
NOAA Technical Memorandum NMFS-AFSC-33

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Marine Fisheries Service
Alaska Fisheries Science Center

February 1994

The 1989 Pacific West Coast Bottom
Trawl Survey of Groundfish Resources:
Estimates of Distribution, Abundance,
and Length and Age Composition

by
K. L. Weinberg, M. E. Wilkins,
R. R. Lauth, and P. A. Raymore, Jr.



NOAA Technical Memorandum NMFS

The National Marine Fisheries Service’s Alaska Fisheries Science Center
uses the NOAA Technical Memorandum series to issue informal scientific
and technical publications when complete formal review and editorial
processing are not appropriate or feasible. Documents within this series
reflect sound professional work and may be referenced in the formal
scientific and technical literature.

The NMFS-AFSC Technical Memorandum series of the Alaska Fisheries
Science Center continues the NMFS-F/NWC series established in 1970 by
the Northwest Fisheries Center. The new NMFS-NWFSC series will be used
by the Northwest Fisheries Science Center.

This document should be cited as follows:

Weinberg, K. L., M. E. Wilkins, R. R. Lauth, and P. A. Raymore, Jr.
1994. The 1989 Pacific west coast bottom trawl survey of groundfish
resources: Estimates of distribution, abundance, and length and age
composition. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-AFSC-
33, 168 p. plus Appendices.

Reference in this document to trade names does not imply endorsement by
the National Marine Fisheries Service, NOAA.



February 1994

NOAA Technical Memorandum NMFS-AFSC-33

by
K. L. Weinberg, M. E. Wilkins,

R. R. Lauth, and P. A. Raymore, Jr.

The 1989 Pacific West Coast
Bottom Trawl Survey of

Groundfish Resources: Estimates
of Distribution, Abundance, and

Length and Age Composition

U.S. DEPARTMENT OF COMMERCE
Ronald H. Brown, Secretary

National Oceanic and Atmospheric Administration
D. James Baker, Under Secretary and Administrator

National Marine Fisheries Service
Rolland A. Schmitten, Assistant Administrator for Fisheries

Alaska Fisheries Science Center
7600 Sand Point Way N.E., BIN C-15700

Seattle, WA 98115-0070



This document is available to the public through: 

National Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

www.ntis.gov 



Notice to Users of this Document 

This document is being made available in .PDF format for the convenience of users; however, the 
accuracy and correctness of the document can only be certified as was presented in the original hard 
copy format. 





iii

ABSTRACT

 The 1989 Alaska Fisheries Science Center west coast

triennial bottom trawl survey was conducted to assess stocks of

groundfish inhabiting the continental shelf waters off

California, Oregon, and Washington. This was the fifth survey in

a series to monitor long-term trends in the distribution and

abundance of these groundfish populations.

In contrast to the preceeding triennial trawl surveys, the

1989 survey design shifted emphasis away from estimating rockfish

abundance. Instead, the 1989 survey objectives emphasized

assessing a broader range of groundfish species. The design also

focused upon precisely estimating the near-bottom component of

the Pacific hake (Merluccius products) resource and juvenile

(age l+) sablefish (Anoplopoma fimbria),. which inhabit waters

shallower than 366 m. The survey extended from Pt. Conception,

California, to central Vancouver Island, British Columbia

(34°30'-49°40'N lat.), between the depths of 55 and 366 m. A

total of 601 stations were occupied, of which 539 were

successfully sampled. Catches included 121 groundfish species.

In this report, we document the survey design and the

methods used, summarize the data collected, and report the

results of our analyses of distribution, abundance, and

biological parameters? Included are temperature data, catch

composition, relative abundance, and species distribution

information Estimates of biomass, population numbers, and

length and age composition are also presented.
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INTRODUCTION

In 1989, the fifth in an ongoing series of groundfish

assessment surveys of the continental shelf resources off the

coasts of California, Oregon, and Washington was carried out by

the Resource Assessment and Conservation Engineering (RACE)

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

bottom trawl surveys, initiated in 1977 and performed

triennially, were designed to provide resource managers with

fishery-independent data about the distribution, abundance, and

biological characteristics of several commercially important

species, particularly Pacific hake (Merluccius productus) (also

known as Pacific whiting), sablefish (Anoplopoma fimbria), and

many of the shelf rockfish species. Hydroacoustic surveys of the

off-bottom component of the Pacific hake population were

performed in conjunction with these bottom trawl surveys by the

hydroacoustic task of the RACE Division. Using the data

collected in these surveys, AFSC researchers are now able to

describe the population trends of major west coast groundfish

species over the last 13 years.

The 1977 bottom trawl survey sampled between Pt. Hueneme,

California, (34°N lat.) to the U.S. -Canada border in depths

ranging from 91 to 457 m (50-250 fm). Sampling effort was

allocated

depth and

conducted

of canary

based on then-current fishery catch information into

geographic strata. The following two surveys,

in 1980 and 1983, emphasized obtaining better estimates

(Sebastes pinniger) and yellowtail rockfish (S.

flavidus), while maintaining the goals of a multispecies
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monitoring program. Strata were adjusted and sampling depths

shifted to cover 55 to 366 m (30-200 fm), while the latitudinal

boundaries extended from Monterey Bay, California (36°48'N lat.),

to northern Vancouver Island, British Columbia, (50°N lat.) in

1980 and to Vancouver Island's Estevan Point (49°15'N lat.) in

1983. The results of the latter two surveys indicated the need

for further work on improving the precision of the canary and

yellowtail rockfish abundance estimates. Consequently, the

sampling effort was again reallocated in 1986. The results of

the 1977, 1980, 1983, and 1986 surveys were presented by

Gunderson and Sample (1980), Weinberg et al. (1984) , and Coleman

(1986, 1988). Results of the these first four surveys were also

used to examine trends in the distribution and abundance of 14

commercially important groundfish species (Dark and Wilkins, in

press), while data from all of the triennial surveys to date were

examined to define rockfish assemblages off the Oregon and

Washington coast (Weinberg, in press).

