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Abstract

 The Alaska Fisheries Science Center conducted bottom trawl

surveys of Pacific west coast upper continental slope groundfish

resources from 21 April to 3 May and from 8 September to

6 October, 1984. Two vessels were deployed in the International

North Pacific Fisheries Commission Columbia statistical area from

Coquille Point (43°00'N) to Cape Falcon (45° 45'N), Oregon. A    

Soviet research trawler, the Poseydon,was conducting

hydroacoustic, midwater, and demersal trawling surveys along the

west coast during the spring and was available opportunistically

to collect demersal trawl samples from slope stations. The

fishing vessel Half Moon Bay was chartered during the autumn to

collect trawl samples from slope waters). Bottom trawl hauls were

completed at 54 stations in waters 110-549 m deep in the spring.

During the autumn, 93 stations in waters 110-915 m deep were

successfully trawled and 4 stations were fished using vertically

deployed fish traps to investigate--'the vertical distribution of

sablefish, Anoplopoma fimbria.

This report describes the sampling and analytical methods

used and summarizes the data collected during both surveys. The

contents include temperature data, catch species composition,

distribution and relative abundance of commercially important

groundfish species, and rankings of groundfish species by

geographic area and depth strata in terms of catch per unit

effort. Biomass, population, and size composition estimates are
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presented for the commercially more important species. Estimates

of age composition by depth stratum and the results of vertical

distribution investigations for sablefish; and length-weight

relationships for sablefish, Dover sole, Microstomus pacificus,

and arrowtooth flounder, Atheresthes stomias are included.

Seasonal temperature differences are compared and we also compare

seasonal differences in species incidence and bathymetric data

thought to be least likely affected by variability in gear

selectivity and catchability.
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INTRODUCTION

Groundfish resources along the U.S. Pacific Coast have been

surveyed triennially since 1977. These surveys have been

conducted by the Resource Assessment and Conservation Engineering

Division of the Alaska Fisheries Science Center (AFSC). These

assessments have focused on the distribution and abundance of

Pacific whiting (Merluccius productus) and rockfish (Sebastes

spp.) stocks inhabiting the continental shelf and have provided

information to supplement data on the commercial catch used by

management in annual stock assessments (Gunderson and Sample

1980; Dark et al. 1983; Weinberg et al. 1984). The surveys,

however, were not designed to provide comprehensive quantitative

information on groundfish resources such as Dover sole

(Microstomus pacificus), arrowtooth flounder (Atheresthes

stomias), sablefish (Anoplopoma fimbria), and certain rockfish

species which primarily inhabit continental slope waters.

Previous studies have examined the distribution and

abundance of individual continental slope groundfish species

(Heyamoto and Alton 1965; Demory 1971, 1975; Pruter et al. 1971;

Pearcy 1978); and multispecies similarity indices and cluster

analysis techniques have been used to investigate continental

slope species assemblages and describe species associations (Day

and Pearcy 1968; Gabriel and Tyler 1980). Additionally, demersal

trawl surveys have been used to investigate and describe the

bathymetric distribution, abundance, seasonal changes in

availability, and size distributions of groundfish species
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inhabiting continental slope waters (Alton 1972; Pearcy et al.

1982).

The impetus for scheduling upper continental slope surveys

in 1984 was provided by: rising commercial landings of

arrowtooth flounder: the increasing importance of sablefish,

Dover sole, and continental slope rockfish resources along the

Pacific coast; and requests from the Pacific Fishery Management

Council's (PFMC) groundfish management team for additional

background information on continental slope stocks of these

resources.

Two continental slope groundfish surveys were completed

during 1984. In the spring, a Soviet research trawler sampled

stations in continental slope waters 110-549 m (60-300 fathoms)

deep. In the autumn, a chartered U.S. commercial trawling vessel

sampled stations in waters 110-915 m (60-500 fm) deep. Stations

sampled in the autumn were essentially identical to those

surveyed during the spring, but additional stations were sampled

in the 549-915 m zone.

The objectives for the 1984 slope surveys were 1) to

determine the feasibility of utilizing demersal trawl gear in

deep water with diverse bottom topography to assess abundance,

geographic and bathymetric distribution, and biological

characteristics of major groundfish resources inhabiting the

upper continental slope; 2) to update status of stock documents

for these resources for management purposes: and 3) to

investigate the feasibility of using vertically deployed fish



3

traps to examine the distribution and availability of sablefish

to demersal trawl sampling.

Although survey design and catch processing procedures were

similar during the spring and autumn surveys, the vessels used to

conduct the surveys differed significantly in size and

horsepower, and the sampling trawls differed in size,

construction, and rigging. Fishing power coefficients could not

be developed for the survey vessels because comparative fishing

tows were not made. Consequently, we are unable to account for

differences in catch rates for individual species which may be

solely due to differences in fishing power between the two survey

vessels. Therefore, the survey results presented here,

especially intersurvey (seasonal) comparisons, should be examined

cautiously. 

METHODS

Survey Area and Sampling Period

The survey region included the portion of the International

North Pacific Fisheries Commission (INPFC) Columbia statistical

area from Coquille Point (lat. 43°OO'N) to Cape Falcon

(lat. 45°45'N), Oregon between the depths of 110 and 915 m

(60-500 fm) (Figs. 1 and 2). This region was selected because it

contains stocks of the principal species of interest, it is an

area of known economic importance, and it contains areas of

diverse bottom relief.

The survey region contains a total surface area of
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13,961 km2 (4,071 nmi2) between the depths of 110 and 915 m.

Within this region the continental shelf (<l83 m) varies from

20.9 to 36.2 km in width and the upper slope (>183 m) varies from

4.6 to 54.3 km. The average inclination of the Oregon

continental slope varies from 1°24' to 7°14' (Pearcy et al.

1982), with 2-3° being the most common inclination (Byrne 1962).

The topographically complex slope is characterized by deeply

incised valleys, ridges, steep escarpments, benches, hills, rocky

outcrops, and depressions. Upper slope substrates vary from sand

and sand-silt on topographic highs to clayey silts in the lows

(Kulm and Scheidegger 1979). Rock, mud, and hard clay areas are

abundant, and substrate composition can change rapidly within

short distances.

Surface current flow over this part of the slope and shelf

is generally southward along the coast during the summer

(Ingraham and Love 1977). Flow at depths greater than 100 m

consists of a northward countercurrent denoted as the California

Undercurrent (Favorite et al. 1976).

Survey Design and Sampling Station Allocation

A Soviet research vessel, the Poseydon, conducted demersal

and midwater trawl investigations in the survey region from

21 April to 3 May 1984. U.S. investigations were conducted in

autumn between 8 September and 6 October 1984 by the chartered

fishing vessel Half Moon Bay under contract to the National

Marine Fisheries Service (NMFS). This report is based on samples

obtained from the geographic region sampled by both vessels.
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A systematic, random sampling design was followed in the

selection of trawl stations. To investigate the bathymetric

distribution of target species, the survey area was stratified

into five depth intervals: 110-183 m, 183-366 m, 366-549 m,

549-732 m, and 732-915 m.

Sampling stations were placed randomly along tracklines.

The tracklines were situated 16.7 km (9 nmi) apart and were drawn

roughly perpendicular to the slope isobaths. The number of

stations within each depth stratum were allocated proportionally

to the trackline length across each depth interval (determined

from National Ocean Service charts 18520 and 18580). Intervals

less than 13 km wide were allocated one station, intervals 13.1

to 25.9 km wide received two sampling stations, and intervals

exceeding 26 km received three randomly situated stations. A

total of 68 stations were designated as potential sampling sites

in waters 110-549 m deep for the spring slope survey. Those 68

stations plus an additional 36 stations in waters 549-915 m deep

were designated as potential sampling sites for the autumn

survey. The geographic locations of the successful bottom tows

are shown in Figures 1 and 2.

Trackline placement and sampling density were selected to

sample as much of the survey region as available vessel time

would allow. During the autumn survey, an additional 4-5 days

were allocated to investigate sablefish vertical distribution.

In this supplemental survey vertically deployed sablefish traps

were situated on tracklines where bottom trawl sampling had



6

demonstrated the presence of sablefish within each depth stratum

the traps were to sample (Fig. 3).

To investigate geographic differences in abundance and

species composition, the entire survey area was divided into

north and south subareas, using lat. 44°22.5'N as the boundary.

The geographical area (km2) of each stratum used in the analysis

of the 1984 slope survey data is summarized in Table 1.

Throughout the spring survey two trained U.S. technicians

were aboard the Poseydon to assist the Soviet scientists with

processing catches and with collecting, compiling, and processing

data in accordance with standardized procedures.

Vessels and Sampling Gears

In 1984 the Poseydon was used opportunistically during the

spring to collect demersal trawl samples from slope stations

shallower than 549 m, the maximum depth limit of their trawling

capability. The chartered Half Moon Bay was used in the autumn

to obtain samples from stations in the 110-915 m depth range.

The Poseydon is an 84.7 m (278 ft) long Soviet BMRT research

trawler. It has a single 2,000 horsepower main engine, and deck

equipment includes split trawl winches with 1,200 m of steel

trawl cable. Electronic equipment includes a satellite

navigation system, depth sounder, and radar. The crabber/trawler

Half Moon Bay is 32.9 m (108 ft) long and has a single diesel

engine of approximately 850 continuous horsepower. Deck

equipment includes hydraulically powered split trawl winches,

2,195 m of 15.9 mm steel trawl cable, three net reels situated
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above the stern and another just aft of the house, and a

hydraulic articulated deck crane. Electronic equipment includes

loran-C receivers, a loran-C video plotter, dual radars, echo

sounders, and a netsonde with multiple transducers.

Trawl Gear

Two sets of demersal trawl gear were used for assessing

groundfish resources in the slope survey area. During the spring

survey, a Soviet commercial bottom trawl equipped with roller

gear fabricated from 17 spherical, 50 cm-diameter steel bobbins

and 6.0 x 6.0 m, 1,750 kg oval doors was used to sample demersal

groundfish populations (Table 2). The Soviets reported that

their trawl has a vertical opening of 6.0 m (19.7 ft) and a

horizontal opening of 18.0 m (59.1 ft); however, it is unknown

whether these figures were derived from static measurements or

from measurements made as the trawl was being fished. Mesh size

for the Soviet trawl tapered from 100 mm to 80 mm in the wing and

body, from 55 mm to 30 mm in the intermediate, and was 30 mm in

the codend. No codend liner was used in the Soviet trawl.

During the autumn survey, the Half Moon Bay was equipped

with a modified AFSC 90/105 Noreastern bottom trawl which was

rigged with 75 deep-sea headrope floats 20 cm in diameter and was

constructed with heavy (i.e., 72 thread) nylon mesh in the belly

for use on rough grounds. Mesh size was 127 mm in the wing and

body. Mesh size was 89 mm in the intermediate section and the

codend, and a 32 mm codend liner was used at all times (Table 2).

The Noreastern trawl was fished exclusively with 1.8 x 2.7 m,
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907 kg steel V-doors and roller gear constructed of

20 cm-diameter solid rubber disks strung from wing to wing on

15.8 mm high tensile chain for added weight and increased bottom

tending capability. Net dimensions while fishing were not

available, so we estimated the net opening using measurements

made on similarly sized and powered vessels that were equipped

with a standard AFSC Noreastern net but rigged with different

roller gear and smaller (1.5 x 2.1 m) doors. Such gear has a

mean horizontal opening of 13.4 m and a mean vertical opening of

9.2 m. Limited observations obtained with the netsonde

transducer attached to the headrope of the modified Noreastern

trawl indicated a vertical opening that ranged between 6.7 and

9.1 m. Table 2 summarizes the dimensions and construction

details of the Soviet and U.S. bottom trawls.

