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ABSTRACT

The 1986 Northwest and Alaska Fisheries Center west coast

triennial bottom trawl survey emphasized the collection of

information on the distribution and abundance of rockfish species

inhabiting waters above the continental shelf. This survey was

the fourth in a series to monitor long-term trends in groundfish

populations off the coasts of California, Oregon, and Washington.

The 1986 survey design was based on previous surveys and

commercial fishery data in an attempt to improve precision of

biomass estimates for yellowtail (Sebastes flavidus) and canary

(S. pinniger) rockfishes. The survey encompassed the coastal

waters from Monterey Bay, California (36°48') to the United

States-Canada border between the depths of 55 and 366 m with the

most intense sampling effort occurring off Oregon and Washington.

A total of 569 bottom trawl stations were attempted of which 507

were successfully completed.

Summaries of the methods used, the data collected, and the

results of routine analyses are provided herein. Included are

temperature data, catch composition, relative abundance, and

distribution. Estimates of biomass, population numbers, size

composition, and age composition are also provided.
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INTRODUCTION

In 1986, a comprehensive bottom trawl survey of the

groundfish resources in the coastal waters off California,

Oregon, and Washington was conducted. It was the fourth in a

series of triennial investigations initiated in 1977, to

determine the distribution, abundance, and biological

characteristics of commercially important groundfish species.

These surveys are a part of a long-term program to provide a

comprehensive data base for monitoring population trends to

improve our understanding of population dynamics and assist with

management of groundfish fisheries. The results of previous

surveys are presented by Gunderson and Sample (1980), Weinberg et

al. (1984), and Coleman (1986).

The primary objective of the 1986 survey was to assess the

distribution, abundance, and biological characteristics of

yellowtail (Sebastes flavidus) and canary (S. pinniger)

rockfishes and that portion of the Pacific hake (also known as

Pacific whiting, Merluccius productus) population subject to

capture by bottom trawl. A concurrent acoustic/midwater trawl

survey assessed the off-bottom component of the hake population

(Hollowed et al. 1988). Sample allocation was aimed at

increasing the precision of abundance estimates for yellowtail

and canary rockfish populations. Other objectives included the

determination of biological characteristics of key groundfish

species, the collection of sea temperature profiles for relating

population changes in relative distribution and abundance to

environmental factors, and the comparison of overall performance
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between nylon and polyethylene Noreastern bottom trawls.

The purpose of this report is to present detailed survey

data and results of standard analyses. Discussion is focused on

the three species of primary concern, but summaries for other

commercially important species are also provided. Summaries of

station and catch data (Tables 27 and 28), relative abundance and

distribution, and estimates of biomass population numbers

and length compositions for the more commercially important

species are found herein. Estimated age composition is only

available for Pacific hake at the present time. Computer

listings of detailed length composition, biomass, and population

estimates are available upon request.

SURVEY METHODS

Survey Period and Sampling Area

The 1986 survey period was from 9 July to 30 September and,

in that respect, was comparable with previous triennial surveys.

The area surveyed included waters from Monterey Bay, California,

to Cape Flattery, Washington (36°48'N-48°30'N), between the

depths of 55 and 366 m (30-200 fathoms). As in previous surveys,

this region was chosen for the study because it included the

‘range in which Pacific hake

concentrations (Dark et al.

resources of major concern.

normally occur in commercial

1980) and contained the rockfish

Vessels and Sampling Gear

Two trawlers were chartered by the Northwest and Alaska

Fisheries Center (NWAFC) to conduct the bottom trawl sampling.
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The research vessel Alaska, operated by the University of

Washington, is 30.5-m in length and powered by a 600 horse-power

main engine. The commercial fishing vessel Pat San Marie is

30.8-m in length and powered by an 865 horsepower main engine.

Both vessels were equipped with hydraulically powered split trawl

winches.