Despite efforts to improve the precision of rockfish

abundance estimates over the first four iterations of the

 triennial survey, the large variances of the estimates remained a

problem. We concluded that precise estimates of rockfish

abundance were not possible using current trawl survey methods

and that a higher priority should be given to obtaining the

information that the survey methods can provide. Consequently,

the 1989 survey design emphasized a multispecies monitoring

survey which also focused on precisely estimating Pacific hake



and pre-recruit sablefish abundance. The following were the

specific objectives of the 1989 survey:

1) to continue monitoring the

2) to describe and assess the

Pacific hake resource;

3) to describe and assess the

sablefish;

status of groundfish stocks;

demersal component of the

abundance of pre-recruit

4) to determine the biological characteristics, such as,

size and age compositions, length-weight relationships,

feeding habits, and size at maturity of the populations

of commercially important groundfish species;

5) to continue to study the movement of juvenile sablefish

through tagging;

6) to collect oceanographic data describing habitat,

including sea temperature and salinity profiles; and,

7) to collect samples requested for special studies

conducted by scientists at various fishery agencies and

academic institutions.

This report documents the survey design and field procedure

used, summarizes the data collected, and presents the results of

the standard PACE analyses. Included are summaries of catches,

relative densities, distributions, and estimates of biomass,

population numbers, and size compositions for the more

commercially important species. Age compositions are also

presented for Pacific- hake, Pacific ocean perch (S. alutus).,

canary rockfish, and splitnose rockfish (S. diplonroa), the four



4

species having age analyses completed to date. For the sake of

brevity, discussion concentrates on the survey's primary target

species, Pacific hake and sablefish, for the areas of -most

concern to management. Unabridged printouts of the results from

major analyses are available -upon request as appendices bound in

a separate volume or on floppy disk.

SURVEY METHODS

Survey Period and Sampling Area

The 1989 survey was conducted from July 7 to September 29,

paralleling the time period of previous triennial surveys.

Operations began off Pt. Conception, California, and proceeded

northward into Canadian waters off central Vancouver Island

(Nootka Sound), British Columbia (34°30'-49°40'N lat.). Water

depth at survey stations ranged between 55 and 366 m (30-200 fm).

The 1989 survey area extended farther south than recent triennial

surveys to facilitate the detection of concentrations of juvenile

Pacific hake and sablefish. Stations off Vancouver Island were

sampled to help determine Pacific hake densities at the northern

limits of its distribution and to collect complete data sets on

transboundary stocks such as yellowtail rockfish, Pacific ocean

perch, and lingcod (Ophiodon elongatus).

Vessels and Sampling Gear

The 30.8 m F/V Pat San Marie powered by an 865 horsepower

main engine and the 31.7 m F/V Golden Fleece powered by a pair-of

624 horsepower main engines were chartered for the survey. Each
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vessel was equipped with dual net reels, modern electronics, and

Loran C navigational aids.

The Resource and Conservation Engineering Division's

standardized high-opening polyethylene Noreastern rockfish trawls

equipped with roller gear were used by both vessels throughout

the 1989 survey (Fig. 1). This trawl has a 27.2 m headrope and a

37.4 m footrope. All trawls were rigged consistent with RACE

Division's survey gear standards employing three 55 m dandylines

(1.59 cm steel cable) connected to each wing and fished with 2.1

x 1.5 m steel V-doors weighing approximately 567 kg each.

Measurements of the trawl's horizontal opening (wingtip to

wingtip) were collected during most tows using a Scanmar net

mensuration system. Mean net widths were calculated for each

trawl haul. The overall mean path width of trawl hauls by the

Pat San Marie was 13.4 m (range 10.9-16.3 m). The overall mean

path width of trawl hauls by the Golden Fleece was 12.4 m (range

9.5-14.9 m). In those instances when horizontal measurements

were unavailable, average net width was estimated using the

following relationship between scope (length of trawl warp

deployed) and net width:

Width (m) = 14.8828 - (513.4241 / Scope (m)).

This relationship was determined by a regression of net width on

scope from hauls with valid observations. In past surveys, we

used an overall survey mean net width for hauls without net width

data, however this new procedure results in more accurate
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measures of effort for each trawl haul (distance fished x mean

net width) which is an essential factor for estimating biomass

and population abundance using the area-swept methodology.

Station Allocation

A systematic-random design was used to allocate sampling

effort in accordance with the primary survey objectives: to

estimate the abundance of Pacific hake and juvenile sablefish

while maintaining the broader multispecies assessment goal. The
entire survey area was fitted with a sampling framework similar

to the low density levels used in prior surveys. Four bands of

latitude were identified from recent fishery statistics and

survey results as having higher than average densities of age l+

sablefish. These areas were designated "high-density" strata and

were sampled at a higher rate. The boundaries of these high-

density strata were 34°30'-35°40', 36°50'-38°00', 44°40'-46°30',

and 47°50' -48°'2O'N lat.

