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ABSTRACT 

Virtual population analysis (VPA) and survey estimates of female English 

sole abundance were used to reconstruct the stock biomass history from 1966-

1985, in the INPFC Columbia_and Vancouver areas. Average biomass over the 20 

year period ranged from 5,702 to 6,780 mt for VPA estimates and averaged 

10,951 mt for survey based estimates. For 1985 both methods produced 

estimates of biomass ranging from 3,030 to 5,634 mt. 

Reduced abundance in recent years was attributed to the lack of strong 

recruitment. VPA estimates of age 5 recruits suggest that recruitment has 

been below average for the past tllree years. 
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RESULTS OF VIRTUAL POPULATION ANALYSIS OF ENGLISH SOLE 

IN THE INPFC COLUMBIA-VANCOUVER AREAS 

INTRODUCTION 

This report presents results of virtual population analysis (VPA} and 

survey base-based biomass estimates for stocks of English sole in the INPFC 

Columbia and Vancouver areas. The analysis presented is an update of a pre­

vious report by Demory (1984) submitted to the Groundfish Management Team of 

the Pacific Fishery Management Council. The previous report did not include 

VPA estimates because of known bias in the original catch-at-age estimates. 

Significant trends in mean length and weight at age had been detected which 

were responsible for the bias. The VPA results repoited herein used new .esti­

mates of catch-at-age adjusted for these trends. 

To facilitate comparisons of VPA and survey results the analysis was 

limited to the INPFC Columbia area and PMFC area 3B within the INPFC Vancouver 

area. 



METHODS 

Catch, Effort and Catch in Numbers at Age 

Landed catch of English sole from 1966-1985 taken from the INPFC 

Vancouver and Columbia areas and PMFC area 3B were sunmarized from the PMFC 

data series, Agency TSC reports, and PacFin data series. Catch per unit 

effort (CPUE) data in metric tons per hour (mt/h) 1n the INPFC Vancouver area 

were based on Washington Department of Fisheries haul records of effort from 

any trip which had English sole landed, while INPFC Columbia area CPUE was 

based on effort in significant trips from Oregon trawl records. Significant 

trip effort is defined as the effort for a trip for which English sole com­

prises greater than or equal to 30% of .the total catch. Tagging ~ata sug­

gested that English sole stocks are contiguous in the INPFC Columbia area and 

in PMFC area 3B (Demory, unpublished). In addition, biomass of English sole 

(T\ during 1973-76 in INPFC Columbia area and PMFC areas could be estimated from 

available data. For these reaso~s, and in order to compare VPA with the sur­

vey estimates, catches from the INPFC Columbia area and PMFC areas were com­

bined for subsequent analysis. 

Analysis of covariance of Vancouver and Columbia CPUE vs time was per­

formed to examine the data for trends. Measures of effort in both statistical 

areas were different and required standardization. Since the analysis of 

trends revealed no difference in slopes between the two areas (i.e. change in 

CPUE with time), the Columbia area CPUE using the Oregon method of calculating 

significant effort was used to estimate effort in the INPFC Columbia area and 

PMFC area 38. Effort was estimated by dividing the combined area landed catch 
, 

by the Columbia area significant CPUE. 
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C. ···.· 

More than 90% of the landed catch of English sole is comprised of 

females, therefore VPA was confined to analysis of females. Market sample 

data were used to estimate landed weight of female English sole in the 

following manner: 

= estimated landed catch of females in year j in kg 

= proportion of females in market samples in year j 

= estimated total landed catch of English sole in year j 

in kg 

Female English sole interopercles were used to determine age. Each 

annual landing in weight was converted to numbers landed by age group using 

the following relationship: 

where: 

where: 

C 1 
; j = ( P; j X W f j ) / wi j · 

numbers of female English sole of age i l.anded in year j, 

uncorrected for discard 

P;j = (n;j x w;j)/sum(nij x Wij) 

= the proportion by weight of female fish of age i landed in 

year j 

Wj = weight of females in kg landed in year j based on market 

samples 

w;j = average weight (kg} of females age i in year j 

nij = frequency of female English sole age i in year j in 

market samples 

The number of fish landed was also adjusted to account for fish discarded 

at sea because of small size. A length-specific retention rate was derived 

from regression analysis presented in Ten Eyck and Demory (1975). This rate 

is: 
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R1 = 1.307 + 0.065 L 

where: R1 = the proportion of fish length 1 caught that are landed. 

L = length in cm 

Since mean length at age changes with time, discard rates were applied to 

numbers of fish by length category, within each age group for each year where: 

C;j = sum(Q1;j x C';j)/R1 

Cij = numbers of female English sole of age i landed in year j 

(i.e. corrected for discard) and 

Olij = proportion of fish of age i landed in year j that are 

length 1. 

In 1976 no market samples were collected. To derive catch at age for 

this year, market sample data from 1975 and 1977 were averaged and the pro­

cedures above were used to estimate C;j. 

