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ABSTRACT

The status of Pacific ocean perch, Sebastes alutus, stocks off Washington

and Oregon was reassessed in 1986. The history of the fishery for Pacific
ocean perch and earlier stock assessnents were reviewed. The nost recent
tram survey of this resource was conducted in 1985 and indicated that the
stocks in the International North Pacific Fisheries Conmi ssion Vancouver and
Col unbi a areas continue to be depressed and have apparently declined since a
previous trawl survey in 1979. Recent inproved nmethods of aging rockfish
(breaking and buring otoliths before aging) indicate instantaneous natura
nortality rates for this species are approximtely 0.05, conmpared to val ues
of 0.10 to 0.15 that had been estimated from surface readings of otoliths.
Virtual popul ation analysis and stock reduction analysis were perfornmed using
this lower natural nortality rate. These analyses indicate that the stocks
in the Vancouver and Col unbia areas were once sinilar in size and should be
rebuilt to about 25,000 t if the maxi mum sustainable yield is to be realized.
Finally, a delay-difference popul ation nodel was used to estinmate stock

rebuilding rates under a variety of recruitnment and fishing rate scenarios.
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[ NTRODUCTI ON

In 1981 the Pacific Fishery Managenent Council (PFMC) adopted a 20-year

plan to rebuild the depleted Pacific ocean perch (Sebastes al utus) resource

in waters off the Washington and Oregon coast. This plan was based, for the
nost part, on the results of two studies. The first study enployed a cohort
anal ysis of 1966-76 catch and age conposition data as a basis for exani ning
various schedul es of rebuilding (Qunderson 1979). This report was |ater
updated with four additional years of catch and age information (Qunderson
1981). The second study provided an evaluation of alternative trip linits as
a managenent tool for the Pacific ocean perch fishery (Tagart et al. 1980).
Trip limts are now used by the Council as a neans of curbing directed

Paci fic ocean perch fishing.

A significant amount of infornation useful for stock assessnents has
becone avail able since the Council adopted its Pacific ocean perch rebuil ding
plan. For exanple, a National Marine Fisheries Service (NWS) traw survey
of west coast Pacific ocean perch stocks was conpleted in the spring of 1985
and only recently has this infornmation becone available for analysis. Also,
recent aging information suggests that the instantaneous natural nortality
rates used in Qunderson's (1979, 1981) cohort anal yses may have been too
high. These analyses should be re-evaluated using a natural nortality rate
more in line with current longevity estimates. And finally, a new nethod of
stock assessnent called stock reduction anal ysis (SRA) has proven useful for
assessnents of Pacific ocean perch stocks in waters off Al aska (Bal siger et
al. 1985). Stock reduction analysis provides nmuch useful assessment
information, including estimates of historical bionmass and nmaxi num
sustainable yield. This new assessnent technique, however, has yet to be

attenpted for stocks off the Washington and Oregon coast



A re-appraisal of the two major Pacific ocean perch stocks off the west
coast is now warranted. This report attenpts to evaluate the status of these
stocks using a variety of assessment methods. First, Pacific ocean perch
tram surveys are used to exam ne recent trends in abundance and
productivity. Next, @underson's (1979, 1981) catch-at-age data are re-
eval uated using virtual population analysis (VPA) with a |ower estimte of
natural nortality. Stock reduction analysis is then applied to these stocks
for the first time. Finally, our best SRA popul ation parameter estinates are
entered into the delay-difference equation (Schnute 1985) in order to
estimate future stock sizes under a variety of recruitnment and fishing rate

scenari 0s.

BACKGROUND | NFORNMATI ON

Hi story of the Fishery

Prior to 1965, the Pacific ocean perch resource in the Vancouver and
Col unbia areas (Fig. 1) of the International North Pacific Fisheries
Commi ssion (INPFC) were harvested alnost entirely by Canadian and U.S
vessel s. Most of these vessels were of nultipurpose design and used in other
fisheries (e.g., salnmon and herring) when not engaged in the groundfish
fishery (Forrester et al. 1978). Cenerally under 200 gross tons and |ess
than 33 min length, these vessels had very little at-sea processing
capabilities. These characteristics restricted, for the nost part, the
di stance from home ports the vessels could fish and limted the size of their
| andings.  Landings from 1956 to 1964 averaged 2,018 and 1,980 metric tons
(t) in the Vancouver and Col unbia areas, respectively (Table 1)

Catches increased dramatically after 1964 with the introduction of [arge

distant-water fishing fleets from the Soviet Union and Japan. Both nations
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Figure 1 .--Boundaries of the International North Pacific Fisheries Commi ssion
areas, Vancouver and Col unbi a.



Table 1 .--Estimated landings of Pacific ocean perch (nmetric tons,
donestic and foreign conbined) from | NPFC* Vancouver
and Col unbi a areas, 1956-85.

INPFC INPFC

Year . vancouver Columbia
1956 1,084 1,306
1956 1,154 1,454
1957 675 1,002
1959 968 1,134
1960 1,575 1,065
1961 2,485 2,060
1962 3,857 2,610
1963 3,867 3,549
1964 2,499 3,643
1965 3,546 5,375
1966 ’ 16,358 11,270
1967 13,483 ‘ 23,976
1968 10,417 11,562
1969 3,410 2,496
1970 4,323 2,842
1971 3,893 2,869
1972 2,605 2,619
1973 3,823 634
1974 ‘ 1,473 305
1975 944 1,116
1976 1,397 1,500
1977 945 478
1978 1,014 1,099
1979 741 1,008
1980 835 1,535
1981 790 1,102
1982 830 ‘ 623
1983 1,147 1,397
1984 886 1,028
1985 1,039 891

*International North Pacific Fisheries Commission.



enpl oyed large factory stern trawers as their primary nethod for harvesting
Paci fic ocean perch. These vessels generally operated independently by
processing and freezing their own catch, and the use of support vessels

(e.g., refrigerated transports, oil tankers, supply ships, etc.) permtted
the large stern trawers to operate at sea for extended periods of tine.

Peak renoval s by all nations conbined anpbunted to 16,358 t fromthe Vancouver
area in 1966 and 23,976 t fromthe Colunbia area 1 year later in 1967

Imediately following these peak years, production declined very
rapidly. Apparently, these stocks were far too limted to sustain the large
renoval s during the md 1960s. By 1969, the Pacific ocean perch stocks were
severely depleted throughout the Oregon to Vancouver Island region (Gunderson
1977). Harvests within the past fifteen years (1971-1985) have averaged
1,491 and 1,214 t in the Vancouver and Col unbia areas, respectively. Catches
since 1979, however, have been restricted by the Pacific Fishery Managenent
Counci | (PFMC).

Prior to 1977, Pacific ocean perch stocks in the northeast Pacific were
managed by the Canadi an governnent in its waters and by the individual states
in waters off the United States. Wth inplementation of the Magnuson Fishery
Conservation and Management Act (MFCMA) in 1977, primary responsibility for
managenent of groundfish stocks off Washington, Oegon, and California
shifted fromthe states to the PFMC. At that tinme, however, a fishery
managenent plan (FMP) for the west coast groundfish stocks had not yet been
approved. In the interim the state agencies worked with the PFMC to address
conservation issues. Specifically, in 1981 the PFMC adopted a management
strategy to rebuild the depleted Pacific ocean perch stocks to I evels which
woul d produce maximum sustainable yields within 20 years. On the basis of a

cohort analysis (Gunderson 1979) the PFMC set acceptabl e biol ogical catch



(ABC) levels at 600 t for the U S portion of the INPFC Vancouver area and
950 t for the Colunbia area. To inplenent this strategy, the states of
Oregon and Washington established landing limts for Pacific ocean perch
caught in their waters. Trip limts have renained in effect to this day
(Table 2). An FMP for the California, Oegon, and Washington groundfish
fishery, which naintains the 20-year rebuilding schedule with above ABC

| evel s, was inplemented on Septenber 30, 1982.