Bottom trawling was conducted with standard nylon and

modified polyethylene Noreastern high-opening trawls (Figs. 39

and 40). The use of two different trawls during the 1986 survey

was an attempt to upgrade the standard nylon survey trawl to a

sampling gear of like design yet more durable over hard bottom

and easier to repair. The nylon trawl had a 27.43-m headrope and

a 32-m footrope whereas the modified trawl had a 28.04-m headrope

and 25.15-m footrope with "flying wings" replacing the outer ends

of the footrope and lower wings. Both trawls were equipped with

35.6- and 45.7-cm roller gear, rigged with three 55-m dandylines

made of 1.59-cm steel cable, and were fished with 1.5 x 2.1-m

steel V-doors.

The two trawl types were fished at alternate stations on

board the Alaska to compare trawl behavior, durability, and

catching efficiency. The nylon Noreastern was fished exclusively

by the Pat San Marie, Mean headrope height and mean wing spread

were determined on both vessels with a Scanmarl1/ net measurement

system. Mean trawl measurements for both bottom trawls are

presented by vessel in Table 1. The horizontal fishing

1/ Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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dimensions, mean path width in particular, were larger for the

polyethylene trawl. In order to compensate for the differences

in area-swept between trawl types, the catch rates of the

polyethylene Noreastern were corrected to that of the nylon trawl

of the Alaska. Similarly, the catch rates of the nylon trawl

used by the Pat San Marie were arbitrarily corrected to that of

the nylon trawl fished by the Alaska.

Trawl hauls were made at a speed of 3 knots and were 30

minutes in duration. Standard Resource Assessment and

Conservation Engineering (RACE) Division sampling procedures were

utilized in processing trawl catches and are those presented by

Gunderson and Sample (1980). Sampling was conducted only during

daylight hours. The manner in which biological data were

collected and analyzed are described by Weinberg et al. (1984).

Trawl Station Allocation

Past estimates of canary and yellowtail rockfish abundance

have been relatively imprecise due largely to the contagious

distribution of those species and the lack of information about

their range. In preparation for the 1986 survey, survey

information and commercial catch data from the previous 5 years

were reviewed to provide a more current characterization of

distribution. The survey area was then stratified on the basis

of this characterization and samples allocated to strata using a

compromise Neyman (Sukhatme et al. 1984: section 4.4, equation

9) allocation procedure aimed at simultaneously minimizing the

variance associated with mean catch rates for both rockfish
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species (Knechtel 1986).

There were six latitudinal strata as well as four depth

strata. Strata boundaries and areas (square nautical miles) are

presented in Table 2 and Figure 1. Sampling was concentrated in

the 92- to 219-m depth stratum north of 42°35'N lat., defining

the region where the target rockfish species were thought to be

most abundant. Sampling effort was minimal in the 55- to 91-m

and 220- to 366-m strata but maintained at a level established to

provide acceptable precision in estimates of biomass for Pacific

hake. Tracklines were drawn approximately parallel to the seabed

slope at intervals of two minutes of latitude for each depth

stratum. Stations allocated to a depth stratum were then

randomly assigned to trackline segments in proportion to their

lengths and were located randomly along the segment. The two

vessels usually sampled along alternate tracklines to minimize 

the effects of any between-vessel differences in fishing power.

RESULTS

Haul, Catch, and Biological Data

Of the 542 trawl hauls scheduled, 507 were successfully

completed during the survey. The Alaska successfully occupied

196 survey stations and the Pat San Marie successfully completed

311. The total number of allocated and successfully completed

stations for the survey area are presented by depth stratum in

Figure 1.

A total of 108 fish species belonging to 34 families were

encountered during the course of the survey. Table 3 lists these
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species in taxonomic order according to Robins (1980).