Virtual Population Analysis 

Virtual population analysis (VPA) was conducted on the catch-at-age data 

using Gulland's method as described by Pope (1972) and implemented by Tagart 

(1982), using two different methods. Initially, a starting value of F for a 

single brood year in the most recent fishing year was used to solve for all 

other brood years. This version of the model, described below, was called the 

linked VPA model. Using information from the linked VPA model, starting F 

values for each brood year were used in the second mode which we called the 

fixed F VPA model. The results of the fixed-F version of the VPA model were 

used in all subsequent calculations of stock biomass. The method used to ini­

tiate the first model was nearly identical to that described in Demory et al. 
, 

(1984) with a few exceptions. The natural instantaneous mortality rate, M, 

was assumed constant for all ages and years and set equal to 0.26 (Anon. 1982) 
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Estimates of instantaneous rates of fishing mortality (Fij) and population 

size {Nij) were made using a single initial starting F value in 1983 for a 

pair of adjacent, fully recruited brood years. The method linking VPA equa­

tions by equating F for these adjacent yearclasses in each fishing year was 

described by Lenarz (1979). Comparisons of vulnerability ratios (ratio of 

average exploitation rate at age to exploitation rate at age of full recruit­

ment) were made to an idealized vulnerability curve to select the final 

linkage. After selecting final linked-ages for the model, starting F values 

of 0.25, □ ~50, and 0.75 were used to produce estimates of F;j and Nij• 

Average catchability for each of the linked runs using the different 

starting values of F was estimated as follows: 

where: 

q = Sum (Fj)/Sum(fj) 

q = average catchability 

Fj = instantaneous fishing mortality rate for fully recruited 

fish in year j and 

fj = fishing effort in year j. 

Starting F values for the fixed F version of the VPA model were developed 

using the formula, 

F;j= q x fj 

where i = a fully recruited age in each year j with the exception of 

the first and last fishing year, age 9 was used for establishing starting F 

values in the fixed model. Additional starting F values were fixed for ages 

10-13 in the first fishing year, and for ages 3-8 in the last fishing year. 

To test the assumption that catchabilities were without trend, qs's were 

regressed against.time j and tests of significance were made for regression 

slopes not equal to O. 
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Once estimates of F;j were made using the fixed-F version of the VPA 

model, biomass of female English sole was estimated from 1976-1983 using the 

following formula: 

Bj = Sum (Nij x W;j x Vi/ajl/1000 

where: Bj = English sole biomass in year j in metric tons 

N;j= VPA derived population numbers at age i in year j 

W;j= mean .weight in kg at age i in year j 

Vi= average ratio of the exploitation rate at age i to exploita­

tion rate at age K where K equals the age of full recruitment 

i = age for ages 3 to 13 

aj = ratio of the catch in weight of ages 3 to 13 to the catch in 

weight of all ages, corrected for discard. 

Area Sweot Estimates of Biomass 

c:~•;, Estimates of bi amass used were those reported by Demory et al • ( 1976) and 

Barss et al. (1977) from surveys conducted during 1973-76. Results from the 

1973-74 survey off Oregon were added to the mean of the 1975-76 surveys off 

1..Jashi ngton. Survey tows in the Vancouver Area were limited to PMFC arec:i 38. 

The few tows in PMFC Area 3C (n=6) did not contain any English sole; thus it 

was not possible to estimate biomass in PMFC Area 3C. Coefficients of varia­

tion of the original survey ranged from 21 to 30% of the mean biomass 

estimates. 

Survey data from 1971-72 (off Oregon) were not used because a gear change 

occurred between the 1971-72 and 1973-74 surveys. Gear type, configuration, 

and rigging were therefore consistent for the 1973-76 surveys. 

Although survey catch composition was comprised of nearly equal amounts 

of males and females, estimates of biomass were limited to females. Only 5 

percent of the landed catch was composed of males because of their relatively 
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small size. Males would only be of concern for stock asessment and management 

if a decision was made to reduce mesh size and/ or the processing sector 

chooses to utilize smal ler fish than are currently being utilized. 

The survey estimates of bianass overestimated the biomass available to 

the commercial fishery because the survey trawl cod end mesh size was 3.5 inch 

and not 4.5 inch. Some adjustment was necessary because some fish which would 

be caught by the survey trawl would not be caught by a commercial trawl. 

Adjustment was accomp 1 i shed by first determining a cumulative 1 ength-wei ght · 

frequency from survey data (females only) and from samples of landing that had 

been corrected for discard. 

Secondly, the respective cumulative length-weight frequencies were 

graphed and the respective area under each curve measured by planimeter. The 

difference between the measured areas was expressed as a ratio which was used 

{U::. to reduce the biomass. The computed ratio was 0.928, thus the survey estimate 

of female biomass was reduced by approximately seven percent. 

( 

Stock Reconstruction 

Since VPA estimates of female biomass of English sole spanned the years 

1966-1983 and survey estimates were an average for the 1973-1976 period, we 

developed a means to reconstruct the biomass based on each method from 

1966- 1985. 

Estimates of average catchability (q) fr om each of the fi xed-F VPA runs 

(low, midrange, and high starting F's) were used with effort data (fj) for the 

years 1984 and 1985 to estimate Fj for these years using the relationship 

Fj = q X fj. 
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Using the catch in weight of female English sole (Wj} corrected for dis­

card and the catch equation, we derive 

Bj = Wj + [Fj/{Fj+M)] x [l - exp -(Fj + M)] 

to estimate biomass for the years 1984 and 1985. 

The average catch of female English sole from 1973-1976 (Ws) and the sur­

vey estimate of biomass Bs during the same time period was used to calculate a 

survey based exploitation rate: 

Us= Ws/Bs 

Using iterative substitution (Newton's method), and the catch equation 

above, the average rate of fishing mortality Fs for the survey period was 

determined. Using average effort fs .during the same time period, a survey 

based catchability coefficient was determined 

The biomass history based on the survey catchability was determined by 

estimating annual instantaneous rate of fishing mortality for each of the 

years 1966-1985 via the relationship 

Fj = q5 X fj 

and using the catch equation 

85 = Wj + [Fj/(Fj+ M)] X [1 - e -(Fj + M] 

The biomass reconstructions provided a means of comparing VPA and survey 

estimates and also a way to generate more recent estimates of biomass. We 

recognize that they are heavily dependent on the assumptions that catchability 

is constant and fishing mortality is proportional to fishing effort. 