The survey area was further divided into two depth strata

separated by the 183 m contour (100 fm); Pacific hake and

juvenile sablefish catch rates decline significantly below this

depth. Tracklines were placed across the shallow (55-183 m) and

deep (184-366 m) strata at 18.5 km intervals. In the four high-

density strata, additional tracklines were placed, halfway between

the 18.5 km tracklines across the shallow depth stratum only.

Figure 2 illustrates the station allocation strategy. Stations

were randomly located along tracklines at the rate of one station

per 7.4 km in the shallow stratum and 9.3 km in the deep stratum.



At least one station was assigned to each depth stratum along

each trackline segment. A total of 601 stations were

established. The two vessels fished alternate tracklines

(alternate pairs in the high-density areas) to help usmeasure

the relative fishing power of the two-vessels more accurately.

Trawling Procedures

Stations were first located by Loran C and then examined

 using an echo sounder prior, to towing. If the terrain was

determined to be too rough to allow the successful completion of

a tow, an alternate site was searched for within a 1 mile radius

of the original. If no favorable ground was located within a

reasonable time, the station was declared untrawlable and

abandoned. Towing was conducted at a speed of 3.0 knots for 30.

minutes in duration. Skippers tried to maintain a constant depth

while towing. The gear was allowed to settle-for 3 to 8 minutes

following the braking of the winches before towing

commenced. If the gear was damaged during the tow

actually

severely

enough to affect catch composition, the haul was considered,

 unsatisfactory and the station was either repeated or abandoned.

Unsuccessful tows were not used in later analyses.

Catch Sampling and Oceanographic Data Collection

The same procedures for catch processing documented by, 

Gunderson and Sample (1980) were used in 1989. Briefly, catches,

which fit on the sampling table (about 1 metric ton (t)) were 

processed entirely, while larger catches where either weighed by
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an electronic load cell (up to 4.5 t), measured volumetrically,

or estimated visually. In all cases, samples greater than 1 t

were subsampled using the method described by Hughes (1976).

Catches were then sorted, weighed, and enumerated by species with

subsamples extrapolated to the entire catch using a microcomputer

on board the vessel. Fork length measurements (FL) to the

nearest centimeter were obtained for Pacific hake and sablefish

by sex at all stations. Lengths were also taken for other

species of commercial importance when 10 or more individuals were

caught.

Otoliths, used for age determination, along with individual

specimen weight and maturity data were collected from a variety

of species. Sample collections for Pacific hake and sablefish

were stratified by size (5 per sex per centimeter (FL)) for

biological subareas. Collections for canary and splitnose

rockfish were stratified by size intervals for the entire survey

area. Random collections were made for yellowtail, canary, and

shortbelly (S. jordani) rockfish, and Pacific ocean perch.

Special requests included the collection of. length-width and

length-girth measurements for selected flatfish-and roundfish

species, respectively, stomachs, fin rays, tissue samples, and

whole fish specimens.

Oceanographic data collection was limited to surface

temperatures taken by bucket thermometer at most sites and

temperature/salinity profiles of the water column which included

bottom-conditions using a Seabird CTD probe at the innermost and
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outermost stations of tracklines sampled, by the Pat San Marie.

Several analyses

 data. These include:

1) estimation of

2) estimation of population biomass, 

 3) estimation of

4) estimation of

5) estimation of

Data Analyses

are performed routinely on the RACE survey

relative abundance,

population numbers,

the population's size composition,

the population's age composition.

We used the area-swept method described by Gunderson and Sample

(1980) to estimate population biomass and numbers. Briefly, this

method entailed standardizing samples from each station into

catch per unit effort (CPUE)- in terms of either kilograms or

number per hectare trawled (kg/ha, no/ha) and calculating the 

a n d

arithmetic mean for each sampling stratum. Relative abundance,

(mean CPUE) computed for International North Pacific Fisheries

Commission (INPFC) statistical areas and for the total survey is

the sum of sampling strata mean CPUEs weighted by their

respective areas. Population biomass and number are defined as

the sum of the strata mean CPUEs multiplied by the stratum areas.

In cases where our sampling strata boundaries overlap more than

one INPFC area, we take the proportion of the sampling stratum

area within the INPFC region and multiply it by the overall

sampling stratum mean CPUE.

Estimated population size compositions are based on the 
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length frequency data collected at each station. These data are

extrapolated to estimate the number of fish per sex-centimeter

per hectare trawled. These estimates were combined for all

stations to estimate relative length frequencies for the stratum

population; the relative frequencies were then applied to each

stratum population estimate to yield the number of fish in each

sex-centimeter category in the stratum. As with abundance

estimates, stratum estimates were summed to derive the estimated

size compositions for individual INPFC areas and for the total

survey.

Population age compositions are based upon data from

otoliths read using the break-and-burntechnique. Pacific hake

and Pacific ocean perch otoliths were aged by the Age and Growth

Unit of the AFSC's Resource Ecology and Fisheries Management

Division. Otoliths from canary-and splitnose rockfish were aged

by Mary Yoklavich of the Moss Landing Marine Labs, Moss Landing,

California. Population age composition was estimated by

apportioning ages to the estimated population at each length

interval. Regional age length keys were derived to minimize the

effects of age-length relationships which may vary latitudinally

(Westrheim and Ricker 1978; Kimura 1977).

RESULTS

Haul, Catch, and Biological Data

During the 1989 survey, 539 of 601 stations were

successfully completed within the 55 to 366 m depth bounds.



Fifteen tows were unsuccessful due to damaged trawls, one haul

was made too shallow and thus omitted from the analyses, and 46

stations were abandoned due to untrawlable bottom. Figure 2

illustrates the number of planned stations and the number of

successfully completed stations by stratum. Table 1 shows the

sampling densities achieved for the survey strata. Figure 3.

shows the location of successful tows by vessel.

