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INTRODUCTION
The Pacific ocean perch stocks off the coasts of Washington and Oregon
have been in a depressed state since . the early 1960's (Westrheim, et al.,
1972 and Gunderson, et al., 1977).
stocks along the

u.s

A summer-fall, 1977 survey of rockfish
'

.

Pacific coast (Gunderson and Sample, in press) indicated

very low abundances of Pacific ocean perch (Sebastes alutus).

These survey

results and other stock assessment information have brought about restrictive
regulations by the states of Oregon and Washington on domestic catches of
Pacific ocean perch since the fall of 1978.
To further evaluate the status of Pacific ocean perch stocks a special

survey was conducted by the National Marine Fisheries .Service (NMFS), the
Washington Department of Fisheries (WDF), and the Oregon Department of Fish
a~d Wildlife (ODFW) during March-April, 1979.

The reasons for this survey

were threefold:
(1)

The states of Washington and Oregon were interested in obtaining more

precise biomass estimates so regulations could be re-evaluated during 1979.
The merit of the regulations have been questioned by the domestic fishing
indu~try on the grounds that the 1977 biomass estimates are imprecise.

Biomass

estimates made from data from the 1977 survey include 90% confidence intervals
of ~112% and ~40% in

u.s.

portion of the Vancouver and the Columbia International

North Pacific Fisheries Commission (INPFC) areas, respectively, (Gunderson and

l.National Marine Fisheries Service, Northwest and Alaska Fisheries Center,
Seattle, Washington 98112.
2.wash. Dept. of Fish . , M-2, Fish. Center, Univ. of Washington, Seattle, WA 98195 .

Sample, in press).

Also, there was a possibility that stock size increased

since the 1977 survey, due to the recruitment of a large 1970 year-class.
(2) The Groundfish Fishery Plan Development Team of the Pacific Fishery
Management Council needed more precise and up-to-date estimates of the biomass
of Pacific ocean perch to use in the development of its Groundfish Fishery Plan.
(3)

Fishery scientists have long been confronted with the problem of how

best to survey rockfish stocks, which exhibit highly contagious distribution
patterns.

This survey offered an opportunity to allocate sampling effort

according to known distribution and relative abundance of a single species.
The purpose of this document is to provide a description of the experimental
design, general survey results, and preliminary analysis of survey data.
PROCEDURES AND MATERIALS
Experimental Design
An important objective in the design of the 1979 survey was to increase

the precision of biomass estimates.

This could be theoretically accomplished

by concentrating sampling effort in areas of relatively high perch abundance.
Such areas of high abundance (grounds) were delineated by plotting the locations
of Pacific ocean perch catches appearing in catch data from the Washington and
Oregon commercial trawl fleets during the months of February-April, 1975, through
1978.

These data provided a means of mapping Pacific ocean perch fishing grounds

and areas which receive little or no perch fishing. These two types of areas
were designated as "high" and "low" density areas, respectively.

Additionally,

the high density areas were divided 'into 2 depth strata (90-174 fin and 175-260
fm), henceforth referred to as "shallow" and "deep," on the basis of what is

known of perch distribution and abundance during late winter.

2

All of the low density areas between grounds were to receive an arbitrary
10\ of the total stations available to detect any signficant concentrations
of perch not accounted for by historic fishery data.
For high density areas we first examined catch per unit effort (CPUE) data
from the commercial fishery as a means of allocating sampling effort.

It was

hoped the Washington-Oregon CPUE data combined with the areas of the grounds
could be used as an index of mean perch abundance by ground (CPUE X AREA OF
GROUND).

These results then could be directly used as a basis for allocation

of trawl stations where each high density area would receive a number of stations proportional to the mean Pacific ocean perch abundance on the ground.
Difficulties using commercial fishery information were encountered due to a
general paucity of data in the 175-260 fathom depth strata and in two strata
off the Grays Harbor and Willapa Bay areas.

In addition, there was an incom-

patibility of the data from the Oregon and Washington fleets due to the fact
that the data were not standardized to include tows with similar performance
characteristics.

Washington does not include tows with poor performance

(ie., ripped net, snagged gear, crossed doors) or tows when little or no
catch was recorded in the calculation of CPUE.

Oregon includes all tows.

Because allocation by the direct use of CPUE data appeared impractical,
we then examined all available information to arrive at a more general
approach to sample allocation.

Allocation was achieved on the basis of what

was known of distribution, abundance, and associated variability reflected in
the following observations:
(1)

The 1977 survey and a cohort analysis (Gunderson, 1978) indicated

that perch biomass is about equally distributed between the Columbia and
u.s.-Vancouver areas.