RESULTS 

Catch, Effort and Catch in Numbers at Age 

The estimated catch including discard of female English sole taken from 

the INPFC Columbia area and PMFC area 38 averaged 1,331 mt per year and 
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reached a peak in 1976 of 2,513 mt (Table 1 and Figure 1}. Catches declined 

following 1976 and reached a record low of 627 mt in 1984. However, trawl 

effort increased gradually over the 20 year catch history peaking in 1983 at 

21,100 trawl hours (Figure 2 and Table 1). Catch per unit effort in the INPFC 

Columbia and Vancouver areas have both demonstrated a declining trend with 

similar slopes (Figure 3}. 

Catch per unit effort has increased slightly in 1984 and 1985 after 

reaching a historical low of 0.04 mt/hr in the Columbia area and 0.02 mt/hr in 

the Vancouver area. Note that the graphs are plotted for comparison of trends 

and not magnitudes since two different techniques were used to estimate catch 

per unit effort in the Columbia and Vancouver areas. 

Mean length, and therefore mean ·weight-at-age, demonstrated a declining 

trend across nearly all age groups since 1966 (Table 2). This information and 

the estimated catch of female English sole enabled us to estimate catch at age 

in numbers required by the VPA model, properly corrected for discard and the 

effects of the size at age changes observed (Table 3). 

Virtual Population Analysis 

Estimates of fishing mortality rates and population numbers from 1966-

1980 were insensitive to starting F values of 0.25, 0~50, and 0.75 used in 

1983 in the linked brood year version of the VPA model. Fishing rates and 

population numbers during the survey years varied by less than 10% over the 

range of starting F's (Table 4). 

The average ratio of exploitation rate at age to exploitation rate at age 

of full recruitment was estimated for different linkage combinations and 

assumed ages of full recruitment. Age 7 was determined to be the best esti­

mate of the age of full recruitment, although age 8 could have been selected 
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as well (Figure 4, upper panel}. Equally fished adjacent brood years for ages 

8 and 9 were selected for linking equations used in VPA to solve for Fij and 

N;j (Figure 4, lower panel). This selection produced ratios of exploitation 

rate at age to exploitation rate at the age of full recruitment that most 

closely approximated the idealized vulnerability pattern. In this model, we 

assume that age specific vulnerability increases with age and remains constant 

after the age of full .recruitment. 

We felt that the linked VPA model provided the best approach to providing 

first estimates of catchability which could then be used to estimate starting 

F values in each year for the fixed F version of the VPA model. Regressions 

of Qj and j produced no slopes significantly different from 0, using results 

from the linked VPA model and starting F's of 0.25 and 0.50. The slope of 

q's x j for F = 0.75 was positive and si9nificantly different than Oat the 

95% confidence level but not at the 99% confidence level (t = 2.76, 16 df.). 

We concluded that catchabilities were without significant trends over the 

range of starting F values in the linked F model. Linked VPA estimates of 

average catchability ranged from 1.787 to 2.330 x 10 E-5. Multiplying average 

q times fishing effort provided starting F values for each fishing year at age 

9 (Table 5) for use in a fixed F version of the model and reduced the 

dependence on a single starting F value required of the linkage model. 

Final estimates of fishing mortality and population numbers using the 

fixed F version of the model were similar to those derived using the linked F 

VPA model (Table 4). Fishing mortality rates (Fij) and population numbers 

(Nij) upon which the biomass estimates and stock reconstruction were based are 

tabulatP.d in the -appendix (Appendix Tables 1 and 2). 



Area Swept Estimates of Biomass 

( .°' The survey estimate of exploitable female biomass during 1973-1976 

derived from the area swept method was ·1sJ·~lmt (Demory 1984). The coef­

ficient of variation was approximately 26%, and 95% confidence intervals were 

_:!: 8,116 mt. The upper and lower limits of the 95% confidence interval were 

24,042 and 7,810 mt respectively. 

Stock Reconstruction 

Estimated rates of fishing mortality based on low, midrange and high 

starting F vaiues used in the Fixed F version of the VPA ranged from 0.084 to 

0.533 (Table 6). Peak rates of exploitation occurred in 1979 (Figure 5). 

Average rates of fishing mortality ranged from 0.260 to 0.314. Average catch­

abilities during 1966-83 ranged from 1.919 to 2.322 x lOE-5. Fishing mortal­

ity rates based on effort and catchabilities ranged from 0.284 to 0.343 in 

1984 and from 0.272 to 0.329 in 1985. Biomass estimates of female English 

sole from the INPFC Columbia and PMFC area 38 based on VPA from 1966-1983 and 

exploitation rates in 1984-85 averaged 6,780, 6,111 and 5,782 mt for the low, 

midrange and high starting F values (Table 7). Biomass has exhibited a down­

ward trend since 1975 with a recent upward turn in 1985 (Figure 6). 

Survey stock reconstruction of female English sole using average survey 

catchability of 8.42 x 10 E-6, effort and catch resulted in lower estimates of 

fishing mortality (Table 6) and higher estimates of biomass (Table 7) compared 

to those derived from VPA. Trends in biomass were similar which is due to the 

fact that both methods of stock reconstruction depend on the same effort data 

(Figure 6). Peak female English sole biomass was estimated to be 19,981 mt in 

1966 and averaged 10,951 mt over the 20 year period. 