Biological data were collected from target species and other-

dominant catch components and are summarized in Table 4 by

International North Pacific Fisheries Commission (INPFC)

statistical area and depth strata. The number of fish tagged

(sablefish, Anoplopoma fimbria; lingcod, Ophiodon elongatus)

during the survey is also presented therein. Girth (roundfish)

and width (flatfish) measurements (given in Table 4) were

collected for future mesh selectivity studies.

Temperature Data

Sea surface temperatures which were collected by bucket

thermometer at 527 stations ranged from a high of 18.1°C in the

northern Columbia area to a low of 8.6°C in the northern Eureka

area (Fig. 2). Bottom temperatures were obtained by expendable

bathythermograph (XBT) equipment at 202 sites and ranged from a

high of 9.4°C in the southern Monterey area to a low of 6.0°C in

the central Columbia area (Fig. 3).

Relative Population Densities

As a measure of relative abundance, species were ranked by

mean catch per unit effort (CPUE = kg/km trawled). The 20

most predominant fish species observed are presented by INPFC

area and depth stratum in Tables 5-9. Pacific hake was the most

abundant species overall with a mean CPUE value which accounted

for 37% of total average CPUE for all groundfish encountered.

Average CPUE for Pacific hake was highest in the Eureka area

where it accounted for 48% of the average groundfish CPUE, and
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lowest in the Columbia area where it comprised 29% of the average

groundfish CPUE. Canary and yellowtail rockfishes ranked 11th

and 13th, respectively, with mean CPUE values for each species

accounting for only 2% of the average groundfish CPUE for the

entire survey area. The highest average CPUE for canary was in

the U.S. portion of the Vancouver area, comprising 3% of the

total mean groundfish CPUE. The lowest average density occurred

in the Monterey and Eureka areas where the species ranked 22nd

and 21st, respectively, each area accounting for less than 1% of

the total mean groundfish CPUE. Yellowtail was most abundant in

the Columbia area and the U.S. portion of

accounting for 2% of the total groundfish

Yellowtail rockfish was least abundant in

it ranked 20th and comprised less than 1%

for groundfish.

the Vancouver area,

CPUE in each area.

the Eureka area where

of the total mean CPUE

After Pacific hake, darkblotched rockfish (S. crameri),

spiny dogfish (Squalus acanthias), sablefish, and Pacific ocean.

perch (Sebastes alutus) showed the highest relative densities in

the survey area, respectively. The cumulative mean CPUE for

these top five species comprised 62% of the mean CPUE for all

groundfish. The CPUE values for flatfish are less likely to

reflect density accurately because the sampling gear employed was

not designed for the efficient capture of flatfish.

For various species, CPUE varied by depth. In the shallow

stratum (55 to 183 m), Pacific hake was the most abundant

species, accounting for 55% of the total mean shallow stratum

CPUE: whereas, in the deep stratum (184 to 366 m) hake ranked



8

third overall, comprising only 9% of the total mean CPUE.

Yellowtail rockfish ranked fifth and canary rockfish ranked

seventh in relative abundance in the shallow stratum, but 18th

and 27th, respectively, in the deep stratum. Sablefish ranked

third and fifth, respectively, in the shallow and deep strata.

This difference may be the result of gear selectivity for small

sablefish known to primarily inhabit depths less than 183 m. The

mean CPUE for darkblotched rockfish and Pacific ocean perch

ranked first and second, respectively, in the deep stratum, but

in the shallow stratum they did not occur among the top 20

species.

Relative abundance also varied latitudinally. Moving from

south to north, the five most abundant species were Pacific hake,

Dover sole (Microstomus pacificus), sablefish, chilipepper (S.

goodei), and stripetail rockfish (S. saxicola) in the Monterey

area; Pacific hake, Dover sole, darkblotched rockfish, shortbelly

rockfish (S. jordani), and sablefish in the Eureka area: Pacific

hake, darkblotched rockfish, sablefish, Dover sole, and Pacific

ocean perch in the Columbia area; and Pacific hake, spiny

dogfish, arrowtooth flounder (Atheresthes stomias), walleye

pollock (Theragra chalcogramma), and sablefish in the U.S.

portion of the Vancouver area.