Since there is considerably less area in the u.s.-
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Vancouver area, the perch densities there had to be greater than in the
Columbia area.
(2)

Biomass variance estimates from the 1977 rockfish survey were

greatest in the u.s. Vancouver area, reflective of the higher densities
there.
(3) Analysis of the 1977 rockfish survey data demonstrated that the
confidence interval in the u.s.-vancouver area could be reduced from+ 112%
of the biomass estimate (1977 survey) to around _:!:60-70% by increasing the
sampling density from one trawl haul per 10-12 nm 2 to one haul per 3-4 nm2.
In the Columbia area, where 1977 biomass estimate confidence intervals were
smaller (_:!:40), significant gains in precision would be difficult to achieve,
and little attempt was made to do so.
(4)

Commercial CPUE data and survey results (Gunderson, 1971) showed that

during March-April the "shallow" area (90-174 fm) had higher perch densities
than did the "deep" zone (175-260 fm).
(5)

The area off oregon from Tillamook Head to Yaquina Head appeared

to contain a somewhat different habitat in that the perch grounds are broad
and of rather uniform depth, relative to those to the north where the seabed
is very irregular, and the grounds are restricted to steep slopes.
The following allocation scheme was developed so that the highest station
densities conformed to areas of greatest perch densities:
Number of trawls/nm2
Area
u.s.-canada border to Grays Harbor, WA

Shallow stratum

Deep stratum

1/3

1/4

Grays Harbor, WA to Tillamook Head, OR

1/4

1/5

Tillamook Head, OR to Yaquina Head, OR

1/7

1/9
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One condition placed on this scheme was that not less than four trawl
hauls would be assigned to any high density stratum.

Stations were divided

among the low density areas in proportion to their area (nm 2 ) with the proviso
that each area must be assigned at least three trawl hauls.
To insure adequate spreading of stations throughout each stratum, the
length of the mid-depth isobath was divided into a number of tracklines equal
to the number of stations allocated.

A random point within the first trackline

interval was selected as a starting point, and all remaining tracklines were
equally spaced.

Tracklines were positioned perpendicular to the isobath and

were assigned one station each.
'

The depth interval of the stratum was similarly

J

divided into a number of units equal to the number of stations.

The actual

depth of a station on a trackline was randomly selected without replacement
from the population of depth units.

This procedure resulted in an array of

trawl stations located over the width and breadth of each ground, with as many
depth intervals sampled as there were trawl hauls allocated to the stratum.
Vessels, Gear, and Data Collection
Bottom trawling was conducted by four vessels during the survey.

The NOAA

research vessel, Oregon, and the commercial trawler, California Horizon, chartered by the Washington Department of Fisheries, operated between cape Flattery
and Long Beach, Washington.

Oregon Department of Fish and Wildlife charter

vessels, the Washington and the New Life, worked from the Columbia River south
to off Netarts, and from Netarts to Yaquina Head, respectivel~.
The trawl used during the 1977 rockfish survey, and by the Oregon and
California Horizon in 1979 off Washington, was the Nor'eastern.

The vessels

chartered by Oregon used smaller trawls, a 400-mesh Eastern and a Mystic, due
to their inability to tow the Nor'eastern with sufficient speed.
sions are listed on the following page:
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Trawl dimen-

Opening Dimensions
Horizontal

Boat

Trawl

Vertical

Area of Operation

Oregon,
California
Horizon

Nor'eastern
Nor'eastern

44'
44'

30'
30'

u.s./canada border-Long
Beach, Washington

Washington

400 Eastern

45'

12-14'

Columbia River-Netarts,
Oregon

New Life

Mystic

28'

20-22•

Netarts-Yaquina Head,
Ore n

Each net was equipped with roller (bobbin) gear to allow trawling over rough
bottom.
The relative effectiveness (fishing power) of these various gears has not
been evaluated.

As a result, caution should be exercised

mates between areas where different gears were used.

in comparing esti-

In the analyses which

follow, gear types were not mixed in any stratum to avoid problems associated
with combining tows from several gear types.
All trawl hauls were of 1/2 hour duration.
at 3 kt.

Towing speed was standardized

If the haul was not completed satisfactorily, it was not used in

the analysis.

Every effort was made to trawl at designated sample sites, but

if trawling was not possible due to sedbed roughness, an alternative site near
the original position was sought.
Standardized techniques were used to estimate the size and species composition of the catch and sample the catch for biological information.

The

collection of data in the field and the statistical and computational procedures
employed here were essentially those used in 1977 as reported by Gunderson and
Sample (in press).
6

Biomass estimates were derived using the "area-swept" technique which
employs the following equation:

where Bi is the estimated biomass in the i th ground/depth stratum, Ai is the
total area of that stratum, a is the area swept per kil -,meter by the trawl,
and CPUEi is the average CPUE (kg/km) in the stratum.