Estimates of biomass based on VPA and survey methodology ranged from 

7,458 to 13,232 mt during the period 1973-1976. Coefficients of variation for 
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the survey were ±26% and VPA biomass estimates fall within the 95% confidence 

c·' intervals of the survey estimate with the exception of the lowest estimate of 

biomass. While no rigorous statistical comparisons can be made, the stock 

reconstruction approach gives two different methods for estimating past and 

current levels of English sole biomass, both linked to fishing effort. Recent 

estimates of biomass based on stock reconstruction range from 3,030 to 5,634 

mt in 1985. 

DISCUSSION 

In addition to dependency on assumptions of constant catchability, fish­

ing mortality proportional to effort_and constant natural mortality rate of M 

= 0.26, there are other sources of possible bias in stock reconstruction. If 

the VPA methods more accurately portrayed the biomass then it appears that the 

survey may have overestimated the biomass. The fact that fishinq mortality 

er, from 1966-1983 was 0.34 based on the descending 1 imb of the catch curve ( age 

7-13) supports this notion. VPA estimates of F averaging between 0.260 to 

0.314 compare to an average survey based estimate of 0.126. The most likely 

source of error with the area swept method used in the survey estimates was 

the assumption that fish were not herded into the trawl. Fish herding would 

result in more fish being caught than were actually in front of the trawl, 

the width of which is used in calculating area swept. An underestimate of 

fishing mortality and an overestimate of biomass would result. 

If fish herding were not a problem and the survey methods more accu­

rately described the biomass history, then VPA methods overestimate mortality 

and underestimate biomass. This could happen if assigned ages underestimated 

true age. Canadian age readers (Childon and Beamish, 1982) using sectioned 
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English sole otoliths found maximum ages and natural mortality rates which 

(: '. compared favorably with our surface-read interopercle bones. While some 

evidence exists for validity of the VPA estimates, we have no evidence of 

whether or not fish herding could possibly be biasing the survey based 

estimates. We tentatively conclude that the VPA estimates of biomass are 

superior to the survey estimates. 

(. . 

Both methods used to reconstruct the stock history indicate similar 

trends and in particular a recent decline in biomass. There is little doubt 

that the current low levels of biomass are, at least in part, the resul t of 

declining recruitment over the past several years (Figure 7). 

Further research is needed to determine the causes of the observed 

decline in recruitment. Environmental factors have been shown to influence 

year class strength for this species by previous investi9ators (Ketchen 1956; 

Hayman and Tyler 1980). However, predictions of recruitment for recent years 

using updated environmental data have not yet been computed; consequently 

observed trends cannot be compared with predicted trends at this time. In 

addition, although a relationship between parent stock abundance and recruit­

ment has not been documented for this species, it is plausible that the long­

term declines in stock abundance may have contributed to the recent declines 

in recruitment. 

Management of English sole presents a dilemma. Because they are a com­

ponent of a multispecies trawl fishery, trip limits have little utility if 

other species caught within the same multispecies aggregations are allowed 

legal retention. Closing the fishery to all fishing, essentially all of the 

continental shelt, is probably not a viable option either. For example, dur­

ing the period of 1980-1983, English sole landings into all Oregon ports 
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averaged 838 mt along with 10,687 mt of other groundfish species. Stated 

( .,, another way, English sole amounted to just over 7 percent of the landed catch 

from trips which contained English sole. 

An increase in the minimum mesh size, perhaps to 5 inches, may be an 

alternative management measure but this would be effective only if most trawls 

were less than 5 inch mesh to begin with. 

RECOMMENDATIONS 

We recormnend two vital areas of further high priority work. The first is 

to continue with routine age samplin9 so that effects of the 1982-1983 ttEl 

Nino" can be determined. Since this particular El Nino 11 event11 was rare and 

of considerable magnitude we may be ab 1 e to document presence and degree ·of 

severe envirohmental stress. 

The second area of future work is to investigate the spawner-recruit 

(\ relationship of English sole. This task is important because recruitment has 

been on the wane for the past three brood years. Combined with the current 

low stock levels and declining mean length at age it may be possible to deter­

mine whether or not, ·and at what point, fishing mortality is a critical factor 

impacting recruitment at low stock levels. 

Allowable Biological Catch 

Recormnendations for allowable biological catch (ABC) of English sole in 

the INPFC Vancouver and Columbia areas can be approximated using 1985 exploi­

tation rates for female English sole derived from stock reconstruction: 

Bas= Cas/uas 
where: Bas= exploitable biomass in mt 

Cas = the estimated landed catch of male and female English 

( sole from the INPFC Vancouver and Columbia areas 
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C' 
U85 = stock reconstruction based estimates of exploitation 

rate in 1985 

Landed catch in the INPFC Vancouver and Columbia areas totalled 769 mt, 

while exploitation rates ranged from 0.211 to 0.249 using VPA stock 

reconstruction rates of fishing mortality in 1985 and 0.111 using survey based 

estimates. Biomass, based on the survey exploitation rate, was 6,928 mt in 

the INPFC Columbia and Vancouver areas. 

Using the exploitation rate at F = M = 0.26, uABC = 0.20. Thus, ABCas 

would range between 618 and 1,386 mt. Excluding the survey estimate of bio­

mass, the range of ABCas would be 618 to 729 mt. Since current landings are 

close to this range, we recommend managing this species with current gear 

regulations and setting ABC equal to the landings obtainable with current 

levels of effort. 
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Table 1. Total landed catch (mt), effort, landed weight and estimated catch including discard of 

("'_ of female English sole from the INPFC Columbia area and PMFC Area 38, and CPUE index 
(mt/hr), from 1966 to 1985. 