Sablefish Traps

Pruter et al. (1971) employed strings of vertically deployed

fish traps off the Columbia River mouth to study the vertical

distribution of fishes on the upper continental slope. During

the autumn survey, strings of identical fish traps were deployed

to investigate the vertical distribution of sablefish. These
traps were fabricated by lashing two 76 x 102 cm elliptical

plastic lobster traps to two central 102 x 102 cm metal frames

constructed from 1.27 cm-diameter steel rod and covered with

6.35 cm mesh nylon webbing. When completely assembled, the traps

formed a cloverleaf-shaped sablefish trap with four tunnels
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(Fig. 4). The traps were fished with a single steel ballast

weight attached to the floor of each trap and with two 25 cm

deep-sea trawl floats attached to the upper surface to float the

trap horizontally in the water column (confirmed by direct

observations made by scuba divers during tests done before the

autumn survey).

Each trap was attached to a buoyant 1.59 cm polypropylene

mainline by a gangion of 1.27 cm polypropylene line and a G-

hook. Assembled traps were not pre-conditioned in seawater

before they were used. Figure 5 shows the components of an

assembled trap string when fishing and Table 3 lists the

components required to assemble trap strings for fishing at

various deployment depths.

Trawling Procedures

During the spring survey, trawling operations began on the

northern tracklines and proceeded southward. During the autumn,

operations began near Coquille Point, Oregon, and proceeded

northward. Sampling procedures were similar on both the U.S. and

Soviet vessels.

Tow duration at each sampling site was 30 minutes; between 6

and 36 minutes (depending on the depth being fished) was allowed

between setting the trawl winch brakes and beginning the tow to

ensure the net had settled to the bottom. The net sink rate was

established at the beginning of the autumn survey for the

modified Noreastern trawl by intermittently deploying the

netsonde and observing the actual time required for the net to
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reach bottom (time to equilibrium) after the winch brakes had

been applied.

Prior to setting the trawl, each potential sampling site was

surveyed with the echosounder to determine the starting and

ending position of each tow, station depth, trawlability of the

bottom, and the orientation and variation of the depth contour.

Trawling was conducted following the established depth contour as

closely as practical for the duration of each tow. Towing speed

was approximately 5.5 km/h (3 knots). When untrawlable bottom

was encountered at a preselected station, an attempt was made to

locate an alternative site within a 1 nmi radius. If an

alternative site could not be located, the site was noted as

untrawlable, and the next station was surveyed. During the

autumn survey, the echosounder and loran-C plotter were used in

combination to establish the direction of the selected depth

contour and the course to follow to maximize the probability of

keeping the trawl at a constant depth for the duration of each

tow. During many of the tows, however, steep inclines precluded

maintaining a constant fishing depth. Tracklines on which

substantial sablefish catches were obtained from each depth

stratum were noted as stations for subsequent sablefish vertical

trap sampling.

Sablefish Trap Sampling Procedures

Baited sablefish traps attached to vertically deployed

strings were used to investigate vertical distribution and the

vulnerability of the species to the Noreastern trawl on the upper
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bathythermograph (XBT) probes were used at preselected stations

on tracklines which traversed the 110-915 m depth range during

the autumn slope survey. Sites for XBTs were selected to sample

the entire geographic and bathymetric range within the survey

region.

Deck Sampling Procedures

Standard AFSC catch sampling procedures (Smith and Bakkala

1982; Wakabayashi et al. 1985) were used. These procedures were

modified slightly during the spring survey to accommodate factory

processing of large catches. A brief summary follows.

Trawl catches less than 1,200 kg were released from the

codend directly onto the sorting table and processed completely;

before the larger catches were processed, they were randomly

subsampled following procedures described by Hughes (1976).

Processed catches were sorted by species, and weights and numbers

of each species were recorded. Catch weights and numbers from

subsamples were extrapolated to the entire catch. Most fish and

invertebrates occurring in the trawl catches were identified to

species; organisms that were difficult to identify were grouped

by genus or combined within a more general taxonomic category.

After the catch was weighed and counted a randomly selected

sample of target species was selected for further biological

processing. Similar procedures were used to process sablefish

trap samples; however, care was taken to ensure that data on the

catch from each trap was recorded separately for later analysis

of vertical distribution.
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During the spring survey, large catches were sorted and

subsampled directly from the factory processing lines rather than

from sorting tables on deck. Catches less than 1,200 kg,

however, were released directly on the deck and sorted;

commercially desirable species not needed for scientific

investigations were removed and sent to the factory for

processing.

Biological Data Collection Procedures

Age structures and length, sex, and weight information, were

collected from target species in the catches. The primary target

species for the 1984 west coast upper continental slope survey

were sablefish, arrowtooth flounder, and Dover sole. Secondary

target species were Tanner crab (Chionoecetes tanneri) and those

species which comprise the slope rockfish complex (Pacific ocean

perch (Sebastes alutus), darkblotched rockfish (S. crameri),

sharpchin rockfish (S. zacentrus), splitnose rockfish

(S. diplooroa), and shortspine and longspine thornyhead

(Sebastolobus alascanus and S. altivelis). Data were also

obtained from non-target species when they were a major component

of the catch and time was available after processing target

species.

Otoliths were collected from target and nontarget species

for age determination (Table 5). To obtain an even geographical

distribution of age samples, we established three subregions by

dividing the survey region into three latitudinally equal

biological sampling areas (Coos Bay, Newport, and Cape Lookout)
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and three depth strata (110-183, 183-549, 549-915 m).

Generally, length-weight data were obtained whenever otoliths

were collected.

A variety of samples were collected for special studies

conducted by the AFSC and other scientific organizations. These

collections included: tissue samples from sablefish and jack

mackerel (Trachurus symmetricus) for genetic stock identification

studies (AFSC), tissue samples for species divergence studies

(Yale University), Tanner crab muscle for yield-recovery and

chemical composition analyses (AFSC), and whole cephalopods and

selected rare deepsea fish specimens for distribution and

abundance studies (Oregon State University). During the autumn

survey, juvenile (<40 cm FL) sablefish were tagged and released

to continue AFSC investigations of juvenile migration and

recruitment.

Data Analysis Procedures

A detailed description of the analytical procedures applied

to demersal trawl data is given by Smith and Bakkala (1982) and

Wakabayashi et al. (1985). In general, catches at each station

were standardized to a single sampling unit: the weight of catch

per kilometer of trawling (kg/km). Mean catch per unit of effort

(CPUE) by major taxonomic group and species were computed from

the standardized catch rates for the overall survey area, for

individual geographic areas, and by depth stratum. Standing

stock (biomass) estimates were made using the "area swept"

methods described by Alverson and Pereyra (1969). Vulnerability
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of all species to both the Soviet and U.S. trawl was assumed to

be 1.0. Spring biomass estimates were derived using the measure

of horizontal opening (18.0 m) supplied by the Soviets for their

trawl. Biomass estimates derived from the autumn survey data

were based on the assumption that the modified Noreastern bottom

trawl used during the survey had a horizontal opening identical

to a standard AFSC Noreastern trawl (13.4 m).

We must caution that estimates of biomass may include

uncorrected biases. Factors such as lower vulnerability of a

species to sampling gear than assumed, possible overestimation of

the horizontal openings of the U.S. and Soviet trawls, and

imprecise calculations of minimum area of the depth strata will

result in overall conservative estimates of groundfish abundance.

The calculated geographic area (km2) of a depth stratum is

the sea surface area within the boundaries of the stratum.

However, due to topographic irregularities and variation in

inclination, the actual area of sea floor within a stratum might

differ substantially from the calculated sea surface area.

Measurements of the sea floor area would produce more accurate

estimates in the computation of biomass. Unfortunately, it is

not possible for us to derive such sea floor area estimates.

To estimate population size composition within a stratum,

the estimated total population numbers were apportioned into

individual sex and 1 cm size classes based on the length-

frequency samples weighted by CPUE.
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Figures 6-31 and 46-72 showing the geographic distribution

and relative abundance for primary and secondary target species

and other economically important species were prepared as

follows. Abundance levels for each species were geographically

depicted using three density levels when sufficient catch data

were available. Nonzero station CPUE values (densities) were

ranked from smallest to largest for each species. The range of

CPUE values in the lowest 60 % of the stations was selected to

represent the lowest densities. Moderate densities correspond to

the range of CPUE values in the next higher 30%, and the highest

range of CPUE values comprise the remaining 10% of the stations.

Exceptionally large CPUE values (i.e., isolated, extremely large

catches) were depicted in the figures by a star symbol.

Otoliths were collected from target species and returned to

the AFSC for age determinations. Sablefish age composition was

estimated by apportioning the population length-frequency

distribution into ages using one age-length key for all depths

and areas that were stratified by sex and size categories. Age

structure samples for other species have not been analyzed.

Length-weight data were collected from individuals within

each 1 cm length class by sex. Whenever age structures were

collected, the whole, freshly caught individual fish were weighed

to the nearest gram on a double beam balance. The power function

relationship between length and weight described by Ricker (1975)

was used to depict these data.
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RESULTS

Sampling

Spring Survey

Of 68 potential trawl sampling sites surveyed with the echo

sounder, 57 bottom trawl hauls were attempted. Fifty-four of

these were completed successfully--11 in the 110-183 m depth

stratum, 21 at 183-366 m, and 22 at 366-549 m (Fig. 1). The

maximum variation in bottom depth within a tow was 82 m; however,

most depth variation did not exceed 18 m.

Most catches were less than 1,500 kg in total weight and

were processed in their entirety. Two tows heavier than 2,400 kg

were subsampled and processed using procedures previously

described.

Temperature Data

Sea surface temperature and BWT were obtained at each trawl

station during the spring survey (Figs. 6 and 7). Throughout

most of the survey region, spring SSTs ranged between 10.2° and

10.9°C. Slightly warmer surface temperatures were encountered

offshore between Coos Bay and Coquille Point, Oregon. Spring

BWTs ranged between 5.0° and 7.4°C, and warmer temperatures

typically occurred in the inshore waters.

The Northwest Ocean Service Center (NOSC) Sea Surface

Thermal Analysis charts which were produced from shipboard and

satellite images during the 1984 spring survey period indicated

that upwelling within the survey region was nonexistent.
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During the spring survey, 69 fish species from 43 genera and

33 families and 12 invertebrate taxa were recorded from the

successful trawl samples (Tables 4 and 5). Figures 8 and 9 list

the fish and invertebrate taxa recorded during the spring survey

and summarize the observed bathymetric distributions. The upper

continental slope fauna, as sampled with a Soviet commercial

bottom trawl, was dominated by fish species which made up 99%, by

weight, of the mean total CPUE. The incidence of major fish

families and invertebrate taxa is summarized in Table 8. Twenty

scorpaenid (rockfish) species, sablefish, and Pacific whiting

accounted for almost 85%, by weight, of the mean total CPUE in

the 110-549 m depth stratum. High catch rates of fish (primarily

Pacific whiting, rockfishes, and sablefish), up to 5,707 kg/km

trawled, were taken southeast (183-366 m depth stratum) and west

(366-549 m) of Heceta Bank, and in the 183-366 m waters west of

Cape Lookout (Fig. 8).

Aboard the Poseydon, invertebrates were assigned to broad

taxonomic categories (i.e., crabs and squids) and 94% of the

invertebrate taxa taken were species of sponges, crabs, and

squids. Combined invertebrate taxa accounted for only 1%, by

weight, of the mean total CPUE.