A total of 12l fish species representing 42 families were

identified over the course of the survey. Members from three

additional families, the lampreys (Petromyzontidae), the

viperfish (Stomiidae), and the hatchetfish (Sternoptychidae) were

taken but identified only to genus. Table 2 lists the families

and species (Robins 1991) in addition to their frequencies of

occurrence and depth ranges in trawl samples. The greatest

number of species taken belonged to the rockfish (Scorpaenidae)

family with 38, followed by the flatfishes (Pleuronectidae) with

14, and the skates (Rajidae) with 7 species. Table 3 reports the

additional sampling of biological data completed on a species-by-

species basis. Appendix A summarizes the catch data by position

for each vessel.

Temperature Data

Sea surface temperatures obtained from 520 stations using a

bucket thermometer ranged from 9.2° to 17.6°C The overall mean

surface temperature-was 13.3°C. Bottom temperatures obtained

from 87 CTD castsranged from 6.3° to 9.7°C. The mean bottom.

temperature was 7.6°C. Figures 4 and 5 illustrate the-observed
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surface and bottom temperatures, respectively, by latitude from

the 1989 survey and in previous triennial surveys.

Relative Abundance

The 20 most predominant groundfish species are presented

by depth stratum for the entire survey area, U.S. waters, and

individual INPFC statistical areas in Tables 4-12. The mean

groundfish CPUE for the total area surveyed was 213.6 kg/ha

(Table 4). By area, mean fish densities were highest in the

Vancouver INPFC area (286.5 kg/ha), followed by the Monterey

(233.9 kg/ha), Columbia (188.5 kg/ha), Eureka (115.8 kg/ha), and

Conception (106.0 kg/ha) INPFC areas (Tables 6-12). The complete

listings of the relative abundance of all fish ranked by mean

CPUE for INPFC areas and by depth strata are presented in

Appendix B in addition to rankings of fish and invertebrates for

the entire survey area.

Pacific hake was the most abundant groundfish species

overall, accounting for 34% of the total survey groundfish CPUE

(72.8 kg/ha) (Table 4) and 43% of the CPUE in U.S. waters alone

(82.4 kg/ha) (Table 5). The highest average CPUE for Pacific

hake was in the Columbia INPFC area (114.3 kg/ha) where it

comprised nearly 61% of the area's total. They were least

abundant in the Conception INPFC area (6.9 kg/ha) where it

accounted for only 7% of all-groundfish. Besides the Columbia

INPFC area, Pacific hake also dominated samples in the Monterey

(79.1 kg/ha), Eureka (39.5 kg/ha), and the U.S. portion of the

Vancouver (39.2 kg/ha) INPFC areas (Tables 6-12).



Sablefish ranked fifth in relative abundance among

groundfish species surveywide (8.8 kg/ha) (Table 4) and fourth in

U.S. waters alone (8.6 kg/ha) (Table 5), accounting for about 4%

of the catch in both regions. Sablefish catch rates, on average,

were highest in the Monterey INPFC area (14.5 kg/ha), followed by

Vancouver (7.7 kg/ha), Eureka (7.4 kg/ha), Columbia, (7.4 kg/ha),

and conception (1.9 kg/ha) INPFC areas (Tables 6-12). S a b l e f i s h  

accounted for between 2 and 6 percent of INPFC area groundfish

catches.

Catch composition and relative densities varied widely among

the different geographic areas. After Pacific hake, the four 

most dominant species (See Table 2 for scientific names) for the

total survey area were spiny dogfish, arrowtooth flounder, jack

mackerel, and sablefish (Table 4). These five species as a whole

accounted for 65% of groundfish CPUE., In U.S. waters only,

Pacific sanddab replaced arrowtooth flounder among the five most 

dominant species (Table 5). Moving from south to north and 

listed in order of abundance, the five most prominent species in

the Conception INPFC area were bocaccio, Pacific sanddab, widow

rockfish, chilipepper, and Pacific hake (Table 6); in the

Monterey INPFC area, Pacific hake, spiny dogfish, shortbelly 

rockfish, chilipepper, and sablefish (Table 7) in the Eureka 

INPFC area Pacific hake, jack mackerel, sablefish, chub-mackerel,

and Dover sole (Table 8); in the Columbia INPFC area Pacific

hake, jack mackerel, Pacific sanddab, sablefish, and rex sole

(Table 9); and in the Vancouver INPFC area spiny dogfish,
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arrowtooth flounder, Pacific hake, bocaccio, and yellowtail

rockfish (Table 12).

The catch composition also varied between depth strata. In

the shallow stratum for the entire survey area Pacific hake

dominated catches, followed by spiny dogfish, jack mackerel,

arrowtooth flounder, and Pacific sanddab (Table 4). Sablefish

ranked sixth in abundance in the shallow stratum. The five most

dominant species in the deep stratum (184-366 m) were Pacific

hake, shortbelly rockfish, Pacific ocean perch, sablefish, and

arrowtooth flounder (Table 4).

Maps of species relative abundance based on station CPUE

values and their geographical distributions are presented in

Figures 6-31. This series of maps begin with the target species,

Pacific hake and sablefish and are followed by these other

commercially valued groundfish listed in alphabetical order.