Total wei~ht landed Female Catch CPUE Trawl 
Col lJTlbi a PMFC Proportion Landed Catch All Index2/ Effort 

Year Area Area 3B Combined Female wtl/ Weight Ages 3-13 Ages mt/hr- Hr 

1966 1,491 784 2,275 0.917 2,086 2,233 2,246 0.19 11,974 

1967 871 757 1,628 0.932 1,517 1,590 1,594 0.14 11,629 

1968 716 1,120 1,836 0.920 1,689 1,781 1,785 0.12 15,300 

1969 622 604 1,226 0.980 1,201 1,198 1,201 0.11 11,145 

1970 679 269 948 0.891 845 915 918 0.11 8,618 

1971 699 144 843 0.905 763 811 811 0.11 7,664 

1972 912 287 1,199 0.922 1,105 1,202 1,210 0.13 9,223 

1973 938 421 1,359 0.924 1,256 1,398 1,398 0.10 13,590 

CI';· l974 719 379 . 1,098 0.956 1,050 1,136 1,152 0.13 8,446 

1975 970 493 1,463 0.936 1,369 1,501 1,524 0.10 14,630 

1976 1,718 695 2,413 0.928 2,239 2,483 2,513 0.15 16,087 

1977 1,029 269 1,298 0.961 1,247 1,400 1,412 0.11 11 ,800 

1978 1,053 480 1,533 0.928 1,423 1,620 1,625 0.11 13,936 

1979 1,026 424 _ 1,450 0.950 1,378 1;547 1,554 0.09 16,111 

1980 758 281 1,039 0.950 987 1,136 1,146 0.07 14,843 

1981 804 113 917 0.954 875 1,033 1,037 0.05 18,340 

1982 824 193 1,017 0.942 958 1,158 1,167 0.06 16,950 

1983 691 153 844 0.936 790 941 941 0.04 21,100 

1984 357 234 591 0.957 566 N/A t , 1) -627- '- t<-/ 0.04 · 14, 77fi " 
'73'Z 14_/,, '--( 0 

1985 532 174 , - "}06- 0.963 680 N/A ,9-~9 ~6-5~ 8 '700.05 - ]:4, ; 164., 

1<;B~ I,,,~ 4 23<'\ 2,78 o.1.53 0""1-, 8,?,7 11 ').-! 0, 1\ r7q B'.,j_ 

( , y Based on ODFW sample data from PMFC areas 2B-3A 

2/ Based on logbook records of Oregon vessel landing fish caught in the INPFC Columbia area. 
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Table 2. Mean weight (kg) at age of female English sole sampled from the HIPFC Columbia 
c: area, 1966-1983. 

.· 

WEIGHT AT AGE IN KILOGRAMS 

YEAR 3 4 5 6 7 8 9 10 11 12 13 

1966 0.358 0.404 0.435 0.495 0.533 0.582 0.642 0.653 0.686 0.717 0.689 
1967 0.368 0.424 0.470 0.506 0.569 0.578 o. 711 0.678 0.630 0.693 0.850 
1968 0.351 0.388 0.438 0.491 0.535 0.600 0.618 0.694 0.640 0.715 0.634 
1969 0.322 0.376 0.427 0.473 0.528 0.558 0.604 0.613 0.635 0.684 0.643 
1970 0.341 0.362 0.403 0.452 0.506 0.545 0.574 0.598 0.624 0.661 0.704 
1971 0.392 0.427 0.450 . 0.468 0.507 0.549 0.619 0.612 0.704 0.584 0.747 
1972 0.329 0.358 0.399 0.429 0.488 0.547 0.551 0.597 0.621 0.689 0.621 
1973 0.323 0.368 0.402 0.454 0.471 0.522 0.603 0.629 0.694 0.658 0.792 
1974 0.303 0.355 0.401 0.442 0.480 0.503 0.548 0.564 0.616 0.623 0.587 
1975 0.294 0.360 0.389 0.422 . 0.457 0.475 0.558 0.557 0.575 0.598 0.686 
1976 0.281 0.340 0.379 0.427 0.470 0.498 0.553 0.580 0.607 0.626 0.676 
1977 0.267 0.320 0.368 0.431 0.482 0.520 0.547 0.603 0.639 0.654 0.665 
1978 0.273 0.306 0.347 0.397 0.461 0.505 0.545 0.575 0.606 0.583 0.565 
1979 0.296 0.312 0.358 0.403 0.459 0.506 0.568 0.616 0.629 0.754 0.658 
1980 0.290 0.323 0.349 0.389 0.429 0.493 0.535 0.606 0.627 0.645 0.645 
1981 0.287 0.311 0.331 0.357 0.397 0.446 0.485 0.538 0.572 0.599 0.725 
1982 0.244 o. 278 0.312 0.350 0.379 0.404 0.447 0.501 0.535 0.588 0.598 
1983 0.234 0.300 0.321 · 0.346 0.377 0.424 0.544 0.498 0.604 0.594 0.622 

,r-•·~ 

tr~· 
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Table 3. Estimated catch in nurroers corrected for discard of female English sole from INPFC 
Columbia and PWC area 3B, 1966-1873, used in VPA. c~-