Principal Species

During the spring, the most frequently occurring species

were sablefish (found at 96% of the 54 stations sampled), Pacific

whiting (91%), rex sole (Errex zachirus) (87%), Dover sole (80%),
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arrowtooth flounder (80%), and shortspine thornyhead (76%). The

frequency of occurrence of these six species did not vary

significantly between the north and south subareas.

Individually, the remaining fish and invertebrate taxa occurred

in less than 60% of the 54 spring trawl samples (Table 9).

Relative Population Densities

The relative spring abundance of the 20 most dominant fish

taxa samples for all depths and by individual depth stratum in

the survey area are summarized in Tables 10-13. Pacific whiting,

sablefish, darkblotched rockfish (Sebastes crameri), and jack

mackerel were the most abundant species and collectively

accounted for almost 80% of the average CPUE. Dover sole,

arrowtooth flounder, Pacific ocean perch, shortspine thornyhead,

and splitnose rockfish collectively made up just 8.6% of the

overall mean total catch (Table 10).

Population densities of target species varied considerably

among the three depth strata sampled during this survey. In the

shallow (110-183 m) stratum (Table 11), sablefish was the only

target species found in the top 10 species caught, with a mean

CPUE of 4.71 kg/km (2.2% of the overall total CPUE). In the

intermediate (183-366 m) depth stratum, darkblotched rockfish

(9.3%), sablefish (9.1%), and splitnose rockfish (1.8%) were the

most abundant target species. Average catch rates for target

species in the intermediate depth stratum ranged from 65.08 kg/km

for darkblotched rockfish to 12.38 kg/km for splitnose rockfish

(Table 12). In the deepest stratum, sablefish ranked first with
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a mean CPUE of 76.09 kg/km, 34.9% of the average CPUE for all

species (Table 13). Pacific whiting (23%), a nontarget species,

was ranked second, followed by shortspine thornyhead (8.2%),

Dover sole (8.0%), Pacific ocean perch (6.0%), darkblotched

rockfish (5.4%), and splitnose rockfish (4.6%).

Average catch rates for target and nontarget species also

varied geographically during the spring. Tables 14 and 15

summarize observed average catch rates in the north and south

subareas, by depth stratum, for fish species which collectively

comprised 90% of the overall mean total CPUE. Four species

(Pacific whiting, sablefish, darkblotched rockfish, and Dover

sole) accounted for 90% of the overall mean total catch in the

south subarea (Table 15). South subarea catch rates for Pacific

whiting, Dover sole, and sablefish exceeded those observed in the

overall (110-549 m) north subarea (Table 14). In comparing the

catch rates for all species for the same stratum between subareas

we found that for most species, catches were lower in the north

subarea. There were exceptions to this trend: catch rates for

sablefish and Pacific sanddab in the shallow stratum were lower

in the southern subarea, darkblotched and splitnose rockfish in

the intermediate stratum, and darkblotched rockfish in the deep

stratum (Tables 14-15). The geographic distributions and

relative abundances of target species and other species of

economic importance taken during the spring survey in waters 110-

549 m deep are illustrated in Figures 9-31.
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Biomass estimates (metric tons, t) for major fish species

are summarized by depth stratum in Table 16. During the spring,

total area biomass estimates were highest for Pacific whiting

(118,150 t), sablefish (25,527 t), darkblotched rockfish

(13,764 t), and rex sole (5,706 t).

Spring biomass estimates can be summarized as follows: in

the shallow stratum Pacific whiting, Pacific sanddab, and

yellowtail rockfish were largest with estimates of 21,269 t,

4,045 t, and 3,123 t, respectively; in the intermediate stratum

Pacific whiting (88,128 t), darkblotched rockfish (11,371 t), and

sablefish (11,025 t) were dominant; and in the deepest stratum

sablefish (13,272 t), Pacific whiting (8,753 t), shortspine

thornyhead (3,137 t), and Dover sole (3,057 t) were dominant.

Population Size Composition

Length-frequency data were collected form 10 fish species.

Figures 32-41 illustrate the size composition and mean size, by

sex and depth stratum, observed for these 10 species within the

north and south subareas and for the total survey area. Blank

spaces within figures indicate areas and depth strata where

length data were not obtained. Size data by sex were not

available for some species.

The overall size distribution for the spring sablefish

population was trimodal: modes were at 32 cm, 38 cm, and 51 cm;

larger fish (mean length = 51.6 cm) were dominant in the south
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subarea (Fig. 32). Sablefish mean length increased with

increased depth.

Dover sole size distribution was unimodal with one mode at

31 cm (Fig. 33), though larger fish were found in the north

subarea. A trend of increased mean size with increased sampling

depth was also observed.

Arrowtooth flounder was not taken in significant quantities

during the spring survey, and the minimum sample sizes required

for taking length-frequency data were not obtained in the trawl

catches sampled.

Pacific ocean perch were taken primarily in the north

subarea, in waters 183-549 m deep. The overall distribution

bimodal (27 cm and 37 cm) and mean size increased with depth

(Fig. 34).

Darkblotched rockfish were primarily taken in the

intermediate and deepest depth strata in the north subarea

(Fig. 35). Mean length increased with depth and the overall

distribution was unimodal with the mode at 30 cm.

Sablefish Age Composition

We estimated sablefish age composition by depth stratum

was

for

the entire survey area (Tables 18-20). Sablefish age composition

and mean age, by sex and depth stratum, for the total survey area

and by subareas are illustrated in Figures 42 and 43. During the

spring, the 1981 and 1982 year classes were dominant in the

intermediate stratum, and the 1978 and 1979 year classes

dominated the 366-549 m stratum (Tables 18-19). The 1979 year
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class was the strongest group overall (183-549 m) (Table 20).

Sablefish age samples were not obtained from the shallow stratum

during the spring survey.

Sampling

Autumn Survey

Of 104 potential sampling sites surveyed with the echo

sounder during the autumn survey, bottom tows were attempted at

97 sites; 93 were successfully completed (15 in the 110-183 m

depth stratum, 27 in 183-366 m, 17 in 366-549 m, 19 in 549-732 m,

and 15 in 732-915 m). Bottom depth during several tows varied as

much as 37 m and the maximum observed variation was 64 m. During

most tows, however, depth varied less than 9 m. The netsonde was

used on the earlier autumn tows and it provided graphic evidence

that the net was tending bottom throughout each tow. The

netsonde also indicated that bottom contact could be maintained

even though the bottom depth changed 64 m over the course of a

half-hour tow. The geographic locations of successful trawl

hauls are shown in Figure 2.

Autumn trawl catches were generally less than 1,100 kg/trawl

and were completely processed. Only three trawl hauls exceeded

1,100 kg and required subsampling prior to standard processing.

Inclement weather during the autumn survey limited the use

of vertical strings of sablefish traps to 16 of 32 planned

deployments. Figure 3 shows the locations where sablefish traps

strings were deployed successfully.
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Temperature Data

A total of 93 sea surface and 43 bottom water temperatures

were taken. During the autumn, SSTs of inshore waters 110-183 m

deep generally ranged between 13.0° and 14.9°C; offshore waters

183-915 m deep typically ranged between 15.0° and 17.5°C. The

warmest autumn SSTs were encountered in the offshore waters from

Coos Bay to Coquille Point, Oregon (Fig. 44).

Bottom water temperatures ranged between 3.8° and 8.9°C and

warmer temperatures primarily occurred in the inshore waters

(Fig. 45). National Ocean Service Center Sea Surface Thermal

Analysis charts, produced during the 1984 autumn survey period,

indicated that upwelling within the survey region was weak to

nonexistent.

Species Composition

A total of 95 fish species distributed among 64 genera and

43 families, and 74 invertebrate taxa were recorded during the

autumn survey. Tables 21 and 22 list the fish and invertebrate

taxa recorded and summarize their observed bathymetric

distributions. The upper slope fauna, sampled with the

Noreastern trawl, was dominated by fish species which comprised

93%, by weight, of the mean total CPUE. The apparent abundance

of major fish families and invertebrate taxa during the 1984

autumn survey period is summarized in Table 23. Sablefish,

Pacific whiting, 22 species of Scorpaenidae, and 8 species of

Pleuronectidae, made up 86% of the total mean CPUE for the entire

range of depths (110-915 m) sampled. Fish catch rates did not
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exceed 1,250 kg/km trawled and consisted primarily of Dover sole,

rockfishes; sablefish, and Pacific whiting. The largest catches

were found west at depths of 183 to 732 m and north (183-366 m)

of Heceta Bank, in the shallower depth strata northwest of

Newport, and in shallower depths northwest of Cape Lookout

(Fig. 46).

Invertebrate taxa made up 7.5%, by weight, of the total mean

CPUE in waters 110-915 m deep. Approximately 88% of the total

invertebrate catch comprised sponge, crab, seastar, sea urchin,

brittle star, and sea cucumber taxa.

Principal Species

Occurrences of the 25 most common fish and crab taxa

recorded during the autumn are summarized in Table 24 for the

entire survey area, for north and south geographical subareas,

and by depth stratum. In the samples for the total survey area,

the species that occurred most frequently were Dover sole (found

at 97% of the 93 stations sampled), sablefish (96%), shortspine

thornyhead (85%), Pacific whiting (8l%), and rex sole (70%). The

remaining species occurred in less than 53% of the 93 total trawl

samples. The five dominant species of the total survey area also

occurred as frequently in the south subarea. However, in the

north subarea, sablefish (98%) were taken slightly more

frequently than Dover sole (96%). Species composition changed in

the deeper (549-732 m and 732-915 m) strata with longspine

thornyhead, Tanner crab, two grenadier species, Pacific flatnose

(Antimora microlepis), and broadfin lanternfish (Lampanyctus
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ritteri) being taken in 78% or more of the samples from each

depth stratum (Table 24).

Relative Population Densities

The relative abundance of the 20 most dominant fish and crab

taxa recorded from autumn samples of the total depth range is

summarized in Table 25. Pacific whiting, sablefish, Dover sole,

shortspine thornyhead, sharpchin rockfish, rex sole, and

darkblotched rockfish collectively accounted for 72% of the mean

total CPUE in the total survey area. Mean catch rates for

primary target species were 41.91 kg/km for sablefish (23% of the

mean total CPUE), 18.12 kg/km for Dover sole (10%), and

2.91 kg/km for arrowtooth flounder (2%).

The observed relative abundances of fish and crab taxa

recorded from the five depth strata sampled are summarized in

Tables 26-30. In the two shallowest (110-183 m and 183-366 m)

strata, the mean CPUE for Pacific whiting accounted for 45%

(90.53 kg/km) and 21% (48.72 kg/km), respectively, of the total

mean CPUE of all fish and invertebrates (Tables 26-27). In the

three deepest strata, sablefish was the most abundant species.

Sablefish mean catch rates were 36.70 kg/km (25%) in the

366-549 m stratum, 77.69 kg/km (46%) at 549-732 m, and

38.36 kg/km (34%) at 732-915 m (Tables 28-30). Dover sole was

among the five most abundant species in each of the depth strata

sampled. Arrowtooth flounder ranked 12th (1%) at 110-183 m, 9th

(2%) at 183-366 m, and 6th (3%) at 366-549 m. Arrowtooth
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flounder was not among the 20 most abundant species in. the two

deepest strata sampled.