Positive catch rates for each station were sorted in decreasing

order and categorized as the top 10%, middle 30%, and lowest 60%

of the values. The CPUE levels are represented by circles with

the larger circles matched to the higher CPUE values. The

distribution of sampling effort should be considered when using

these charts since increased sampling in an area may give the

impression of high densities when, in fact, CPUE was only

moderate or even fairly low.
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Biomass and Population Estimates

Estimates of abundance in terms of biomass, measured in

metric tons, and associated 90% confidence intervals are

presented for various taxa in the total survey and by INPFC area 

and depth stratum in Tables 13-15. Similarly, estimates of

population numbers are presented for various species in Tables

16-18. Computer generated listings of biomass and population

numbers are presented for major species in Appendix C.

The on-bottom component of the Pacific hake population was

estimated at 379,810 t for the entire area surveyed (Table 13).

Three of the five INPFC areasaccounted for 95 of the total

estimate: 59% in the Columbia area, 24% in the Monterey-area,

and 12% in the Vancouver area. Only 6% of the estimated biomass

was in Canadian waters (22,764 t) (Table 13). In the shallow

stratum, Pacific hake biomass was estimated to be 314,817 t or

roughly 83% of the total Pacific hake biomass, while 64,993 t was

estimated for the deep stratum (Tables 14 and 15).

Sablefish biomass was, estimated to be 45,931 t for the total

area surveyed (Table 13). The Monterey (36%), Columbia (32%). and

Vancouver (23%) INPFC areas contributed to nearly 91% of this

total biomass between the depths of 55 and 366 m. Sablefish in

Canadian waters (7,465 t) contributed to 16% of the total

estimate (Table 13). In the shallow stratum, sablefish biomass

was estimated to be 35,552 t or 77% of the total sablefish

biomass, while 10,380 t was estimated for the deep stratum

(Tables 14 and 15).
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We should caution that the biomass and population estimates

presented are likely to be conservative since only a portion of

the stock may be available to the bottom trawl and some

escapement may occur. Because of the lack of data on species-by-

species catchability, abundance calculations are based on the

assumption that all fish in front of the trawl between wingtips

are captured. The degree of conservative bias will vary among

species. For instance, a large portion of the total Pacific hake

stock is pelagic and would be missed by a bottom trawl. Also,

because roller gear is used, escapement underneath the trawl is

likely to occur, particularly for flatfish species. Depths and

areas sampled should always be considered when evaluating species

abundance estimates.

Length Composition

The estimated population length compositions for several

commercially important species by sex and INPFC area are depicted

in Figures 32-60. Figures 32-34 include length compositions for

Pacific hake by INPFC area and depth stratum, while similar data

for sablefish are illustrated in Figures 35-37. Length

compositions by INPFC area only are given for the remaining

species, presented in alphabetical order (Figs. 38-60). In each

of these figures, three curves are shown per area: the

percentage of males at each length; the percentage of females at

each length, and the percentage of males, females, and unsexed

fish combined (total) at each length. Although typically not

present in the male/female plots, juvenile modes can be seen in
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the panels labeled "total."     In some instances, the proportion of

the population at a specific length or length interval may exceed

the scale. In these cases, only the peak percentages are 

indicated by an arrow and the percentage of that peak stated.

Population percentages at lengths adjacent to or close to peak
values may not be readily apparent. For more detail, Appendix D

contains the computer generated listings of estimated length

compositions in tabular form for major species. by sex for each,

INPFC area. Upon request, the results of these analyses can be.

made available on floppy disk for any species  of interest in

which length data was collected.

In general, there were four length modes in the Pacific hake

population. Small peaks were at 12, 25, and 37 cm, but the

majority of the population was centered at 45 cm (Fig. 32). The

overall population mean length was 41.6 cm. Specimens ranged in

length from 9 to 85 cm, surveywide. The male and female

components of the population were very similar with-the average

size of females (42.5 cm) being only slightly larger than that of

the males (41.3 cm). Pacific hake were generally, smaller in the

southern portion of the survey region. Juveniles (under 20 cm)

were encountered in greatest abundance in the Conception and

Monterey INPFC areas, whereas the majority of specimens larger

than 55 cm were encountered in the Vancouver INPFC area. Pacific

hake lengths averaged 22.3, 38.7, 30.1, 45.8, and 49.0 cm for the

Conception, Monterey, Eureka, Columbia, and Vancouver INPFC

areas, respectively. On average, lengths of Pacific hake were
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slightly larger in deeper waters, however no strong indication of

depth- stratification was observed (Figs. 33 and 34).

The 55-366 m depth bounds of the survey encompasses the

shallower end of the sablefish distribution. At these-depths,

the estimated length distribution for sablefish was generally

bimodal with peaks at 24 and 39 cm (Fig. 35). Larger fish were

present, however their numbers diminished with increasing size,

particularly greater than 55 cm. The majority of the population

ranged between 37 and 48 cm in length. The overall average

length of the population was 42.4 cm. Sablefish samples from

throughout the survey area ranged from 19 to 95 cm in length.

The average length of both male and-females was about 44 cm.

Juvenile modes (under 30 cm) were present in all INPFC areas

except Monterey and contributed most to the area's total

population in the Conception and-Vancouver INPFC areas.

