating 1,285 continuous

horsepower. Deck equipment included paired hydraulic trawl winches on the working deck with
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1,219 m of 2.22 cm cable per drum and two hydraulic net reels and gilson winches configured the

same as the Argosy and Alsea.

The NOAA research vessel Miller Freeman was the only vessel used for the eastern GOA

survey. The Miller Freeman is a 65.5 m stern trawler powered by a 2,250 horsepower main
engine and auxiliary 400 horsepower bow thruster. Constant-tension hydraulic trawl winches

contained 1,830 m of 2.54 cm diameter wire cable.

Fishing Gear

~ All vessels participating in both surveys used standard RACE Division poly-Nor'eastern
high-opening bottom trawls rigged with rubber bobbin roller gear (Appendix A). Gear
- specifications incliided: a 27.2 m headrope with twenty-one 30 cm diameter floats, and a 24.3 m
chain "fishing line" attached to a 24.9 m, 0.95 cm diameter galvanized wire footrope. The roller
gear was 24.2 m long and constructed of 1.91 cm diameter galvanized wire rope, 36 cm rubber
bobbins separated by 10 cm rubber disks. Iri addition, 5.9 m wire rope extensions with 10 cm and

20 cm rubber disks were used to span each lower flying wing section.

Trawls were constructed of 12.7 cm stretched-mesh polyethylene web with a 3.2 mesh
nylon liner in the codend. Net rigging consisted of triple 54.84 m, 1.59 cm diameter galvanized
wire rope dandylines. The dandylines were rigged with, 22.9 cm, 45.7 cm, and 60.7 cm, chain

extensions to the headrope, side, and bottom wing attachments, respectively. Steel V-doors
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1.83 m x 2.74 m weighing approximately 800 kg (1,700 Ib.) each were used. The fishing
dimensions of the trawls were measured aboard each vessel using Scanmar! acoustic net

mensuration equipment.

SURVEY DESIGN
The Gulf of Alaska was divided into two survey areas divided by the 144°30' line of
longitude. The 1993 triennial survey used a stratified random sampling pattern consistent with
previous triennial surveys (Stark and Clausen 1995, Munro and Hoff 1995). The Gulf of Alaska
was divided into 49 strata categorized by water dépth, type of geographical area (e.g., banks,
gullies, and slopes) and INPFC statistical area boundaries (Appendix B). Since the methods used
were slightly different for the two surveys, descriptions of each survey's methods are detailed

separately below.

Western and Central Gulf of Alaska

Sample allocation was determined following the method of Neyman for stratified random
surveys, (Cochran 1977). Strata were assigned one of three sampling densities, based on the
coefficients of variation, mean catch per unit effort (CPUE), and sampling densities for all fish
species combined from the 1984, 1987, and 1990 surveys. The 1990 survey results were given
greater weight in this process than the previous surveys. Sfrata with anticipated high fish densities
were assigned a sampling densify of one station per 100 km?, while those strata expected to have

moderate and low fish densities were assigned sampling densities of one station per 150 km? and
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225 km?, respectively. A corresponding number of points were randomly chosen from a grid
consisting of points spaced at 5 nm intervals. Stations were allocated equally among the survey

vessels within each stratum to allow a comparison of relative fishing efficiencies between vessels.

Stations were prioritized within each stratum to provide three potential levels of
systemically controlled sampling density. Station prioritization was necessary to allow for the
possible loss of survey days due to bad weather, mechanical breakdowns, difficulty in finding
trawlable bottom, etc. Each of the selected stations was assigned a priority based on the
possibilities of completing either 450, 600, or 750 total successful stations. Priority One stations
were allocated from the minimum‘ potential sampling level of 450 total stations and comprised
50% of the stations in each stratum. Each stratum's remaining stations were divided equally
between priority Two and priority Three sampling densities, corresponding to the successful
completion of 600 or 750 stations, respectively. The numbers of priority One and Two stations
were adjusted upward in proportion to the percentage of bad tows within each stratum for the
1984-90 surveys combined to allow for bad tows in these areas. The priori.ty‘One stations were
always attempted. Priority Two and Three stations were atteﬁpted according to the prevailing
rate of successful station sampling and the remaining survey vessel time. The selected gridpoints
were considered to define the center of 5 by 5 nm areas, defined as grid-areas. Within each
selected grid-area, the bottom was searched using echosounder returns to find sufficient trawlable
bottom to obtain a successful 30 minute tow, not necessarily trawling at the actual gridpoint. If
trawlable bottom could not be found in the immediate area of the selected gridpoint, a search for a

suitable location within the grid-area was commenced. If, in the judgment of the field party chief,
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no trawlable grounds could be found within the grid-area within 30 minutes, a nearby alternate
station was selected from a list of successful tows completed during previous triennial groundfish

surveys. If sufficient trawlable bottom was encountered while transiting to the alternate site, this

location was selected for the sample.

Eastern Gulf of Aléska

The design of the 1993 eastern GOA survey was nearly identical to that of its predecessor,
the 1990 eastern GOA survey. This design was slightly different from that used in the central and
western GOA surveys in these years. A brief description of this methodology follows:In the
eastern GOA surveys, greater emphasis was placed on sampling rockfish species and sablefish,
which are by far the most important commercial species in this region. These species inhabit
primarily depths greater than 200 m on the continental slope and in gullies. Consequently,more
stations per unit area were placedlin these areas in an attempt to reduce the variance of CPUE
values for these fish. Fewer stations were allocated to the continental shelf in depths less than 200
m. No stations were allocated in the 1-100 m stratum of the Southeastern INPFC area because
virtually the entire stratum is untrawlable using the survey’s standard nets. For a more detailed

discussion of the survey design in the eastern GOA, see Stark and Clausen (1995).

A total of 180 stations were planned for the 1993 eastern GOA survey (Table 1). This
number was based on the 36 fishing days available for this region in 1993 and an expected

completion rate of five stations per day. The number of planned stations in each sampling stratum
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was determined using the 1990 allocation scheme for the eastern GOA survey. However, because
of the fewer fishing days available in 1993, the number of stations in each stratum was reduced by

approximately 10%.

Stations in shelf and gully strata were randomly selected using the same 5 by 5 nm grid
technique as previously described for the western and central GOA survey. The eastern GOA
survey followed a different approach to select stations in slope strata. The grid method was not
used because these strata are small and extremely narrow and elongate in shape. Instead, for each
slope stratum, transect lines were drawn such that the area between lines was 25 nm®. Thus, the
slope strata were composed of several irregularly shaped areas analogous to the grid-areas on the

shelf and gullies. The slope stations were then selected randomly from these areas.

For each of the 180 randomly located stations, an alternative, non-random station in the
same stratum was also determined in case the original planned station was untrawlable. The
alternative stations were selected from successful trawl hauls made during 11 previous Alaska

Fisheries Science Center survey cruises in the eastern Gulf of Alaska from 1978 to 1990.
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DATA COLLECTION TECHNIQUES

The goal of each sample (tow) was to maintain the vessel speed at 3 knots while
maintaining the net in fishing configuration for 30 minutes. Occasionally, tows of shorter duration
were necessary to prevent net damage or when echosounder and Scanmar information suggested
the potential for an exceptionally large catch. The time and location (estimated by global
positioning system (GPS)) of the vessel were recorded every 6 seconds during each tow in the
central and western portion of the survey. Pressure at depth, water temperature, and time were
recorded every 6 seconds during most tows using a MicroBT data logger (Richard Brancker
Research Ltd.) placed on the headrope of the net for the central and western portion of the
survey. Bottom temperatures in the eastern portion of the survey were collécted with a Furuno
net sounder attached to the headrope. In both portions of the survey, the vertical and horizontal
net openings were monitored with Scanmar net sondé units. Scanmar data were generally not
collected for tows over rough bottom or at depths greater than 400 m. The surface water
temperature was measured at each station with a bucket thermometer. To reduce potential fishing
power differences between the survey vessels, standardized trawling and gear handling methods
were practiced including the use of scope raﬁo tables (trawl warp relative to bottom depth) and

maintaining a 3 nm/hour trawling speed.

A trawl sample was considered successful if horizontal and vertical net openings remained
within the normal range, the roller gear consistently remained on bottom and the net suffered no

or little damage during the tow. Trawl samples were considered unsuccessful when the field party
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chief deemed that the sample result was affected by trawl damage or an unstable trawl

configuration or if the duration of the tow was less than 10 minutes.
Collection and Processing of Samples

Catches weighing less than 1,100 kg were emptied directly énto a sorting table, sorted to
species, and weighed. Larger catches were weighed with a dynamometer or the weight was
estimated volumetrically. A representative subsample that approximated the sampling table
capacity was then obtained following the procedures described by Hughes (1976) to reduce
subsampling bias caused by species and size stratification within the codend. The entire catch was
sampled for Pacific halibut (Hippoglossus stenolepis), crab, and major groundfish species that
occurred in limited numbers and were easily differentiated to species. Pacific halibut were

immediately measured and released. Halibut weights were estimated from the length data.

Additional data collection was concentrated on 17 species of high commercial value or

abundance in the survey area including;

Arrowtooth ﬂounder Atheresthes stomias
Flathead sole Hippoglossoides elassodon
Rock sole Pleuronectes bilineatus
Rex sole Errex zachirus

Dover sole Microstomus pacificus
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Yellowfin sole Pleuronectes asper
Walleye pollock Theragra chaicogrgmma
Pacific cod Gadus macrocephalus
Sablefish Anoplopoma fimbria
Atka mackerel Pleurogrammus monopterygius
Pacific ocean perch Sebastes alutus
Northern rockfish Sebastes polyspinis
Rougheye rockfish Sebastes aleutianus
Dusky rockfish Sebastes ciliatus
Sharpchin rockfish Sebastes zg_qentrus‘
Shortraker rockfish Sebastes borealis
Shortspine thornyhead Sebastolobus alascanus

A random subsample of 100 to 300 individuals (target value was species-dependent) of
each of these species identified in the catch was sorted by sex and individual fork lengths (FL)
were measured using Polycorder (Omnidata) data loggers with barcode reading capabilities or
with plastic measuring strips. Fish that could not be readily sexed were classified as unsexed and

measured.

Age structures were collected from randomly selected individuals of the target species.
Length was estimated to the nearest 1 cm FL, and weight was estimated to the nearest gram with

a platform scale when weather conditions allowed. To ensure that adequate samples for all
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. commonly observed age classes were collected, the age specimen collections were stratified by
sex and 1 cm FL intervals. Every attempt was made to distribute the age specimen collections
over the entire survey area. Stomach samples for selected species were collected throughout the
western and central portions of the survey by biologists from the AFSC's Trophic Interactions

Program.

In addition, ancillary data and speciinens were collected for other research projects
including information on Atka mackerel life history, genetics, maturity and fecundity; young-of-
the-year pollock; proximate composition of forage fish utilized by marine mammals and birds;
Dover sole mitochondrial DNA analysis; and shortraker and rougheye rockfish mitochondrial

DNA and electrophoretic analysis.

Data Analysis

Biomass estimates were calculated using the area-swept method (Alverson and Pereyra
1969). The area swept was estimated by multiplying the estimated distance towed by the
estimated mean net spread for each tow. The distance téwed was estimated by computing the
distance traveled over ground by the vessel between equilibrium and haulback. Equilibrium was
déﬁned by two criteria: 1) the net was in contact with the bottom; and 2) the net spread and
height indicated that the gear had achieved a normal fishing configuration. Haulback was defined

as when the trawl winches began to pull the net back to the vessel. In the central and western
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portion of the survey, the distance traveled by the vessel was estimated by smoothing the GPS
location data to eliminate the clock dither introduced by sglective availability, the largest source of
“error in the GPS system, and measuring the distance along this line.. In the eastern portion of the
survey, distance was estimated as the straight-line distance between the equilibrium and haulback
positions as determined by GPS. The mean net spread was estimated by averaging the net spread
readings from the Scanmar units from equilibrium to haulback. In the central and western
portions of the survey, net spreads for tows for which there were no Scanmar data were estimated
using a generalized additive model using net number, net height (when available), mean speed
over ground (when available), depth, and scope as variables. In the eastern portion of the survey,
net spreads were estimated by linear multiple regression using depth and scope as variables. For
each species, a CPUE was calculated for each stratum by dividing catch weight (in kg) by the area
swept by the trawl (in km?) for all tows in that stratum. Mean CPUEs of combined strata were
calculated as the component strata CPUE means weighted by strata area. Biomass estimates were
calculated by multiplying stratum mean CPUEs by strata areas and summing the results to obtain
estimates by INPFC statistical areas and depth intervals. The 95% confidence interval was
calculated for each species biomass estimate A detailed description of the analytical procedures

is presented in Wakabayashi et al. (1985).