Additional differences observed in relative densities of the

species complexes of the shallow and deeper strata include the

increased abundance of shortspine thornyhead caught in waters

183-732 m deep, the increased density of longspine thornyhead in

waters 366-919 m deep, larger catches (10.12 and 10.41 kg/km) of

Tanner crab in the two deepest strata, decrease in relative

abundance of Pacific whiting as sampling depth increased, the

increased catches of giant grenadier (Albatrossia Pectoralis) and

Pacific grenadier (Coryohaenoides acrolepis) with increased

sampling depth, and the decreased representation of Sebastes spp.

rockfishes in catches as sampling depth increased.

Differences in mean catch rates between north and south

subareas were observed for target and nontarget species.

Tables 31 and 32 summarize observed mean catch rates for fish and

crab species which collectively accounted for 90% of the mean

total catch, by depth stratum, for the 110-915 m survey area.

Mean catch rates for the primary target species, sablefish and

arrowtooth flounder, were larger in north subarea samples

(Table 31) but Dover sole were more abundant in the south subarea

(Table 32). All secondary target species (shortspine and

longspine thornyhead; Tanner crab; darkblotched, sharpchin, and

splitnose rockfish; Pacific ocean perch) had higher total catch

rates for the 110-915 m depth range in the north subarea.
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In comparing catch rates of species for the same depth

stratum, we found that catch rates of most species taken in both

the north and south subareas were greater in the north subarea.

There were exceptions to this trend: Dover and rex sole catches

in 110-183 m were larger in the south subarea; sablefish, rex

sole, and lingcod (Ophiodon elongatus) at 183-366 m; sablefish

and rex sole at 366-549 m; Dover sole and giant grenadier at

549-732 m; and Dover sole and shortspine thornyhead at 732-915 m

(Tables 31-32). Figures 47-72 illustrate the geographic

distributions and relative abundances of target species and other

economically important species taken during the autumn survey in

waters 110-915 m deep.

Biomass Estimates

Biomass estimates (t) by depth stratum for major fish

species and Tanner crab are presented in Table 33. During the

autumn survey, biomass estimates for the total area (110-915 m)

were largest for Pacific whiting (48,249 t), sablefish

(43,755 t), Dover sole (18,834 t), and shortspine thornyhead

(9,912 t).

The following is a summary of the relative biomass estimates

by depth stratum: in the shallowest stratum (110-183 m), Pacific

whiting (31,700 t), sablefish (10,746 t), and Dover sole

(5,763 t) were dominant; in the 183-366 m stratum, Pacific

whiting (11,400 t), sablefish (11,213 t), sharpchin rockfish

(6,050 t), and darkblotched rockfish (4,663 t) were most

abundant: in the 366-549 m stratum, sablefish (8,737 t), Pacific
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whiting (4,980 t), and shortspine thornyhead (4,241 t) were most

prevalent; in the 549-732 m stratum, sablefish, Dover sole, and

longspine thornyhead were most abundant with estimates of

9,367 t, 3,697 t, and 2,242 t, respectively; and in the deepest

stratum (732-915 m), sablefish (3,692 t), longspine thornyhead

(2,930 t), Dover sole (1,800 t), and Tanner crab (1,002 t) were

the dominant species.

Table 34 summarizes the percentage of the total estimated

biomass for commercially important fish species and Tanner crab.

During the autumn, sablefish and Dover sole biomass was

relatively evenly distributed across the entire 110-732 m depth

range, whereas arrowtooth flounder was taken only in waters

110-549 m deep. Pacific whiting (66% of total whiting biomass):

canary (98%), yellowtail (97%), greenstriped (83%), and

stripetail (76%) rockfish: English sole (84%); and Pacific

sanddab (100%) were most prevalent in the shallow (110-183 m)

stratum. Splitnose (94%), sharpchin (88%), and darkblotched

(85%) rockfish occurred prominently in the 183-366 m stratum.

Pacific ocean perch (89%) and shortspine thornyhead (43%) were

prominent in the 366-549 m stratum and Tanner crab (98%),

longspine thornyhead (97%), and giant grenadier (94%) were

primarily found in the deepest (549-915 m) waters sampled.

Population Size Composition

During the autumn, length-frequency data were collected for

13 fish species. Figures 73-85 illustrate the size composition

and mean size, by sex and depth stratum, observed for these 13
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species within the north and south subareas and for the total

survey area.

The overall size distribution for the sablefish population

was trimodal with modes at 28 cm, 38 cm, and 52 cm. Larger fish

were observed in the south subarea (Fig. 73). Generally,

sablefish mean length increased as depth increased: however, a

slight decrease in mean length was observed in the 732-915 m

depth stratum.

Dover sole size distribution was unimodal with one mode at

34 cm (Fig. 74); larger fish were dominant in the north subarea

and the trend of increased mean size with increased sampling

depth was also observed.

Arrowtooth flounder samples were primarily obtained in the

north subarea at depths of 110-549 m. The overall size

composition was bimodal, primarily due to the influence of larger

female fish. Modes were observed at 39 cm and 58 cm, and average

size increased with sampling depth (Fig. 75).

Pacific ocean perch were taken primarily in the north

subarea in waters 183-549 m deep. The overall distribution was

bimodal (26 cm and 39 cm) and mean length increased with depth

(Fig. 76).

Darkblotched rockfish were taken primarily in the 183-366 m

stratum in both north and south subareas (Fig. 77). The overall

size distribution was unimodal (29 cm). Mean size increased with

sampling depth from 23 cm to 39 cm in the north subarea and from
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25 to 32 cm in the south subarea. Mean length was 29.5 cm in the

south and 28.6 cm in the north subarea.

Shortspine thornyhead were predominantly taken in waters

183-732 m deep in the north subarea (Fig. 80). The overall size

distribution was unimodal (35 cm) but fish 40-70 cm in length

were taken in significant numbers in the 549-732 m stratum of the

north subarea. Mean size increased with sampling depth from 24

to 35 cm in the north subarea.

Longspine thornyhead were taken mainly in waters 366-915 m

deep throughout the sampling area (Fig. 56) but length frequency

samples were taken primarily in the north subarea (Fig. 81).

The overall distribution was bimodal (10 and 21 cm) and mean

length increased with sampling depth from 19 to 21 cm in the

north subarea.

Sablefish Age Composition

Sablefish from the 1983 and 1982 year classes were dominant

in waters 110-183 m deep (Table 35). Waters 183-366 m deep were

dominated by the 1979-82 year classes that accounted for 68% of

the sablefish population in those waters (Table 36). In the

366-549 m depth stratum, the 1979 year class was strongest

(Table 37). The 1980 and 1979 year classes were most prominent

in waters 549-732 m deep (Table 38). In the deepest depth

stratum (732-915 m), the 1979 year class was dominant (Table 39).

The three most prominent year classes in the total survey area

(110-915 m) were 1983, 1979 and 1982. Collectively, the 1977-83

year classes accounted for over 92% of the sablefish population
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in waters 110-915 m deep (Table 40). Figures 86 and 87

illustrate the age composition and mean age for the total area

and the north and south subareas.

Length-weight Relationships

Individual fish weights for selected species were obtained

at the time when age structures were collected. For sablefish,

Dover sole, and arrowtooth flounder (Figs. 88-90), we fit the

data to length-weight regression curves. The following equations

describe the relationship for sablefish, Dover sole, and

arrowtooth flounder:

W ^  = 0.0000019697 L3.259739 {sablefish}

W ^ = 0.0000016260 L3.306944 {Dover sole}

W ^ = 0.0000019111 L3.261454 {arrowtooth

wherein w^ is fresh whole weight in grams and L is

fork length in millimeters.

Table 41 summarizes the length-weight relationships for

seven fish species by sex and for all sexes combined. Predicted

mean weights-at-length were generally greatest for females of all

species except Dover sole and longspine thornyhead (Table 41).

Sablefish Vertical Distribution

Only four sablefish were taken in 16 trap sets. Strings of

cloverleaf-shaped fish traps were deployed vertically 16 times

during the 1984 autumn survey. One Tanner crab and four

sablefish were taken from 4 of 16 sets as follows: the Tanner

crab (3.1 lb) was taken on a string set during the day at 915 m
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from the trap positioned to fish on the sea floor; one sablefish

(51 cm, male) was taken on a string set during the night at 379 m

from the trap 20 m off bottom: one sablefish (61 cm, female) was

taken on a string set during the day at 647 m from the on-bottom

trap: two sablefish were taken on a string set during the night

at 379 m, one each from traps 5 m (50 cm, male) and 20 m

(50 cm, male) off bottom.

Tanner Crab Studies

During the autumn survey, Tanner crab were taken in large

numbers only from-the deep (>549 m) stations. Because of their

potential as an exploitable commercial resource, an investigation

of the responses of the species to trawl capture was initiated.

When suitable numbers were obtained during trawling

operations, samples were placed into live tanks filled with

circulating surface temperature seawater and observed over a

period of 8-24 hours. Movements of the captured crabs were

sluggish and limbs generally hung limply when the animals were

picked up. None recovered from the trauma of trawl capture and

subsequent confinement in surface temperature water. Captured

crabs did not spontaneously cast off limbs but many continued to

move their mouthparts (thereby circulating water over their

gills) for 2 to 6 hours. This lack of viability implies that

commercial exploitation of the species will require technology

designed to overcome capture trauma. We did not have the

capability to determine whether crabs placed into chilled
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seawater (closer in temperature to that found in their deepwater

habitat) could recover.

A small sample (15-20 individuals) was cleaned immediately

after capture, washed in seawater, cooked for 10 minutes, frozen,

and returned to the AFSC Utilization Research laboratory.

According to H. Barnett,1 recovery-yield and chemical analyses

indicated a good quality product could be obtained if the species

were processed at sea immediately after capture.

Some Seasonal Comparisons

Surveys designed to provide data over a long time series

are usually scheduled for the same season each year in order to

avoid confounding seasonal effects. As a result, data

documenting seasonal differences in distribution, abundance, and

biological parameters of west coast groundfish populations are

sparse. The opportunistic nature of the 1984 spring survey

precluded sampling standardization, so seasonal comparisons had

to be limited and qualified. We have focused on 1984 species

incidence and bathymetric data which are thought to be least

likely affected by differences in catchability and gear

selectivity. We also compared size and age compositions,

recognizing that inter-survey differences may be partly due to

dissimilarities in the sampling gears used.

Water Temperature

1Harold Barnett, Utilization Research Division, Northwest and
Alaska Fisheries Center, National Marine Fisheries Service, 2725
Montlake Blvd. E., Seattle, WA 98112. Pers. commun., March 1985.
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We summarized the mean sea surface and bottom water

temperatures for the two cruises and the observed percentage

differences by depth stratum, by geographic subarea, and for the

entire survey area (Table 42). Throughout the survey area spring

SSTs averaged 10.5°C for the 110-549 m depth stratum, whereas

mean autumn SSTs were 15.1°C. This 43.8% difference in overall

mean SSTs was typical of the percentage differences observed

between spring and autumn SSTs for each depth stratum and for

each subarea. Mean spring SSTs were, in all cases, lower than

autumn SSTs. Mean spring BWT was 6.3°C and mean autumn BWT was

6.5°C (3.2% difference) for the entire survey area. In all

cases, except the 366-549 m depth stratum in the south subarea,

mean spring BWTs were lower than autumn BWTs.

Species Composition

We compared observed differences in the bathymetric

distributions of major and minor fish species taken in waters

110-549 m deep during the spring and autumn surveys

(Tables 6 and 21).

For many species it is not possible to attribute observed

changes in bathymetric distribution solely to seasonal factors

because of differential vulnerability to trawls. Therefore, we

noted only a limited selection of observed changes in bathymetric

distributions for fish species taken from depths sampled in

common (110-549 m) during both surveys. The species we selected

for seasonal comparisons are thought to respond to seasonal

variability in food availability or in spawning requirements by
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changing their bathymetric distributions (Alverson et al. 1964;

Alton 1972).