The relative abundance and geographic distribution of the

commercially important groundfish species based on CPUE values

are presented in Figures 4-25. All CPUE values for each species

were listed in decreasing order and grouped as the top 10%,

middle 30%, and lowest 60% of the values. Stations with CPUE



9

values of zero were grouped in a fourth category. To highlight

the occurrence of an exceptionally large catch, a fifth category

was assigned when the largest CPUE value for a given species

exceeded the next largest value for that species by a factor of

two or more. Such larger values were excluded from the top 10%

category. Increased sampling effort in the northern portion of

the survey area may give the impression of high densities when,

in fact, CPUE was only low or moderate. The distribution of

sampling effort should be considered when interpreting Figures 4-25.

Biomass and Population Estimates

Estimates of population biomass numbers (with 90% confidence

limits) and mean lengths and weights are presented by species,

INPFC area, and depth in Tables 10-21. Estimates of abundance

are likely to be conservatively biased because only a portion of

the stock may be in the areas trawled and not all fish in the

path of the trawl are captured. Abundance estimates are based

upon the assumption that all fish in front of the trawl are

captured. The degree to which such an assumption is true will

vary among species.

The total biomass of Pacific hake as derived from bottom

trawl data was estimated at 239,153 metric tons (t)2/. The

Monterey area accounted for 40% of the hake biomass; the Eureka

2/ This estimate represents only 13% of the total estimated
biomass for Pacific hake. An additional 1,603,513 t were
accounted for in midwater by a hydroacoustic survey
conducted concurrently with the bottom trawl survey
(Hollowed et al. 1988).
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area, 19%; the Columbia area, 33%: and the U.S. portion of the

Vancouver area, 8%. The total estimated biomass for yellowtail

rockfish was 11,655 t. The Monterey area accounted for 20% of

this estimate; the Eureka area, 10%; the Columbia area, 47%; and

in the U.S. portion of the Vancouver area, 23%. The total

estimated biomass for canary rockfish was 10,998 t. The Monterey

area contained 12% of the total estimate: the Eureka area, 7%;

the Columbia area, 50%; and the U.S. portion of the Vancouver

area, 31%.

Pacific hake, sablefish, and Dover sole were the most

abundant species in the Monterey, Eureka, and Columbia areas.

Respective biomass by area for these three species was estimated

at 95,953 t, 45,228 t, and 78,568 t for Pacific hake; 10,463 t,

4,905 t, and 9,944 t for sablefish; and 8,694 t, 4,677 t, and

10,332 t for Dover sole. Pacific hake (19,404 t), arrowtooth

flounder (4,761 t), and canary rockfish (3,367 t) were most

abundant in the U.S. portion of the Vancouver area.

Length Composition

Estimated length compositions for all species for which

there were at least 100 lengths per INPFC area are presented by

INPFC area and depth stratum in Figures 26-36. In cases where an

inadequate number of samples precluded derivation of length

composition by area or depth, estimates were only made for the

entire survey area.

The Pacific hake length distribution for the whole area was

bimodal with modes occurring within the length intervals of

30-39 cm and 40-55 cm. The smaller modal group was comprised
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almost entirely of 2-year-olds of the 1984 year class, whereas

the larger modal group was comprised of 3- to 16-year-olds with

6-year-olds of the 1980 year class dominating. Length

composition was different among INPFC areas with evidence of

latitudinal stratification. Size increased from south to north

with mean lengths of 39.0 cm, 39.2 cm, 45.9 cm, and 48.0 cm

observed in the Monterey, Eureka, Columbia, and Vancouver (U.S.

portion) areas, respectively. The overall mean length for

Pacific hake was 41.2 cm. There was little difference in size

compositions between the two depth strata for any given INPFC

area.