Population length compositions were estimated by expanding the length-frequency data to
the total catch for each species by length and sex category at each station (Wakabayashi et al.

1985). The stratum population within a sexJength category was calculated by multiplying the
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stratum population by the proportion of fish in that category from the summed station data.

Population size composition estimates were summed over strata to create estimates by area.

Length-weight data collected from individual fish were used to estimate length-weight
relationships based on a nonlinear least squares regression algorithm. The length-weight
relationship was expressed as Weight ., = a * Lengthg,,’

where W=weight (grams), L=length (mm), a=coefficient, and b=exponent.

RESULTS

Of the 954 stations allocated for the 1993 survey, tows were attempted at 840 stations
(88% of the allocated stations), and 775 of these (92%) were considered successful tows and
included in the biomass and size composition analysis (Table 1). Scanmar net spread data were
collected for 499 tows in the central and western GOA (74%) and 51 tows in the eastern GOA
(31%). Continuous GPS data were collected from 607 tows (90%) in the central and western
GOA. Headrope depth and temperature data were collected for a total of 630 tows (93%) in the
western and central GOA. Bottom temperature data were collected at an additional 154 stations
(92%) in the eastern GOA. Bottom temperatures ranged from 1.9° to 11.4°C. Sea surface
temperatures were collected at a total of 804 stations (96%). Sea surface temperatures ranged

from 5.4° to 18.1°C.
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Table 1.--Number of allocated, attempted, and successfully completed stations and sampling
density for the 1993 Gulf of Alaska triennial groundfish survey by International North
Pacific Fisheries Commission statistical areas and depth intervals.

Depth Number of stations Area  Sampling density
Area (m) Allocated Attempted Successful  (km?) (stations/1,000 km?)

Shumagin 1-100 147 115 106 44,362 2.39
101-200 77 56 51 14,536 3.51

201 - 300 10 10 8 2,737 2.92

301 - 500 9 6 6 2,528 2.37

All depths 243 187 - 171 64,163 2.67

Chirikof 1-100 77 58 54 26,575 2.03
101 -200 . 87 85 81 23,749 3.41

201 - 300 30 33 - 31 11,500 2.70

301 - 500 6 6 6 1,633 3.67

All depths 200 182 172 63,457 2.71

Kodiak 1-100 96 75 68 39,842 1.71
: 101 - 200 143 143 134 43,182 3.10

201 - 300 35 32 28 11,545 2.43

301 - 500 11 12 10 2,960 3.38

All depths 285 262 240 97,529 2.46

Yakutat 1-100 20 17 16 16,220 0.99
101 - 200 62 62 61 28,647 2.13

201 -300 30 32 29 4,874 595

301 - 500 21 19 18 2,963 6.07

All depths 133 130 124 52,704 2.35

Southeastern 1-100 0 0 0 3,766 0.00
101 - 200 32 29 24 9,871 2.43

201 -300 38 34 30 5,035 5.96

301 - 500 23 - 16 14 2,885 . 4.85

All depths 93 79 68 21,557 3.15

All areas 1-100 340 265 244 130,765 1.87
101 - 200 401 375 351 119,985 2.93

201 - 300 143 141 126 35,691 3.53

301 - 500 70 59 54 12,969 4.16

All depths 954 840 775 299,410 2.59




- 19

Catch Results by Area

A total of 128 fish species from 35 families were identified during the 1993 GOA
groundfish survey. Appendix C presents lists of fish (Table C-1) and invertebrate (Table C-2)
species encountered during the survey. Relative abundance estimates, reported as CPUE, are

presented in Table 2 for the 20 most abundant groundfish species in each of the five INPFC areas.

Over the entire survey area, arrowtooth flounder was the most abundant groundfish
encountered during the survey (Table 2). Arrowtooth flounder had the highest CPUE of any
species in three of the five INPFC areas covered by the survey. It was second in terms of CPUE
in the other two areas. Walleye pollock and Pacific halibut were also very important components
of the gulf-wide species composition, particularly in the central and western GOA. The CPUE
was also high for Pacific ocean perch across the Gulf of Alaska, particularly in the Southeastern
INPFC area. Pacific cod was the fifth most important fish species in terms of CPUE, although

their numbers were relatively low in the eastern GOA.

In the Shumagin INPFC area, pollock and arrowtooth flounder were by far the most
abundant groundfish species, accounting for more than 47% of the total fish CPUE. CPUEs were |
also high for Pacific cbd, Pacific halibut, rock sole, Pacific ocean perch, yellowfin sole, and
flathead sole. In the Chirikof INPFC area, arrowtooth flounder was the dominant species,
accounting for approximately 39% of the total fish CPUE. Pollock, Pacific ocean perch, Pacific

cod and Pacific halibut were also important in the species composition. In the Kodiak INPFC
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Table 2.-- Mean CPUE (kg/km®) for the 20 most abundant groundfish in each International
North Pacific Fisheries Commission area during the1993 Triennial Gulf of Alaska

groundfish survey.

Shumagin Area Chirikof Area Kodiak Area
Species CPUE Species CPUE Species CPUE
Walleye pollock 5,739 Arrowtooth flounder 7,502 Arrowtooth flounder 6,696
Arrowtooth flounder 3,543 Walleye pollock 2,926 Pacific halibut 3,358
Pacific cod 1,947 Pacific ocean perch 1,621 Walleye pollock 1,987
Pacific halibut 1,917 Pacific cod 1,568 Pacific cod 1,812
Rock sole 1,461 Pacific halibut 1,530 Sablefish 1,641
Pacific ocean perch 1,182 Flathead sole 869 Pacific ocean perch 1,582
Yellowfin sole 1,141 Northern rockfish 718 Flathead sole 635
Flathead sole 960 Sablefish 553 Rock sole 535
Giant grenadier 541 Rock sole 527 Northern rockfish 512
Atka mackerel 336 Rex sole 429 Rougheye rockfish 350
Sablefish 249 Skates 290 Dover sole : 324
Northern rockfish 244 Dover sole 209 Rex sole 298
Duski(1 rockfish - 205 Dusky rockfish 206 Starry flounder 277
Rougheye rockfish 172 Giant grenadier 177 Dusky rockfish 245
Rex sole 170 Eulachon 171 Skates 230
Yellow Irish lord - 153 Rougheye rockfish 149 Butter sole 189
Butter sole 62 Yellowfin sole 127 Eulachon 137
Starry flounder 60 Shortspine thornyhead 99 Harlequin rockfish 87
Shortspine 58 Starry flounder 97 SEmy dogfish 79
Skates 56 Butter sole 92 Sharpchin rockfish 73
Number of hauls 171 Number of hauls 172 Number of hauls 240
Yakutat Area Southeastern Area All Areas
Species CPUE Species CPUE Species CPUE
Arrowtooth flounder 3,404 Pacific ocean perch 5,022 Arrowtooth flounder 5,329
Pacific halibut 648 Arrowtooth flounder 2,232 Walleye pollock 2,659
Pacific ocean perch 637 Redstripe rockfish 1,496 Pacific halibut 1,998
Wallege pollock 627 Silvergray rockfish 884 Pacific ocean perch 1,542
Sablefish 592 Dover sole 664 Pacific cod 1,426
Dover sole 541 Sablefish 651 Sablefish 859
SEmy dogfish 482 Sharpchin rockfish 615 Flathead sole 664
Skates 412 Pacific halibut 509 Rock sole 612
Flathead sole 330 Shortspine thornyhead 421 Northern rockfish 376
Rex sole 311 Walleye pollock 301 Rex sole 299
Pacific cod 297 Pacific cod 277 Dover sole 296
Pacific herring 269 Rex sole 275 Yellowfin sole 285
Shortspine 178 Lingcod 200 Skates 225
Lingcod 160 Yellowmouth rockfish 194 Rougheye rockfish 216
Eulachon 149 Rougheye rockfish 128 Dusky rockfish 199
Rougheye rockfish 135 Redbanded rockfish 112 Giant grenadier 174
DusEy rockfish 133 Pacific hake 97 Starry flounder 146
Shortraker rockfish 131 Sﬁotted ratfish 96 Eulachon 120
Starry flounder 116 Shortraker rockfish 94 Spiny dogfish 117
English sole 109 Dusky rockfish 90 Shortspine thornyhead 114
Number of hauls 124 Number of hauls 68 Number of hauls 775
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area, arrowtooth flounder and halibut were the two most impoftant species in terms of CPUE,
comprising about 48% of the total fish CPUE. Pacific halibut, pollock, Pacific cod, sablefish, and
Pacific ocean perch also had relatively high CPUEs. In the Yakutat INPFC area, arrowtooth
flounder comprised about 40% of the total fish CPUE. This was more than five times the next
highest CPUE, Pacific halibut. In the Southeastern INPFC area, three rockfish species (Pacific
ocean perch, redstripe rockfish, and silvergray rockfish) and arrowtooth flounder predominated in

the catches.

Catch Results by Species
For each species of great commercial interest or abundance, the following items are
presented:
1. A brief synopsis or overview of the data collected.
2. Atable presenting the number of hauls, the number of hauls with catch, CPUE,

biomass, and mean length and weight of that species by INPFC area and depth.

3. A figure showing the distribution and relative abundance of that species.

4. A figure showing the estimated size composition of the population for that species.

5. A figure showing the length -weight relationship from the individual length and weight
data collected.

6. CPUE and biomass estimates by stratum for that species.

For other species that were locally abundant (other flatfish and other rockfish), only

items 1, 2, and 6 above are presented.
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Arrowtooth flounder (Atherestes stomias)

Arrowtooth flounder had the highest CPUE of any species in the 1993 survey, and its
biomass was over twice that of the next most abundant species (Table 3). Arrowtooth flounder
were distributed throughout the survey area (Fig. 2), occurring in all 48 strata sampled (Table 4)
and at more than 92% of the sampled stations, including more than 99% of the stations at depths
greater than 100 m (Table 3). Approximately 50% of the estimated arrowtooth flounder biomass
was found between 101 and 200 m in the Chirikof and Kodiak INPFC areas (approximately 22%
}of the total area). The higheét CPUEs were associated with larger gullies and the shallower areas
on the continental slope, especially Shelikof Edge, Albatross Gullies, Portlock Flats, and Chirikof
Outer Shelf and Slope (Table 4). Arrowtooth flounder had the highest estimated biomass of any
species in three of the five areas surveyed and was second in estimated biomass in the other two
areas. Both mean length and mean weight increased with depth in all areas. Length data were
collected for more than 83,000 arrowtooth flounder (Fig. 3). Length modes were generally found
between 40 and 45 cm FL for males and between 55 and 60 cm FL for females. Length modes
were also seen at 21-22 cm FL for both sexes in water less than 100 m in depth in the western
Gulf of Alaska. The length-weight relationship for arrowtooth flounder specimens collected

during the survey is depicted in Figure 4.
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Table 3.--Number of survey hauls, hauls containing arrowtooth flounder, CPUE, biomass, mean
weight and mean length based on the 1993 Gulf of Alaska groundfish survey, by
International North Pacific Fisheries Commission statistical areas and depth intervals.