In the spring, English sole were taken in 110-549 m waters;

in the autumn, they were only taken in waters 110-366 m deep.

Pacific ocean perch were taken in waters 183-549 m deep in the

spring but occurred in waters 110-549 m deep in the autumn.

Splitnose rockfish and shortspine thornyhead occurred in waters

183-549 m deep during the spring but were also taken in shallower

waters (110-549 m) during the autumn. Longspine thornyhead were

not taken in the spring but were found in 183-549 m waters during

the autumn. Our primary target species--sablefish, Dover sole,

and arrowtooth flounder--had identical spring and autumn

bathymetric distributions (110-549 m).

Some species were taken only during one of the surveys

(Tables 6 and 21). In the spring, bigfin eelpout (Aprodon

cortezianus) was the only Zoarcid taken in waters 110-549 m deep

but in autumn, bigfin, black (Lycodes diapterus), and blackbelly

(Lycodoosis pacifica) eelpouts were taken in 110-549 m waters.

Similar relationships were observed for many other minor fish

species.

Principal Species and Relative Frequencies of Occurrence

Spring catches were dominated by sablefish, Pacific whiting,

rex sole, Dover sole, arrowtooth flounder and shortspine

thornyhead (Table 9). In the autumn, Dover sole and Pacific

whiting were found at 98.3% of the stations sampled in waters

110-549 m deep. Sablefish (96.6%), rex sole (93.2%), arrowtooth
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flounder (83.1%), slender sole (Lyopsetta exilis) (79.7%), and

shortspine thornyhead (79.7%) also occurred frequently in autumn

catches (Table 43). The remaining fish and crab taxa occurred in

less than 60% of the spring trawl stations and in less than 73%

of the autumn trawl stations.

Population Size Composition

Figures 32-41 and 73-85 illustrate size composition and mean

size for selected fish species in the north and south subareas

and in the total survey area for the surveys. Overall size

distributions for target species that occurred in both surveys

have been described earlier: therefore, only differences between

spring and autumn distributions are noted.

In the spring, modes in the sablefish length distribution

occurred at 32, 38, and 51 cm; in the autumn, modes occurred at

28, 38, and 52 cm. In the spring, small fish represented a

larger percentage of the population than they did in the autumn

(Figs. 32 and 73), which suggests that adult fish move up the

continental slope into shallower waters in the autumn. However,

this might also be caused by differences in the selectivity of

the trawls used during the spring and autumn surveys. Mean

length increased as sampling depth increased and larger fish were

dominant in the south subarea during both surveys.

Dover sole mean length was larger during the autumn survey

(30.8 cm in the spring survey and 34.2 cm in the autumn) and the

length mode increased from 31 to 34 cm. This suggests that adult

Dover sole also move into shallower waters in the autumn. Mean
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size increased with sampling depth and larger fish were dominant

in the north subarea during both spring and autumn surveys

(Figs. 33 and 74).

During both surveys, Pacific ocean perch were primarily

taken in waters 183-549 m deep in the north subarea. Overall

distributions were bimodal (27 cm and 37 cm, spring; 26 cm and

39 cm, autumn), mean length increased with sampling depth, and

average male and female lengths were essentially identical

(approximately 35.5 and 37.5 cm, respectively) in both seasons

(Figs. 34 and 76).

Darkblotched rockfish were taken primarily in north subarea

waters 183-366 m deep in both seasons (Figs. 35 and 77). Mean

length increased with sampling depth. The largest fish were

taken in north subarea waters 366-549 m deep (mean length being

35.8 cm, spring; and 39.4 cm, autumn), but the majority of

samples were obtained from shallower waters and average size was

smaller (mean length being 29.8 cm, spring: and 28.8 cm, autumn).

Sablefish Age Composition

Spring sablefish population estimates by age, year class,

and depth stratum, and for the comparative (183-549 m) survey

area are summarized in Tables 16-18. Autumn population estimates

are presented by depth stratum in Tables 35-37 and estimates are

presented for the comparative 183-549 m area in Table 44.

The 1979-82 year classes (83% and 68% of the respective

spring and autumn sablefish population estimates) were dominant

in the intermediate depth stratum (183-366 m) during both surveys
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(Tables 18 and 36). The 1978 and 1979 year classes (58%) were

most prominent in the spring, and the 1978-80 year classes (54%)

were dominant in the autumn in waters 366-549 m deep

(Tables 19 and 37). Tables 20 and 44 summarize the spring and

autumn population estimates for the combined intermediate and

deep strata because age data were not obtained from the shallow

(110-183 m) stratum during the spring survey. The 1978-82 year

classes accounted for 84% of the estimated spring sablefish

population, and the 1977-82 year classes accounted for 86% of the

autumn population in waters 183-549 m deep.

DISCUSSION

Past AFSC resource assessment surveys along the west coast

have focused on obtaining distribution and abundance data

characteristic of continental shelf populations (Dark et al.

1983; Weinberg et al. 1984; Coleman 1986). These surveys did not

concentrate on obtaining comprehensive information on the

groundfish species which primarily inhabit continental slope

waters. Groundfish stocks from shallower waters have undergone

increased exploitation, and commercial trawling operations have

been gradually extended into deeper waters. Recent increases in

commercial landings of sablefish, Dover sole, arrowtooth

flounder, and several slope rockfish species prompted the need

for increased information regarding these resources.

The 1984 spring and autumn groundfish surveys of the upper

continental slope provided current, noncommercial data on

demersal trawl catches. The data are useful indicators of
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population characteristics within the limitations of the survey's

design. We compared the results of the two surveys in order to

examine the distribution and abundance characteristics of the

populations of commercial and potentially commercial groundfish

resources inhabiting slope waters off the coast of Oregon. We

examined species composition, frequency of occurrence, relative

abundance, geographic and bathymetric distribution, biomass, size

composition, and sablefish age composition and vertical

distribution by depth, geographic subarea, and (where

appropriate) by season.

The successful completion of both surveys demonstrates the

practicability of using demersal trawl gear to sample groundfish

populations in the deep waters on the topographically complex

terrain of the west coast continental slope.

Factors Affecting Sampling

Trawling Operations

Bathymetric and geographic coverage of waters up to 549 m

deep was the same during both surveys: however, waters greater

than 549 m deep were only sampled during the autumn.

Spring and autumn survey vessel sizes and sampling gears

were dissimilar. The Soviet vessel was 2.6 times longer than the

U.S. vessel and generated 2.4 times the horsepower. The

horizontal opening of the Soviet trawl was 1.3 times that of the

U.S. Noreastern trawl. The vertical opening of the Noreastern

trawl was 1.1-1.5 times that of the Soviet trawl. Mesh sizes in

the component parts of the Noreastern were 1.3 times the mesh
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sizes in the Soviet wing, 1.6 times the size of the Soviet body

mesh, 1.6-3.0 times the mesh sizes in the Soviet intermediate,

and 3.0 times the mesh size of the Soviet codend. The U.S.

codend liner was 1.1 times the size of the Soviet codend. The

Noreastern trawl was fished with a codend liner and roller gear.

This gear was closely attached to the trawl footrope so as to

keep the footrope in close contact with the bottom and to prevent

escapement beneath the trawl. The Soviet trawl was fished

without a codend liner and used roller gear constructed of

alternating sections of large and small bobbins. Consequently,

we believe the Soviet gear had the greater potential for allowing

groundfish escapement under the footrope. We also believe the

Soviet gear had the greater potential for retaining smaller

individuals given its smaller mesh sizes.

Because comparative trawl data for the two survey vessels

and their trawl gears were unavailable, we were unable to

establish relative fishing power coefficients for the survey

vessels. Consequently, we have not attempted to compare biomass

estimates between surveys. Nonetheless, we examined seasonal

differences in sea surface and bottom water temperatures and in

species composition, frequency of occurrence, population size

composition, and sablefish age composition, recognizing that

different trawl efficiencies could confound some comparisons.

Some of the limitations of the sampling gears used during

the surveys should be noted. First, use of demersal trawls

precluded sampling components of fish populations that inhabited



42

waters more than 6 m off bottom during the spring and 9.2 m off

bottom during the autumn. This gear efficiency influenced the

sampling of slope rockfish species which are known to respond to

diurnal movements of prey organisms (Feldman and Rose 1981).

Also, since sablefish feed on a variety of benthic and pelagic

organisms and appear to make significant vertical movements, only

a portion of the population was sampled by the bottom trawl. The

effects of this bias may be mitigated by the characteristic

behavior of these species to move closer to the bottom during the

hours of daylight when all our samples were obtained.

Second, some areas were unsuitable for bottom trawling, and

stocks in these areas are inadequately represented in the survey

results. Third, flatfish and other species that are primarily

demersal may have been undersampled during the spring due to the

escapement of fish under the Soviet net. Escapement may have a

gear selection component associated with the different behavioral

characteristics of individual groundfish species (Carrothers

1981). Differences in mesh sizes between the Soviet and U.S.

nets and the use of a codend liner during the autumn survey also

were contributing factors to the seasonal differences noted

previously.

Sablefish Traps

Pruter et al. (1971) used vertically deployed fish traps to

investigate sablefish vertical distribution. They found the

traps to be highly selective for sablefish, with 145 fish being

taken from 28 trap sets. They also found that most sablefish
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were taken in traps set within 3.7 m of the bottom. Our attempt

to utilize traps of similar construction to investigate sablefish

vertical distribution during the autumn survey was not

successful.

The reasons for our lack of success are uncertain.

Commercial trap fishermen soak their traps in seawater for

several weeks prior to use to obtain better catch rates. Because

our traps were constructed of new materials and could not be

soaked prior to use during the survey, we believe the lack of

trap conditioning may have contributed to our low catch rates.

Otherwise, the traps we used were constructed of identical

materials and in the same cloverleaf design as those used during

the 1970 study.

In Pruter et al.'s study in 1970, traps were usually fished

from 10 to 13 hours, whereas in 1984 the traps were fished 11 to

14 hours prior to retrieval. Chopped herring was used for bait

during both surveys. During the 1970 survey, traps were set in

waters 384-421 m deep, and in 1984 we fished strings in waters

110, 379, 647, and 915 m deep. We also used light-wire, free-

swinging tunnel triggers during 1984 to reduce escapement when it

became obvious that the traps were not catching fish. Because

catch rates did not increase after triggers were installed, we

concluded that fish simply were not entering the traps.

Groundfish Population Characteristics

Primary target species for the 1984 slope surveys were Dover

sole, arrowtooth flounder, and sablefish. Secondary target
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species were Tanner crab and the slope rockfishes: Pacific ocean

perch; darkblotched, sharpchin, and splitnose rockfish; and

shortspine and longspine thornyhead.

Dover sole was characterized by a wide bathymetric

distribution with samples being taken from the entire range of

depths sampled during both spring and autumn surveys. The

species shows a strong seasonal inshore and offshore movement.

Tagging studies (Barss and Demory 1988) show that Dover sole move

into deep water in the fall where they concentrate for spawning

from November through March. In the summer they move inshore and

disperse for feeding. During the 1984 surveys, the availability

(CPUE) of Dover sole was highest during the autumn (the largest

catches were from waters 549-732 m deep) and lowest in the

spring. Similar trends in Dover sole abundance and availability

by season and depth were reported by Alton (1972) who also noted

a larger size range of Dover sole in shallower waters (91-320 m)

than in deeper waters. We also noted an increase in mean size of

autumn versus spring fish which may reflect both the seasonal

spawning migration of the species into deeper waters during the

winter (Barss and Demory 1988), and variability in gear

selectivity caused by differences in trawl mesh sizes. Spring

and autumn catches were dominated by males, although of the

females taken a larger percentage was taken in the autumn,

particularly from deeper waters. This supports the conclusions

of Barss and Demory (1988) that juveniles and females primarily
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undertake inshore-offshore movements, whereas mature males remain

in the deep water spawning areas throughout the year.