Previous Biomass Estimates

The condition of Pacific ocean perch stocks off British Colunbia,
Washi ngton, and Oregon have been assessed periodically since the intense
pul se of exploitation in 1966-68. The nean exploitable biomass in the
Vancouver area during 1966-68 was estinmated at about 34,000 t (Westrheim et
al. 1972). Following the years of heavy fishing, catch per unit of effort
(CPUE) for the Washington-based fleet in the Vancouver area dropped to 55% of
the 1966-68 levels, indicating a decrease in bionmass to 18,700 t during
1969-71 (Technical Subconmittee 1972). Catch rates declined further during
1972-74, lowering the estimted nmean bionmass during this period to 16,700 t
(Qunderson et al. 1977). The nean weighted CPUE rose slightly in the period
from 1975 to 1977, raising the bionmass estinmate to 17,800 t (Fraidenburg et
al. 1978), although this estimate is probably biased toward the high side by
the adoption of a new, nore effective "high-rise" trawl net during that
period.

Col unbi a area biomass estimtes since 1966 have been cal cul ated by
dividing | andings by estimted exploitation rates. The mean biomass
estimates declined from 23,000 t during 1966-68 to 7,300 t during 1969-72 and
4,300 t during 1973-74 (GQunderson et al. 1977). An area-swept extrapolation

fromcomercial CPUE data in the Colunbia area resulted in a biomass estinate



Table 2.--Summary of managenent regul ations of the Pacific ocean
perch fishery in the I NPFC* Vancouver and Col unbia
areas (U.S. waters only). Wight restrictions are in
metric tons.

Effective date Area Regul ation
26 Cctober 1978 Washi ngt on Trip limt of 4.54 t or 25%
of catch (whichever greater)
Oregon Trip limt of 9.07 t
1 January 1981 Washi ngt on Trip limt of 4.54 t or 10%
and Oregon of catch (whichever greater)
1 February 1982 Washi ngt on Trip limt of 2.27 t or 10%
and Oregon of catch (whichever greater)

10 Novenber 1983 Colunmbia area No landings pernitted

1 January 1984 Washi ngt on Trip limt of 2.27 t or 10%
and Oregon of catch (whichever greater)

16 August 1984 Columbia area No landings pernitted

1 January 1985 Washi ngt on Trip limt of less than 20%
and COregon of catch

28 April 1985 Washi ngt on Trip limt of 2.27 t or 20%
and COregon of catch (whichever |ess)

*International North Pacific Fisheries Conm ssion.



of between 8,000 and 9,600 t in 1977 (Fraidenburg et al. 1978). Since the
commercial fishery operates mainly in areas of high abundance, these
estimates are likely to be biased toward the high side.

Research surveys have been used to provide fishery independent assessnents
of the abundance, distribution, and biological characteristics of Pacific
ocean perch. A coastw de survey of the rockfish resource was conducted in
1977 (Qunderson and Sanple 1980) with the objective of defining the distribution
and neasuring the abundance of the mmjor species taken in bottom traw s.
Results of this survey indicated that the biomass of Pacific ocean perch was
10,304 t in the Vancouver area' (Fraidenburg et al. 1978) and 7,100 t in the
Col unbia area (Gunderson and Sanple 1980).

The 1977 coastw de survey has since been repeated twice (with sone
modi fication of the survey design), in 1980 and 1983, yielding two nore
fishery-independent assessnents of the resource. In 1980 the survey bionass
estimates were 8,600 t in the Vancouver area and 3,340 t in the Col unbi a
area, and by 1983 they had declined in both areas to 4,460 t and 2,950 t,
respectivel y2.  Pacific ocean perch was not a target species for the 1977,
1980, or 1983 surveys. The depth coverage of the surveys did, however,
bracket the summer distribution of the species and shoul d provide neani ngful,
if not precise, estimates of relative abundance.

The relative inprecision of biomass estimtes derived for Pacific ocean

perch fromthe 1977 rockfish survey pronpted requests fromthe fishing

! The estimate for the U.S. portion of the Vancouver area was expanded to
the entire area by assuning that US. fishing patterns (75% of the 1972-76

| andings were fromthe U S. zone) were proportional to the actual stock
distribution.

2T. A Dark and M E. Wlkins. Trends in groundfish populations off British
Col unbi a-Cal i fornia based on resource surveys in 1977, 1980, and 1983.
Manuscript in prep., Northwest and Alaska Fish. Cent., 7600 Sand Point NE
Seattle, WA 98115.



i ndustry and resource managers for closer attention to the status of this
resource. In response, the National Marine Fisheries Service (NMFS)

coordi nated a cooperative research survey of the Pacific ocean perch stocks
of f Washi ngton and Oregon with the Washi ngt on Departrment of Fisheries and the
Oregon Departnent of Fish and Wlidlife from March through May 1979 (W1 ki ns
and Gol den 1983). This survey provided nore precise biomass estimates

i ndicating stock sizes simlar to those calculated fromthe 1977 survey.

Anot her Pacific ocean perch survey was conducted in 1985 to deternine
the inpact of 6 years of restrictive catch regulations on the status of these
stocks. The 1979 and 1985 Pacific ocean perch surveys provi de the nost
recent and precise estimates of abundance. Therefore, the current report

will concentrate on these surveys.

STOCK ASSESSMENT  METHODS

Trawl Surveys

The survey design used in 1985 was simlar to that used in 1979 (WIKins
and CGol den 1983), but was standardized to correct inconsistencies that arose
during the 1979 field work. The two npst serious inconsistencies were the
use of three different trawls by four different vessels, and variable depth
coverage (165-475 moff Washington and 165-420 moff Oregon). The 1985
survey was designed to correct these inconsistencies in a way that allowed
these surveys to be conparable.

Sanpling was done with the Noreastern traw in all areas. In the
Columbia South area (Fig. 2), which had been sanpled exclusively with the
Mystic traw in 1979, half of the stations were sanpled with the Noreastern
and half with the Mystic. The relative fishing power of the two nets was

used to adjust Noreastern trawl catch rates in that area to the fishing
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efficiency of the Mystic trawl. In this way we were able to calculate, based
on Mystic catch rates, abundance which could be conpared with 1979 results in
the southern-nobst subarea. No attenpt was nade to adjust fishing powers in
the Colunbia Mddle area although a nodified 400 eastern trawl was used there
in 1979 and the Noreastern trawl was used in 1985. In calculating the 1985
Col unbi a South area abundance and size conposition estinates for conparison
with the 1979 results, haul s-deeper than 420 min the Col unbia M ddle and
Sout h subareas were excluded fromthe data to conformw th the 1979 depth
coverage. Standardization of. the survey design had no effect on the survey

pattern in the Vancouver or Colunbia North areas

Anal ytic Mbdels

The popul ation dynam cs of Pacific ocean perch in the Vancouver and
Col unbi a areas were exam ned using two anal ytic nodels, virtual population
analysis (VPA) and stock reduction analysis (SRA). For both nethods an
i nst ant aneous natural nortality rate of MeO.06 was used. This nortality rate
is consistent with the nuch ol der ages which result fromthe break-and-burn
met hod of aging otoliths (Archibald et al. 1981). Hoenig's (1983)
relationship estinates that if Pacific ocean perch longevity is between 70
and 90 yr (Beanmish 1979, Chilton and Beanish 1982), M would be 0.059 and
0. 046, respectively.
Virtual Population Analysis (VPA)

Virtual popul ation analysis was carried out using GQulland' s classic
met hod (see Pope 1972). Since the age data were based on surface ages of
otoliths, and the nore correct break/burn ages coincide well with surface
ages up through 17 yr, only ages 5-17 yr were used. The catch-at-age data
(Tables 3 and 4) used in the current analysis were identical to those used by

Qunderson (1981). \Weight-at-age (Table 5) was estimted using a growth curve



Table 3.--Estimated nunber of

12

Paci fic ocean perch landed in the |NPFC*

Vancouver area, by age group, 1967-80.

