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English sole is a major contr.butor to Oregon and Washington

groundfish resources. In accordance with the continued trend of

increasing fishing effort, in 1975 Oregon State University Sea Grant

funded an extensive groundfish research program: the Pleuronectid

Project. The purpose was to provide information to assist resource

management agencies. This thesis is a computer simulation of potential

yields of English sole in the International North Pacific Fisheries

Commission (INPFC), Columbia and Vancouver Areas, and is one of the

steps in the project.

To initiate this study, non-linear equations were fit to data on

trawl selectivity, catch utilization, seasonal growth, and length at

maturity. The computer simulation model, ENGLSH, was used to integrate

these parameter estimates and other valid information. The model was

used to examine effects on yields of varying growth and recruitment

rates, ogive and knife-edge instantaneous fishing (F) and discard

mortality rates, and migration, and estimate maximum sustainable yield

(MSY).

Redacted for privacy



Model validation suggests that Oregon Department of Fish and

Wildlife groundfish surveys overestimate recruitment biomass. The

simulation model also indicates that E. A. Best's (1961) 5.5-inch mesh

ogive approximates annual fleet selectivity in Pacific Marine Fisheries

Commission Area 3A during years 1969 to 1979. A small amount of' ogive

discard mortality, less than ten percent of the applied F, reduces

optimum F by at least 0.5.

Natural variability in growth rate, with half the coefficent of

variation of natural variability of recruitment rate, produced double

the variation in yield. Most of this difference may be explained by the

synchronous effect of varying growth over all cohorts in the event year,

versus the recruitment effect being dampened by all other cohorts in the

population in that year. On the other hand, when maximum and minimum

observed deviations in growth or recruitment were made to persist over

years, recruitment produced over a 1000 metric tonnes (t) deviation from

mean yield while maximum and minimum growth produced an approximate 75 t

deviation. This high yield is consistent with the yields observed in

commercial catches off Oregon and Washington from the 1961 year class.

MSY is currently estimated at 1850 t and 2500 t for mean cohort

analysis and groundfish survey recruitment respectively. Considering

(a) that the model indicates that survey recruitment estimates are too

high, and (b) that MSY estimates excluded discard mortality for ages

1-3, 1850 t should be considered the upper limit of potential yield for

the INPFC Columbia-Vancouver Areas.
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Simulation of Environmental, Biological, and Fisheries

Effects on Yields of English Sole

(Parophrys vetulus)

off Oregon and Washington

INTRODUCTION

This study uses a computer simulation to examine potential

productivity of English sole off Oregon and Washington, Pacific

Fisheries Commission Statistical Areas (PMFC) 2B, 2C, 3A and 3B, or

International North Pacific Fisheries Commission (INPFC) Columbia and

Vancouver Statistical areas (Figure 1). The simulation measures the

effects on yield of environmental variations in growth and recruitment,

age-specific fishing and discard mortalities and migration within the

Columbia-Vancouver area. It also estimates maximum sustainable yield

(MSY).

William Lenarz (19T8a, 1978b) and Nelson Ehrhardt (1973) have

previously modeled portions of the Columbia-Vancouver area. Ehrhardt

used a Beverton and Holt yield-per-recruit (Y/R) model of female

English sole in PMFC 3B. He concluded that this area was being

overexploited during the studied years 1968 to 1970. Lenarz (1978a)

examined the female English sole population in PMFC 3A using a Ricker

Equilibrium Y/R model. He concluded that this stock was being

exploited below MSY based upon parameter estimates from a 1951 to 1970

data base. Lenarz (1978b) also constructed a production model of the

same area which also estimated that the fishery was operating below MSY

and placed MSY at 862 metric tonnes (t).
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Figure 1. The location of the Columbia and Vancouver, International
North Pacific Fisheries and 3B, 3A, 2C, and 2B, Pacific Fisheries
Commission Statistical Areas.
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Oregon State University (OSU) Sea Grant-funded researchers have

since completed studies of the growth (Kreuz 1978; Kreuz et al. 1982)

and recruitment (Hayman 1978; Hayman and Tyler 1980; Kruse and Tyler

1983; Kruse 198L) of English sole off Oregon. This information coupled

with mesh selectivity (Best 1961), catch utilization studies (TenEyck

and Demory 1975), and the Oregon Department of Fish and Wildlife

(ODF&W) groundfish trawl survey data make pos the construction of a

new, less constrained fisheries model.

The growth studies of Kreuz and associates (1978, 1982) provide

environmentally driven, annually varying, and mean growth models.

These works also help eliminate geographic constraints of previous

models by providing one growth expression for all four PMFC Areas.

Kreuz's (1978) seasonal growth information provides an estimate of

average annual length-at-age to accommodate the different timing of

fisheries efforts in the Columbia-Vancouver Areas.

The recruitment studies of Hayman, Tyler, and Kruse (1978,1980

and 1981) provide environmentally driven and mean recruitment estimates

as well as estimates of instantaneous fishing mortality (F) and

instantaneous natural mortality (M) for PMFC Area 3A. One objective of

this research was to examine varying rates of growth and recruitment

and what would happen without the extremely good years that occur about

once a decade. Another objective was to determine whether recruitment

or growth has the greater effect on yield.