Sablefish lengths generally increased as sampling moved

northward. The population averaged 37.1, 40.5, 46.0, 46.4, and

40.1 cm for the Conception, Monterey, Eureka, Columbia, and

Vancouver INPFC. areas, respectively. The smaller average size

observed in the Vancouver INPFC area was due to a proportionally

large number of juveniles (24-27 cm in length) encountered in

U.S. waters. The largest sablefish encountered were in Canadian

waters where two modes occurred, 28 and 61 cm. Not surprisingly,

larger fish tended to inhabit deeper waters (Figs. 36 and 37)
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Age Composition

Structures for age determinationwere collected for a

variety of species. To date, however, only otoliths from Pacific

hake, Pacific ocean perch, canary rockfish, and splitnose

rockfish have been analyzed. Population estimates for these

species by year class and mean length at age are presentedby

INPFC area in Tables 19-48. Estimated age composition by sex and

INPFC area are illustrated in Figures 61-72 for each depth

stratum. Computer listings of the age-length -keys by sex and

INPFC area are presented in Appendix E.

 Pacific hake ages from 946 specimens ranged from 0 to 19

years (Tables 19-26, Figs. 61-63). Age-length keys were 

constructed from samples using: the combined Conception and

Monterey INPFC areas; the combined Eureka, Columbia, and U.S.

portion of the Vancouver  INPFC areas; the Canadian portion of the

Vancouver INPFC area; the total Vancouver INPFC area; and the

 entire survey area. The l-, 5-, and 9-year olds, corresponding

to the 1988, 1984, and 1980 year classes, were the most abundant

age groups accounting for approximately 14%, 26%, and 38% of the

total estimated population, respectively.

Pacific ocean perch ages from 830 specimens ranged from 1 to

81 years (Tables27-32, 64-66).Figs. Age-length keys were

constructed from samples using: the combined Eureka and Columbia

INPFC areas; the U.S. portion of the Vancouver INPFC area, the

Canadian portion of the Vancouver INPFC area, the total, Vancouver

INPFC area, and the entire survey area. The 4- and 8-year olds,
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corresponding to the 1985 and 1981 year classes, were the most

abundant age groups accounting for approximately 19% and 15% of

the total estimated population, respectively.

Canary rockfish ages from 256 specimens ranged from 3 to 57

years (Tables 33-40, Figs. 67-69). Due to the small sample size,

a single age-length key was constructed using samples from the

entire survey area. The 5- and 11-year olds, corresponding to

the 1984 and 1978 year classes, were the most abundant age groups

accounting for approximately 13% and 11% of the total estimated

population, respectively.

Splitnose rockfish ages from 274 specimens ranged from 1 to

68 years (Tables 41-48, Figs. 70-72). Like canary rockfish, a

single age-length key was constructed using samples from the

entire survey area. The 5-year olds, corresponding to the 1984

year class. was the most abundant age group accounting for

approximately 20% of the total estimated population.

Length - Weight Relationships

Individual whole fish weights (g) were obtained from a

variety of species according to a stratified sampling scheme,

5/sex/cm per INPFC area. A length-weight regression using a

linear least squares model calculated a predicted weight given a

known fork length. The following equations describe the

relationships for Pacific hake and sablefish:

Estimated Pacific hake weight in grams = 0.0054866 x L3.043290

Estimated sablefish weight in grams = 0.0011674 x L3.549646
I
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Table 49 summarizes the length-weight relationships by sex and

sexes combined for all species sampled. Predicted mean weights

were typically greater for females than males.
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Table 1 .--The 1989 sampling strata boundaries used for analysis purposes1,
areas (nmi2), and sampling statistics based on successful towing
performance. Strata have been grouped according to International
North Pacific Fisheries Commission management areas. Differences
in totals are due to rounding.

' The original survey design combined strata 13-15 and 23-25 into one shallow and one deep stratum for
the allocating sampling effort.



28

Table 2 .--Fish species caught during the 1989 west coast groundfish survey.
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Table 2 .--Continued.



Table 2 .--Continued.
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Table 2 .--Continued.
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Table 2 .--Continued.



33

Table 2. --Continued.
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Table 2 .--Continued.

a Nomenclature from Robins (1991) unless otherwise noted.
b Nomenclature from Eschmeyer et al. (1983).



Table 3.--Inventory of biological data by species, depth stratum; and International North Pacific Fisheries 
Commission statistical area collected during the 1989 west coast triennial groundfish survey



Table 3.--Continued.
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Table 3 .--Continued.



Table 4. --Dominant fish species observed during the 1989 triennial west coast groudfish survey; ranked by CPUE (kg/ha trawled) for the entire survey area.



Table 5 .--Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trawled) in the United States.



Table 6. --Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trauled) in the International North Pacific
Fisheries Commission Conception area.



Table 7. --Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trawled) in the International North Pacific
Fisheries Commission Monterey area.



Table 8. --Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trawled) in the International North Pacific
Fisheries Commission Eureka area.



Table 9.--Dominant fish species observed during the 1989 triennial nest coast groundfish survey, ranked by CPUE (kg/ha trawled) in the International North Pacific
Fisheries Commission Columbia area.



Table 10 .--Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trawled) in the U.S. portion of the
International North Pacific Fisheries Commission Vancouver area.



Table 11 .--Dominant fish species observed during the 1989 triennial west coast groundfish survey,
International North Pacific Fisheries Commission Vancouver area.

ranked by CPUE (kg/ha trawled) in the Canadian portion of the



Table 12. --Dominant fish species observed during the 1989 triennial west coast groundfish survey, ranked by CPUE (kg/ha trawled) in the International North Pacific..
Fisheries Commission Vancouver area.



Table 13 .--Estimates of fish biomass from the 1989 west coast groundfish survey by INPFC area for the
combined depth (55-366 m). Confidence intervals are expressed as a percentage of the point
estimate. T denotes trace value. Differences in totals result from rounding.



Table 13. --Continued.