YEAR 
AGE 1966 1967 1968 1969 1970 1971 1972 1973 1974 

3 238,881 254,086 250,256 . 821,723 110,596 212,315 99,528 440,698 131,136 
4 1,432,525 544,614 657,503 525,727 398,647 347,611 493,994 760,973 501,427 
5 2,115,194 950,645 663,482 602,414 506,056 542,576 663,215 1,000 435 440,210 
6 553,924 1,119,374 774,405 295,441 376,960 200,919 656,661 489,195 554,697 
7 334,304 188,564 923,097 404,631 206,838 103,286 327,053 384,644 287,718 
8 114,652 137,550 222,000 323,435 166,534 37,052 190,573 147,863 310,321 
9 85, 685 30,319 106,918 103,226 169,552 58,376 105,357 79,820 151,828 

10 47,472 35,496 48,836 55,702 67,712 127,630 71,773 27,616 77,899 
11 32,685 16,486 33,339 16,849 24,026 28,336 90,047 17,084 55,302 
12 16,645 8,622 15,528 9,773 9,339 27,317 25,702 16,304 31,444 
13 12,324 3,984 12,129 6,943 5,952 8,878 12,417 5,476 36,137 

AGE 1975 1976 1977 1978 1979 1980 1981 1982 1983 

3 185,780 380,500 236,048 114,673 55,270 140,820 66,325 77 ,393· 55,778 
4 521,462 1,146,800 733,273 548,604 567,628 498,663 272,183 461,221 234,617 
5 1,001,454 1,574,100 860,876 1,141,555 1,010,806 911,345 604,520 688,942 596,327 
6 812,887 1,066,100 565,890 875,850 979,303 635,794 712 ,058 651,606 552,069 
7 491,563 798,140 444,634 578,520 606,738 347,388 595,023 483,964 485,024 

(t} ~ 232,607 430,430 256,089 430,434 267,013 159,832 265,286 518,899 262,694 
196,976 257,080 123,973 185,529 168,307 116,689 106,805 204,166 251,201 

10 97,907 155,430 85,529 92,571 85,088 64,520 71,432 75,997 91,444 
11 51,641 - 95,893 57,163 26,620 37,010 28,349 34,024 38,774 19,757 
12 43,975 66,757 35,833 25,070 12,563 21,570 13,634 24,698 13,966 
13 18,165 24,927 12,479 16,289 5,324 11,052 4,179 15,277 10,216 

( 
.... 

.. 
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Table 4. Virtual population analysis (VPA) weighted annual fishing mortality 
rates (ages 3-13} and average population size of fully recruited 
female English sole (ages 7-13) during 1973-76, from INPFC Columbia 
area and PMFC area 3B. Linked VPA model uses starting F values of 
F=0.25, 0.50, and 0.75 in 1983. Ages 8 and 9 assumed to be equally 
fished (linked). Fixed F VPA model uses average catchability from 
linked F model and effort to estimating starting F values for each 
brood year. 

Low F Mid-range F High F Average 

Linked F 

Ave. F 0.285 0.299 0.304 0.296 
73-76 

Ave. N 5.70 5.51 5.45 5.55 
73-76 

(Mill ions) 

Fixed F 

Ave. F 0.234 0.263 0.281 0.259 

Ave. N 6.36 0.560 5.21 5. 72 
73-76 

(Millions) 
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'rat:le 5. 

( 
.. , 

. , 

Adjust2d sta~~ing F values by J:::i::-ccc year and by fishing 
~ear used in the fixed F version of the UPA model, for 
female English sole from INFFC Columbia and PMFC area 38 . 
Low, mid-range, and high F refer to F-.25, F-.50 and fa.75 
used in linked model ta gene~a t e catchabilitiee and 5tarting 
F values for the fixed F model. 

Bi::-o□d wear-
Age 

class 
Fishing 

year- Low 
Star-ting F 

Mid-:-ange High 

1980 
1979 
1978 
1977 
1976 
1875 
1971.f 
1973 
1972. 
1971 
1970 
1868 
1968 
1867 
1966 
1965 
156Lf 
1963 
1962 
1961 
1860 
1958 
1858 
1957 
1956 
1955 
195Y: 
1953 

3 
'± 
5 
6 
7 
8 
9 
9 
9 
9 
9 
s 
9 
9 
9 
c:: .... 
3 
9 
s 
Q .., 
9 
9 
9 
s 

10 
11 
12 
13 

1983 
1983 
1983 
1983 
1583 
1983 
1883 
1982 
1881 
1980 
1879 
1878 
1877 
1976 
1875 
197'-± 
1973 
1972 
1971 
1870 
1969 
1868 
1967 
1966 
1966 
1966 
1966 
1966 

0.039 
0 .160 
0.297 
0.31±6 
0.377 
0.377 
0.377 
0.303 
0.328 
0.265 
0.288 
0.21f9 
0.211 
0.287 
0.261 
0.151 
0.2'-±2 
0 .165 
0 .137 
0.15Y: 
0 .199 
0.273 
0.208 
0.21'1 
0.21'± 
0.2lL: 
0.211.f 
0.21Y: 
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0.0'-:6 
0.185 
0.3'-:3 
O.Y:03 
0.4":6 
0. Y:1:6 
0. Y:1:6 
0.358 
0.388 
0.311.f: 
0.3'-:0 
0.2::4 
0.21:9 
0.31±0 
0.303 
0.178 
0.257 
0 .1:35 
0.2.52 
0 .152 
0.235 
0.323 
0.21±6 
0.253 
0.253 
0.253 
0.253 
0.253 

0.050 
0.201 
0.352 
0. l.f:LfO 
O.LfSl 
0.1±91 
0. Lf91 
0.39lf 
O.Lf27 
0.3Y:S 
0.375 
0.324 
0.27\f 
0.371.f: 
0.3'±0 
0 .196 
0.316 
0.215 
0.178 
0.200 
0.259 
0.356 
0.271 
0.279 
0.279 
0.279 
0.279 
0.279 



Table 6. Estimated tr-awl eff□r:-t Cf), catchability Cq x 10 E+S), and annual 
r:-ate of fishing m□r:-tality CF) □f female English sale from the 
INPFC Columbia and PMFC ar:-ea 38, 1966-1985, using fixed F model. 