The overall size composition for yellowtail rockfish was

trimodal with modes occurring within the length intervals of

22-27 cm, 28-36 cm, and 37-55 cm. The smaller modal group was

present throughout the survey area, suggesting rather widely

occurring recruitment of young fish. The presence of the middle,

and larger modal groups were also evident throughout the survey

area with the exception of the U.S. portion of the Vancouver area

where the presence of the 28- to 36-cm modal group was

questionable. Yellowtail rockfish appeared to be stratified

latitudinally by size with larger fish occurring in the northern

portion of the survey area. Yellowtail rockfish averaged

37.3 cm, 37.2 cm, 39.0 cm, and 43.7 cm in the Monterey, Eureka,

Columbia, and the Vancouver (U.S. portion) areas, respectively.

The overall mean length for yellowtail rockfish was 39.2 cm.

The overall size composition for canary rockfish was bimodal

with modes occurring between the length intervals of 18-27 cm and
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28-62 cm. The smaller

suggesting recruitment

modal group was present in all areas,

throughout the survey area. Size

distributions for the Monterey and Eureka areas were quite

variable due to small sample sizes. Length samples for canary

rockfish were not collected from the deep stratum. There was

little variability in mean lengths among INPFC areas. The

overall mean length for canary rockfish was 44.8 cm.

Age Composition

Although otoliths were collected from several commercially

important groundfish species, only those for Pacific hake have

been read for age determination at the present time. Population

age composition is given by INPFC area and depth stratum in

Tables 22-26 and Figure 37.

Ages ranged from 2 to 16 years. The 2-, 6-, and 9-year-

olds (1984, 1980, and 1977 year classes) were the most abundant,

accounting for 39%, 40%, and 12%, respectively, of the total

estimated population. From observing the latitudinal

stratification of sizes, the 1984 year class was most abundant in

the southern areas, accounting for 56% and 51%, respectively, of

the population age estimates in the Monterey and Eureka areas.

With increasing latitude, the abundance of older (>5 years) fish

increased. The 1980 year class prevailed in the Columbia and

Vancouver (U.S. portion) areas, comprising 71% and 64%,

respectively, of the population age estimates in those areas.

The 1977 year class was an important population component

throughout the survey area, accounting for 13% of the total

population age estimate in the Monterey area; 9% in the Eureka
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area: 14% in the Columbia area; and 20% in the U.S. portion of

the Vancouver area. Individuals averaged 4.2 years of age in the

Monterey and Eureka areas; 6.6 years in the Columbia area; and

7.0 years in the U.S. portion of the Vancouver area. The

estimated mean age for the total Pacific hake population was 4.9

years. Differences in mean ages between depth strata within

INPFC areas were minimal with the exception of the Columbia area

where fish less than or equal to 5 years of age were more

abundant in the deep stratum than in the shallow stratum. In the

Columbia area, only 5% of the estimated population in the shallow

stratum was composed of individuals ≤5 years of age as compared

to 24% in the deep stratum. The mean age for Pacific hake in the

shallow and deep strata of the Columbia area was 6.6 years and

and 5.5 years, respectively.
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Table 1 .--Mean fishing dimensions of the nylon and polyethylene Noreastern
bottom trawls used during the 1986 west coast groundfish survey.

Table 2. --The 1986 sampling strata boundaries and areas (square nautical
miles).
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Table 3.-- Fish species caught during the 1986 west coast groundfish survey.