Age 1967 1968 1969 1970 1971 1972
4
5 26,707 10,296 6,389
6 26,707 34,022 20,591 12,778
7 213,653 68,045 30,911 82,366 47,547 44,721
8 213,653 102,067 61,822 329,464 152,149 127,776
9 454,012 238,156 30,911 1,070,758 656,143 281,106
10 961,436 510,335 175,161 741,294 1,179,156 594,157
11 1,629,100 918,602 453,358 555,970 656,143 900,818
12 1,949,579 1,701,116 896,413 473,604 475, 466 357,772
13 2,563,830 1,735,138 896,413 422,126 351,845 204,441
14 2,136,525 1,633,071, 607,912 473,604 351,845 185,275
15 1,388,741 1,496,982 649,127 411,830 332,826 159,720
16 1,308,622 1,224,803 . 278,197 494,196 294,789 159,720
17 1,201,795 918,602 72,125 329,464 237,733 102,220
18 667,664 714,469 103,036 226,506 114,112 121,387
19 507,425 544,357 . 41,214 123,549 104,603 63,888
20 240,359 442,290 61,774 57,056 25,555
21 80,120 238,156 20,591 28,528 25,555
22 106,826 136,089 ' 9,509 19,166
23 26,707 34,022 6,389
24 26,707

25

25+

Age 1973 1974 1975 1976 1977 1978
4 ‘ 1,002 1,184
5 20,478 4,725 10,230 20,332 3,005 17,759
6 30,718 4,725 13,641 81,327 26,040 31,966
7 61,435 9,450 13,641 73,194 125,191 50,908
8 81,913 23,624 20,461 101,659 51,078 169,299
9 266,219 75,598 . 54,562 101,659 62,095 105,368
10 645,069 193,719 122,765 207,384 75,115 119,575
11 1,085,353 340,190 177,328 280,578 121,185 129,046
12 1,197,984 420,513 184,148 264,313 128,196 151,540
13 491,481 311,841 170,507 195,185 119,182 139,701
14 235,501 118,122 160,277 146,389 104,159 137,334
15 204,784 85,048 37,512 93,526 71,108 76,954
16 174,066 61,423 40,922 44,730 61,093 65,115
17 184,305 56,698 40,922 40,664 38,058 39,069
18 143,349 51,973 37,512 36,597 33,050 26,046
19 133,109 33,074 34,101 24,398 34,052 17,759
20 92,153 33,074 17,051 28,464 26,040 15,391
21 61,435 33,074 10, 230 12,199 11,017 8,287
22 20,478 23,624 6,820 20,332 2,003 8,287
23 10,239 14,175 6,820 12,199 5,008 1,184
24 4,725 3,410 16,265 1,002

25

'25+'
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Tabl e 3.--Continued.

Age 1979 1980
4 461
5 3,226
6 8, 756 3,478
7 15, 668 8, 696
8 39, 170 17,391
9 100, 919 27,826
10 82, 947 60, 869
11 80, 183 64, 347
12 94, 007 78, 260
13 91, 242 93, 912
14 78, 800 83, 478
15 67, 740 71, 304
16 65, 436 81, 739
17 45, 621 80, 000
18 35, 944 50, 434
19 25, 345 31, 304
20 13, 825 43, 478
2 11,981 24, 348
22 6,912 12,174
23 3,226 6, 956
24 461 13,913
25 461 1,739
25+ 461 6, 956

*International North Pacific Fisheries Conm ssion.



Table 4.--Estimted nunber of
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Pacific ocean perch landed in the |NPFC*

Col unbi a area, by age group, 1966-80.
Age 1966 1967 1968 1969 1970 1971
3 6, 061
4 19, 445
5 11,773 17,318 29, 168 18, 329 12,122
6 23, 546 34,637 525, 028 7,332 212,127 11,530
7 82,412 329,048 1,137,561 32,992 236, 370 69, 183
8 294, 327 658, 096 1, 545, 917 47, 656 381, 828 138, 365
9 353,192 1,125,691 952, 829 65, 985 387, 889 299, 791
10 800,569 1,818,423 1,157,007 54, 987 339, 403 461, 211
11 1,400,996 3,359,754 1,565,362 124, 638 351,524 426, 626
12 1,731,353 6,165,321 2,440,410 370, 247 430, 314 322, 852
13 1,648,231 3,758,075 2, 109, 836 472, 890 515, 165 334, 382
14 1,200,854 3,359,754 1,497,303 494, 885 333, 342 299, 791
15, 1,424,542 3,134,616 1,205,621 410, 571 406, 071 334, 382
16 1,342,131 2,286,018 826, 434 307, 928 206, 066 276, 730
17 812,342 1,298,874 398, 633 142, 967 60, 608 299, 791
18 588, 654 658, 096 223,623 80, 648 42,425 138, 365
19 259, 008 484,913 106, 950 29, 326 24,243 115, 304
20 117,731 138, 547 77,782 7,332 12,122 92, 243
21 35, 319 34, 637 9,723 6, 061 46, 122
22 11,773 34, 637 9,723 3, 666 11. 530
23 11,773 17,318
24
25
25+
Age 1972 1973 1974 1975 1976 1977
3 2,192 203
4 4,041 8,770 2,554
5 24,246 8,770 1, 326 76, 706 179, 901 4,019
6 52,532 13, 155 9,279 74,188 , 271, 402 64, 786
7 96, 983 8,770 5, 302 91, 168 351, 866 403, 733
8 149, 515 28, 502 3,977 46, 078 186, 957 92, 552
9 258, 621 44,946 18, 557 46, 769 99, 739 55, 553
10 396, 013 63, 582 47,718 95, 241 108, 942 22,485
1 610, 183 84, 410 62, 229 143, 194 133, 365 34,218
12 262, 662 128, 259 84, 833 188, 630 138, 243 28,726
13 198, 007 72,351 58, 323 219, 307 102, 275 22,001
14 234, 375 43, 849 23, 859 90, 358 101, 137 17,548
15 266, 703 37,272 21,208 59, 701 39, 349 11, 845
16 242, 457 43, 849 17,232 35, 959 16, 845 10, 322
17 274,785 48, 234 9,272 45, 263 20, 780 3,447
18 149, 515 43, 849 13, 255 32,874 22,959 3,646
19 72,737 13,155 7,953 19, 596 20, 423 1, 490
20 64, 655 13,155 3,977 15, 080 20, 390 575
21 32,328 10, 962 1,326 12,612 2,829 993
22 12,123 4,385 1,326 4,961 4,650 352
23 12,123 5,481 195
24 814 2,829
25

25+
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Tabl e 4 .--Continued.

Age 1978 1979 1980

3

4 979

5 4,898 4,612 3,613
6 16,280 8,407 19,729
7 43,762 18,535 44,316
8 163,652 48,114 141,997
9 . 77,388 155,680 317,667
10 75,555 108,398 290,186
11 79,434 85,342 150,096
12 127,066 101,492 110,875
13 124,015 87,091 103,587
14 158,838 91,529 116,960
15 137,724 96,153 104,751
16 104,761 80,893 84,582
17 67,074 77,982 66,331
18 42,170 62,903 56,258
19 15,357 47,444 28,264
20 15,101 30,361 25,174
21 8,396 19,820 15,033
22 2,726 13,900 10,413
23 1,666 15,261 9,259
24 1,945 6,561
25 3,132 4,728
25+ 5,299

*International North Pacific Fisheries Commission.
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Table 5.--Estimated length (cm and weight (g) at age for
Paci fic ocean perch, ages 5-17 yr.