, Number Hauls Mean Mean
INPFC Depth of trawl with CPUE  Biomass weight length
Area (m) hauls catch  (kg/km?) (V) (kg) (cm)
Shumagin 1-100 106 91 2,739 121,508 0.5 34.5
101 200 51 51 6,826 99,220 0.7 41.0

21-300 8 8 751 2,055 1.0 45.9

301 - 500 6 6 1,792 4,529 1.4 51.1

All depths 171 156 3,543 227,312 0.6 37.0

Chirikof 1-100 54 38 2914 77,437 0.6 36.7
101 - 200 "~ 81 80 12,947 307,480 0.9 43.7

201 - 300 31 31 6,637 76,327 1.3 49.9

301 - 500 6 6 9,071 14,810 1.6 53.8

All depths 172 155 7,502 476,053 0.9 43.0

Kodiak 1-100 68 43 3,413 135,989 0.8 423
101 - 200 134 133 10,787 465,831 0.9 447

201 - 300 28 28 4,145 47,858 1.4 '51.0

301 - 500 10 10 1,152 3,411 1.5 52.6

All depths 240 214 6,696 653,089 0.9 444

Yakutat 1-100 16 16 2,462 39,934 0.7 40.4
101 - 200 61 61 4,098 117,404 0.7 39.9

201 - 300 29 29 3,709 18,075 1.2 48.8

301-500 18 18 1,349 3,998 2.1 574

All depths 124 124 3,404 179,411 0.8 40.7

‘Southeastern 1-100 0 0 -—-- --- --- -
101 - 200 24 23 3,145 31,042 0.6 39.5

201 - 300 30 29 1,037 5,223 0.8 40.5

301 - 500 14 14 1,192 3,439 1.4 53.5

All depths 68 66 2,232 39,705 0.7 40.1

All areas 1-100 244 188 2,952 374,869 0.6 37.8
101 - 200 351 348 8,509 1,020,977 0.8 43.1

201 - 300 126 125 4,190 149,539 1.3 49.6

301 - 500 54 54 2,328 30,187 1.6 53.6

All depths 775 715 5,329 1,575,571 0.8 42.0

All areas biomass, 95% confidence interval: 1,375,663 - 1,775,479 metric tons (t).
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Figure 3.--Size composition of the estimated arrowtooth flounder population from the 1993 Gulf -
of Alaska survey by International North Pacific Fisheries Commission statistical areas
and depth intervals.
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Table 4.--Catch per unit effort by stratum for arrowtooth flounder sorted by descending CPUE

for the 1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE  Biomass Lower C.I. Upper C.L
code Stratum name of hauls with catch _(kg/km?) () Biomass  Biomass

121 Shelikof Edge 24 23 19,572 150,173 48,379 251,967
130  Albatross Gullies 29 29 15,766 123,561 82,698 164,424
131 Portlock Flats 22 21 12,730 93,173 45,080 141,265
122 Chirikof Outer Shelf 18 18 11,203 55,946 20,641 91,250
221 Chirikof Slope 4 4 11,119 17,047 0 59,971
133 Kenai Flats - 41 41 9475 113716 41,528 185,903
120 East Shumagin Gully 39 39 9,146 101,361 72,642 130,081
320 Chirikof Slope 6 6 9,071 14,810 0 39,445
112 West Shumagin Gully 6 6 8,943 20,275 9,259 31,291
132 Barren Islands 27 27 8,845 96,840 64,551 129,129
140 Middleton Shelf 28 28 8,273 60,495 38,865 82,124

35 Northern Kodiak Shallows 6 4 7,601 18249 0. 40,327
134 Kodiak Outer Shelf 15 15 - 7,592 38541 15,212 61,870
232 Upper Shelikof Gully 5 5 6,704 21,383 8,613 34,154
111 Shumagin Outer Shelf 25 25 6,514 52350 22,676 82,024
110 Sanak Gully 20 20 6,283 26,595 18,312 34,877
220  Lower Shelikof Gully 27 27 5,947 59,280 26,221 92,340

31 Albatross Banks 33 20 5,533 84,871 2,004 167,739

22 Chirikof Bank 31 21 4,729 51,981 0 118,649
240 Yakutat Gullies 18 18 4430 15,938 7,753 24,124
150 Baranof-Chichagof Shelf 10 10 4284 17,574 472 34,676

30  Albatross Shallows 11 9 4,090 25,025 5,303 44,747

13 Shumagin Bank 20 16 3,670 53,678 14,523 92,833

12 Lower Alaska Peninsula 18 17 3,568 26,555 3,635 49.475
143 Fairweather Shelf 11 11 3,424 25989 9,821 42,158
230  Kenai Gullies 19 19 3,287 22,121 8,435 35,807

40  Yakutat Shallows 5 5 2,859 23,909 1,469 46,349
231 Kodiak Slope 4 4 2,678 4354 0 13,864
142 Yakutat Flats 12 12 2,652 22203 10,518 33,887

11 Davidson Bank 44 40 2,408 32936 20,560 45313
151 Prince of Wales Shelf 14 13 2,335 13,469 2,292 24,645

20 Upper Alaska Peninsula 15 10 2,114 17,512 2,869 32,156

41 Middleton Shallows 11 11 2,039 16,025 3,479 28,571
341 Yakutat Slope 3 3 1,884 2307 346 4,267
310 Shumagin Slope 6 6 1,792 4,529 0 10,308
241 Yakutat Slope 11 11 1,675 2,137 800 3,474
141 Yakataga Shelf 10 10 1,623 8,718 4,579 12,857
350  Southeastern Deep Gullies 13 13 1,514 3,141 1,234 5,049
330  Kodiak Slope 10 10 1,152 3411 1,310 5,512
250 Baranof-Chichagof Slope 8 8 1,125 1,166 385 1,946

21 Semidi Bank 8 7 1,088 7,943 0 19,908
251 Prince of Wales Slope/Gullies 22 21 1,015 4,058 2,139 5,976
340  Yakutat Deep Gullies 15 15 973 1,691 934 2,449

10 Fox Islands 24 18 968 8,339 1,387 15,291
210 Shumagin Slope 8 8 751 2,055 386 3,724

32 Lower Cook Inlet 15 9 494 5,174 145 10,202

33 Kenai Peninsula 3 1 484 2,670 0 14,160
351 Southeastern Slope 1 1 368 298 0 0
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Pacific halibut (Hippoglossus stenolepis)

Pacific halibut were consistently found at all surveyed depths less than 400 m, but
approximately 77% of the biomass was estimated to be betwéen land 100 m (Tables 5 and 6).
Halibut were encountered at 98% of the stations sampled in this depth range. The largest CPUEs
were from the nearshore areas around Kodiak Island and Albatross Bank (Fig. 5). Three strata in
these areas (strata 30, 31, and 35; Table 5) accounted for about 38% of the total estimated
biomass 6f halibut, although they comprise only 8% of the total survey area. Pacific halibut had
the third highest estimated biomass in the survey area of any species. Ail areas sampled except
the Southeastern INPFC area exhibited a length mode between 48 and 58 cm FL (Fig. 6). In
addition, modes between 20 and 22 cm and between 35 and 38 cm FL were found in the Chirikof
INPFC area. Mean length and weight generally increased with depth throughout the survey area

(Table 5).
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Table 5.--Number of survey hauls, hauls containing Pacific halibut, CPUE, biomass, mean
weight and mean length based on the 1993 Gulf of Alaska groundfish survey, by
International North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
" Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 106 2,452 108,787 2.5 54.6
101 - 200 51 48 916 13,310 43 66.1
201 - 300 8 3 148 405 7.7 823
301 - 500 6 3 202 511 12.7 99.9
All depths 171 160 1,917 123,011 2.7 55.4
Chirikof 1-100 54 53 2,541 67,523 2.4 49.1
101 - 200 81 71 999 23,731 6.9 76.8
201 - 300 31 23 452 5,193 9.2 86.7
301 - 500 6 3 378 617 18.2 108.3
All depths 172 150 1,530 97,065 3.0 52.7
Kodiak 1-100 68 67 6,576 261,981 2.8 58.4
101 - 200 134 - 113 1,352 58,379 8.4 823
201-300° 28 21 612 7,071 10.8 91.0
- 301 -500 10 1 41 120 15.2 106.0
All depths 240 202 3,358 327,551 3.2 60.3
Yakutat 1-100 16 13 966 15,663 4.4 66.3
101 - 200 61 40 533 15,273 6.5 74.5
201 - 300 29 16 462 2,250 10.9 89.3
301 - 500 18 7 327 969 13.5 95.1
All depths 124 76 648 34,156 5.5 70.5
Southeastern 1-100 0 0 - --- - -
101 - 200 24 14 830 8,195 6.9 79.4
201 - 300 30 9 161 - 811 11.9 95.0
301 - 500 14 2 17. 48 7.5 842
All depths 68 25 509 9,054 7.2 80.3
All areas 1-100 244 239 3,574 453,954 2.7 56.1
101 - 200 351 286 991 118,888 7.0 77.0
201 - 300 126 72 441 15,729 10.2 89.1
301 - 500 54 16 175 2,266 14.2 99.2
All depths 775 613 1,998 590,838 3.1 583

All areas biomass, 95% confidence interval: 449,312 - 732,364 metric tons (t).
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Figure 6.--Size composition of the estimated Pacific halibut population from the 1993 Gulf of
Alaska survey by International North Pacific Fisheries Commission statistical areas
and depth intervals
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Table 6.--Catch per unit effort by stratum for Pacific halibut sorted by descending CPUE for the

1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.I.
code Stratum name of hauls with catch _(kg/km?) (t) Biomass  Biomass
30  Albatross Shallows 11 11 12,392 75,825 0 200,424
35  Northern Kodiak Shallows 6 6 8,444 20,273 0 48,037
31 - Albatross Banks 33 33 8,384 128,602 66,301 190,904
21 Semidi Bank 8 8 3,054 22289 0 46,306
32 Lower Cook Inlet 15 15 3,039 31,823 7,845 55,801
11 Davidson Bank 44 44 2,794 38217 26,763 49,671
22 Chirikof Bank 31 30 2,608 28,669 21,568 35,770
10 Fox Islands 24 24 2,480 21,369 13,118 29,620
12 Lower Alaska Peninsula 18 18 2,359 17,558 8,472 26,645
13 Shumagin Bank 20 20 2,164 31,642 22,519 40,766
134 Kodiak Outer Shelf 15 14 2,132 10,821 5,128 16,513
130  Albatross Gullies 29 28 2,062 16,161 9,532 22,789
20 Upper Alaska Peninsula 15 15 2,000 16,566 8,903 24228
112 West Shumagin Gully 6 6 1,506 3,415 312 6,518
41 Middleton Shallows 11 -9 1,391 10,928 0 23,005
132 Barren Islands 27 23 1,292 14,150 6,819 21,481
131 Portlock Flats 22 22 1,191 8,714 5,847 11,581
120  East Shumagin Gully 39 33 1,126 12475 8,200 16,750
232 Upper Shelikof Gully 5 4 1,091 3,480 461 6,499
122 Chirikof Quter Shelf 18 17 1,059 5,288 2,576 8,000
241 Yakutat Slope 11 8 993 1,268 320 2,215
33 Kenai Peninsula 3 2 990 5,457 0 17,203
151 Prince of Wales Shelf 14 8 889 5,126 325 9,928
110 Sanak Gully 20 20 812" 3436 2,135 4,736
111 Shumagin Outer Shelf 25 22 804 6,459 2,679 10,239
143 Fairweather Shelf 11 7 798 6,058 395 11,720
121 Shelikof Edge 24 21 778 5,968 3,808 8,128
150  Baranof-Chichagof Shelf 10 6 748 3,068 365 5,771
133 Kenai Flats 41 26 711 8,534 4318 12,749
40  Yakutat Shallows 5 4 566 4,735 0 10,741
221 Chirikof Slope 4 2 545 835 0 3,198
142 Yakutat Flats 12 9 479 4,013 1,086 6,940
220  Lower Shelikof Gully 27 21 437 4358 2,722 5,993
230  Kenai Gullies 19 14 436 2,936 1,091 - 4,780
140  Middleton Shelf 28 20 416 3,045 1,600 4,490
231 Kodiak Slope 4 3 403 656 0 1,402
141 Yakataga Shelf 10 4 402 2,157 0 5,753
250  Baranof-Chichagof Slope 8 2 388 401 0 1,111
320  Chirikof Slope 6 3 378 617 0 1,440