ODF&W groundfish survey results (Barss et al. 1977; Demory et

al. 1976; Demory and Robinson 1972; Demory et al. 1978; Barss 1976;

Demory and Robinson 1973) provide recruitment, mortality and

length-weight parameter estimates for all four PMFC Areas. Their
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recruitment data provide information to expand the geographic

contraints of the recruitment model to all four PMFC Areas, thus

allowing construction of a simulation model of the Vancouver-Columbia

Management unit.

The gear savings studies of E. A. Best (1961) provide

length-specific fishing mortality information, necessary to measure the

full effects of annually varying growth on yield from this management

area.

The catch utilization study of TenEyck and Demory (1975) adds

length-specific catch utilization to fishing and discard mortalities.

These length-specific parameters also increase model sensitivity to

growth variations and the resulting effects on yields.

The inclusion of all these biological and fisheries parameters in

this simulation removed several constraints which prevented previous

models from examining various population parameters and fishery

management strategies. Since females constituted over 90 percent of

the commercial landings of English sole from 1959 to 1979, the review

of general biology and the remainder of this report will be concerned

with female English sole unless otherwise specified.



BACKGROUND MATERIAL

Distribution
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English sole have been found from Sebastian Vizcaino Bay, Baja

California to tlnimak Island in Western Alaska (Forrester 1969). The

species is distributed all along the Oregon and Washington coasts and

has been found in depths ranging from the surf line to 550 meters

(Barss 1976). Commercial fishing and research trawl surveys indicate

that English sole shift their depth distribution from shallower water

(18-73 m) in the spring to deeper water (37-91 m) in the winter months

(Alverson 1960, Barss 1976). It is generally accepted that smaller

English sole, those less than 14 cm total length, inhabit the inshore

beaches, bays and estuaries (Pearcy and Myers 1974; Laroche and

Richardson 1977; Westrheim 1955; Laroche and Holton 1976), and as they

grow older gradually move into deeper offshore waters (Demory 1971;

Barss 1976). The occurrence (2 percent of the total catch) of' age 1+

fish in the September ODF&W groundfish surveys confirms that they are

recruited to the fishing grounds during their second year of' life (age

1+).

Life History

The size and age at 50 percent maturity for female English sole

off Astoria is 29.5 cm total length or 4.2 years with 100 percent

maturity attained by age five (Harry 1959). Peak spawning for sole off

Oregon lasts one to three months within the period of September through

April (Kruse and Tyler 1983). It is generally concluded that these

fish spawn in water that is deeper (37 to 91 m) than that which is



inhabited during summer months (Demory 1971; Barss 1976; Hewitt 1980).

English sole experience seasonal and annual variations in growth

(length at age), with the majority of seasonal growth occuring from

April through June (Kreuz 1978). Annual variations in growth of +13 to

-17 percent have been observed (Kreuz et al. 1982) and related to

bottom temperature (Kreuz 1978). Studies also suggest that growth rate

variations are synchronous among ages two through eight (Kreuz et al.

1982) and are similar along the entire Oregon and southern Washington

coasts (Kreuz 1978).

Long-distance migrations to Vancouver, Canada and Eureka,

California of fish tagged off Oregon and Washington occur (Harry 1956;

Pacific Marine Fisheries Commission 1960; Barss 1976), but are sporadic

(Ehrhardt 1973). It is felt that the Juan de Fuca Canyon and Blanco

Reef present physical obstruction to migration (R. L. Demory,

personal communication, 1982) and prevent consideration of the entire

INPFC Columbia-Vancouver statistical areas as a management unit or

stock as defined by Gulland (1969). The general migratory pattern

within this management area is a northern movement in early winter and

spring, occupation of the northern area during the summer and a return

south in late fall and early winter (Golden et al. 1979).

History of the Fishery

The Oregon-Washington trawl fishery became a viable industry due

to thriving food markets created by the World War II armed forces of

the United States. Food fish markets declined following the war, and

in 1953 Oregon and Washington trawl landings reached a post-war low.

The fish market began a slow recovery in 1956, initiated by increasing
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demands for non-human use, and by 1960 the trawl fishery had recovered

(Harry and Morgan 1963). The market demands continued to dominate

commercial landings of English sole for the next two decades (R. L.

Demory, personal communication, 1983), with annual landings averaging

1500 t from 1960-79 (Table 1). It is recognized that English sole can

sometimes produce an enormous year class that will dominate the fishery

for many years. The 1961 year class is an example of such an event and

accounted for high landings in 1966. Commercial catch composition

records for PMFC Area 3A (Table 2) illustrate that the effects of that

year class were visible until 1975 when twice the previous percentage

of age-14 fish were observed.

Time series of the age compositions from Area 3A for ages four

and seven (Figure 2) illustrate a shift to larger fish in 1968, the

time the 1961 year class entered the fishery. This trend persisted

beyond the demise of the 1961 year class from the fishery, suggesting

the entry of another strong year class and a change in fleet

selectivity characteristics. At present, processors impose stricter

size limits (12-12.5 inches minimum size) than the ODF&W pending

regulations (R. L. Demory, personal communication, 1982).