Family and Speciesa Common Namea

Myxinidae
Myxinidae unidentified
Eptatretus stouti

Hexanchidae
Hexanchus griseus

Scyliorhinidae
Apristurus brunneus

Carcharhinidae
Galeorhinus zyopterus

Squalidae
Squalus acanthias

Torpedinidae
Torpedo californica

Rajidae
Rajidae unidentified
Raja binoculata
Raja inornata
Raja kincaidi
Raja rhina

Chimaeridae
Hydrolagus colliei

Clupeidae
Alosa sapidissima
Clupea harengus pallasi

Engraulidae
Engraulis mordax

Salmonidae
Oncorhynchus kisutch
Oncorhynchus tshawytscha

Osmeridae
Allosmerus elongatus
Thaleichthys pacificus

Argentinidae
Argentinidae unidentified

Hagfish unidentified
Pacific hagfish

Sixgill shark

Brown cat shark

Soupfin shark

Spiny dogfish

Pacific electric ray

Skate unidentified
Big skate
California skate
Sandpaper skate
Longnose skate

Spotted ratfish

American shad
Pacific herring

Northern anchovy

Coho salmon
Chinook salmon

Whitebait smelt
Eulachon

Argentine unidentified
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Table 3 .--Continued.

Family and Speciesa Common Namea

Myctophidae
Myctophidae unidentified
Diaphus theta
Stenobrachius leucopsarus

Batrachoididae
Porichthys notatus

Gadidae
Gadus macrocephalus
Microgadus proximus
Theragra chalcogramma

Merlucciidaeb

Merluccius productus

Ophidiidae
Chilara taylori

Zoarcidae
Zoarcidae unidentified
Aprodon cortezianus
Lycodes diapterus
Lycodopsis pacifica
Lycodes palearis
Lycodes brevipes

Carangidae 
Trachurus symmetricus

Sciaenidae
Genyonemus lineatus

Embiotocidae
Zalembius rosaceus

Stichaeidae
Poroclinus rothrocki

Anarchichadidae
Anarrhichthys ocellatus

Cryptacanthodidae
Delolepis gigantea

Scombridae
Scomber japonicus

Lanternfish unidentified
California headlightfish
Northern lampfish

Plainfin midshipman

Pacific cod
Pacific tomcod
Walleye pollock

Pacific hake

Spotted tusk-eel

Eelpout unidentified
Bigfin eelpout
Black eelpout
Blackbelly eelpout
Wattled eelpout
Shortfin eelpout

Jack mackerel

White croaker

Pink seaperch

Whitebarred prickleback

Wolf-eel

Giant wrymouth

Chub mackerel
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Table 3 .--Continued.

Family and Speciesa Common Namea

Scorpaenidae
Scorpaenidae unidentified
Sebastes
Sebastes

Rockfish unidentified

Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes

   Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes

aleutianus
alutus
auriculatus
aurora
babcocki
borealis
brevispinis
caurinus
chlorostictus
crameri
diploproa
elongatus
entomelas
flavidus
goodei
helvomaculatus
jordani
maliger
melanops
melanostomus
nigrocinctus
ovalis
paucispinis
pinniger
proriger
reedi
ruberrimus
rubrivinctus
rufus
saxicola
wilsoni
zacentrus

Rougheye rockfish
Pacific ocean perch
Brown rockfish
Aurora rockfish
Redbanded rockfish
Shortraker rockfish
Silvergray rockfish
Copper rockfish
Greenspotted rockfish
Darkblotched rockfish
Splitnose rockfish
Greenstriped rockfish
Widow rockfish
Yellowtail rockfish
Chilipepper
Rosethorn rockfish
Shortbelly rockfish
Quillback rockfish
Black rockfish
Blackgill rockfish
Tiger rockfish
Speckled rockfish
Bocaccio
Canary rockfish
Redstripe rockfish
Yellowmouth rockfish
Yelloweye rockfish
Flag rockfish
Bank rockfish
Stripetail rockfish
Pygmy rockfish
Sharpchin rockfish

Sebastolobus alascanus

Anoplopomatidae
Anoploooma fimbria Sablefish

Hexagrammidae
Hexagrammidae unidentified
Hexagrammos decagrammus
Ophiodon elongatus
Zaniolepis latipinnis
Zaniolepis frenata

Shortspine thornyhead

Greenling unidentified
Kelp greenling
Lingcod
Longspine combfish
Shortspine combfish
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Table 3 .--Continued.