341 Yakutat Slope 3 2 343 420 0 1,536
340  Yakutat Deep Gullies 15 5 316 550 0 1,138
240  Yakutat Gullies 18 8 273 982 0 2,141
310 Shumagin Slope 6 3 202 511 0 1,252
210  Shumagin Slope 8 3 148 405 0 1,009
251 Prince of Wales Slope/Gullies 22 7 102 410 60 759
330 Kodiak Slope 10 1 41 120 0 393
350 Southeastern Deep Gullies 13 2 23 48 0 122
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Flathead sole (Hippoglossoides elassodon)

Flathead sole CPUEs were highest in samples from water less than 100 m, particularly
south of Kodiak Island in the lower Alaska Peninsula and Albatross Shallows strata (strata 12 and
30, Table 8). These strata accounted for approximately 33% of the total estimated biomass while
comprising less than 5% of the total survey area. Flathead sole were found most often in tows
from the major gully areas, especially in the Shumagin and Chirikof INPFC areas where they were
caught in 100% of the tows in the major gullies (Sanak, Shumagin, and Shelikof Gullies; Fig. 7).
The male length frequency data generally showed a frequency mode between 30 and 35 cm FL,
while the female mode consistently appeared between 36 and 40 cm FL (Fig. 8). The length-

weight relationship for flathead sole specimens collected during the survey is depicted in Figure 9.
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Table 7.--Number of survey hauls, hauls containing flathead sole, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by International
North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 68 1,142 50,647 0.3 304
101 - 200 51 32 750 - 10,904 0.2 28.1
201 - 300 8 5 24 67 0.2 25.7
301 - 500 6 1 2 5 0.2 38.5
All depths 171 106 960 61,624 0.3 29.9
Chirikof 1-100 54 26 993 26,386 0.3 30.1
101 - 200 81 65 995 23,631 0.3 29.5
201 - 300 31 29 444 5,107 0.4 353
301 - 500 6 0 0 0 --- -—-
All depths 172 120 869 55,125 0.3 30.2
Kodiak 1-100 68 29 1,030 41,042 0.3 30.7
101 - 200 134 90 400 17,277 0.3 30.0
201 - 300 28 23 315 3,638 0.4 335
301 - 500 10 0 0 0 --- -
All depths 240 142 635 61,957 0.3 30.6
Yakutat 1-100 16 12 311 5,052 0.3 30.6
101 - 200 61 46 358 10,250 0.3 30.9
201 -300 29 18 371 1,809 0.3 32.7
301 - 500 18 4 102 303 0.4 33.9
All depths 124 80 330 17,414 0.3 31.0
Southeastern 1-100 0 0 - - --- -
101 - 200 24 4 9 86 0.3 -—
201 -300 30 7 6 33 0.3 ---
301 - 500 14 0 0 0 --- -
All depths 68 11 7 119 0.3 -—-
All areas 1-100 244 135 970 123,127 0.3 30.4
101 - 200 351 237 518 62,148 0.3 29.6
201 - 300 126 82 299 10,654 0.4 34.0
301 - 500 54 5 24 308 0.4 34.0
All depths 775 459 664 196,238 0.3 303

All areas biomass, 95% confidence interval: 143,355 - 249,122 metric tons
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Figure 9.--Length-weight relationship for flathead sole specimens collected during the 1993
Gulf of Alaska bottom trawl survey. The non-linear least squares regression (solid
line) was calculated using the formula Weight ..., = a * Length(mm)b.
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Table 8.--Catch per unit effort by stratum for flathead sole sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.I
code  Stratum name of hauls with catch _(kg/km?) () Biomass  Biomass
30 Albatross Shallows 11 7 5,992 36,665 0 81,956
12 Lower Alaska Peninsula 18 17 3,760 27,982 8,762 47,202
112 West Shumagin Gully 6 6 2,105 4772 748 8,797
120 East Shumagin Gully 39 39 1,477 16,366 8,100 24,633
20  Upper Alaska Peninsula 15 7 1,435 11,885 305 23,466
35 Northern Kodiak Shallows 6 5 1,368 3,284 0 8,056
110 Sanak Gully 20 20 1,298 5,492 2,196 8,788
130 Albatross Gullies 29 25 1,257 9,855 4,894 14,817
22 Chirikof Bank 31 15 1,233 13,554 3,952 23,156
140 Middleton Shelf 28 27 1,218 8,908 3,241 14,574
232 Upper Shelikof Gully 5 5 944 3,010 0 6,284
121 Shelikof Edge 24 21 923 7,079 3,465 10,693
10 Fox Islands 24 4 762 6,561 0 20,004
13 Shumagin Bank 20 13 652 9,538 573 18,502
220 Lower Shelikof Gully 27 27 509 5,077 3,388 6,766
240 Yakutat Gullies 18 14 497 1,787 737 2,837
11 Davidson Bank 44 34 480 6,566 3,896 9,236
41 Middleton Shallows 11 8 342 2,690 369 5,012
131 Portlock Flats 22 15 295 2,160 442 3,878
40 Yakutat Shallows 5 4 282 2,362 0 5,385
132 Barren Islands 27 18 250 2,742 1,066 4418
133 Kenai Flats 41 30 206 2,469 1,056 3,883
340  -Yakutat Deep Gullies 15 4 174 303 0 902
141 Yakataga Shelf 10 8 134 720 0 1,514
21 Semidi Bank 8 4 130 947 0 2,327
230  Kenai Gullies 19 14 91 611 217 1,005
111 Shumagin Outer Shelf 25 6 80 640 0 1,486
31 Albatross Banks 33 12 64 977 0 2215
142  Yakutat Flats 12 7 59 493 0 1,187
122 Chirikof Outer Shelf 18 5 37 186 0 459
210 Shumagin Slope 8 5 24 67 0 157
221 Chirikof Slope 4 2 19 30 0 115
143 Fairweather Shelf 11 4 17 128 0 289
241 Yakutat Slope 11 4 17 22 0 45
150  Baranof-Chichagof Shelf 10 1 15 60 0 194
134 Kodiak Outer Shelf 15 2 10 50 0 141
231 Kodiak Slope 4 4 10 17 0 41
32 Lower Cook Inlet 15 4 9 96 0 210
251 - Prince of Wales Slope/Gullies 22 7 8 33 6 60
151 Prince of Wales Shelf 14 3 5 27 0 65
33 Kenai Peninsula 3 1 4 20 0 105
310  Shumagin Slope 6 1 2 5 0 18
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Rock sole (Pleuronectes bilineatus)

Rock sole were found primarily in the central and western Gulf of Alaské. in water
shallower than 100 m. (Tables 9 and 10; Fig. 10). Approximately 94% of the total survey area
biomass was found in this area. About 50% of the estimated total survey area biomass was ffom
the Shumagin INPFC area at depths less than 100 m (Table 9). Rock sole occurred in 89% of all
samples taken between zero and 100 meters, including 99% of tov.vs in this depth range in the
Shumagin INPFC area. The length frequency data showed that a mode for male lengths exisfed
between 30 and 35 cm FL and between 37 and 40 cm FL for females in all areas where adequate
sample sizes were realized (Fig. 11). Both mean length and mean weight increased with depth in
all areas (Table 9). The length-weight felationship for rock sole specimens collected during the

survey is depicted in Figure 12.
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Table 9.--Number of survey hauls, hauls containing rock sole, CPUE, biomass, mean weight and
mean length based on the 1993 Gulf of Alaska groundfish survey, by International

North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) - (kg) (cm)
Shumagin 1-100 106 105 2,024 89,796 0.5 322
: 101 - 200 51 30 270 3,918 0.7 36.7
201 - 300 8 0 0 0 --- ---
301 - 500 6 0 0 0 --- ---
All depths 171 135 1,461 93,714 0.5 32.3
Chirikof 1-100 54 46 1,216 32,321 0.6 32.7
101 - 200 81 25 47 1,126 0.8 38.5
201 - 300 31 3 2 23 0.7 -
301 - 500 6 0 0 0 -—- -
All depths 172 74 527 33,470 0.6 32.8
Kodiak 1-100 68 62 1,204 47,963 0.5 33.7
101 - 200 134 44 98 4215 0.6 35.2
201 - 300 28 0 ) 0 - -—
301 - 500 10 0 0 : 0 -—-- -
All depths 240 106 535 52,177 0.5 33.8
Yakutat 1-100 16 4 26 415 0.7 36.5
101 - 200 61 2 1 20 0.9 -—-
201 - 300 29 0 0 0 -—- ---
301 - 500 18 0 0 0 -—- -—-
All depths 124 6 8 435 0.7 36.5
Southeastern 1-100 0 0 -- --- -—-- -
101 - 200 24 5 119 1,177 0.4 329
201 - 300 30 0 0 0 -—-- -
301 - 500 14 0 0 0 - -
All depths 68 5 66 1,177 0.4 329
All areas ~1-100 244 217 1,342 170,496 0.5 32.7
101 - 200 351 106 87 10,455 0.6 35.7
201 - 300 126 3 1 23 0.7 -
301 - 500 54 0 0 0 -—- -
All depths 775 326 612 180,974 0.5 32.8

All areas biomass, 95% confidence interval: 149,997 - 211,951 metric tons (t).



48

“UBOW Y} 9AOQE SUOTJEIASP PIEPUR]S OM] URY)
1018018 PUR ‘UBSW SY} SAOGE SUOIIBIASD PIEPUE)S OM] PUR URSW SY} US9MISQ ‘UBSW S} MO[Iq SaYIed AQ PazLI05a1ed
ST 90UBPUNQY “ASAINS MBI} WOTI0Q BYSEIY JO JIND) €661 Y} WOIJ 3[0S YOOI JO S0UBPUNGER SAHR[SI PUB UOHNQLISI--"QT JINSLf

Q0 00 ¥ 00 S 00 ¥ 00 09 00 9 00 ¥9 00 89 00 89 00 O

VMMSVIV A0 ATr19
spubis| _ e \.zd.m{

uibowinyg

mec_o_.c_)o—z
ano4 jo
sSpup|s|
00 ¥

¢ “lpsppuUn

pub|S|
10214140

puD|S|
>punGn

VHS IONITdAI

2w /3 ove'e < @ 00 89
U /3 0PEE-90S @
Sgwi/3 90% > .
yoye)n ON
SJoYao|IY

0z 0% 00h 05 0

andd *I0S o0y
|£oang [eTUULT VO €661

00 09




49

20UDLIUT
woxd

PUD|S| SBIDAM
Jo eoulad

pub|s|
/ POC—ULO@

pubis|
+oBoys1yo

VMSVIV

CO0 vl 00 Mﬂﬂ mm uﬂﬂ mm ﬂﬂﬂ

guy/3 ove'e < @
gu{/81 0¥Ee—-90C @
gu/31 90¢ > .
yojye) oN
[FEIENTIN
00z 0% o0 05 0

dndD 2[0S ooy
Aoadng [BIUULLLL VOO £661

“penunuo)--" N3

00 S

00 95




50

CHIRIKOF KODIAK

SHUMAGIN

WOOL -1

4,000

n=

W 00¢C - 1oL IN 00€ - LOC W 006G - Lo€E

n=1782
50

40

No data
No data

30

20

30 40 50

20

SH1d3da 11v

n=5,564

2,537

n=

MALES
FEMALES
UNSEXED

L]
2
|

n=190
50

40

No data
No data

30

30 40 &0

20

2,727

n=

n = 8,006

n=776
50

40

No data
30
No data

20

© v o vw © ©O v o »
- - -

H1d3d ANV V3YV NIHLIM AONINDIH4 LINIFO¥3Ad

o
-—

40 50

30

20

n= 8,782

5
0
5
10

30 40 60

20

30 40 50

20

40 50

30

20

LENGTH IN CM _
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Figure 12 --Length-weight relationship for rock sole specimens collected during the 1993 Gulf of
Alaska bottom trawl survey. The non-linear least squares regression (solid line) was
calculated using the formula Weight .., = a * Length(mm)b.
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Table 10.--Catch per unit effort by stratum for rock sole sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum ‘ Number Hauls CPUE Biomass Lower C.I. Upper C.L

code Stratum name of hauls with catch (kg/km?) ()] Biomass  Biomass
35 Northern Kodiak Shallows 6 5 3,792 9,105 0 19,867
12 Lower Alaska Peninsula 18 18 3,410 25,384 12,994 37,774
13 Shumagin Bank 20 20 2,061 30,149 12,018 48,280
20 Upper Alaska Peninsula 15 14 1,836 15,208 4,474 25,942
11 Davidson Bank 44 44 1,818 24,866 17,921 31,810
31 Albatross Banks 33 31 1,706 26,161 12,462 39,859