Arrowtooth flounder were found in waters of moderate depth

(110-549 m) during both spring and autumn surveys. The autumn

catches, though small in terms of overall mean CPUE, were

consistently larger than spring catches. Alverson et al. (1964)

and Alton (1972) attributed shifts in availability of arrowtooth

flounder from deep water in the winter to shallower depths of the

continental shelf in the summer to reproductive and feeding

cycles. Spawning on the west coast occurs on the upper slope

(366 m) from December to March (Fargo et al. 1981). We believe

that differences in trawl gears used during the 1984 surveys

contributed to the observed decrease in catch of this species

during the spring survey. Arrowtooth flounder mean length

increased with depth during both surveys. This was consistent

with Hosie's (1976) observations of Oregon coast arrowtooth

flounder that adults were most abundant at depths of 146 to 219 m

and juveniles from 91 to 183 m.

Sablefish had a bathymetric distribution similar to Dover

sole and were found throughout all depths sampled during both

surveys. Sablefish migrate up the continental slope into

shallower shelf and slope waters during the summer upwelling and

move back into deeper waters in October (Klein 1984). During

1984, spring sablefish catches in waters 183-549 m deep were

similar in magnitude to autumn catches in waters 549-732 m deep.

Also, during the spring, immature (smaller that 43 cm) fish were
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abundant in shallower waters and the number of males and females

were approximately equal. Mature fish were taken primarily in

deeper waters and catches were also equally divided by sex.

During the autumn, immature fish were found in shallow

(110-183 m) waters with the number of males and females equal,

but in deeper water the larger fish were predominantly males.

These results are similar to those of Alton (1972) who also found

that the large, older fish inhabit the deeper portion of the

overall bathymetric range.

Rockfish species are noted for their extremely contagious

distributions and the large variances and wide confidence

intervals associated with mean catch rates and abundance

estimates determined from trawl catch data (Wilkins and Weinberg

1987). A large number of tows are required to reduce the effects

of this variability. However, during the 1984 slope surveys the

number of tows was restricted because of limited time and the

extended depth range we wanted to sample. Differences observed

in the abundance, size composition, and distribution of Pacific

ocean perch and darkblotched, sharpchin, and splitnose rockfish

are related to the contagious. nature of these species.

Differences in the selectivity of the trawl gears used for each

survey and differences in the schooling and behavioral

characteristics of these species were also contributing factors.

CONCLUSIONS

We believe the data obtained from the 1984 spring and autumn

surveys provide useful, current information about the groundfish
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resources that inhabit the upper continental slope off the Oregon

coast. The distribution, abundance, species composition, size,

age (sablefish only), and length-weight data presented provide

reasonable characterizations of target populations within the

survey area given the limitations of the sampling gear and survey

design. These data are fishery independent and should prove to

be more representative than data derived from commercial sources

since commercial fisheries select fish the basis of size and

marketability.

The 1984 slope survey work indicates that it may be feasible

to use demersal trawl gear to assess abundance and geographic and

bathymetric distribution and to track periodic changes in the

population characteristics of target populations if a

standardized approach is utilized. Future investigations are

needed to extend survey coverage to the Washington and northern

California coasts because of the increased commercial interest

and exploitation these areas are experiencing.

Investigations should also be continued to establish whether

sablefish are entirely demersal, and if not, to establish the

percentage of the population that resides off-bottom. Once this

is clarified, it will be possible to improve the precision of

population estimates because sampling effort can be better

allocated to increase the efficiency of sampling the target

population. We also believe that a passive (i.e., nonbaited)

sampling gear such as a sunken gill-net might be effectively used

to investigate this question.
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Future studies should also attempt to characterize the

physical structure of the sea floor, including its inclination

and composition (e.g., rock, cobble, sand, and mud) in an effort

to establish whether particular groundfish species of the

continental slope are more likely to be associated with distinct

bottom habitat types. Such information would also assist in

establishing more efficient and precise survey designs and

sampling patterns.



49

Table 1.-- Geographic areas (km2)* of depth strata used during the
spring and autumn 1984 west coast upper continental slope
trawl surveys.

? Latitudinal limits of geographic areas: total area = 43°00'N-
45°45'N; south subarea = 43°00'N-44°22.5'N; north subarea =
44°22.5'N-45°45'N.
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Table 2.--Demersal trawl gears used during the 1984 west coast upper continental slope
surveys.

1See Figure 5.
20ne trap attached at 0, 5, 10, 20, and 35 m off bottom to gangions

secured through the mainline at specified positions.
3Each bait jar was filled with 1 kg of chopped Pacific herring.
4Buoyant line, 1.59 cm (5/8 in) in diameter. G-hooks attached to

gangions for securing trap bridles on the lowermost shot of line.5
Sinking line, 1.27 cm (l/2 in) in diameter.
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T a b l e  4 . - - N u m b e r  o f l e n g t h - f r e q u e n c y  m e a s u r e m e n t s  o b t a i n e d  d u r i n g
t h e 1 9 8 4  s p r i n g  a n d  a u t u m n  w e s t c o a s t u p p e r c o n t i n e n t a l
s l o p e s u r v e y s .
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T a b l e  5 . - - Approximate number of o t o l i t h s collected during t h e  1 9 8 4
s p r i n g and autumn w e s t c o a s t u p p e r c o n t i n e n t a l s l o p e
s u r v e y s .



5 3

Table 6.-- List of fish taxa collected and their observed bathymetric distribution during the
1984 spring West Coast upper continental slope groundfish survey.
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Table 6.--Continued.
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Table 6. --Continued.

'Nomenclature from Robins (1980) unless otherwise noted.
2Poseydon carried only enough trawl cable to fish to 549 m.
3Common name associated with family name indicates unidentified members were encountered.
4 N o m e n c l a t u r e  f r o m  H u b b s  a n d  D e m p s t e r ( 1 9 7 9 ) .
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Table 7.-- List of invertebrate taxa collected and their observed bathymetric distribution during
the 1984 spring West Coast upper continental slope groundfish survey.

1Nomenclature from Kozloff (1974) unless otherwise noted.
2Poseydon carried only enough trawl cable to fish to 549 m.
3Nomenclature for shrimp from Butler (1980).
4Nomenclature for mollusca from Abbott (1974) unless otherwise noted.
5Nomenclature for seastars from Fisher (1911,1928,1930).
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Table 8.-- Summary of average catch per unit fishing effort (kg/km) for major taxonomic
groups during the spring 1984 west coast upper continental slope trawl
survey'.

1See Figure 1.
2 Mean CPUE and proportion of total catch for the overall (110-549 m) spring survey

area.
3 tr = CPUE <O.Ol kg/km.
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T a b l e  9 . - - T h e  2 5  m o s t c o m m o n  f i s h  t a x a r e c o r d e d  d u r i n g t h e s p r i n g 1 9 8 4
w e s t c o a s t c o n t i n e n t a l s l o p e  d e m e r s a l t r a w l s u r v e y ,  i n o r d e r
o f  p e r c e n t a g e  f r e q u e n c y  o f  o c c u r r e n c e .

* S e e F i g u r e  1 .
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T a b l e  1 0 . - - T h e  2 0  m o s t a b u n d a n t  f i s h  t a x a  r e c o r d e d  d u r i n g  t h e  s p r i n g
1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e t r a w l s u r v e y , in
o r d e r  o f o b s e r v e d a b u n d a n c e , a l l d e p t h s t r a t a  1 1 0 - 5 4 9  m
( 6 0 - 3 0 0  f m )  c o m b i n e d ' .

1 S e e F i g u r e  1 .
2Overall m e a n c a t c h  p e r  u n i t e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t  = 1 5 0 . 8  k m .
3 P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t e f f o r t , a l l f i s h a n d

i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n C P U E  = 3 5 . 1 . 1 1  k g / k m .
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T a b l e  1 1 . - - T h e  2 0  m o s t  a b u n d a n t f i s h  t a x a r e c o r d e d  d u r i n g t h e  s p r i n g
1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l  s l o p e  t r a w l s u r v e y , in
o r d e r o f  o b s e r v e d  a b u n d a n c e , 1 1 0 - 1 8 3  m  ( 6 0 - 1 0 0  f m ) 1 .

1 S e e F i g u r e  1 .
2 O v e r a l l m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t = 30.1 km.
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t  e f f o r t , a l l f i s h a n d

i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E q  2 1 3 . 5 6  k g / k m .
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T a b l e  1 2 . - - T h e  2 0  m o s t a b u n d a n t  f i s h  t a x a  r e c o r d e d  d u r i n g  t h e  s p r i n g
1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l  s l o p e  t r a w l s u r v e y ,  i n
o r d e r  o f o b s e r v e d a b u n d a n c e , 1 8 3 - 3 6 6  m  ( 1 0 0 - 2 0 0  f m ) 1 .

1 S e e F i g u r e  1 .
2 O v e r a l l m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m  t r a w l e d . T o t a l

e f f o r t = 56.3 km.
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h p e r u n i t e f f o r t , a l l f i s h  a n d

i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E  q 6 9 6 . 5 0  k g / k m .
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T a b l e  1 3 . - - T h e  2 0  m o s t  a b u n d a n t f i s h  t a x a r e c o r d e d  d u r i n g t h e  s p r i n g
1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e t r a w l s u r v e y ,  i n
o r d e r  o f o b s e r v e d  a b u n d a n c e , 3 6 6 - 5 4 9  m  ( 2 0 0 - 3 0 0  f m ) 1 .

1 S e e F i g u r e  1 .
2 O v e r a l l m e a n c a t c h  p e r  u n i t e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t = 64.5 km.
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t  e f f o r t , a l l f i s h  a n d

i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E q  2 1 8 . 2 3  k g / k m .
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T a b l e  1 4 . - - S u m m a r y  o f a v e r a g e c a t c h  p e r  u n i t f i s h i n g  e f f o r t ( k g / k m ) ,
b y  d e p t h  s t r a t u m , o b s e r v e d  f o r  m a j o r  f i s h  s p e c i e s ' d u r i n g
t h e  s p r i n g 1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e
g r o u n d f i s h s u r v e y , n o r t h 2s u b a r e a  .

1 S p e c i e s l i s t e d  i n  e a c h  d e p t h  s t r a t u m  c o l l e c t i v e l y  c o m p r i s e d  9 0 %  o f
t h e  o v e r a l l m e a n t o t a l c a t c h .

2 N o r t h s u b a r e a  i s t h a t  p o r t i o n  o f  t h e  o v e r a l l  s u r v e y  a r e a  w h i c h is
n o r t h o f  4 4 ° 2 2 . 5 ' N  L a t . S e e F i g u r e  1 .
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T a b l e  1 5 . - - S u m m a r y  o f a v e r a g e c a t c h  p e r  u n i t  f i s h i n g  e f f o r t ( k g / k m ) ,
b y  d e p t h  s t r a t u m , o b s e r v e d  f o r  m a j o r  f i s h  s p e c i e s ' d u r i n g
t h e  s p r i n g  1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e
g r o u n d f i s h s u r v e y , s o u t h 2s u b a r e a  .