Family and Speciesa Common Namea

Cottidae
Cottidae unidentified
Icelinus filamentosus
Leptocottus armatus
Hemilepidotus hemilepidotus

Agonidae
Agonidae unidentified
Sarritor frenatus
Xeneretmus latifrons
Agonus acipenserinus
Bathyagonus alascanus

Cyclopteridae
Careproctus melanurus

Bothidae
Bothidae unidentified
Citharichthys sordidus

Pleuronectidae
Atheresthes stomias
Eopsetta jordani
Glyptocephalus zachirus
Hippoglossoides elassodon
Hippoglossus stenolepis
Isopsetta isolepis
Lepidopsetta bilineata
Lyopsetta exilis
Microstomus pacificus
Parophrys vetulus
Platichthys stellatus
Pleuronichthys decurrens
Psettichthys melanostictus

Sculpin unidentified
Threadfin sculpin
Pacific staghorn sculpin
Red Irish lord

Poacher unidentified
Sawback poacher
Blacktip poacher
Sturgeon poacher
Gray starsnout

Blacktail snailfish

Lefteye flounder unidentified
Pacific sanddab

Arrowtooth flounder
Petrale sole
Rex sole
Flathead sole
Pacific halibut
Butter sole
Rock sole
Slender sole
Dover sole
English sole
Starry flounder
Curlfin sole
Sand sole

a Nomenclature from Robins (1980) unless otherwise noted.
b Nomenclature from Eschmeyer and Herald (1983)
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Table 4.--Inventory of biological data by species and depth stratum collected during the
1986 west coast groundfish survey (A = otoliths, W = individual weight, G = girth
or width, M = maturity, S = stomach observations, T = tagged fish, L = length).
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Table 4. --Continued.



Table 5.--Dominant fish species caught during the 1986 west coast groundfish survey, ranked by CPUE (kg/km trawled).



Table 6 .--Dominant fish species caught during the 1986 west coast groundfish survey, ranked by CPUE (kg/km trawled)
in the International North Pacific Fisheries Commission Monterey area.



Table 7. --Dominant fish species caught during the 1986 west coast groundfish survey, ranked by CPUE (kg/km trawled)
in the International North Pacific Fisheries Commission Eureka area.



Table 8.--Dominant fish species caught during the 1986 west coast groundfish survey, ranked by CPUE (kg/km trawled)
in the International North Pacific Fisheries Commission Columbia area.



Table 9. --Dominant fish species caught during the 1986 west coast groundfish survey, ranked by CPUE (kg/km trawled)
in the U.S. portion of the International North Pacific Fisheries Commission Vancouver area.
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Table 10. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for Pacific hake by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 11. --Estimates of 1986 biomass, 90% confidence limits, population numbers
mean lengths, and mean weights for yellowtail rockfish by International
North Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table. 12--Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for canary rockfish by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 13 .--Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for chilipepper by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 14 .--Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for bocaccio by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 15 .--Estimates of 1986 biomass, 90% confidence limits, populations numbers,
mean lengths, and mean weight for Pacific ocean perch by International
North Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 16. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for widow rockfish by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 17. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for sablefish by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 18. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for lingcod by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 19. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for arrowtooth flounder by International
North Pacific Fisheries Commission (INPFC) area and all areas combined
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Table 20. --Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for Dover sole by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.
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Table 21 .--Estimates of 1986 biomass, 90% confidence limits, population numbers,
mean lengths, and mean weight for English sole by International North
Pacific Fisheries Commission (INPFC) area and all areas combined.



39

Table 22 .--Population estimates for Pacific hake by age group and mean length
at age for the entire survey area.
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Table 23 .--Population estimates for Pacific hake by age group and mean length
at age in the International North Pacific Fisheries Commission
Monterey area.