Age (yr) Length (cm? Wi ght (g)°
5 26.1 240.4
6 28.0 301.9
7 29.8 366.8
8 31.4 433.8
9 32.9 501.9

10 34.2 570.1
11 35.5 637.8
12 36.6 704 .2
13 37.6 768.9
14 38.6 831.4
15 39.4 891.4
16 40.2 948.7
17 40.9 1,003.3

o
=
I

48,47 (1 - e [-0.0908 (t + 3.5041)1) (Gunderson 1977)

1]

0.0078571 Le 3.16734 (Westrheim and Thomson 1971)
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fitted by Gunderson (1977) and a wei ght-length relationship published by
Westrheim and Thomson (1971). Recruitnent to the fishing grounds is not
conplete until age 16 (Qunderson 1977). Therefore, ages 16 and 17 yr were
assumed to be fully recruited so that the instantaneous fishing nortality
rate in years previous to the final catch year could be "linked" to provide
initial F values for earlier cohorts.

Initial F values for the final year were tuned using a variant of a
met hod described by Tagart (1982). For this nmethod, it is assumed that the
portion of fish at each age recruited to the fishable biomass is the sane in
all years. |If we denote the average instantaneous fishing nortality rate on
age j fish (taken over years) as Fj, and the average exploitation rate as
U=F*(l-eXp(-MFj))/(MFj), the proportion of age j fish recruited to the
fishabl e population relative to some age group J, assuned to be fully
recruited, can be estimated using rj=Uj/UJ. Hence, for the final catch year,
initial F values for the year class represented by j-yr olds can be estinated
by soiving rj*UJ1 for F.I. In our computer program the initial F value for
the fully recruited ages in the final catch year (F,") was fixed, so U' was
also fixed. The rj values were initially assumed to be 1, but were iterated
using the fornulas described here. This estimation process was found to be
stable and converged very rapidly. In the VPA analysis, initial F;," values
of 0.05, 0.10, 0.15, 0.20, 0.25, and 0.30, were used.

Stock Reduction Analysis (SRA)

Stock reduction analysis (Kimura and Tagart 1982, Kinura et al. 1984,
Kimura 1985) was carried out using Schnute's (1985) version of the del ay-
difference equation. Gowh paraneters for the del ay-difference equation
were estimted using data fromArchibald et al. (1983). Assumng an age at

recruitment of k=IO yr, the estimated Ford growth paraneters were RHO=0.97
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and OMEGA=0.94. A Cushing stock-recruitment relationship was also used
(Kimura et al. 1984). The SRA analysis was tuned as much as possible to the
the 1985 survey biomass estimates.
When examning results fromSRA it is inportant to understand the
i nportant role the Cushing recruitment coefficient (r) plays in the stock
assessment.  Under the assunption of the Cushing recruitnent nodel, if a
stock declines to some proportion of the virgin biomass, the recruitment from
that stock will decline to some predictable fraction of that present in the
virgin stock. If virgin biomass is denoted by B, recruitment to the virgin
bi omass by R,, the age at recruitnment by k-yr, bionass at tine t-k by B-Kk,
and the Cushing recruitment coefficient by r, current recruitment is assuned
to be R = 9% (Bt-k/Bo)**r. This relationship is graphed in Figure 3 for
r = 0.0, 0.125, 0.250, and 0.500, the values enployed in the current study.
In Figure 3, all of these r values appear to be plausible; yet the correct r
parameter is critical for determning possible yields, rate of rebuilding,

and the target biomass for rebuilding.
STOCK ASSESSMENT RESULTS AND DI SCUSSI ON

Traw Surveys

The bi omass of Pacific ocean perch estimated fromresults of the 1979
survey was 5,516 t in the U. S. portion of the Vancouver area and 10,528 t in
the Colunmbia area. The conparable 1985 estimates were 2,028 t in the US. -
Vancouver area and 8,668 t in the Colunmbia area (Table 6). These estimates
represent an apparent decline of 33%in bionmass and 37%in nunbers in the
total survey area between 1979 and 1985 (Table 6, Fig. 4). The largest
decline (63% less biomass and 57% fewer fish) was seen. in the U S. -Vancouver

area. Results of traw surveys conducted in the Canadian portion of the
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Figure 3.--Stock-recruitment relationship for the Cushing recruitnment nodel.
The rel ationship between stock size and recruitment is Rt = R *
( Bt-k/bo) **r.
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Tabl e 6.-- Pacific ocean perch abundance estimates from an anal ysis of the
1979a/ and 1995b/ survey data.
Mean Mean
Biomass 90% Confidence limits (t) Population weight length
Area (t) lower upper % of B (x1000) (kg) (cm)
U«.S.,-Vancouver
1979
165-319 m 4573,3 443.6 8703.0 (+ 90%) 5281 0.9
320-475 m 956.3 83,2 1829.5 (: 91%) 1466 0.7
165-475 m 5515.8 1397.6 9633.9 (¥ 75%) 6736 0.8 37.7
1985 -
165=-319 m 1709.5 574.2 2844.8 (+ 66%) 2484 0.7 34.5
320-475 m 318.0 145.7 490.4 (¥ 54%) 413 0.8 37.9
165-475 m 2027.5 880.6 3174.5 (z 57%) 2897 0.7 35.0
Columbia North
1979
165-319 m  -1794.5 128.2 3460.8 (+ 93%) 2037 0.9
320-475 m 123.4 0 398.0 (+ 223%) 143 0.9
165-475 m  1917.9 249.6 35B6.2 (+ B7%) 2180 0.9 38.6
1985 B
165-319 m 2739.4 1889.2 3589.5 (+ 31%) 3390 0.8 37.2
320-475 m 76.0 50,6 101.3 (E 33%) 87 0.9 39.9
165-475 m 2815.3 1964.8 3665.8 (1 30%) 3477 0.8 37.2
Columbia Middle
1979
165-319 m 1905.1 Q 4239.2 (i 123%) 3044 0.6
320-420 m 45,2 6.6 83,9 (1 86%) 61 0.7
165=420 m 1950.3 0 4284.7 (4 120%) 3105 0.6 35.2
1985 -
165-319 m 2327.9 783.5 3872.4 (i 66%) 2989 0.8 36.7
320-420 m 136.8 0 335.8 (+ 145%) 185 0.7 37.2
165-420 m 2464.7 918.6 4010.8 Ti 63%) 3174 0.8 36.7
Columbia South
1979
165-319 m 2968.1 853.9 5082.3 + 71%) 5695 0.5
320-420 m 3691.3 1082.9 6299,7 (+ 71%) 5416 0.7
165-420 m 6659.,4 3359,1 9959.7 E 50%) 11112 0.6 34.6
1985
165-319 m 1229.2 533.9 1924.6 (+ 57%) 2323 0.5 31.8
320-420 m 2143.6 1114.6 3172.5 E 48%) 2724 0.8 35.0
165-420 m 3372.8 2153.1 4592.5 * 36%) 5046 0.7 35.0
Columbia Total
1979
165-319 m 6667.7 3266.4 10069.0 + 51%) 10776 0.6
320-420 m  3859.9 1269.8 6450.0 E 67%) 5620 0.7
or 475 m
165-420 m 10527.6 6323.9 14731.3 (+ 40%) 16397 0.6 35.2
or 475 m -
1985
165-319 m 6296.5 4441.3 8151.8 29%) 8701 0.7 35.6
320-420 m 237145 1339.8 3403.2 ::44%) 3015 0.8 37.8
165-420 m 8668.0 6577.6 10758.5 + 24%) 11716 0.7 36.1

/1979 estimates based on survey depths of 165-475 m north of the Columbia
River and 165-420 m south of the Columbia River; Noreastern trawl catch
rates were used north of the river, 400 Eastern trawl catch rates between
the river and 45°22' N lat., and Mystic trawl catch rates south of 45922'
N lat.