22 Chirikof Bank 31 24 1,370 15,063 7,673 22452 -
10 Fox Islands 24 23 1,091 9,398 6,597 12,199
32 Lower Cook Inlet 15 15 794 8,312 436 16,188
30  Albatross Shallows 11 10 689 4217 928 7,506
134  Kodiak Outer Shelf 15 9 469 2381 146 4,616
111 Shumagin Outer Shelf 25 15 393 3,162 1,428 4,896
21 Semidi Bank 8 8 281 2,051 579 3,522
150  Baranof-Chichagof Shelf 10 3 264 1,083 0 3,249
110 Sanak Gully 20 12 160 677 0 1,465
130  Albatross Gullies 29 18 122 957 26 1,888
120 East Shumagin Gully 39 16 78 868 0 1,785
131 Portlock Flats 22 7 56 413 0 940
- 41 Middleton Shallows 11 4 53 415 0 995
132 . Barren Islands 27 7 37 408 0 966
122 Chirikof Outer Shelf 18 4 36 179 0 370
112 West Shumagin Gully 6 3 35 79 0 242
33 Kenai Peninsula 3 1 30 168 0 889
151 Prince of Wales Shelf 14 2 16 95 0 259
121 Shelikof Edge 24 5 10 79 3 155
133 Kenai Flats 41 3 5 56 0 146
143 Fairweather Shelf 11 1 2 16 0 52
220 Lower Shelikof Gully 27 3 2 23 0 50
140 Middleton Shelf 28 1 0 4 0 11
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Rex sole (Errex zachirus)

Rex sole were widely distributed throughout the survey area, occurring in 69% of all
tows and 89% of all tows greater than 100 m in depth (Table 11). They were captured in 47 of
the 48 strata sampled, yet large catches of rex sole were rare (Table 12). The highest CPUEs for
rex sole were seen on the outer shelf, the continental slope and the deep gullies (Fig. 13). Eighty-
one percent of the total biomass of rex sole within the survey area was estimated to be between
101 and 300 m (Table 11). The male length frequency data indicate a mode between 32 and 38
cm FL for males and around 40 cm FL for females (Fig. 14). Mean length and weight generally
decreased with sample depth (Table 11). The length-weight relationship for rex sole specimens

collected during the survey is depicted in Figure 15.
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Table 11.--Number of survey hauls, hauls containing rex sole, CPUE, biomass, mean weight and
mean length based on the 1993 Gulf of Alaska groundfish survey, by International
North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 29 72 3,207 0.5 . 404
101 - 200 51 43 425 6,171 0.5 40.2
201 -300 8 6 208 569 0.4 37.4
301 - 500 6 : 6 378 956 0.4 37.1
All depths 171 84 170 10,902 0.5 39.7
Chirikof - 1-100 54 10 115 3,069 0.6 423
101 - 200 81 68 683 16,211 0.5 41.1
201 - 300 31 30 588 6,761 0.5 40.7
301 - 500 6 6 719 1,174 0.4 37.4
All depths 172 114 429 27,216 0.5 40.9
Kodiak 1-100 68 13 54 2,169 0.4 36.3
101 - 200 134 116 492 21,249 0.4 38.1
201 - 300 28 25 432 4,992 0.3 34.0
301 - 500 10 8 214 634 03 34.4
All depths 240 162 298 29,044 0.4 36.9
Yakutat 1-100 16 12 214 3,471 02 31.0
101 - 200 61 56 329 9,416 0.3 34.0
201 -300 29 28 567 2,762 0.2 33.7
301 - 500 18 17 249 738 02 ---
All depths 124 113 311 16,387 0.3 334
Southeastern 1-100 0 0 - --- --- -
101 - 200 24 19 153 1,507 0.2 322
201 - 300 30 29 460 2,315 0.2 313
301 - 500 14 14 373 1,076 0.2 334
All depths 68 62 275 4,897 0.2 32.0
All areas 1-100 244 64 94 11,916 0.4 36.6
101 - 200 351 302 455 54,553 04 37.7
201 - 300 126 118 487 17,399 0.3 35.0
301 - 500 54 51 353 4,578 0.3 35.4
All depths 775 535 299 88,447 04 368

All areas biomass, 95% confidence interval: 76,044 - 100,849 metric tons ().
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Figure 15 --Length-weight relationship for rex sole specimens collected during the 1993 Guif of

Alaska bottom trawl survey. The non-linear least squares regression (solid line) was
calculated using the formula Weight ..., =a * Length(mm)b.
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Table 12.--Catch per unit effort by stratum for rex sole sorted by descending CPUE for the 1993

Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.L
code  Stratum name of hauls with catch _(kg/km?) ® Biomass  Biomass
140  Middleton Shelf 28 28 - 1,144 8366 3,226 13,506
122 Chirikof Outer Shelf 18 15 1,012 5,053 1,064 9,042
130 Albatross Gullies 29 26 992 7,773 2,147 13,399
221 Chirikof Slope 4 4 907 1,391 0 3,385
121 Shelikof Edge 24 - 23 852 6,538 2,658 10,418
320 Chirikof Slope 6 6 719 1,174 655 1,694
110 Sanak Gully 20 18 703 2977 899 5,056
230  Kenai Gullies 19 16 694 4670 1,802 7,539
240  Yakutat Gullies 18 17 686 2469 1,417 3,521
131 Portlock Flats 22 21 670 4,905 2,717 7,093
251 Prince of Wales Slope/Gullies 22 21 558 2,233 1,140 3,327
220 Lower Shelikof Gully 27 26 539 5,370 3,038 7,701
350 Southeastern Deep Gullies 13 13 459 953 469 1,438
133 Kenai Flats 41 39 431 5,172 3,050 7,294
120 East Shumagin Gully 39 30 417 4,620 1,897 7,344
310  Shumagin Slope 6 6 378 956 262 1,650
35 Northern Kodiak Shallows 6 3 362 870 0 2,265
111 Shumagin Outer Shelf 25 19 353 2,836 0 6,038
341 Yakutat Slope 3 3 289 354 0 1,070
22 Chirikof Bank 31 9 273 2,998 0 6,159
41 Middleton Shallows 11 7 260 2,042 0 4,160
241 Yakutat Slope 11 11 230 293 134 452
132 Barren Islands 27 21 223 2,438 1,180 3,697
340  Yakutat Deep Gullies 15 14 221 385 14 755
330  Kodiak Slope 10 8 214 634 214 1,054
210 Shumagin Slope 8 6 208 569 62 1,075
150  Baranof-Chichagof Shelf 10 9 196 805 7 1,604
134 Kodiak Outer Shelf 15 9 189 960 104 1,817 -
40 Yakutat Shallows 5 5 171 1,429 0 3,094
112 West Shumagin Gully 6 6 158 357 116 599
351 Southeastern Slope | 1 151 122 -0 0
231  Kodiak Slope 4 4 146 237 -0 520
11 Davidson Bank 44 16 132 1,799 369 3,229
151 Prince of Wales Shelf 14 10 122 701 221 1,182
13 Shumagin Bank 20 5 93 1,359 0 3,210
250  Baranof-Chichagof Slope 8 8 79 82 26 137
143 Fairweather Shelf 11 8 71 540 56 1,024
30 Albatross Shallows 11 3 66 402 0 1,171
31 Albatross Banks 33 4 42 644 0 1,846
142 Yakutat Flats 12 12 40 332 129 534
33 Kenai Peninsula 3. 1 39 218 0 1,154
141 Yakataga Shelf 10 8 33 179 40 317
232 Upper Shelikof Gully 5 5 27 85 30. 140
20 . Upper Alaska Peninsula 15 1 9 71 0 224
12 Lower Alaska Peninsula 18 6 4 30 0 71
32 Lower Cook Inlet 15 2 3 35 0 98
10 FoxIslands 24 2 2 18 0 50
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Dover sole (Microstomus pacificus)

Dover sole were found in moderate numbers throughout the survey area (Table 13;
Fig. 16). Dover sole CPUEs genefally increased from west to east and from shallow to deep with
the highest CPUE in the Southeastern Deep Gullies (Table 14). The highest stratum biomass
occurred in the Middleton Shelf stratum where Dover sole were recorded in all 28 samples.
Dover sole were found in 94% of the tows over 300 m, and in 87% §f the tows between 201-300
m. The largest Dover sole were generally found between 101 and 200 m with smaller fish found
both deeper and shallower (Fig. 17). This appeared to be due to the predominance of larger
female fish in this depth range. The length-weight relationship for Dover sole specimens collected

during the survey is depicted in Figure 18.
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Table 13.--Number of survey hauls, hauls containing Dover sole, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by
International North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 8 5 222 0.7 45.0
101 - 200 51 27 73 1,066 1.2 474
201 - 300 8 4 55 151 1.0 447
301 - 500 6 4 397 1,003 0.9 453
All depths 171 43 38 2,442 1.0 46.0
Chirikof 1-100 54 10 33 887 0.9 422
101 - 200 81 53 307 7,298 1.1 46.6
201 - 300 31 25 289 3,328 1.0 449
301 - 500 6 6 1,072 1,750 0.7 41.1
All depths 172 94 209 13,263 1.0 448
Kodiak 1-100 68 12 85 3,377 0.6 415
101 - 200 134 111 398 17,205 0.8 439 .
201 - 300 28 23 704 8,126 0.7 40.7
301 - 500 10 10 973 2,881 0.6 38.9
All depths 240 156 324 31,589 0.7 42.1
Yakutat 1-100 16 8 42 682 0.6 33.0
101 - 200 61 51 598 17,128 0.9 433
201 - 300 29 28 1,383 6,740 0.8 43.1
301 - 500 18 17 1,340 3,972 0.8 43.4
All depths 124 104 541 28,521 0.8 43.0
Southeastern 1 - 100 0 0 --- --- --- -
101 - 200 24 13 166 1,640 - 07 48.6
201 - 300 30 29 . 575 2,895 0.5 353
301 - 500 14 14 2,524 7,279 06 400
All depths 68 56 664 11,814 0.6 39.0
All areas 1-100 244 38 41 5,169 0.6 40.9
101 - 200 351 255 370 44,336 0.9 442
201 - 300 126 109 595 21,240 0.7 40.7
301 - 500 54 51 1,302 16,885 0.7 40.8
All depths 775 453 296 87,630 0.8 423

All areas biomass, 95% confidence interval: 74,841 - 100,418 metric tons (t).
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Figure 17.--Size composition of the estimated Dover sole population from the 1993 Gulf of

Alaska survey by International North Pacific Fisheries Commission statistical areas

and depth intervals.
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Table 14.--Catch per unit effort by stratum for Dover sole sorted by descending CPUE for the