1 S p e c i e s  l i s t e d  i n  e a c h  d e p t h s t r a t u m c o l l e c t i v e l y c o m p r i s e d  9 0 %  o f
t h e  o v e r a l l m e a n t o t a l c a t c h .

2 S o u t h  s u b a r e a  i s t h a t  p o r t i o n  o f t h e  o v e r a l l s u r v e y a r e a w h i c h  i s
s o u t h  o f 4 4 ° 2 2 . 5 ' N  L a t . S e e  F i g u r e  1 .
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Table 16.--Estimated biomass (metric tons) of major species, by depth stratum and
95% confidence intervals (absolute and as a percentage of the biomass
estimate) for the total survey area, from the 1984 spring west coast
upper continental slope survey.

1Poseydon was not equipped to trawl waters deeper than 549 m (300 fm).
2
Rounding accounts for minor discrepancies between sums for individual depth strata

and overall totals. Total area q 43°00'N - 45°45'N lat.
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T a b l e  1 7 . - - P e r c e n t  o f e s t i m a t e d  b i o m a s s  o f  m a j o r  s p e c i e s ,
b y  d e p t h  s t r a t u m , f r o m  t h e  1 9 8 4  s p r i n g w e s t
c o a s t u p p e r c o n t i n e n t a l s l o p e s u r v e y .

* P o s e y d o n  w a s  n o t  e q u i p p e d  t o t r a w l w a t e r s  d e e p e r  t h a n
5 4 9  m  ( 3 0 0  f m ) .
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T a b l e  l b . - - P o p u l a t i o n  e s t i m a t e s  f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g t h e s p r i n g 1 9 8 4  v e s t c o a s t u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 1 8 3 - 3 6 6  m  ( 1 0 0 - 2 0 0  f m ) .
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T a b l e  1 9 . - - P o p u l a t i o n  e s t i m a t e s f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g  t h e  s p r i n g  1 9 8 4  w e s t  c o a s t  u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 3 6 6 - 5 4 9  m  ( 2 0 0 - 3 0 0  f m ) .
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T a b l e  2 0 . - - P o p u l a t i o n  e s t i m a t e s f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g t h e  s p r i n g 1 9 8 4  w e s t c o a s t u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 1 8 3 - 5 4 9  m  ( 1 0 0 - 3 0 0  f m )  .

* A g e s a m p l e s w e r e n o t o b t a i n e d in t h e  1 1 0 - 1 8 3  m  ( 6 0 - 1 0 0  f m )  d e p t h
s t r a t u m  d u r i n g t h e s p r i n g s u r v e y .
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Table 21 .--List of fish taxa collected and their observed bathymetric distribution during the 1984 autumn west
coast upper continental slope groundfish surveys.
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Table 21 .--Continued.
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Table 21.--Continued.
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Table 21 .--Continued.
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Table 21 .--Continued.

1Nomenclature from Robins (1980) unless otherwise noted.
2 U.S. vessel Half Moon Bay only.
3Common name associated with family name indicates unidentified metiers were encountered.
4Nomenclature from Hubbs and Dempster (1979).
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Table 22.--List of invertebrate taxa collected and their observed bathymetric distributions during the 1984
autumm west coast upper continental slops groundfish survey.
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Table 22.--Continued.
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Table 22.--Continued.

1Nomenclature from Kozloff (1974) unless otherwise noted.
2U.S. vessel Half Moon Bay only.
3Nomenclature from NWAFC species codebook.
4Nomenclature for shrimp from Butler (1980).
5Nomenclature for mollusca from Abbott (1974) unless otherwise noted.
6Nanenclature for seastars from Fisher (1911, 1928, 1930).
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Table 23.--Summary of average catch per unit fishing effort (kg/km) for major taxonomic groups during autumn
1984 west coast upper continental slops trawl survey'.

1See Figure 2.
2
Mean CPUE and proportion of total catch for the overall (110-915 m) survey area.

3
tr = CPUE <0.01 kg/km.
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Table 24.--The 25 most common fish and crab taxa recorded during the autumn 1984
west coast continental slope demersal trawl survey, in order of
percentage frequency of occurrence.

*See Figure 2.
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T a b l e  2 5 . - - T h e  2 0  m o s t a b u n d a n t f i s h  a n d  c r a b  t a x a r e c o r d e d  d u r i n g
t h e  a u t u m n  1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e t r a w l
s u r v e y  i n o r d e r  o f o b s e r v e d a b u n d a n c e , a l l d e p t h s t r a t a
1 1 0 - 9 1 5  m  ( 6 0 - 5 0 0  f m ) 1c o m b i n e d  .

1 S e e F i g u r e  2 .
2 O v e r a l l m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m  t r a w l e d . T o t a l

e f f o r t =  2 5 1 . 8  k m .
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t  e f f o r t , a l l f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E  = 1 8 4 . 3 6  k g / k m .
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T a b l e  2 6 . - - T h e  2 0  m o s t a b u n d a n t  f i s h  t a x a  r e c o r d e d  d u r i n g  t h e  a u t u m n
1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l s l o p e t r a w l s u r v e y in
o r d e r  o f o b s e r v e d a b u n d a n c e , 1 1 0 - 1 8 3  m  ( 6 0 - 1 0 0  f m ) ' .

1 S e e F i g u r e  2 .
2 O v e r a l l m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t = 43.2 km.
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h p e r u n i t e f f o r t , a l l f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E = 200.02 kg/km.



8 2

T a b l e  2 7 . - - T h e  2 0  m o s t a b u n d a n t  f i s h  a n d  c r a b  t a x a  r e c o r d e d  d u r i n g
t h e  a u t u m n  1 9 8 4  v e s t  c o a s t  u p p e r  c o n t i n e n t a l  s l o p e  t r a w l
s u r v e y  i n o r d e r  o f o b s e r v e d a b u n d a n c e , 1 8 3 - 3 6 6  m
( 1 0 0 - 2 0 0  f m ) 1 .

‘ S e e F i g u r e  2 .
' O v e r a l l m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t = 75.6 km.
' P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t  e f f o r t , all f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n C P U E  = 2 3 6 . 1 3  k g / k m .
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T a b l e  2 8 . - - T h e 2 0  m o s t a b u n d a n t f i s h t a x a r e c o r d e d  d u r i n g  t h e  a u t u m n
1 9 8 4  w e s t c o a s t u p p e r c o n t i n e n t a l s l o p e t r a w l s u r v e y  i n
o r d e r  o f o b s e r v e d a b u n d a n c e , 3 6 6 - 5 4 9  m  ( 2 0 0 - 3 0 0  f m ) 1 .

1 S e e F i g u r e  2 .
2 O v e r a l l m e a n c a t c h p e r u n i t e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t  = 5 0 . 4  k m .
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t e f f o r t , a l l f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l  m e a n  C P U E  = 1 4 5 . 4 0  k g / k m .
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T a b l e  2 9 . - - T h e  2 0  m o s t a b u n d a n t f i s h  a n d  c r a b  t a x a r e c o r d e d  d u r i n g
t h e a u t u m n 1 9 8 4  w e s t c o a s t u p p e r c o n t i n e n t a l s l o p e t r a w l
s u r v e y  i n o r d e r  o f o b s e r v e d a b u n d a n c e , 5 4 9 - 7 3 2  m
( 3 0 0 - 4 0 0  f m ) 1 .

1 S e e F i g u r e  2 .
2 O v e r a l l  m e a n  c a t c h  p e r u n i t e f f o r t , k g / k m t r a u l e d . T o t a l

e f f o r t =  4 4 . 5  k m .
3 P r o p o r t i o n  o f t o t a l m e a n c a t c h p e r u n i t e f f o r t , a l l f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E  q 1 7 0 . 3 1  k g / k m .



8 5

T a b l e  3 0 . - - T h e  2 0  m o s t  a b u n d a n t f i s h  a n d  c r a b  t a x a  r e c o r d e d  d u r i n g
t h e  a u t u m n  1 9 8 4  w e s t  c o a s t  u p p e r  c o n t i n e n t a l  s l o p e  t r a w l
s u r v e y  i n o r d e r  o f o b s e r v e d  a b u n d a n c e , 7 3 2 - 9 1 5  m
( 4 0 0 - 5 0 0  f m ) 1 .

1 S e e F i g u r e  2 .
 2Overall   m e a n c a t c h  p e r  u n i t  e f f o r t , k g / k m t r a w l e d . T o t a l

e f f o r t = 38.0 km.
3
P r o p o r t i o n  o f t o t a l m e a n c a t c h  p e r  u n i t  e f f o r t , all f i s h

a n d i n v e r t e b r a t e s c o m b i n e d . T o t a l m e a n  C P U E  = 1 1 4 . 0 4  k g / k m .
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Table 31.-- Summary of average catch per unit fishing effort, by depth stratum,
observed for major fish and crab species1 during the autumn 1984
west coast upper continental slope trawl survey, north subarea2 .

1Species listed in each depth stratum collectively comprised 90% of the
overall mean total catch.

2North subarea is that portion of the overall survey area north of 44°22.5'N
Lat. See Figure 2.
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Table 32.--Summary of average catch per unit fishing effort, by depth stratum,
observed for major fish and crab species1 during the autumn 1984
west coast upper continental slope trawl survey, south subarea2 .

1Species Listed in each depth stratum collectively comprised 90% of the
overall mean total catch.

2South subarea is that portion of the overall survey area south of 44°22.5lN
Lat. See Figure 2.
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Table 33 .--Estimated biomass (metric tons) of major species, by depth stratum and 95% confidence
intervals (absolute and as a percentage of the biomass estimate) for the total survey
area, from the 1984 autumn west coast upper continental slope survey.

1Rounding accounts for minor discrepancies between sums of individual depth strata and overall
area totals.
2tr = biomass estimate of 0.1-0.9 mt.



8 9

T a b l e  3 4 . - - P e r c e n t  o f e s t i m a t e d  b i o m a s s  o f m a j o r s p e c i e s ,  b y
d e p t h s t r a t u m , f r o m  t h e  1 9 8 4  a u t u m n  w e s t  c o a s t ,
u p p e r c o n t i n e n t a l s l o p e t r a w l s u r v e y .



9 0

T a b l e  3 5 . - P o p u l a t i o n  e s t i m a t e s  f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t  a g e  d u r i n g  t h e  a u t u m n  1 9 8 4  w e s t c o a s t u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 1 1 0 - 1 8 3  m  ( 6 0 - 1 0 0  f m ) .
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T a b l e  3 6 . - - P o p u l a t i o n  e s t i m a t e s f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g t h e  a u t u m n  1 9 8 4  w e s t  c o a s t  u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 1 8 3 - 3 6 6  m  ( 1 0 0 - 2 0 0  f m ) .



9 2

T a b l e  3 7 . - - P o p u l a t i o n  e s t i m a t e s f o r s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g  t h e  a u t u m n  1 9 8 4  w e s t  c o a s t  u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 3 6 6 - 5 4 9  m  ( 2 0 0 - 3 0 0  f m ) .



9 3

T a b l e  3 8 . - - P o p u l a t i o n  e s t i m a t e s f o r  s a b l e f i s h b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g t h e  a u t u m n  1 9 8 4  u e s t  c o a s t  u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 5 4 9 - 7 3 2  m  ( 3 0 0 - 4 0 0  f m ) .



9 4

T a b l e  3 9 . - - P o p u l a t i o n e s t i m a t e s f o r  s a b l e f i s h  b y  y e a r  c l a s s  a n d  m e a n
l e n g t h  a t a g e  d u r i n g  t h e  a u t u m n  1 9 8 4  w e s t  c o a s t  u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 7 3 2 - 9 1 5  m  ( 4 0 0 - 5 0 0  f m ) .