b

This analysis of the 1985 data incorporates adjustments to make the
results as closely comparable to the 1979 results as possible. Survey
depths used in the analysis were 165-475 m north of the Columbia River
and 165-420 m south of the river. Noreastern trawl catch rates were used
‘in all areas except the Columbia South where Noreastern trawl catch rates
were adjusted to Mystic trawl catch rates by multiplying them by 2.64.
Consequently, the Columbia Total estimates alsc reflect the use of Mystic
tfawl catch rates in the Columbia South area.
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Vancouver area by the Canadi an Departnment of Fisheries and Cceans al so
reflect a simlar decline in biomss of Pacific ocean perch (down 56%
between the fall of 1979 (4,200 t) and the fall of 1985 (1,850 t) (Bruce M
Leaman, Pacific Biological Station, Nanaino, B.C., Canada, personal

communi cati on). Stocks in the Columbia area decreased by 18% in terns of

bi omass and 29% in nunbers of fish. A though these differences appear |arge,
differences in the estimates for the 2 years were not statistically
significant due to the wide confidence intervals of the 1979 results (Table
6). The Z-statistics for the U S.-Vancouver and Colunbia areas were -1.48
and -0.66, respectively, neither of which exceeds the test value of 1.96
(al pha = 0.05).

The depth distribution of the population was sinmilar in both survey
years.  Approximately 85-95% of the estimated population occurred in the
shal | ow zone except in the Col unbia South subarea where only 35-45% of the
popul ation was in the shallow stratum This subarea is different from the
others in that the deep stratumis larger than the shallow.  The depth
distribution in 1985 was smoother than in 1979 when exam ned by 20 m depth
intervals (Fig. 5). The population was also distributed nore evenly
latitudinally in 1985 (Fig. 6).

The 1985 survey yiel ded nore precise biomass estinates than the 1979
survey (Table 6). The 90% confidence intervals around the area-depth biomass
estimates ranged from +24 to +66% w th one exception of +145%in the deep
zone of the Colunmbia Mddle subarea. The nore even l|atitudinal and depth
di stribution of the population and nore consistent data collection procedures
wer e undoubtedly major factors in this inprovenent.

Maj or differences are evident between the popul ation size conposition

estimates fromthe two surveys (Fig. 7). The majority of the 1979 popul ation
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Figure 7.--The popul ation size conposition of Pacific ocean perch in 1979 and
1985 (survey results) in the International North Pacific Fisheries
Conmi ssi on Vancouver (U.S. portion) and Colunbia areas. The 1985
results have been adjusted to Mystic trawl catch rates in the
Col unbi a South subarea and depth coverage to 420 moff O egon for
conparison with the results of the 1979 survey.



in the US.-Vancouver area was included in a single large node at 34-42 cm
The 1985 popul ation was spread relatively evenly across all |engths between
22 and 46 cm  The popul ation size conposition in the Colunbia area was
bimodal in 1985 with a major node at 34-42 cmand a smaller node at 27-31 cm
The large node of fish at 34 cmseen in 1979 appears still to be relatively
strong 6 years later as larger fish. There were nmore snmall fish (20-30 cm
in both areas during 1985 than there were in 1979, suggesting sonmewhat
stronger recruitnent, or fewer large fish, than in recent years. Larger fish
dom nated the size conposition in the deep strata consistently in both years
and all areas, a pattern which is consistent with the distribution of nost
rockfish species.

The sex ratio of the population changed notably between 1979 and 1985
The population was 47.8% male in 1979 and 53.8% nale in 1985. This shift
toward a higher proportion of nmales was consistent in all strata (Table 7).
The proportion of nmales was higher in all shallow strata of the Col unbia area
than in the deep strata, although the opposite trend was found in the
U S.-Vancouver area. This pattern occurred during both survey years. The
dissimlarities in sex ratio and size conposition between Pacific ocean perch
in these two I NPFC areas supports the approach of managi ng them as separate
st ocks.

Al'l resource assessment results show the dramatic decline of Pacific
ocean perch stocks during and after the intensive fishing in 1966-68 (Fig.
4). Managers of groundfish resources responded to the situation by
restricting foreign catches of this species to incidental levels in 1977 when
extended jurisdiction took effect in Canadian and U S. waters. Wen US
tram ers were prohibited fromfishing in Queen Charlotte Sound in 1977, the

groundfish stocks off the Washi ngton and Oregon coasts were subjected to
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Table 7.--Sex ratios (percent males) of Pacific ocean perch

popul ations in the INPFC* Vancouver and Col unbia areas
(U S waters only) fromresults of the 1985 Pacific
ocean perch survey by survey subarea and depth zone.
Val ues in parentheses represent results of the analysis
whi ch adj usted 1985 estimates for conparison with 1979
results (depths to 420 mand catch rates adjusted to
the Mystic traw in the Colunbia South subarea).

1979 1985

U.S.=Vancouver area

165-319 m 46.54 47.70

320-475 m 46.67 51.57

165-475 m 46.57 48.25
Columbia North subarea

165-319 m 51.70 54.19

320-475 m 43.03 36.05

165-475 m 51.13 53.74
Columbia Middle subarea

" 165=-319 m 44.17 58.73

320-475 m 33.05 48.02 (48.77)

165-475 m 43.96 57.66 (58.15)
Columbia South subarea

165-319 m : 53.17 57.17 (57.16)

320-475 m 46 .26 54.06 (53.42)
Columbia area

165-319 m 49.63 56.42 (56.55)

320-475 m 45,91 51.46 (52.61)

165=475 m ‘ 48.54 55.63 (55.53)
Total survey area

165-319 m 48.45 54.20 (54.58)

320-475 m 46.13 51.48 (52.49)

165-475 m 47 .84 53.78 (54.09)

*International North Pacific Fisheries Commission.
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increased fishing pressure. Trip limts for Pacific ocean perch were inposed
on donestic trawmers in late 1978 to control Landings and pronote the Pacific
Fi shery Managenent Council's goal of rebuilding the stocks off Washi ngton and
Oegon.  @underson (1979) estinmated through cohort analysis that these stocks
could be rebuilt in approximately 20 yr to a |level which they would produce
maxi num sustainable yields. This strategy required limting acceptable

bi ol ogi cal catches (ABC) to 600 t and 950 t in the U.S. -Vancouver and

Col unbi a areas, respectively (Pacific Fishery Managenent Council 1980).

Anal ytic Mdel s

Fi shabl e biomass estimates calculated from VPA are shown in Figure 8.
Tabl e 8 provides estimates of total and fishable biomass for the first year
of age data (1966 or 1967), the year Pacific ocean perch was fully surveyed
(1979), and the final year of age data (1980). The estimates of early
bi onass (1966-67) are | argely unchanged for the different values of F(start).
These are approximtely 36,000 t total, 23,000 t fishable for the Vancouver
area, and 50,000 t total and 30,000 t fishable in the Colunbia area. For
MeQ |, Gunderson (1981) estinated a fishable bionass of 32,019 t for the
Vancouver area, and 29,873 t for the Colunbia area. Cearly the main
difference is in the Vancouver area, where the present study provides
significantly lower estimtes of 1967 biomass