Year 

1866 
1967 
1968 
1969 
1970 
1971 
1872 
1973 
197'-± 
1875 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 G>~ 1s8'± 

* 1885 

Effor:-t 
Chr-) 

11,971.f 
11,629 
15,300 
11 , l '-±5 

8,618 
7,664 
9,223 

13,590 
8, Lf'-±6 

llf,630 
16,087 
11 , 800 
13,936 
16,111 
11.f.8'-±3 
18,340 
16,950 
21 ,100 
1'±,77 5 
1'±.161.f 

Low 
f 

0.301 
0.111:5 
0.313 
0.299 
0.166 
0.115 
0 .167 
0.172 
0.153 
0.248 
0.354 
0.223 
0.360 
0.461 
0. 191 
0.2'-±7 
0.357 
0.352 
0.284 
0.272 

VPA Estimated F 
Mid-range 

q 

2.511-: 
1.21±7 
2.01±5 
2.683 
1.825 
1.501 
1. 811 
1.26c 
1.812 
1.695 
2.263 
1.890 
2.583 
2.861 
1.28""7 
l.3L:7 
2.105 
1.6E= 
1.920 
1.920 

F q 

0.335 
0.162 
0.352 
0.337 
0.225 
0.129 
0.182 
0.191.f 
0.17'-± 
0.275 
0.1.fOS 
0.2'±9 
0.'-±02 
0.512 
0.216 
0.275 
0.'-±08 
0.lf23 
0.323 
0.309 

2.788 
1.393 
2.301 
3.02'-± 
2.611 
1 . 683 
2.082 
1.'-±29 
2.060 
1.887 
2.5Lf2 
2 .110 
2 . 885 
3.178 
l .'-±55 
l.'-±99 
2,Lf07 
2 . 005 
2 .186 
2 .182 

High 
F 

0.355 
0.172 
0.376 
0.360 
0.206 
0 .138 
0.207 
0.207 
0 .187 
0.294 
0,'-±36 
0.265 
O.Lf27 
0.543 
0.231 
0.291 
0. Lf'-±0 
0.'-±71 
0.3'-±3 
0.329 

Sut"vey 
Cg x f) 

q F 

2.965 
1,'±79 
2.458 
3.230 
2.390 
1.801 
2.24Lf 
1.523 
2 . 21'± 
2.010 
2.710 
2.2Ll:6 
3.06'± 
3.370 
1.556 
1 . 587 
2.556 
2.232 
2.321 
2 . 323 

0.113 
0.110 
0. l '±Lf 
0.105 
0.081 
0.072 
0,087 
0 .128 
0.080 
0.138 
0.152 
0.111 
0 .132 
0.152 
0.1'±0 
0 .173 
0 .160 
0.198 
0.138 
0.13Lf 

• Estimates of fishing mot"talit~ in 198'± and 1985 under UPA column headings 
wers det"ived from average catc~ability and fishing effort. 

( . ·. , · • .I 
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. Table 7 . Estimated female biomass fr-om the INPFC C.::ilumbia ar-ea and 
PMFC ar-e:ia 38, 1966-198S. Estimates der-ived fr-am fixed F UPA 
model, sur-vey and stock r-ecanstr-uction. c-

Biomass in mt 

UPA Sur:-vey 

Low F Mid-r-ange F High F 

1966 8,216 7,SL-±6 7,211 19,871 
1967 7.817 7,168 6,861 14.,517 
1868 7,153 6,4.78 6,llfO 12,357 
1969 6,LfOO 5,709 5,36Lf 11,'i:07 
1970 6,561.: 5,820 5,Lflf7 11,286 
1971 7,783 6,931± 6,512 11,20'± 
1872 8,011 7,181 6,768 13,885 
1973 8,53:: 7,683 7,255 10,885 
1974. 8.761 7,934 7,519 ltf,'-±52 
197S B.7'-±2 7,981 7,589 11,035 
1876 8,525 7,817 7,460 16,5'±7 
1977 7,581 6,900 6,558 12,678 
1978 7,'-±12 6.7'-±7 6,LflS 12,350 
1c:rc 7.26:: 6.585 6,243 10,219 ~l .__ 

1980 6 i::;:...::: 
, - -- 5.895 i::; c:;~q 

-,-C~ 8,181 
1981 5,61:: 5,023 '-± . 726 5,888 

{}ii 1582 '±.602 4..05'-± 3.780 7,293 
1983 3,511 2,998 2,7'±2 '-±, 724. 