1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE  Biomass Lower C.I. Upper C.I

code Stratum name of hauls with catch  (kg/km?) (3] Biomass _ Biomass
350 Southeastern Deep Gullies 13 13 3,110 6,453 1,387 11,520
340 - Yakutat Deep Gullies 15 14 1,853 3,222 1,460 4,985
140 Middleton Shelf 28 28 1,833 13,403 4,921 21,886
240 Yakutat Gullies . 18 18 1,676 6,031 3,962 8,099
230 Kenai Gullies 19 18 1,125 7,573 3,946 11,199
320 Chirikof Slope 6 6 1,072 1,750 1,077 2,423
351 Southeastern Slope 1 1 1,020 826 0 0
330 Kodiak Slope 10 10 973 2,881 1,746 4,016
131 Portlock Flats 22 20 820 6,003 2,701 9,305
251 Prince of Wales Slope/Gullies 22 22 700 2,798 1,487 4,109
121 Shelikof Edge 24 20 658 5,045 2,646 7,444
341 Yakutat Slope 3 3 612 749 114 1,385
241 Yakutat Slope 11 10 556 709 51 1,368
221 Chirikof Slope 4 4 550 844 283 1,405
130 Albatross Gullies 29 24 491 3,848 1,813 5,882
310 Shumagin Slope 6 4 397 1,003 0 2,954
133 Kenai Flats 41 38 347 4,159 3,001 5317
231 Kodiak Slope 4 4 335 544 0 1,347
‘150 Baranof-Chichagof Shelf 10 4 295 1,208 0 3,351
141 Yakataga Shelf 10 9 286 1,534 227 2,840
132 Barren Islands 27 22 265 2,900 1,663 4,137
220 Lower Shelikof Gully 27 21 249 2484 1,202 3,767
33 Kenai Peninsula 3 1 . 244 1,345 0 7,133
122 Chirikof OQuter Shelf 18 12 207 1,033 235 1,830
142 Yakutat Flats 12 6 172 1,440 0 3,706
120 East Shumagin Gully 39 21 110 1,220 482 1,959
112 West Shumagin Gully 6 4 101 228 0 657
31 Albatross Banks 33 2 99 1,512 0 4422
143 Fairweather Shelf 11 8 99 751 105 1,396
110 Sanak Gully - 20 15 98 415 135 694
250  Baranof-Chichagof Slope 8 7 94 97 11 183
35 Northern Kodiak Shallows 6 3 86 205 0 450
151 Prince of Wales Shelf 14 9 75 431 120 742
22 Chirikof Bank 31 8 70 771 0 1,765
134 Kodiak Outer Shelf 15 7 58 296 46 545
210 Shumagin Slope 8 4 55 151 0 413
111 Shumagin Outer Shelf 25 8 53 423 20 827
30 Albatross Shallows 11 3 50 309 0 724
41 Middleton Shallows 11 3 43 337 0 819
40 Yakutat Shallows 5 5 41 345 106 584
20  Upper Alaska Peninsula 15 2 14 117 (U 330
13 Shumagin Bank 20 4 12 176 0 362
12 Lower Alaska Peninsula 18 2 4 27 0 80
232 Upper Shelikof Gully 5 1 3 9 0 33
11 Davidson Bank 44 2 1 18 0 47
32 Lower Cook Inlet 15 3 1 7 0 14




70

Yellowfin sole (Pleuronectes aspér)

Yellowfin sole catches were recorded almost exclusively in fhe shallowest strata in
the Shumagin, Chirikof, and Kodiak INPFC areas (Table 16). Approximately 18% of the trawls
in these areas contained yellowfin sole. Small catches were also recorded in Shumagin and Sanak
Gullies. No yellowfin sole were caught east of Cook Inlet (Fig. 19). Seventy-eight percent of
the estimated gulf-wide biomass came from stratum 12, the nearshore area south of the Alaska

Peninsula (Table 16).
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Table 15.--Number of survey hauls, hauls with yellowfin sole, CPUE, biomass, mean weight and
mean length based on the 1993 Gulf of Alaska groundfish survey, by International
North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 20 1,647 73,070 0.4 29.6
101 - 200 51 4 9 129 0.6 36.7
201 -300 8 0 0 0 -—- -
301 - 500 6 0 0 0 -—- -
All depths 171 24 1,141 73,199 0.4 29.6
Chirikof 1-100 54 11 303 8,042 0.4 30.6
101 - 200 81 1 1 35 0.9 -
201 - 300 31 0 0 0 - -—-
301 - 500 6 0 0 0 - -
All depths 172 12 127 8,078 04 30.6
Kodiak 1-100 68 9 76 3,040 0.5 33.1
101 - 200 134 0 0 0 -—- -
201 - 300 28 0 0 0 -—- -
301 - 500 10 0 0 0 -—- -
All depths 240 9 31 3,040 0.5 33.1
Yakutat 1-100 16 0 0 0 --- -
101 - 200 61 0 0 0 --- -—-
201 -300 29 0 0 0 - -
301 -500 18 0 0 0 -—- -—-
All depths 124 0 0 0 -—- ---
Southeastern 1-100 0 0 -— -—- -— -—-
101 - 200 24 0 0 0 --- -—-
201 - 300 30 0 0 0 - -—-
301 - 500 14 0 0 0 -- -—-
All depths 68 0 0 0 --- ---
All areas 1-100 244 40 663 84,153 0.4 29.7
101 - 200 351 5 1 164 0.6 36.7
201 - 300 126 0 0 0 -—- -—-
301 - 500 54 0 0 0 -—- -—-
All depths 775 45 285 84,317 0.4 29.8

All areas biomass, 95% confidence interval: 39,258 - 129,376 metric tons (t).
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Table 16.--Catch per unit effort by stratum for yellowfin sole sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE- Biomass Lower C.I. Upper C.L
code Stratum name of hauls with catch  (kg/km?) ® Biomass  Biomass
12 Lower Alaska Peninsula 18 14 8,842 65,814 22,313 109,314
20 Upper Alaska Peninsula 15 7 807 6,684 0 15,631
13 Shumagin Bank 20 2 487 7,117 0 17,523
30 Albatross Shallows 11 4 263 1,611 0 3,488
32 Lower Cook Inlet 15 5 136 1,429 0 3,024
22 Chirikof Bank 31 4 124 1,359 0 3,237
112 West Shumagin Guily 6 2 55 124 0 354
11 -Davidson Bank 44 4 10 140 0 315
120 East Shumagin Gully 39 1 3 35 0 106
110 Sanak Gully 20 2 1 5 0 13
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OTHER FLATFISH

- Alaska plaice (Pleuronectes quadrituberculatus)

Approximately 57% of the total Alaska plaice biomass in the survey was estimated to
be in the Shumagin INPFC area in water less than 100 m (Table 17). Approximately 78% of this
biomass was estimated to be in one stratum, Lower Alaska Peninsula (Table 18). Modest catches
were also recorded in other strata on the continental shelf in the Shumagin; Chirikof, and Kodiak
INPFC areas. No Alaska plaice were recorded east of Cook Inlet. The mean length of Alaska

plaice increased with depth (Table 17).

Starry flounder (Platichthys stellatus)
Starry flounder were found almost exclusively in water depths less than 100 m (Table
19), particularly between the western end of the Alaska Peninsula and Montague Island. The
highest CPUE areas were the shallow water northwest of Kodiak Island and Lower Cook Inlet
(Table 20). Approximately 44% of the biomass from the survey area was estimated to be in

Lower Cook Inlet.

English sole (Parophrys vetulus)

Although CPUE:s for English sole were low throughout the survey, modest catches
were recorded primarily in water less than 100 m in depth (Table 21). Approximately 56% of the
total biomass from the survey area was estimated to be in Middleton Shallows, the only stratum

where more than half of the samples contained English sole (Table 22).
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Butter sole (Pleuronectes isolepis)
Except for a few small catches in Albatross Gullies, all of the butter sole catches -
occurred in water less than 100 m deep (Table 23). Fifty-eight percent of the total biomass was
estimated to be in water shallower than 100 m in the Kodiak INPFC area, primarily near Kodiak

Island and in Lower Cook Inlet (Table 24).
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Table 17.--Number of survey hauls, hauls containing Alaska plaice, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by
International North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length -

Area (m) hauls catch  (kg/km?) () (kg) (cm)
Shumagin 1-100 106 13 35 1,547 1.0 42.0
101 - 200 51 4 15 213 1.9 51.6

201 - 300 8 0 0 0 - -—-

301 - 500 6 0 0 0 - -—-

All depths 171 17 27 1,760 1.1 42.6

Chirikof 1-100 54 11 26 701 0.7 34.1

101 - 200 81 1 <1 6 0.9 -—-

201 - 300 31 0 0 0 - ---

301 - 500 6 0 0 0 --- -

All depths 172 12 11 707 0.7 34.1

Kodiak 1-100 68 4 6 235 1.1 43.0
101 - 200 134 1 <1 11 1.1 46.0

201 - 300 28 0 0 0 --- -

301 - 500 10 0 0 0 --- -—-

All depths 240 5 3 246 1.1 43.1

Yakutat 1-100 16 0 0 0 --- ---

101 - 200 61 0 0 0 --- ---

201 - 300 29 0 0 0 --- ---

301 -500 18 0 0 0 --- -—-

All depths 124 0 0 0 -—- -

Southeastern 1-100 0 0 - -—- --- ---

101 - 200 24 0 0 0 - —-

201 - 300 30 0 0 0 --- -—-

301 - 500 14 0 0 0 - -—-

All depths 68 0 0 0 --- -—-

All areas 1-100 244 28 20 2,483 0.9 39.2
101 - 200 351 6 2 230 1.8 51.2

201 - 300 126 0 0 0 -—- -—-

301 - 500 54 0 0 0 - -

All depths 775 34 9 2,713 1.0 39.7

All areas biomass, 95% confidence interval: 887 - 4,539 metric tons (t).
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Table 18.--Catch per unit effort by stratum for Alaska plaice sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE  Biomass Lower C.I. Upper C.L
code Stratum name of hauls with catch (kg/km?) t) Biomass  Biomass
12 Lower Alaska Peninsula 18 9 162 1,208 0 2,845
112 West Shumagin Gully 6 2 85 194 0 523
20  Upper Alaska Peninsula 15 4 41 336 0 856
22 Chirikof Bank 31 7 33 365 0 791
30 Albatross Shallows 11 1 32 197 0 637
13 Shumagin Bank 20 2 13 184 0 455
11 Davidson Bank 44 2 11 154 0 444
110 Sanak Gully 20 2 5 19 0 48
32 Lower Cook Inlet 15 3 4 38 0 86
120 East Shumagin Gully 39 1 1 6 0 18
132 Barren Islands 27 1 1 11 0 33
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Table 19.--Number of survey hauls, hauls with starry flounder, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by Inter-
national North Pacific Fisheries Commission statistical areas and depth intervals.

Number  Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?)  (t) (kg) (cm)
Shumagin 1-100 106 6 87 3,866 1.2 43.7
101 - 200 51 0 0 0 -—- -—-
201 -300 8 0 0 0 - -—-
301 - 500 6 0 0 0 -—- -—-
All depths 171 6 60 3,866 1.2 437
Chirikof 1-100 54 15 229 6,095 2.1 49.8
101 - 200 81 2 1 30 14 ---
201 - 300 31 0 0 0 - -
301 -500 6 0 0 0 - -
All depths 172 17 97 6,125 2.1 49.8
Kodiak 1-100 68 14 677 26,954 22 52.7
: 101 - 200 134 0 0 0 - -—-
201 - 300 28 1 2 24 1.8 -—-
301 - 500 10 0 0 0 -—- -—-
All depths 240 15 277 26,978 22 52.7
Yakutat 1-100 16 3 377 6,117 1.3 43.4
101.- 200 61 0 0 0 -- -
201 - 300 29 0 0 0 -—- ---
301 - 500 18 0 0 0 -—- ---
All depths 124 3 116 6,117 13 43 .4
Southeastern 1-100 0 0 - --- - ---
101 - 200 24 0 0 0 - ---
201 -300 30 0 0 0 - -—-
301 - 500 14 0 0 0 -—- -—-
All depths 68 0 0 0 -— -
All areas 1-100 244 38 339 43,031 1.9 49.2
101 - 200 351 2 <1 30 1.4 ---
201 -300 126 1 1 24 1.8 -
301 - 500 54 0 0 0 --- ---
All depths 775 41 146 43,085 1.9 49.2