41

Table 24 .--Population estimates for Pacific hake by age group and mean length
at age in the International North Pacific Fisheries Commission
Eureka area.
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Table 25 .--Population estimates for Pacific hake by age group and mean length
at age in the International North Pacific Fisheries Commission
Columbia area.
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Table 26 .--Population estimates for Pacific hake by age group and mean length
at age in the U.S. portion of the International North Pacific
Fisheries Commission Vancouver area.



Table 27.--Station and catch data for the fishing vessel Alaska (catch in kilograms, depth in meters,

and distance fished in kilometers).
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Table 28. --Station and catch data for the fishing vessel Pat San Marie (catch in kilograms,
depth in meters, and distance in kilometers).
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Figure 1.--The 1986 bottom trawl survey area and station allocation.
Successfully completed sampling stations are in parenthesis.







Figure 4.--Distribution and relative abundance for
from the 1986 bottom trawl survey.

all species measured in catch rates (kg/km trawled)









Figure 8. --Distribution and relative abundance for chilipepper measured in catch rates (kg/km trawled)
from the 1986 bottom trawl survey.



Figure 9. --Distribution and relative abundance for sharpchin rockfish measured in catch rates (kg/km
trawled) form the 1986 bottom trawl survey.



Figure 10. --Distribution and relative abundance for bocaccio measured in catch rates (kg/km trawled)
from the 1986 bottom trawl survey.
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Figure 18 .--Distribution and relative abundance for sablefish measured in catch rates (kg/km trawled)
from the 1986 bottom trawl survey.
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Figure 24.--Distribution and relative abundance for English sole measured in catch rates (kg/km trawled)
from the 1986 bottom trawl survey.



Figure 25. --Distribution and relative abundance for Pacific sanddab measured in catch rates (kg/km trawled
from the 1986 bottom trawl survey.



Figure 26. --Estimated size composition for Pacific hake by sex, depth stratum, and International North Pacific

Fisheries Commission (INPFC) area from the 1986 bottom trawl survey.



Figure 27. --Estimated size composition for Dover sole by sex, depth stratum, and International North Pacific
Fisheries Commission (INPFC) area from the 1986 bottom trawl survey.



Figure 28. --Estimated size composition for (A) yellowtail and (U) canary rockfishes by sex, depth stratum, and
International North Pacific Fisheries Commission (INPFC) area from the 1986 bottom trawl survey.





Figure 30. --Total estimated size composition presented by sex and depth stratum for (A) stripetail and (B) sharp-
chin rockfishes from the 1986 bottom trawl survey.





Figure 32. --Total estimated size composition presented by sex and depth stratum for (A) sablefish and (B) arrow-
tooth flounder from the 1986 bottom trawl survey.



Figure 33. --Total estimated size composition presented by sex and depth stratum for (A) flathead and (B) rex
sole from the 1986 bottom trawl survey.



Figure 34. --Total estimated size composition presented by sex for (A) splitnose, (B) greenstriped, (C) widow,
(D) shortbelly, (E) bocaccio, and (F) redstripe rockfishes from the 1986 bottom trawl survey.



Figure 35. --Tota1 estimated size composition presented by sex for (A) pygmy and (B) bank rockfishes;
(C) Pacific cod, (D) walleye pollock, (E) lingcod, and (F) Pacific sanddab from the 1986
bottom trawl survey.



Figure 37. --Total estimated size composition for Pacific
halibut present&d by depth stratum from the
1986 bottom trawl survey.



Figure 38. --Estimated age composition for Pacific hake by sex, depth stratum,
and International North Pacific Fisheries Commission (INPFC) area
from the 1986 bottom trawl survey.



Figure 39. --Specifications and design of the nylon Noreastern
bottom trawl used during the 1986 bottom trawl
survey.



Figure 40. --Specifications and design of the polyethylene Noreastern bottom trawl
used during the 1986 bottom trawl survey.
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