These biomass esti-

mates were then summed over all strata to obtain a biomass estimate for each
INPFC area.
Assuming that biomass estimates are normally distributed around the actual
biomass for the area, 90\ confidence intervals were approximated by:

B ±t (..9,n )

(Var B)½, where Var B. ~

e

h.

r

Var (CP_UE

l

i=l

h = number of strata
ne

=

number of effective degrees of freedom (Cochran, 1962)

ni

=

number of stations in the 1 th stratum
RESULTS

In the u.s.-vancouver area, a total of 61 and 8 trawl hauls were made in
the high and low density areas, respectively.

In the Columbia area, there were

117 trawl hauls in the high density areas and 20 trawl hauls in the low density
areas.

Sampling density in the u.s.-vancouver area was one trawl haul every
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3.7 nm2 in the high density areas, and one haul for every 27.5 nm 2 in the
low denisty areas.

There was one tow in every 8.9 nm 2 in the COlumbia area's

high density areas and in the low density areas there was one haul in every
19.5 nm2.

This sampling intensity was considerably greater than that which

occurred during the 1977 rockfish survey, especially in the

u.s.

Vancouver

area where the need to increase precision was greatest.
Estimates of biomass, 90\ confidence intervals, and confidence intervals
as a percentage of the point estimate for the 1977 and 1979 surveys, are presented below:
1977

u.s.
Vancouver
Biomass (mt)

90\ confidence
interval (mt)
Confidence interval
as a percent of the
point estimate

u.s.
Columbia

1979

Vancouver

Columbia

7,730

7,000

5,711

8,923

0-16,388

4,200-9,800

1,331-10,091

5,585-12,261

+112\

+40\

+77\

+37\

The total biomass estimates for the combined areas in 1977 and 1979 are
14,730 mt and 14,634 mt, respectively.

Increased sampling effort in 1979 did

result in greater precision in both INPFC areas, but it was most noticeable in
the Vancouver area where the greatest gains could be made within the practical
limits of sampling effort.

While 1977 and 1979 biomass estimates differ some-

what between INPFC areas, the variability about the estimates is such that it
is not clear whether the differences are real or a result of sampling variance.
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Age data from the 1979 survey is not yet available.

The length frequency

information collected during the 1977 and 1979 surveys (Fig.1) indicates a
mode probably corresponding to the relatively large 1970 year-class in both
years.

It is particularly evident in the Columbia area in 1977, with a length

mode at about 32 cm, while in the Vancouver area there seemed to be little
recruitment of that year-class.

In 1979, the apparent 1970 year-class seemed

to dominate the length frequency in the Columbia area with its mode at about
34 cm and appears to be present in the Vancouver area, possibly causing the
reduced mean length in the population.

DISCUSSIONS AND CONCLUSIONS
From age data in sampled market landings, the 1970 year-class is known to
be relatively large, and it was anticipated that as it became more fully recruited to the fishery at age 8 and 9 years, during 1978-79 the size of the
exploited population might increase significantly.

However, results of the

1979 survey suggest that, while the 1970 year-class appears to be an important
component of the population, its overall contribution was not enough to substantially increase the total biomass.

It does seem to be a larger factor in the

Columbia area and may partly explain the increased estimated biomass there.
There was some targetting by Oregon fishermen on the 1970 year-class when it
first became available to commercial trawl gear, which may have had a significant impact on its subsequent size.
Comparison of the results of the 1977 and 1979 Pacific ocean perch surveys
should be made with caution.

The results in the u.s.-vancouver area are most

amenable to comparison, as the only differences were in experimental design
as it relates to precision and the time of year.

W1ile it could be argued

that even these differences render comparison difficult, it is likely that
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in this case a comparison is meaningful and useful.

In the Columbia area, a

more serious complexity results from the use of different sampling equipment
In 1977, Nor'eastern were the standard trawls used throughout the survey.

The

introduction of the modified 400-mesh Eastern and Mystic trawls into the Columbia area during the 1979 survey results in changes in gear performance relative
to their ability to catch perch which cannot be evaluated.

Therefore, biomass

estimates generated by these trawl gears are even more difficult to compare
directly with 1977 biomass estimates.

In this instance, comparison should

probably be considered only as an indicator of relatively major changes in
abundance.
Nevertheless, the increased precision of the 1979 estimates, and the similarity of the 1977 and 1979 estimates, lends weight to the view that the 1977
estimate of perch biomass was not grossly in error.

Further the recruitment of

new year-classes to the fishing grounds since 1977 has not resulted in a major
increase in the size of the Pacific ocean perch populations off Washington
and Oregon.
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Figure !.--Length frequencies of Pacific ocean perch collected during 1977 and
1979 resource assessment surveys by area and sex.
12