All areas biomass, 95% confidence interval: 13,905 - 72,264 metric tons (t).
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Table 20.--Catch per unit effort by stratum for starry flounder sorted by descending CPUE for

the 1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.L
code Stratum name of hauls with catch (kg/km?) ® Biomass  Biomass
35  Northern Kodiak Shallows 6 1 2,531 6,077 0 21,703
32  Lower Cook Inlet 15 8 1,796 18,805 0 43,705
41 Middleton Shallows 11 3 778 6,117 0 15,004
12 Lower Alaska Peninsula 18 6 519 3,866 0 8,558
20 Upper Alaska Peninsula 15 6 454 3,759 0 8,136
22 Chirikof Bank 31 9 213 2,336 312 4,360
31 Albatross Banks 33 4 129 1,978 . 0 5,473
30  Albatross Shallows 11 1 15 93 0 301
232 Upper Shelikof Gully 5 1 8 24 0 91
121 Shelikof Edge 24 1 3 20 0 60
120 East Shumagin Gully 39 1 1 10 0 30
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Table 21.--Number of survey hauls, hauls containing English sole, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by Inter-
national North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE  Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 7 30 1,343 1.1 46.0
101 - 200 51 2 1 19 1.0 44.0
201 - 300 8 0 0 0 -—- --
301 - 500 6 0 0 0 --- -
All depths 171 9 21 1,362 1.1 46.0
Chirikof 1-100 54 5 11 287 1.0 443
101 - 200 81 1 <1 9 1.1 -—-
201 - 300 31 0 0 0 - -—-
301 -500 6 0 0 0 - -—-
All depths 172 6 5 296 1.0 443
Kodiak 1-100 68 9 41 1,623 1.0 45.0
101 - 200 134 7 1 42 0.8 373
201 - 300 28 2 1 11 0.7 46.0
301 - 500 10 0 0 0 -—- -—-
All depths 240 18 17 1,676 1.0 44.8
Yakutat 1-100 16 10 349 5,665 0.5 36.9
101 - 200 61 13 3 80 0.6 42.4
201 - 300 29 1 <1 2 0.5 -
301 - 500 18 0 0 0 --- -—-
All depths 124 24 109 5,747 0.5 36.9
Southeastern 1-100 0 0 - --- -—- -
101 - 200 24 7 31 302 0.6 ---
201 - 300 30 1 <1 2 0.7 -
301 - 500 14 0 0 0 --- ---
All depths 68 8 17 304 0.6 ---
All areas 1-100 244 31 70 8,919 0.6 38.7
101 - 200 351 30 4 451 0.6 413
201 - 300 126 4 <1 15 0.7 46.0
301 - 500 54 0 0 0 -—- -—-
All depths 775 65 32 9,384 0.6 38.7

All areas biomass, 95% confidence interval: 0 - 19,703 metric tons (t).
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Table 22.--Catch per unit effort by stratum for English sole sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE  Biomass Lower CI. Upper C.L
code Stratum name of hauls with catch _(kg/km?) ® Biomass  Biomass
41 Middleton Shallows 11 7 665 5,223 0 15,351
35 Northern Kodiak Shallows 6 2 195 468 0 1,511
32 Lower Cook Inlet 15 2 87 914 0 2,710
13 Shumagin Bank 20 4 77 1,126 0 2,853
40 Yakutat Shallows 5 3 53 442 0 1,116
151 Prince of Wales Shelf 14 4 44 254 0 614
22 Chirikof Bank 31 3 21 233 0 682
11 Davidson Bank 44 2 16 215 0 631
31 Albatross Banks 33 4 15 224 0 604
150 Baranof-Chichagof Shelf 10 -3 12 48 0 104
140 Middleton Shelf 28 12 10 71 10 133
20 Upper Alaska Peninsula 15 2 7 54 0 145
110 Sanak Gully 20 2 4 19 0 48
30 Albatross Shallows 11 1 3 17 0 54
133 Kenai Flats 41 3 2 20 0 43
230 Kenai Gullies 19 2 2 11 0 28
134 Kodiak Outer Shelf 15 1 2 8 0 25
250  Baranof-Chichagof Slope 8 1 2 2 0 7
142 Yakutat Flats 12 1 1 8 0 27
130 Albatross Gullies 29 1 1 5 0 15
120 East Shumagin Gully 39 1 1 9 0 26
241 Yakutat Slope 11 1 1 2 0 5
131 Portlock Flats 22 1 1 6 0 20
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Table 23.--Number of survey hauls, hauls with butter sole, CPUE, biomass, mean weight and
mean length based on the 1993 Gulf of Alaska groundfish survey, by International
North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 20 90 4,009 04 322
101 - 200 51 0 : 0 0 -—- -
201 - 300 8 0 0 0 - ---
301 - 500 6 0 0 0 - ---
All depths 171 20 62 4,009 04 32.2
Chirikof 1-100 54 19 219 5,831 0.4 33.2
101 - 200 81 0 0 0 --- ---
201 - 300 31 0 0 0 - -
301 - 500 6 0 0 0 -—- ---
All depths 172 19 92 5,831 04 33.2
Kodiak 1-100 68 23 461 18,377 0.3 30.6
101 - 200 134 5 2 66 0.3 32.0
201 - 300 28 0 ' 0 0 - -
301 - 500 10 0 0 0 --- -
All depths 240 28 189 18,444 0.3 30.6
Yakutat 1-100 16 6 202 3,269 0.3 30.1
101 - 200 61 0 0 0 --- ---
201 - 300 29 0 0 0 - ---
301 - 500 18 0 0 0 --- ---
All depths 124 6 62 3,269 03 30.1
Southeastern 1-100 0 0 -—- -—-- --- -—--
101 - 200 24 0 0 0 --- ---
201 - 300 30 0 0 0 --- ---
301 - 500 14 0 0 0 - ---
All depths 68 0 0 0 - -
All areas 1-100 244 68 248 31,487 0.3 31.2
101 - 200 351 5 1 66 0.3 32.0
201 - 300 126 0 0 0 -—- ---
301 - 500 54 0 0 0 - -
All depths 775 73 107 31,553 0.3 31.2

All areas biomass, 95% confidence interval: 12,124 - 50,981 metric tons (t).
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Table 24.--Catch per unit effort by stratum for butter sole sorted by descending CPUE for the

1993 Gulf of Alaska groundfish survey.

CPUE Biomass Lower C.I. Upper C.L

Stratum Number Hauls

code Stratum name of hauls with catch  (kg/km?) (3] Biomass  Biomass
30 Albatross Shallows 11 4 853 5,217 0 12,386
32 Lower Cook Inlet 15 9 841 8,805 0 25,773
22 Chirikof Bank 31 15 368 4,044 731 7,357
35 Northern Kodiak Shallows 6 1 361 867 0 3,097
40 Yakutat Shallows 5 3 333 2,781 0 9,005
31 Albatross Banks 33 9 227 3,488 0 7274
12 Lower Alaska Peninsula 18 9 227 1,691 0 3,616
20 © Upper Alaska Peninsula 15 4 216 1,788 0 4,041
13 Shumagin Bank 20 5 154 2249 0 5,756
41 Middleton Shallows 11 3 62 488 0 1,231
130 Albatross Gullies 29 5 8 66 0 149
11 Davidson Bank 44 5 4 61 0 138
10 Fox Islands 24 1 1 8 0 - 25
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Walleye pollock (Theragra chalcogramma)

Walleye pollock was the second most abundant species encountered during the
survey (Table 2). Pollock were found throughout the survey area (Table 25) and were captured
in all but one sampled stratum, the Southeastern Slope (Fig. 21; Table 26). Pollock were caught
in 81% of all tows during the survey (Table 25). Pollock CPUEs generally decreased from west
to east (Fig. 21). The stratum with the highest estimated CPUE was stratum 10, the Fox Islands
(9,673 kg/km?, Table 26). One observation (Argosy, Haul 13) was very influential in the
estimates for this stratum, accounting for about 99% of the biomass estimate. Approximately
56% of thé total biomass of walleye pollock was estimated to be in the Shumagin and Chirikof
INPFC areas at depth less than 100 m (about 24% of the total area covered by the survey). No |
clear relationship between depth and fish size was appareht (Fig. 22). Length modes representing
age groups 0 (< 10 cm FL), 1 (10-23 cm FL), and 2 (24-33 cm FL) were apparent in several area-
depths (Fig. 22). The length-weight relationship for walleye pollock specimens collected during

the survey is depicted in Figure 23.
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Table 25.--Number of survey hauls, hauls with walleye pollock, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by Inter-
national North Pacific Fisheries Commission statistical areas and depth intervals.

Number  Hauls ~ Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 80 6,454 286,333 0.8 44.8
101 - 200 51 50 5,127 74,527 0.9 49.2
201 - 300 8 7 2,658 7,274 1.1 523
301 - 500 6 3 36 92 0.8 46.7
All depths 171 140 5,739 368,226 0.8 45.6
Chirikof 1-100 54 33 5,788 153,827 0.9 46.9
101 - 200 - 81 58 999 23,715 1.0 49.5
201 - 300 31 30 695 7,991 0.6 39.9
301 - 500 6 3 84 137 0.8 47.0
All depths 172 124 2,926 185,670 0.9 46.8
Kodiak 1-100 68 36 1,499 59,717 0.6 355
: 101 - 200 134 119 2,555 110,350 1.0 49.5
201 - 300 28 28 2,026 23,394 0.8 43.8
301 -500 10 7 114 336 0.7 46.6
All depths 240 190 1,987 193,798 0.8 42.9
Yakutat 1-100 16 16 1,260 20,438 0.4 312
101 - 200 61 57 246 7,046 0.2 295
201 -300 29 29 644 3,138 0.3 35.6
301 - 500 18 17 827 2,450 0.7 45.8
All depths 124 119 627 33,072 0.3 31.6
Southeastern 1-100 0 0 -—- --- - ---
101 - 200 24 19 307 3,029 0.1 22.0
201 -300 30 29 445 2,240 0.7 42.5
301 - 500 14 7 28 80 1.2 -—-
All depths 68 55 301 5,349 0.2 243
All areas 1-100 244 165 4,097 520,315 0.7 42.8
101 - 200 351 303 1,822 218,669 0.8 44.6
201 -300 - 126 123 1,234 44,036 0.7 42.6
301 - 500 54 37 239 . 3,095 0.7 46.0
All depths 775 628 2,659 786,115 0.8 433

All areas biomass, 95% confidence interval: 537,522 - 1,034,708 metric tons (t).
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Figure 22.--Size composition of the estimated walleye pollock population from the 1993 Gulf of
Alaska survey by International North Pacific Fisheries Commission statistical areas
and depth intervals.
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Figure 23 --Length-weight relationship for walleye pollock specimens collected during the 1993
Gulf of Alaska bottom trawl survey. The non-linear least squares regression (solid
line) was calculated using the formula Weight ..., = a * Length ..
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Table 26.--Catch per unit effort by stratum for walleye pollock sorted by descending CPUE for

the 1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.L
code Stratum name of hauls with catch _(kg/km?) (t) Biomass  Biomass
10 FoxIslands 24 14 9,673 83,343 0 253,066