9 5

T a b l e  4 0 . - - P o p u l a t i o n  e s t i m a t e s f o r  s a b l e f i s h  b y  y e a r  c l a s s a n d m e a n
l e n g t h  a t a g e  d u r i n g t h e  a u t u m n 1 9 8 4  w e s t c o a s t u p p e r
c o n t i n e n t a l s l o p e s u r v e y , 1 1 0 - 9 1 5  m  ( 6 0 - 5 0 0 f m ) .
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Table 41.--Length-weight relationship1 observed for fish species obtained during the
autumn 1984 west coast upper continental slope survey.

1 Regression equation based on w = al b where: w = fresh whole weight in grams;
L = fork length in millimeters; a and b = Length at weight coefficients.

2M = males; F = females; C = sexes combined.



Table 42.-- Mean sea surface and bottom water temperatures (SST and BWT) and the
SST and BUT percentage differences (%D) observed during the 1984
spring and autumn west coast upper continental slope trawl surveys,
by depth stratum, geographic subarea, and total (110-549 m) survey
area.

‘Percent difference is calculated as: Autumn (SST) - Spring (SST) x 100
Spring (SST)

‘Percent difference is calculated as: Autumn (BWT) - Spring (BWT)
x 100

Spring (BWT)
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Table 43.--The 25 most common fish and crab taxa recorded during the autumn
1984 west coast continental slope demersal trawl survey, in order
of percentage frequency of occurrence, for total area waters
110-549 m deep, by depth stratum and geographic subarea.

*See Figure 2.
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Table 44. --Population estimates for sablefish by year class and mean length
at age during the autumn 1984 west coast upper continental slope
survey, 183-549 m (100-300 fm).



1 0 0

Figure 1.--Location of successful bottom trawling stations during the
spring 1984 west coast upper continental slope groundfish
survey.



1 0 1

Figure 2.--Location of successful bottom trawling stations during the
autumn 1984 west coast upper continental slope groundfish
survey.



1 0 2

Figure 3.--Location of vertically deployed sablefish trap sampling stations during the
1984 autumn slope survey.



Figure 4.--The cloverleaf shaped trap used to investigate the vertical
distribution of sablefish during the 1984 autumn survey.



1 0 4

Figure 5.--Assembled components of the vertically deployed sablefish
trap string used during the 1984 autumn survey.



Figure 6.--Distribution of sea surface temperatures during the 1984 spring
survey.



1 0 6

Figure 7.--Distribution of bottom water temperatures during
survey.

the 1984 spring



1 0 7

Figure 8.--Distribution and relative abundance (kg/km trawled) of total
fish during the 1984 spring survey.



1 0 8

Figure 9.--Distribution and relative abundance (kg/km trawled) of
sablefish during the 1984 spring survey.



1 0 9

Figure 10.--Distribution and relative abundance (kg/km trawled) of
Dover sole during the 1984 spring survey.



Figure 11.--Distribution and relative abundance (kg/km trawled) of arrowtooth
flounder during the 1984 spring survey.



1 1 1

Figure 12.--Distribution and relative abundance (kg/km trawled) of Pacific ocean
perch during the 1984 spring survey.



1 1 2

Figure 13.--Distribution and relative abundance (kg/km trawled) of darkblotched
rockfish during the 1984 spring survey.



Figure 14.--Distribution and relative abundance (kg/km trawled)
rockfish during the 1984 spring survey.

of sharpchin



1 1 4

Figure 15.--Distribution and relative abundance (kg/km trawled) of splitnose
rockfish during the 1984 spring survey.



Figure 16.--Distribution and relative abundance (kg/km trawled) of shortspine
thornyhead during the 1984 spring survey.



1 1 6

Figure 17.-Distribution and relative abundance (kg/km trawled)
rockfish during the 1984 spring survey.

of yellowtail



Figure 18.--Distribution and relative abundance (kg/km trawled) of greenstriped
rockfish during the 1984 spring survey.



1 1 8

Figure 19.--Distribution and relative abundance (kg/km trawled) of redstripe
rockfish during the 1984 spring survey.



1 1 9

Figure 20.--Distribution and relative abundance (kg/km trawled)
rockfish during the 1984 spring survey.

of silvergray



1 2 0

Figure 21.--Distribution and relative abundance (kg/km trawled) of canary
rockfish during the 1984 spring survey.



Figure 22.--Distribution and relative abundance (kg/km trawled) of stripetail
rockfish during the 1984 spring survey.



1 2 2

Figure 23.--Distribution and relative abundance (kg/km trawled) of
bocaccio during the 1984 spring survey.



1 2 3

Figure 24.--Distribution and relative abundance (kg/km trawled) of
chilipepper rockfish during the 1984 spring survey.



1 2 4

Figure 25.--Distribution and relative abundance (kg/km trawled) of Pacific
whiting during the 1984 spring survey.



1 2 5

Figure 26.--Distribution and relative abundance (kg/km trawled) of rex
sole during the 1984 spring survey.



1 2 6

Figure 27.--Distribution and relative abundance (kg/km trawled) of English
sole during the 1984 spring survey.



1 2 7

Figure 28.--Distribution
sole during

 and relative abundance (kg/km trawled) of petrale
 the 1984 spring survey.



1 2 8

Figure 29.--Distribution and relative abundance (kg/km trawled) of Pacific
sanddab during the 1984 spring survey.



1 2 9

Figure 30.--Distribution and relative abundance (kg/km trawled) of lingcod
during the 1984 spring survey.



1 3 0

Figure 31.-Distribution and relative abundance (kg/km trawled) of spiny
dogfish during the 1984 spring survey.



Figure 32.--Sablefish size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 33.--Dover sole size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 34.--Pacific ocean perch size composition during the 1984 spring slope survey by sex and geographic



Figure 35.--Darkblotched rockfish size composition during the 1984 spring slope survey by sex and geographic



Figure 36.--Splitnose rockfish size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 37.--Stripetail rockfish size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 38.--Yellowtail rockfish size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 39.--Greenstriped rockfish size composition during the 1984 spring slope survey by sex and geographic



Figure 40.--Pacific whiting size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 41.--English sole size composition during the 1984 spring slope survey by sex and geographic subarea.



Figure 42.--Estimated sablefish age composition, by sex and depth stratum, for the entire
1984 spring slope survey area.



1 4 2

Figure 43.--Estimated sablefish age composition, by sex and depth
stratum, for the 1984 spring slope survey, north and
south subareas.



1 4 3

Figure 44.--Distribution
survey.

of sea surface temperatures during the 1984 autumn



Figure 45.--Distribution of bottom water temperatures during the 1984
autumn survey.



Figure 46.--Distribution and relative abundance (kg/km trawled) of total fish
during the 1984 autumn survey.



1 4 6

Figure 47.--Distribution and relative abundance (kg/km trawled) of
sablefish during the 1984 autumn survey.



1 4 7

Figure 48.--Distribution and relative abundance (kg/km trawled) of Dover
sole during the 1984 autumn survey.



1 4 8

Figure 49.--Distribution and relative abundance (kg/km trawled)
flounder during the 1984 autumn survey.

of arrow-tooth



Figure 50.--Distribution and relative abundance
crab during the 1984 autumn survey.

(kg/km trawled) of Tanner



Figure 51.--Distribution and relative abundance (kg/km trawled) of Pacific
ocean perch during the 1984 autumn survey.



Figure 52.--Distribution and relative abundance (kg/km trawled) of darkblotched
rockfish during the 1984 autumn survey.



1 5 2

Figure 53.--Distribution and relative abundance (kg/km trawled) of sharpchin
rockfish during the 1984 autumn survey.



1 5 3

Figure 54.--Distribution and relative abundance (kg/km trawled) of splitnose
rockfish during the 1984 autumn survey.



Figure 55.--Distribution and relative abundance (kg/km trawled) of shortspine
thornyhead during the 1984 autumn survey.



1 5 5

Figure 56.--Distribution and relative abundance (kg/km trawled) of longspine
thornyhead during the 1984 autumn survey.



1 5 6

Figure 57.--Distribution and relative abundance (kg/km trawled) of greenstriped
rockfish during the 1984 autumn survey.



Figure 58.--Distribution and relative abundance (kg/km trawled)
rockfish during the 1984 autumn survey.

of redstripe



1 5 8

Figure 59.--Distribution and relative abundance (kg/km trawled) of yellowtail
rockfish during the 1984 autumn survey.



Figure 60.--Distribution and relative abundance (kg/km trawled) of silvergray
rockfish during the 1984 autumn survey.



1 6 0

Figure 61.--Distrjbution and relative abundance (kg/km trawled) of canary
rockfish during the 1984 autumn survey.



1 6 1

Figure 62.--Distrjbution and relative abundance (kg/km trawled) of stripetail
rockfish during the 1984 autumn survey.



1 6 2

Figure 63.--Distribution and relative abundance (kg/km trawled) of
bocaccio during the 1984 autumn survey.



1 6 3

Figure 64.--Distribution and relative abundance (kg/km
chilipepper during the 1984 autumn survey.

trawled) of



1 6 4

Figure 65.--Distribution and relative abundance (kg/km trawled) of Pacific
whiting during the 1984 autumn survey.



1 6 5

Figure 66.--Distribution and relative abundance (kg/km trawled) of rex
sole during the 1984 autumn survey.



1 6 6

Figure 67.-- Distribution and relative abundance (kg/km trawled) of English
sole during the 1984 autumn survey.



1 6 7

Figure 68.--Distribution and relative abundance (kg/km trawled) of petrale
sole during the 1984 autumn survey.



Figure 69.--Distribution and relative abundance (kg/km trawled) of Pacific
sanddab during the 1984 autumn survey.



1 6 9

Figure 70.--Distribution and relative abundance (kg/km trawled) of lingcod
during the 1984 autumn survey.



1 7 0

Figure 71.--Distribution and relative abundance (kg/km trawled) of spiny
dogfish during the 1984 autumn survey.



Figure 72.--Distribution and relative abundance (kg/km trawled) of giant
grenadier during the 1984 autumn survey.







Figure 75--Arrowtooth flounder size composition during the 1984 autumn slope survey by sex and
geographic subarea.



Figure 76.--Pacific ocean
b
perch

geographic su
size composition during the 1984 autumn slope survey by sex and

area.







Figure 79.--Splitnose rockfish size composition during the 1984 autumn slope survey by sex and
geographic subarea.





Figure 81.--Longspine thornyhead size composition during the 1984 autumn slope survey by sex and
geographic subarea.



Figure 82.--Redstripe rockfish size composition during the 1984 autumn slope survey by sex and
geographic subarea.



Figure 83.--Canary rockfish size composition during the 1984 autumn slope survey by sex and
geographic subarea.



Figure 84.--Pacific whiting size composition during the 1984 autumn slope survey by sex and geographic



Figure 85.--Rex sole size composition during the 1984 autumn slope survey by sex and geographic



Figure 86.--Estimated sablefish age composition, by sex and depth stratum, for the entire 1984 autumn slope
survey area.



Figure 87.--Estimated sablefish age composition, by sex and depth stratum, for the 1984 autumn slope survey,
north subarea.



Figure 88.--Estimated sablefish age composition, by sex and depth stratum, for the 1984 autumn slope survey,
south subarea.



1 8 8

Figure 89.--Sablefish length-weight relationship from the 1984 autumn slope survey.



1 8 9

Figure 90.--Dover sole length-weight relationship from the 1984 autumn slope survey.



1 9 0

Figure 91.--Arrowtooth flounder length-weight relationship from the 1984
autumn slope survey.
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