The SPA fits based on catch-in-biomass data (Table 1) are summarized in
Table 9 for the Vancouver area and Table 10 for the Colunbia area. Gven an
assuned virgin biomass, and a value for the Cushing stock-recruitment
coefficient (r), the SPA fit to the catch data is conpletely deternined
Because the 1985 U. S. and Canadian trawl surveys estimted bi omass to be
approxi mately 4,000 t in the Vancouver area and 10,000 t in the Col unbia

area, virgin biomass in 1956 is estimated to be approxinmately 68, 000-72, 500 t
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Figure 8. --Virtual population analysis estimtes of fishable biomss by year
for Pacific ocean perch in the International North Pacific
Fi sheri es Conmi ssion Vancouver and Col unbia areas using a range of
initial F-values from0.05 to 0.30 and a natural nortality rate of
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Table 8.--Virtual popul ation analysis estimates of total and
fishabl e biomass (metric tons, ages 5-17 conbined) for
I NPFC* Vancouver and Col unbia areas. Estimates are for
sel ected years, based on M:=0.05 and various F(start)

| evel s.
INPFC Vancouver INPFC Columbia
F(start) 1967 1979 1980 1966 1979 1980
Total biomass
0.05 38,826 19,363 18,669 51,430 47,928 51,676
0.10 36,946 9,270 8,535 49,994 22,918 23,910
0.15 36,320- 6,231 ° 5,521 49,515 15,273 15,563
0.20 36,006 4,790 4,102 43,276 11,610 11,598
0.25 35,819 - 3,596 3,283 49,133 9,474 9,298
0.30 35,694 3,414 2,754 - 49,037 8,080 7,802
Fishable biomass
0.05 22,593 10,742 10,919 29,207 18,394 21,025
0.10 ‘ 23,270 5,792 5,595 . 30,135 9,773 10,773
0.15 . 23,713 . 4,124 3,821 ..30,659 6,878 7,358
0.20 24,034 3,286 2,936 31,016 5,426. 5,653
0.25 . 24,284 2,782 2,405 31,282 4,554 4,632

0.30 24,485 2,446 2,052 31,493 3,972 3,952

*International North Pacific Fisheries Commission.
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Table 9.-- Stock reduction analysis (SRA) fits to the | NPFCY
Vancouver area catch data. The SRA solutions are
conpl etely determined for given values of virgin
bi onass and the Cushing recruitment coefficient (r).
Underlined values are those that best fit the survey

dat a.
Assumed Cushing recruitment coefficient (r)
virgin
biomass 0.000 0.125 0.250 0.500

Final biomass at the beginning of 1986

67,000 No solution-——-=-—————cccem e e
68,000 13,035 8,020 4,235 ne.s.n/
70,000 15,518 10,913 7,304 2,236
72,500 18,467 14,187 10,730 5,666
75,000 21,302 17,248 13,900 8,844

Biomass at the beginning of 1967

68,000 32,706 32,702 32,698 NeS.
70,000 34,706 34,702 34,698 34,691
72,500 , 37,206 37,202 37,198 37,191
75,000 - 39,706 39,702 39,699 39,691

Maximum sustainable yield assuming F=0.05

68,000 1,382 1,224 1,041 n.s.
70,000 1,423 1,260 1,071 608
72,500 1,473 1,305 1,110 629
75,000 1,524 1,350 1,148 651

Equilibrium biomass at MSY assuming F=0.05

68,000 29,043 25,720 21,872 NeSa
70,000 29,900 26,479 22,518 12,772
72,500 30,968 27,424 23,322 13,228
75,000 32,035 28,369 24,126 13,683

Maximum sustainable yield assuming F unconstrained

(F=0.49)
68,000 1,890 1,411 1,086 Nn.s.
70,000 1,946 1,452 1,118 632
72,500 2,015 1,504 1,158 - 654
75,000 2,085 1,556 1,198 677

Equilibrium biomass at MSY assuming F unconstrained

68,000 4,992 10,377 14,476 NeS.
70,000 5,139 11,389 14,904 21,908
72,500 5,322 11,795 15,436 22,690
75,000 5,506 12,202 15,968 23,47

a/Iternational North Pacific Fisheries Commission.
b/n.s. = no solution.
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Table 10.--Stock reduction analysis (SRA) fits to the | NPFCY
Columbia area catch data. The SRA solutions are
conpl etely determined for given values of virgin
bi omass and the Cushing recruitnent coefficient (r).
Underlined val ues are those that best fit the survey

dat a.
Assumed
virgin Cushing recruitment coefficient (r)
Biomass 0.000 0.125 | 0.250 0.500

Final biomass at the beginning of 1986

69,000 No Solution-———— e -
70,000 14,914 9,473 5,450 n.s.n/
72,500 17,976 13,073 9,267 3,998
75,000 20,877 16,310 12,654 7,369
77,500 23,676 19,348 15,806 10,519

Biomass at the beginning of 1966

70,000 48,893 48,893 48,893 NeSe.
72,500 51,393 51,393 51,393 51,393
75,000 53,894 53,894 53,894 53,894
77,500 56,394 56,394 56,394 . 56,394

Maximum sustainable yield assuming F=0.05

70,000 1,423 1,260 1,071 n.s.
72,500 1,473 1,305 1,110 ' 629
75,000 1,524 1,350 1,148 651
77,500 1,575 1,395 1,186 673

Equilibrium biomass at MSY assuming F=0.05

70,000 29,900 26,479 22,518 ‘ N.S.
72,500 30,968 27,424 23,322 13,228
75,000 32,035 28,369 24,126 . 13,683
77,500 33,102 29,314 24,929 14,139

Maximum sustainable yield assuming F unconstrained

(F=0.49)
70,000 1,946 1,452 1,118 n.s.
72,500 2,015 1,504 1,158 654
75,000 2,085 1,556 1,198 677
77,500 2,154 1,608 1,238 699

Equilibrium biomass at MSY assuming F unconstrained

70,000 5,139 10,638 14,904 N.S.
72,500 5,322 11,795 15,436 - 22,690
75,000 - 5,506 12,202 15,968 23,471
77,500 5,689 12,608 16,500 24,253

a/International North Pacific Fisheries Commission.
b/n.s. = no solution.
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in the Vancouver area and 70,000-77,500 t in the Colunbia area. Figure 9
graphs the biomass trends for the SRA fits nost consistent with the 1985
survey estimates.

Al t hough VPA shows that recruitnent is gradual and not knife-edged (Table
11), it is useful to exam ne the nunmber of [0-yr-olds as an index of
recruitnent strength (Table 12). Recruitnent in the Vancouver and Col unbia
areas shows a dramatic decline. Both areas show a large initial decline, as
the earlier recruitnment values are from near virgin bionass |evels. However,
t he Vancouver area shows a continued decline in recent years, while the
Col unbi a area gives some indication of stabilized recruitnment and the promni se
of a strong 1970 year class.

Conparing our recruitment estimates with F(start)=010 (average 1,538 t
for the Vancouver area, and 1,909 t for the Colunbia area) with those
cal cul ated by Gunderson (1981) (average 3,297 t for the Vancouver area and
2,326 t in the Colunbia area), we see that our estimtes of recruitnment are
| oner especially in the Vancouver area. The 1979 survey estimates of
fishable biomass, 9,716 t in the Vancouver area and 10,528 t in the Col unbia
area, favor F(start)=0.05 in the Vancouver area and F(start)=0.10in the
Colunbia area (Table 12). Thus, annual recruitment in both areas appears to
have averaged approxinmately 2,000 t.