* 1S8Lf 2.ssc 2,565 2,Lf33 Y:,'-±95 
* 1865 3,572 3,195 3,030 5,631.f 

* Biomass under UPA column headings estimated using effort, ave~age 
cat~hab.ility and cat~~ in 1881.:-1985. Survey estimates based on 
average catchability d~ring 1973-1876, effort and catch during 
1966-1985. 
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FEMALE EN6llSH S<l.E CATCH 
IN INPfC Cctl.JM51A ANO Pl"4:FC AREA 313 

66 5 7 66 59 70 7 l 72 73 7 4 7S 75 77 7B 79 BO B 1 82 B3 64 85 

YEAA 

·e L S:stimated catch inc1ucting discard in mt of femaie E:1gi~sh sc:e 
from INPFC Co1umbia and PMFC area 3B, 1960-1985. 
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ENGllSH SClE CATCH PER UHIT EFFCRT 
IN INPFC V ANCCUVER ANO CCtl11'1f31A AREAS 
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66 57 ca 09 70 11 72 73 74 ~ 76 77 78 79 ao a1 a2 83 a4 a:s 
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-+ VANCCOVEI< 

~ Ca.LJMCIA 

Fi gure 3. Esti ma t ed ca t ch pe!" uni t ef for~ ( C?UE) i n mt/h r fo r tna1 ~sn soie 
in the INPFC Vancouver and Co1umbi a areas, 1966-1985. 
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Fi gure 4. Upper panel: Engli sh sol e vulnerability (u1 / u2) or average 
ratio of exploitation rate at age (i1 ) to exploitation rate 
at age of full recruitment (uz) estimat ed from virtual popu­
lation analysi s derived ra tes of fi shing mortality . Age of 
recruitment varied from age 6 to 8 while linkage was held con­
stant wi t h ages 8 and 9 assumed equall y fished. 

Lower panel: English sole vulnerabi lity (u1/ u2) wi t h age of 
recruitment held constant at age 7 with linkage between 
assum~d equall y fished age groups of 7-8, 8-9, and 9-10. 
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Figure S. Instantaneous rates of fishing mortality (F) for female English 
sole ages 3-13 in the INPFC Columbia and PMFC area 38, 1966-1985. 
Low, mid and high refer to range of starting F values used in the 
fixed F version of VPA. Fin 1984-1985 based on VPA catchabilit~es 
and effort. Survey derived F's from 1966-1985 were based on aver­
age catchability during 1973-1976 and annual effort from 1966-1985. 
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Figure 6. ~tocx reconst;uction estimates of biomass of fema1e English sole 
in the INPFC Columbia and PMFC area 3B, 1966-1985. Low, mid and 
high refer ta the range of starting F va1 ues u-sed in the fixed F 
version of VPA. Biomass estimates in 1984-1985 based on VPA aver­
age catchabi1ities from 1966-1983, catch and effort in 1984-1985. 
Survey based biomass estimates use average catchabil ity from 1973-
1976, annual effort and catch from 1966-1985. 
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Figure 7. VPA estimated numbers of 5-year-old female English sole in 
INPFC,Columbia and PMFC area 3B, 1966-1983. Low, mid and high 
refer to the range of starting F values used in the fixed F 
version of VPA. 
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Appendix 1. Ins tantaneous r, sn,ng mor-ca 11ty ra c; t;, r , ur ft:illdl 1: r.11y I I ::, ti !>VI c: VI dye:::, 

' 3-13 . Est imates of F were der i ved from vi rtua 1 popul ation analysis of 
'> INPFC Col umbia and PMFC area 3B Engl i sh sole catch at age dat a from 1966-

1933, using the fixed F model. 

Low Star ti ng r 
FIN AL F' VALUES c- AGE O TCH YEAR 

66 67 68 69 7!) 71 n. 73 71. 75 76 77 7 1'. 79 3 r. 
_, 1 oOQO,'J . J J OO .oocs , OCQO I QQ {)'.) • •J·:'CO .ooco . :JO'JO ,000 r. ,Q,JOC , OOGG , C'JCO , .-:o ao , Qr:t QO . ~oe:o 

2 . o::ioa .co ao • .:;oc • oo re .acoc , JO QO . oocQ oOO •JO .rJuo □ , 0 0 "0 • .:ioao , OOGO • COOi) • 000(1 . nucc 
3 •□ 363 • 045 7 • □ 28 8 . J306 .01 1 9 , 0220 ,C095 oJ4:J 6 , 0 1 3 7 • □ 2'.l 7 ,0 352 . 021 0 o!1 13 Q , 0074 •□ 2 4 ° 
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Appendix 2. Virtual population anal ys is est1ma1:ea popu1at1on s1Lt: 11ui11u1:::1::, v, 

feraa1e English sole in INPFC Columbia area and PFMC area 38. 
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Table 3a. Estimated yield, spawning biomass (Bs) and exploitable biomass (Be) in metric tons of female 
English sloe (Parophrys vetulus) in the INPFC Columbia area and PMFC area 38, 1984-1986. 

Year Low Recruitment Average Recruitment 

Historical 1.1 F Estimated Y Bs Be F Estimated Y Bs Be 
Yield Yield Yield 

1984 627 0.31 624 2,234 2,536 0.29 625 2,278 2,702 

1985 653 0.40 651 1,739 2,122 0.29 653 2,178 2,821 

1986 626 U.39 620 1,495 2,042 0.22 618 2,328 2,364 

1/ Historical yield from Table 1 of Golden, J.T., R. L. Demory, E.K . Pikitch, and W.H. Barss, 1986. 
Results of virtual population analysis of English sole in the INPFC Columbia and Vancouver areas, 
Final Report NMFS Commercial Fisheries Research and Development Act Contract No. 85-ABC-001001, 
Proj. No. 1-180-122, 32p. Yield in 1986 is projected catch . · 

y Trial values of F were adjusted until estimated yields matched or nearly matched historical catches • 
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Tab1e z. Equilibrium (EY) or maximum sustainable yields (MSY) and biomass 
(Bey or Bmsyl sustainable yield in metric tans far female English 
sale (Paroonrvs vetulus) in the INPFC Co 1 umbi a area and PMFC Area 
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