Table 14 .--Estimates of fish biomass from the 1989 west coast groundfish survey by INPFC area for the
shallow depth stratum (55-183 m). Confidence intervale are expressed as a percentage of the
point estimate. T denotes trace value. Differences in totals result from rounding.



Table 14. --Continued.



Table 155.--Estimates of fish biomass from the 1989 west coast groundfish survey by INPFC area for the deep
stratum (184-366 m). Confidence intervals are expressed as a percentage of the point estimate.
T denotes trace, value. Differences in totals result from rounding.



Table 15. --Continued.



Table 16 .--Estimates of fish population numbers (x1000) from the 1989 west coast groundfish survey by
INPFC area for the combined depth strata (55-366 m).
as a percentage of the point estimate.

Confidence intervals are expressed
T denotes trace value. Differences in totals

result from rounding.





Table 17 .--Estimate6 of fish population numbers (x1000) from the 1989 west coast groundfish survey by
INPFC area for the shallow stratum (55-183 m).
percentage of the point estimate.

Confidence intervals are expressed as a
T denotes trace value. Differences in totals result

from rounding.



Table-17 .--Continued.



Table 18 .--Estimates of fish population numbers (x1000) from the 1989 west coast groundfish survey by
INPFC area for the deep atratum (184-366 m). Confidence intervala are expressed as a
percentage of the point estimate. T denotes trace value. Differencea in totals result
from rounding.



Table 18 .--Continued.



6 0

Table 19 .--Population estimates for Pacific hake by age group and mean
length at age in the International North Pacific Fisheries
Commission Conception area.
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Table 20.-- Population estimates for Pacific hake by age group and mean
length at age in the International North Pacific Fisheries
Commission Monterey area.
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Table 21 .--Population estimates for Pacific hake by age group and mean
length at age in the International North Pacific Fisheries
Commission Eureka area.

'Differences in totals may exist due to rounding.
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Table 22 .--Population estimates for Pacific hake by age group and mean-
 length at age in the International North Pacific Fisheries
Commission Columbia area.

aDifferences in totals may exist due to rounding.
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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 U.S. Vancouver area.

aDifferences in totals may exist due to rounding.
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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 Vancouver area.

aDifferences in totals may exist, due to rounding.
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Table 27 .--Population estimates for Pacific ocean perch by age group and
mean length at age in the International North Pacific Fisheries
Commission Eureka area.

aDifferences in totals may exist due to rounding.



Table 28.--Population estimates for Pacific ocean perch by age group and
mean length at age in the International North Pacific Fisheries
Commission Columbia area.

aDifferences in totals may exist due to rounding.



Table 29 .--Population estimates for Pacific ocean-perch by age group and
mean length at age in the International North Pacific Fisheries
Commission U.S. Vancouver area.

'Differences in totals may exist due to rounding.
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Table 30.--Population estimates for Pacific ocean perch age group and
mean length at age in the International North Pacific Fisheries
Commission Canadian Vancouver area.

aDifferences in totals may exist due to rounding.
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Table 31 .--Population estimates for Pacific ocean perch by age group and
mean length at age in the International North Pacific Fisheries
Commission Vancouver area.

aDifferences in totals may exist due to rounding.
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Table 32 .--Population estimates for Pacific ocean perch by age group
and mean length at age for all International North Pacific
Fisheries Commission areas combined.

aDifferences in totals may exist due to rounding.
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Table 33 .--Population estimates for canary rockfish by age group and mean
length at age in the International North Pacific Fisheries
 Commission Conception area.

aDifferences in totals may exist due to-rounding.



Table 35.--Population estimates for canary rockfish by age group and mean,
length at age in the International North Pacific Fisheries.
Commission Eureka area.
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Table 36.-- Population estimates for canary rockfish by age group and mean
length at age in the International North Pacific Fisheries
Commission Columbia area.

aDifferences in totals may exist due to rounding.
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Table 37. --Population estimates for canary rockfish by age group and mean
length at age in the International North Pacific Fisheries.
Commission U.S. Vancouver area. 

aDifferences in totals may exist due to rounding.
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Table 38.-- Population estimates for canary rockfish by age group and mean
length at age in the International North Pacific Fisheries
Commission Canadian Vancouver area.

aDifferences in totals may exist due to rounding.



Table 39 .--Population estimates for canary rockfish by age group and mean
length at age in the International North Pacific Fisheries
Commission Vancouver area.

aDifferences in totals may exist due to rounding.
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Table 40 .--Population estimates for canary rockfish by age group and mean
length at age for all International North Pacific Fisheries
Commission areas combined.

aDifferences in totals may exist due to rounding.
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Table 41 .--Population estimates for splitnose rockfish by age group
and mean length at age in the International North Pacific
Fisheries Commission Conception are.

aDifferences in totals may exist due to rounding.



Table 42 .--Population estimates for splitnose rockfish by age group
and mean length at age in the International North Pacific
Fisheries Commission Monterey area.

aDifferences in totals may exist due to rounding.



Table 43.--Population estimates for splitnose rockfish by age group and
mean length at age in the International North Pacific
Fisheries Commission Eureka area.
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Table 44 .--Population estimates for splitnose rockfish by age group and
mean length at age in the International North Pacific Fisheries 
Commission Columbia area.

aDifferences in totals may exist due to rounding.
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Table 45. --Population estimates for splitnose rockfish by age group and
 mean length at age in the International North Pacific Fisheries
Commission U.S. Vancouver area.

aDifferences in totals may exist due to rounding.
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Table 46 .--Population estimates for splitnose rockfish by age group and
mean length at age in the International North Pacific Fisheries
Commission Canadian Vancouver area.

aDifferences in totals may exist due to rounding.