The SRA assuned knife-edged recruitment to the fishable biomass at age
10 yr. This approxinmation is intended to account for the fact that nany fish
younger than age 10 yr are recruited to the fishable stock, while fish 10 yr
and older are not fully recruited. The age-at-recruitnent would affect the
SRA anal ysis by changing the Ford growh parameters (RHO, OMEGA), and the
time delay between stock size and subsequent recruitnment. Both changes woul d

be gradual, and one would not expect a radical change in the analysis if the
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Table 11 .--Virtual population analysis estimates of vul nerablity

coefficients for ages 5 through 17 in the | NPFC

Vancouver and Col unbi a area stocks under M:=0.05 and
various F(start) Ilevels.
——————————————————————— INPFC VanCouvery —————ece e e o e
F(start) levels

Age 0.05 0.10 0.15 0.20 0.25 0.30
5 0.0082 0.0146 0.0207 0.0263 0.0316 0.0365

6 0.0199 0.0331 0.0443 0.0541 0.0627 0.0705

7 0.0587 0.0820 0.0995 0.1136 0.1253 0.1353

8 0.1050 0.1376 0.1608 0.1790 0.1939 0.2065

9 0.2278 042651 0.2889 0.3068 0.3212 0.3331
10 0.4125 0.4584 0.4843 0.5023 0.5159 0.5268
11 0.5999 0.6535 0.6796 0.6961 0.7078 " 0.7167
12 0.7635 0.8182 0.8423 0.8565 0.8660 0.8730
13 0.7786 0.8330 0.8581 0.8732 0.8834 0.8909
14 0.7496 . 0.8008 0.8268 0.8432 0.8548 0.8635
15 0.7930 0.8201 0.8335 0.8418 0.8477 0.8521
16 1.,0000 1.0000 1.0000 1.0000 1.0000 1.0000
17 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
—————————————————————— INPFC Columbia -==-—ee— e
Age . 0.05 0.10 0.15 0.20 0.25 0.30
5 0.0086 0.0133 0.0169 0.0199 0.0224 0.0247

6 0.0618 0.0864 0.1030 0.1156 0.1256 0.1338

7 0.1310 0.1590 0.1767 0.1899 0.2005 0.2092

8 0.2525 0.2755 0.2883 0.2974 0.3045 0.3102

9 0.2618 0.2911 0.3062 0.3163 0.3239 0.3300
10 0.3500 0.3807 0.3964 0.4069 0.4148 0.4211
11 0.5139 0.5483 0.5645 0.5747 0.5820 0.5876
12 0.7018 0.7348 0.7495 0.7583 0.7643 0.7688
13 0.6676 0.7094 0.7287 0.7403 0.7482 0.7539
14 0.6856 0.7259 0.7471 0.7608 0.7706 0.7781
15 0.8744 0.8974 0.9088 0.9158 0.9207 0.9243
16 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
17 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

*International North Pacific Fisheries Commission.



Table 12 .--Virtua
of 10 year olds (metric tons) to the | NPFC* Vancouver

popul ation analysis estinmates of

36

recruitnment

and Colunmbia area stocks by year class under M:0.05
and various F(start) levels
----------------------- INPFC Vancouver —————cemmmmm e
F(start) levels
Yr class 0.05 0.10 0.15 0.20 0.25 0.30
1957 3,080 2,884 2,818 2,785 2,766 2,753
1958 2,006 1,804 1,737 1,703 1,683 1,670
1959 1,645 1,453 7,389 1,357 1,338 1,325
1960 2,027 1,826 1,759 1,725 1,705 1,692
1961 3,142 2,835 2,733 2,681 2,651 2,630
1962 2,644 2,157 1,995 1,914 1,865 1,833
1963 2,381 1,712 1,496 1,386 1,320 1,276
1964 1,944 1,300 1,085 978 913 871
1965 1,861 1,163 938 828 763 719
1966 1,985 1,137 872 745 670 621
1967 1,863 988 717 586 510 460
1968 1,476 768 550 444 383 342
1969 1,399 684 466 361 301 261
1970 1,768 815 527 390 311 260
Mean 2,087 1,538 1,363 1,277 1,227 1,194
——————————————————————— INPFC Columbia —-=-===c——m e
Yr class 0.05 0.10 0.15 0.20 0.25 0.30
1956 5,532 5,383 5,334 5,309 5,294 5,284
1957 3,397 3,269 3,226 3,205 3,192 3,183
1958 2,053 1,827 1,751 1,713 1,691 1,676
1959 1,082 911 854 826 809 797
1960 1,061 929 885 863 850 841
1961 1,808 1,433 1,307 1,245 1,207 1,182
1962 1,858 1,300 1,115 1,022 966 929
1963 1,574 1,024 841 749 694 658
1964 1,773 1,106 884 773 707 662
1965 2,148 1,226 926 779 691 633
1966 2,722 1,434 1,028 831 715 639
1967 2,287 1,169 820 651 552 487
1968 2,188 1,120 782 617 520 455
1969 3,742 1,830 1,235 948 779 668
1970 9,932 4,679 3,069 2,297 1,846 1,552
Mean 2,877 1,909 1,604 1,455 1,368 1,310

+* . g . . . . . ’
International North Pacific Fisheries Commission.



37

age at recruitment were increased only a few years. Nevertheless, tota
bi onass estinmates from VPA for the 1966-67 tinme period (Table 8) conpare well
with the fishable biomass estimates from SRA (Tables 9 and 10). The reason
for this is not clear. It may be sinply that the SRA definition of fishable
popul ation (i.e., total population greater than age 10 yr) is approxi mately
equal to the VPA definition of total population (i.e., total population
between 5 and 17 yr). Nevertheless, the estinated biomass of all 10 yr-olds
fromVPA (Table 12) is close to the annual recruitment estimted from SRA
(1,989 t froma virgin biomass of 70,000 t). This would be expected in
t heory

Because virgin biomasses in the Vancouver and Col unbia areas were
approxi mately the same, the SRA estimates of MSY fromthese areas are
approximately the same. Assuming F,,-0.05 it is believed that both areas
can sustain catches of around |,0001,500 t annually (Tables 9 and 10). If
hi gher fishing nortality rates are sustainable and r is zero, higher yields
woul d appear possible. However, this scenario is unreasonable because it
suggests a removal of about 2,000 t annually froma fishable biomass of only
5,000 t.

Currently, stock bionmass is approxi mately 6% and 12% of the virgin
bi omass in the Vancouver and Col unbi a areas, respectively. Recruitnment
failure is viewed as a strong possibility at these |ow stock levels. In
fact, it should be clear from Tables 9 and 10 that fromthe biol ogical point
of view, the stock should be rebuilt to around the 25,000 t level in both
areas. The rebuilt stocks will result in larger yields than available from
the current biomass. Also, this larger standing stock would likely result in

stronger recr ui t nent.
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The weakness of the SRA approach applied to these Pacific ocean perch
stocks is that probably none of the Cushing recruitment coefficients (r)
apply properly to the long history of stock decline. For exanple, perhaps
t he popul ati on behaves as a constant recruitment nodel (r=00 when Bis
greater than sone threshold level; but when B is below this threshold |evel,
there may be a strong stock recruitment relationship (e.g., r=0.50). Under
these circunmstances, the r=0 O scenarios would overestimte the stocks rate
of rebuilding, while all scenarios would probably underestimate recruitnment

inthe rebuilt stock and therefore underestinmate the potential MNSY.

REBUI LDI NG SCENARI OS

It is clear that the current stock condition of Pacific ocean perch in
the INPFC Vancouver and Colunbia areas is very poor. Therefore, it is
desirable to know what can be done to rebuild the population to nmore optimal
levels. One way this can be done is to use Schnute's (1985) form of the
del ay-di fference equation to project future popul ation biomass. The SRA fits
provide a convenient starting point for such projections. Gven a particular
SRA fit, say M RHO OMEGA, B,, and a Cushing recruitnment coefficient (r),
the future population biomass is a function of annual fishing intensity F.
The rate of rebuilding is largely a function of r and F.