20  Upper Alaska Peninsula 15 11 8,318 68,898 0 149,447
111 Shumagin Outer Shelf 25 24 8,129 65328 22,077 108,579
22 Chirikof Bank 31 16 7,694 84577 6,177 162,977
130  Albatross Gullies 29 26 6,797 53,267 24,980 81,554
13 Shumagin Bank 20 20 6,164 90,147 0 209,169
11 Davidson Bank 44 32 6,131 83,862 21,290 146,434
35  Northern Kodiak Shallows 6 3 5342 12,827 0 33,706
30  Albatross Shallows 11 7 4527 27,703 4,588 50,817
132 Barren Islands 27 26 4371 47858 2,517 93,198
12 Lower Alaska Peninsula 18 14 3,894 28980 5,386 52,574
210 Shumagin Slope 8 7 2,658 7,274 0 22,333
230  Kenai Gullies 19 19 2277 15,325 635 30,014
232 Upper Shelikof Gully 5 5 2,271 7,243 5,255 9,231
112 - West Shumagin Gully 6 6 1,675 3,797 444 7,150
120 East Shumagin Gully 39 30 1,412 15,643 3,466 27,819
41 Middleton Shallows 11 11 1,401 11,009 0 23,649
341 Yakutat Slope 3 3 1,384 1,695 0 8,319
110 Sanak Gully 20 20 1,276 5,402 715 10,090
32  Lower Cook Inlet 15 14 1,183 12,386 0 32,486
40  Yakutat Shallows 5 5 1,128 9,429 0 30,421
121 Shelikof Edge 24 19 1,042 7,997 0 16,129
221 Chirikof Slope 4 4 1,038 1,592 0 4,134
240  Yakutat Gullies 18 18 683 2,456 1,411 3,502
220  Lower Shelikof Gully 27 26 642 6,399 4,051 8,747
250  Baranof-Chichagof Slope 8 8 541 560 128 992
241 Yakutat Slope 11 11 534 681 53 1,310
231 Kodiak Slope 4 4 508 826 0 3,105
133 Kenai Flats 41 38 481 5,773 3,038 8,508
340  Yakutat Deep Gullies 15 14 434 754 405 1,104
251 Prince of Wales Slope/Gullies 22 21 420 1,680 831 2,529
131 Portlock Flats 22 18 419 3,070 1,000 5,141
140  Middleton Shelf 28 27 416 3,045 1,643 4,448
31 Albatross Banks 33 11 349 5358 0 15,923
141 Yakataga Shelf 10 9 339 1,822 0 3,667
150  Baranof-Chichagof Shelf 10 9 315 1,294 0 3,306
151 Prince of Wales Shelf 14 10 301 1,736 0 3,818
33 Kenai Peninsula 3 1 262 1,444 0 7,657
143 Fairweather Shelf 11 10 142 1,078 0 2,222
142 Yakutat Flats 12 11 131 1,100 173 2,028
330  Kodiak Slope 10 7 114 336 7 665
320 Chirikof Slope 6 3 84 137 0 358
134  Kodiak Outer Shelf 15 11 75 383 0 864
21 Semidi Bank 8 6 48 352 0 939
350 Southeastern Deep Gullies 13 7 38 80 0 161
310 Shumagin Slope 6 3 36 92 0 232
122 Chirikof Outer Shelf 18 9 15 75 0 164
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Pacific cod (Gadus macrocephalus)

Pacific cod were mostly concentrated in the central and western Gulf of Alaska in
water shallower than 200 m (Table 27; Fig. 24). About 86% of all tows in this area contained cod
and more than 90% of the gulf-wide biomass was estimated to be here. Pacific cod were caught
in all 43 strata shallower fhan 300 m (Table 28). The highest CPUE came from Albatross
shallows, which accounted for about 19% of the total biomass estimate for the Gulf of Alaska.
One haul (Argosy, Haul 242) was véry influential in the biomass estimate for this stratum and was
by far the largest catch of cod encountered during the survey (5,200 kg). The mean length and
‘weights of cod were lowest in water less than 100 m, because small cod (< 30 cm FL) were found
almost exclusively in these depths (Fig. 25).  The length-weight relationship Pacific cod for

specimens collected during the survey is depicted in Figure 26.
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Table 27.--Number of survey hauls, hauls containing Pacific cod, CPUE, biomass, mean weight
and mean length based on the 1993 Gulf of Alaska groundfish survey, by Inter-
national North Pacific Fisheries Commission statistical areas and depth intervals.

Number  Hauls - Mean Mean
INPFC Depth of trawl  with CPUE  Biomass weight length

Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 101 2,195 97,370 1.3 44.6
101 - 200 51 51 1,833 26,639 24 57.7

201 - 300 8 6 328 897 2.0 56.4

301 - 500 6 0 0 0 -—- -

All depths 171 158 1,947 124,907 1.4 46.3

Chirikof 1-100 54 41 1,445 38,393 23 56.3
101 - 200 81 68 2,107 50,030 23 57.9

201 - 300 31 26 959 11,034 1.7 54.6

301 - 500 6 1 27 44 2.0 ---

All depths 172 136 1,568 99,501 22 56.9

Kodiak : 1-100 68 51 2,923 116,459 1.6 50.1
101 - 200 134 112 1,267 54,716 23 579

201 - 300 28 18 480 5,543 2.8 62.7

. 301 -500 10 0 0 0 -—- ---

All depths 240 181 1,812 176,717 1.8 52.2

Yakutat 1-100 16 11 626 10,148 2.6 61.2
101 - 200 61 27 177 5,058 28 65.2

201 -300 29 11 89 434 2.1 -

301 - 500 18 0 0 0 - -

All depths 124 49 297 15,639 2.6 62.3
Southeastern 1-100 0 0 --- - - -
101 - 200 24 11 341 3,363 24 61.2

201 - 300 30 23 311 1,564 2.7 63.3

301 - 500 14 1 1 4 14 -

All depths 68 35 277 4,931 25 61.9

All areas 1-100 244 204 2,066 262,369 1.5 48.5
101 - 200 351 269 1,165 139,806 23 582

201 -300 126 84 546 19472 = 20 56.9

301 -500 54 2 4 48 2.0 -

All depths 775 559 1,426 421,695 1.7 51.2

All areas biomass, 95% confidence interval: 254,318 - 589,072 metric tons (t).
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Figure 25.--Size composition of the estimated Pacific cod population from the 1993 Gulf of

Alaska survey by International North Pacific Fisheries Commission statistical areas
and depth intervals.
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Figure 26.--Length-weight relationship for Pacific cod spécimens collected during the 1993 Gulf
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Table 28.--Catch per unit effort by stratum for Pacific cod sorted by descending CPUE for the

1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.L

code  Stratum name of hauls with catch _(kg/km?) (t) Biomass _ Biomass
30  Albatross Shallows 11 8 12,949 79,234 0 241,844
35  Northern Kodiak Shallows 6 5 3,959 9,506 0 23,895
10 FoxIslands 24 23 2,622 22588 11,688 33,489
22 Chirikof Bank 31 26 2,618 28,783 10,261 47,305
111 Shumagin Outer Shelf 25 25 2,499 20,085 12,660 27,511
120 East Shumagin Gully 39 29 2477 27,447 11,708 43,186
132 Barren Islands 27 26 2,461 26,943 1,505 52,380
11 Davidson Bank 44 42 2370 32,419 23,034 41,805
12 Lower Alaska Peninsula 18 17 2,096 15,599 7,184 24,014
122 Chirikof Outer Shelf 18 18 1,950 9,736 4,017 15,454
13 Shumagin Bank 20 19 1,830 26,764 10,833 42,695
121 Shelikof Edge 24 21 1,675 12,848 7,227 18,470
31  Albatross Banks 33 24 1,517 23,266 246 46,285
130 Albatross Gullies 29 27 1,337 10,479 7,375 13,582
110  Sanak Gully 20 20 1,152 4,878 2,983 6,772
232 Upper Shelikof Gully 5 5 1,126 3,592 65 7,119
20 Upper Alaska Peninsula 15 11 1,054 8,727 3,168 14,286
220  Lower Shelikof Gully 27 23 1,051 10473 0 21,622
134 Kodiak Outer Shelf 15 13 920 4,669 1,951 7,386
131  Portlock Flats 22 21 903 6,609 3,687 9,531
41  Middleton Shallows 11 7 757 5,946 0 13,505
112 West Shumagin Gully 6 6 739 1,676 131 3,221
151  Prince of Wales Shelf 14 8 522 3,010 0 6,648
40  Yakutat Shallows 5 4 503 4,202 0 9,201
133 Kenai Flats 41 25 501 6,017 2,546 9,489
32 Lower Cook Inlet 15 13 414 4,334 367 8,300
231  Kodiak Slope 4 3 397 646 0 2,387
250  Baranof-Chichagof Slope 8 6 378 392 0 1,033
221  Chirikof Slope 4 3 365 560 0 1,528
210 Shumagin Slope 8 6 328 897 0 1,941
251  Prince of Wales Slope/Gullies 22 17 293 1,172 534 1,811
143 Fairweather Shelf 11 4 259 1,967 0 4319
140  Middleton Shelf 28 15 205 1,498 484 2,513
230  Kenai Guilies 19 10 194 1,305 70 2,540
241  Yakutat Slope 11 7 176 224 85 364
142 Yakutat Flats 12 6 145 1,215 -0 3,017
21 Semidi Bank 8 4 121 883 0 1,992
. 150  Baranof-Chichagof Shelf 10 3 86 353 0 907
141 Yakataga Shelf 10 2 70 377 0 1,001
240  Yakutat Gullies 18 4 58 210 0 453
320  Chirikof Slope 6 1 27 44 0 156
33 Kenai Peninsula 3 1 22 119 0 629
350 Southeastern Deep Gullies 13 1 2 4 0 13
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Atka mackerel (Pleurogrammus monopterygius)

Approximately 97% of the total estimated Atka mackerel biomass in the Gulf of
Alaska came from waters less than 100 m in the Shumagin INPFC area (Table 29). Two large
catches of Atka mackerel from the western end of the Fox Islands stratum were very influential in
this estimate (Fig. 27; Table 30). FCatches were low or nonexistent in all other strata. Most of the
Atka mackerel captured were between 40 and 50 cm FL (Fig. 28). The length-weight relationship

for Atka mackerel specimens collected during the survey is depicted in Figure 29.
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Table 29.--Number of survey hauls, hauls with Atka mackerel, CPUE, biomass, mean weight and
mean length based on the 1993 Gulf of Alaska groundfish survey, by International
North Pacific Fisheries Commission statistical areas and depth intervals.

Number Hauls Mean Mean
INPFC Depth of trawl with CPUE Biomass weight length
Area (m) hauls catch  (kg/km?) (t) (kg) (cm)
Shumagin 1-100 106 34 475 21,084 13 434
101 - 200 51 13 31 457 1.4 46.1
201 -300 8 1 5 13 1.8 45.0
301 - 500 6 0 0 0 -—- ---
All depths 171 48 336 21,554 1.3 43.4
Chirikof 1-100 54 0 0 0 -—- ---
101 - 200 81 6 4 86 1.4 473
201 - 300 31 0 0 0 --- -
301 - 500 6 0 0 0 --- -
All depths 172 6 1 86 1.4 473
Kodiak 1-100 68 1 <1 10 0.9 -—-
101 - 200 134 0 0 --- -—-
201 - 300 28 1 1 12 14 49.0
301 - 500 10 0 0 --- ---
All depths 240 2 <1 22 1.1 49.0
Yakutat 1-100 16 0 0 0 - -—-
' 101 - 200 61 0 0 0 - ---
201 - 300 29 0 0 0 - -—-
301 - 500 18 0 0 0 - ---
All depths 124 0 0 0 -—- ---
Southeastern 1-100 0 0 -—- - - ---
101 - 200 24 0 0 0 --- -
201 -300 30 - 0 0 0 -—- ---
301 - 500 14 0 0 0 --- -
All depths 68 0 0 0 - ---
All areas 1-100 244 35 166 21,095 13 434
101 - 200 351 19 5 543 1.4 46.3
201 - 300 126 2 1 24 1.6 472
301 - 500 54 0 0 0 -—- ---
All depths 775 56 73 21,662 1.3 435

All areas biomass, 95% confidence interval: 0 - 49,036 metric tons (t).
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Figure 28.--Size composition of the estimated Atka mackerel population from the 1993 Gulf of
Alaska survey by International North Pacific Fisheries Commission statistical areas

and depth intervals.
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Table 30.--Catch per unit effort by stratum for Atka mackerel sorted by descending CPUE for the
1993 Gulf of Alaska groundfish survey.

Stratum Number Hauls CPUE Biomass Lower C.I. Upper C.L

code Stratum name of hauls with catch (kg/km?) (t) . Biomass Biomass
10 Fox Islands 24 11 2,278 19,629 0 46,976
110 Sanak Guily 20 8 83 353 0 797
13 Shumagin Bank 20 9 65 957 0 2,012
11 Davidson Bank 44 14 36 499 56 941
111 Shumagin Outer Shelf 25 4 11 91 -0 188
122 Chirikof Outer Shelf 18 2 8 40 0 97
231 Kodiak Slope 4 1 7 12 0 49
112 West Shumagin Gully 6 1 6 14 0 49
210 Shumagin Slope 8 1 5 13 0 42
120 East Shumagin G<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>