Table 47. --Population estimates for splitnose rockfish by age group and
mean length at age in the International North Pacific Fisheries
Commission Vancouver area.

aDifferences in totals may exist due to rounding.
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Table 48 .--Population estimates for splitnose rockfish by age group
and mean length at age for all International North
Pacific Fisheries Commission areas combined.

aDifferences in totals may exist due to rounding.



Table 49 .--The length-weight relationships from the 1989 triennial
west coast survey using a linear least squares fit for the
equation: Estimated Weight (g) = a * Fork Length (cm),  ** b.
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Table 49 .--Continued.
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Figure 2. --The 1989 bottom trawl survey area and sampling strata. Shaded
areas are high-density sampling strata. Values shown in each
stratum refer to the stratum code (top), number of planned
stations (middle), and number of successfully completed stations
(bottom). International North Pacific Fisheries Commission
statistical areas are shown to the left.
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Figure 4.--Observed sea surface temperatures during the 1989 west
coast survey and previous triennial bottom trawl surveys.
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Figure 10. --Canary rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.





Figure 12. --Darkblotched rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.



Figure 13. --Dover sole distribution and relative abundance (kg/ha) from the 1989 west coast
bottom trawl survey.



Figure 14. --English sole distribution
bottom trawl survey.

and relative abundance (kg/ha) from the 1989 west coast





Figure 16.--Lingcod distribution and
bottom trawl survey.

relative abundance (kg/ha) from the 1989 west coast
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Figure 20. --Petrale sole distribution and relative abundance
bottom trawl survey.

(kg/ha) from the 1989 west coast



.--Redstripe rockfish distribution and relative abundance (kg/ha) from the 1989 westFigure 21
coast bottom trawl survey.



Figure 22.--Rex sole distribution and relative abundance (kg/ha) from the 1989 west coast
bottom trawl survey.



Figure 23.--Sharpchin rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.



Figure 24. --Shortbelly rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.



Figure 25. --Shortspine thornyhead distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.



Figure 26.--Silvergray rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.





Figure 28. --Splitnose rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.



Figure 29 .--Stripetail rockfish distribution and relative abundance (kg/ha) from the 1989 west
coast bottom trawl survey.
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Figure 34.--Pacific hake estimated size composition by International North Pacific Fisheries Commission area from the 1989 bottom trawl
survey for depths 184-366 m. Lengths ranged 9-80 cm.



Figure 35.--Sablefish estimated size composition by International North Pacific Fisheries Commission area from the 1989 bottom trawl survey
for depths 55-366 m. Lengths ranged 19-95 cm.



Figure 36.--Sablefish estimated population size composition by International North Pacific Fisheries Commission area from the 1989 trawl
survey for depths. 55-183 m. Lengths ranged 21-95 cm.



Figure 37. --Sablefish estimated size composition by International North Pacific Fisheries Commission area from the 1989 bottom trawl
survey for depths 184-366 m. Lengths ranged 19-85 cm.



Figure 38.--Arrowtooth flounder estimated size composition by International
trawl survey for depths 55-366 m. Lengths ranged 12-81 cm.

North Pacific Fisheries Commission area from the 1989 bottom







Figure 41.--Chilipepper estimated size composition by International North Pacific Fisheries Commission area from the1989 bottom trawl survey
depths 55-366 m. Lengths ranged 9-56 cm.
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Figure 47.--Pacific halibut estimated size composition by International North Pacific Fisheries Commission area from the 1989 bottom

trawl survey for depths 55-366 m. Lengths ranged 27-157 cm.
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Figure 49.--Pacific sanddab estimated size composition by International North-Pacific Fisheries Commission area from the 1989 bottom 
trawl survey for depths 55-366 m. Lengths ranged 9-34 cm.
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Figure 56.--Silvergray rockfish estimated size composition by International
trawl survey for depths 55-366 m. Lengths ranged 43-67 cm.

North Pacific Fisheries Commission area from the 1989 bottom
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Figure 62. --Estimated age composition for Pacific hake by sex and
International North Pacific Fisheries Commission (INPFC)
area for depths between 55 and 183 m from the 1989
bottom trawl survey.



Figure 63. --Estimated age composition for Pacific hake by sex and
International North Pacific Fisheries Commission (INPFC)
area for depths between 184 and 366 m from the 1989
bottom trawl survey.
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Figure 64. --Estimated age composition for Pacific ocean perch by sex
and International North Pacific Fisheries Commission
(INPFC) area for all depths sampled (55-366 m) from the
1989 bottom trawl survey.



Figure 65 .--Estimated age composition for Pacific ocean perch by sex
and International North Pacific Fisheries Commission
(INPFC) area for depths between 55 and 183 m from the
1989 bottom trawl survey.





Figure 67.-Estimated age composition for canary rockfish by sex
and International North Pacific Fisheries Commission





Figure 69. --Estimated age composition for canary rockfish by sex 
and International North Pacific Fisheries Commission

   (INPFC) area for depths between 184 and 366 m from the
1989 bottom trawl survey.
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Figure 70.--Estimated age composition for splitnose rockfish by sex
and International North Pacific Fisheries Commission
(INPFC) area for all depths sampled (55-366 m) from the
1989 bottom trawl survey.
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Figure 71. --Estimated age composition for splitnose rockfish by sex
and International North Pacific Fisheries Commission
(INPFC) area for depths between 55 and 183 m from the.
1989 bottom trawl survey.
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