Figures 10 and 11 project future stock biomass fromthe SRA fits that
agree nost closely with the 1985 survey (Table 6). Coviously, rebuilding is
nost rapid for scenarios with small r's and F's. However, the question
arises as to which r is nost appropriate. Tables 9 and 10 indicate the
probability that r>0 since the SRAfits with r=0 0 have difficulty fitting
the 1985 survey results. Furthernore, Table 12 indicates that recruitnent
has decreased substantially with the decrease in stock biomass. Let us

consi der sonme rough figures: Virgin stock was approxinately 70,000 t in both
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Figure 10.--Biomass projections for Pacific ocean perch in the Internationa
North Pacific Fisheries Comm ssion Vancouver and Col unbi a areas
based on Cushing recruitment coefficients (r) of 0.0 and 0.125
and F levels of 0.0, 0.02, and 0.05.
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areas, W th current bionass approximately 10,000 t, and recruitnent fromthe
virgin biomass appears to have decreased to half that fromthe virgin stock
The applicable Cushing recruitment coefficient that solves 0.5=(1/7)**r is
r=0. 36. Hence, a realistic r mght be in the 0.25-0.50 range

Because SRA mpdels with r=0 O or 0.125 could not always be accurately
fitted to the 1985 survey data, the rebuilding trends in Figures 10 and 11
start from different initial bionmass values. To correct somewhat for this
bias, the rebuilding trends presented in these figures have been presented in
a different and probably nmore usable form Table 13 gives the nunber of
years required to rebuild the stock a fixed anount, given the area, r, and a
future instantaneous fishing nortality rate.

From Table 13 it appears that both the Vancouver and Col unbia areas can
be expected to rebuild at approximately the sane rate, though Vancouver can
be expected to be a little slower. Wth a niddle estimate of r (r-=0.25)
when there is no fishing (F=0. O, the stocks can be expected to rebuild at
the rate of 5,000t every 6 or 7 years; when F=0.02, the rate is 5,000 t
every. 7 or 8 years; and when F=0.05 the rate is 5,000 nt every 10 or 11
years. Wth a stronger stock-recruitment relationship (r=0.50), F=0 O
inplies a rebuilding rate of 5000t every 9 to 11 years, and F=0.02 inplies
5,000 t takes 15 to 16 years. Wth r=0.50, an F=0.05 inplies there will be
no rebuilding

In 1979, survey biomass was roughly 10,000 t in both INPFC areas. Since
1979, annual catches have averaged approximately 1,000 t from both areas.
Clearly the stocks in these areas cannot be expected to rebuild at annua
fishing rates of F=O.1. In fact, there is the probability that further
damage will be done to these stocks. Since the 1985 survey shows that the

Vancouver area stock suffered a sharp decline, while the Colunbia area stock
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Table 13.--Estimated nunber of years to rebuild Pacific ocean perch
stocks using the stock reduction analysis results that best
fit the survey data (underlined in Tables 9 and 10.
Rebuilding time is a function of both the Cushing
recruitnent coefficient (r) and the instantaneous fishing

rate (F).
Cushing recruitment coefficients (r)
0.000 0.125 0.250 0.500
Estimated Fishing mortality rate (F)
population
increase .0 .02 .05 .0 .02 .05 .0 .02 .05 .0 .02 .05
INPFC* vancouver Area
5,000 4 5 6 5 6 8 7 8 10 11 16 42
10,000 7 9 13 9 11 16 13 15 23 22 34 50+
15,000 10 13 33 13 17 33 18 23 45 32 50+ 50+
20,000 14 19 50+ 18 24 50+ 24 33 50+ M 50+ 50+
25,000 17 28 50+ 22 33 50+ 30 45 50+ 50+ 50+ 50+
INPFC Columbia Area
5,000 4 5 6 5 6 7 6 7 1 9 15 50+
10,000 7 9 15 9 11 17 11 14 29 18 33 50+
15,000 10 13 50+ 13 17 36 16 23 50+ 27 50+ * 50+
20,000 13 19 50+ 17 24 50+ 21 33 50+ 36 50+ 50+
25,000 17 29 50+ 21 33 50+ 27 48 50+ 46 50+ 50+

*International North Pacific Fisheries Commission.
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is roughly unchanged, the question arises as to why stocks did not suffer
equally in the two areas? Qur best guess would be that recruitnment in the

Vancouver area has been weaker than in the Colunbia area (Table 12).

CONCLUSI ONS AND RECOMVENDATI ONS

Fromthe study presented in this paper, it is clear that Pacific ocean
perch stocks in the Vancouver and Col unbia areas are in poor and perhaps
worsening condition. These stocks have deteriorated to the point that
acceptabl e biological catch (ABC), the catch which is justifiable from
bi ol ogi cal considerations only, should be set at a low level in both the
Vancouver and Columbia |INPFC areas. W have attenpted to establish a range
of ABC values for each area to be consistent with the groundfish managenent
teams (GVMIN definition of ABC. "ABC is the GMI's estimate of a catch or a
range of catches that will result in the stock remaining at or approaching
the maxi num sustainable yield (MSY) level, or renmining constant if the stock
is not at the MSY level."

W believe that the current biomass of Pacific ocean perch in both
regions is well below the |evel which produces MSY. Based on the 1985 traw
surveys, stock biomass was estinmated at about 3,900 t in the Vancouver area
and approximately 8,700 t in the Colunbia area. Qur best estimate of the
bi omass whi ch produces MsY is roughly 25,000 t for both stocks. If these
stocks are to be rebuilt at the maxi numrate, ABC should be set to zero. If
rebuilding at the maximumrate is not desired, however, ABC can be any number
between zero and our best estimate of equilibriumyield (EY)

W estinmated EY fromthe previously cal cul ated SRA sol utions by
examning levels of fishing nortality (F) that would stabilize the popul ation

at its current level. Only the SRA values of current biomass under Cushing
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recruitnment coefficients of 0.25 and 0.50 were used (Tables 9 and 10, under-
lined values). These values were selected because they best approximated
the 1985 survey bi onass estimates and because current recruitnent is thought
to be affected by the |ow biomasses. The results of this analysis are

summari zed as foll ows:

| NPFC Vancouver | NPFC Col unbi a
Cushi ng recruitment 0.25 0.50 0.25 0. 50
coefficient (r)
SRA estimtes of 4,235 5, 666 9, 267 10, 519
current bionmass
Equilibrium F 0. 254 0. 094 0.132 0. 063
Equilibrium yield (EY) 928 494 1,120 629

Qur best estimate of EY for both areas is the midpoint of the individua
yi el ds under the two recruitnent scenarios (i.e., 711 and 874 t for the
Vancouver and Colunbia areas, respectively). The US. portion of the tota
Vancouver EY was estimated by multiplying the mdpoint by the percentage of
the 1985 survey bionmass estimate in U.S. waters only (i.e., 52%. Therefore
our final recomrendation for the 1987 ABC range is 0370t for the US. -
Vancouver area and O-874 t for the Colunmbia area.

It is inportant to understand the shortcom ngs of the stock assessnent
presented here. \Wen a stock assessment is performed, usually a different
l evel of credibility should be given to each portion of the analysis. For
example, estimates of earlier population estinmates, 1966-67 biomass from VPA,
and 1956 virgin biomass from SRA, are probably fairly robust. Less certain,
but still credible, are the range of estimtes of maxi mum sustainable yield
Less credible still are the equilibrium biomasses corresponding to the MSY's

Least credible are the rebuilding schedul es presented in this paper
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If one examines the previous paragraph it should be evident that
uncertainty increases as the particular statistic depends nore on the pattern
of recruitnment. Early bionass estinmates and estimates of MSY ranges do not
depend much on guessing the particular pattern of recruitnent of a
popul ation.  However, the equilibrium biomass of a population at a particul ar
sustai nabl e yield depends greatly on the particular stock-recruitnent
rel ationship, and the accuracy of any rebuilding schedul e depends on the
actual levels of future recruitment. O course the latter is inpossible to
predict accurately in nature. However, the rebuilding schedule perforns the
useful service of providing a reasonable idea of what can be expected under
optimstic and pessimstic recruitnent scenarios and different |evels of
fishing intensity. It is easy to devise reasonable scenarios, both
optimstic and pessimstic, that are not considered in our assessment. But

it is nearly inpossible to state probabilities for such conjectures.
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