Analysis of the seasonality of commercial catches for PMFC Areas

3B, 3A, 2C, and 2B illustrates that fishing effort in Areas 2C and 2B

(Figure 3) is shifting toward the end of the year while Areas 3B and 3A

illustrate no trend. A time series of monthly landings for these areas

(Figure 14) indicates the efforts in Areas 3A and 3B are similar and low

at the beginning and end of the year with the majority of landings

occurring in April through October, while Areas 2B and 2C show the

opposite effect with peak fishing occurring in October through March.



Table 1. Landed catches (t), effort (t/hr), and nominal (nt/hr)* for
English sole caught in Pacific Marine Fisheries Commission Areas 3B,
3A, 2C, and 2B. Nominal effort was computed from landings where
English sole comprises 29 percent or more of catch.

Pacific Marine Fisheries Commission Areas

3B 3A 2C 2B TOTAL

YEAR CATCH CPUE* CATCH CPUE CATCH CPUE CATCH CPIJE CATCH

1959 618 .165 19 .O47 149 .099

1960 1182 .120 761 .167 172 .081 106 .129 2221

1961 909 .100 582 .124 50 .073 85 .097 1626

1962 704 .120 660 .126 109 .082 225 .175 1698

1963 749 .098 575 .117 139 .111! 116 .097 1579

1964 737 .094 419 .137 140 .106 56 .060 1352

1965 904 .124 1440 .173 180 .079 68 .088 1592

1966 7145 .085 1100 .228 184 .096 206 .209 2235

1967 623 .106 572 .161 141 .090 155 .123 11491

1968 822 .109 1456 .127 133 .094 127 .109 1583

1969 549 .070 439 .114 112 .090 71 .152 1171

1970 135 .040 362 .112 116 .102 201 .119 8114

1971 109 .030 313 .097 147 .102 239 .125 808

1972 236 .050 376 .159 189 .1)40 346 .105 1147

1973 379 .070 363 .118 253 .112 321 .088 1316

1974 366 .040 296 .144 140 .087 285 .1147 1087

1975 1486 .050 372 .110 305 .083 293 .108 12456

1976 6814 .060 921 .176 299 .134 1498 .128 2402

1977 26 .040 371 .122 318 .102 3142 .109 1297

1978 1480 .0140 718 .169 178 .0714 152 .068 1528

1979 424 .050 697 .106 177 .067 2214 .081 1522



Table 2. Percentage age composition of landed female English sole for Pacific Marine
Fisheries Commission area 3A, years 1959 to 1979.

Year

1959

1960
1961
1962
1963
1964

1965
1966
1967

1968
1969
1970
1971
1972

1973
19711

1975
1976

1977
1978
1979

AGE

LL 5

0.3 5.6 19.9 33.6 2l.7 7.6
1.1 9.3 24.9 34.0 20.6 5.1
0.1 5.3 20.7 35.11 211.3 6.6

20.9 29.7 16.8 8.8
0.2 5.3 20.6 31.3 23.3 8.5
0.6 7.3 21.5 33.4 23.4 6.8
0.7 9.5 26.0 32.9 20.2 5.0
0.4 4.0 26.9 43.6 12.2 7.5
0.3 5.1 15.6 29.1 34.6 7.5
0.2 5.1 15.4 17.8 21.2 27.0
0.1 8.0 18.5 25.1 13.2 i6.'i

4.6 17.2 23.5 20.4 12.6
3.5 14.5 34.6 20.3 12.6
1.2 10.8 21.7 22.3 13.7
6.9 18.5 29.1 16.7 15.3
2.8 18.1 21.6 24.2 11.3
1.8 9.5 24.6 22.6 15.8
2.8 17.0 29.0 18.0 15.0

0.2 5.0 17.0 19.0 18.0 16.0
1.4 6.9 23.1 20.9 17.7

0.1 0.8 9.9 22.11 25.4 18.6

9 fl il 13±

3.5 2.1 1.8 0.8 0.1 0.1
2.1 1.3 1.1 0.5 0.1 0.1
3.0 1.9 1.6 1.0 0.1 0.1
5.2 5.2 0.8
3.0 3.I 3.11 0.9
3.0 1.7 1.5 0.7 0.1
2.2 1.11 1.2 0.7 0.1
1.9 1.7 1.3 0.7 0.1
3.8 1.7 1.1 0.9 0.2 0.1 0.1
7.0 3.3 1.11 0.9 0.5 0.1 0.1
11.9 3.5 2.0 0.6 0.5 0.3 0.1
8.9 7.8 3.0 1.3 0.5 0.3 0.1
11.6 3.7 3.9 1.11 0.6 0.11

11.2 5.1! 3.7 '1.9 1.3 1.1 0.2
6.9 3.7 1.2 1.1 0.3 0.2
10.3 8.2 3.1 1.9 0.5 0.7 0.3
8.6 9.2 3.7 1.5 1.3 0.11 0.9
10.0 7.5 3.2 1.8 1.2 0.4
10.0 5.0 3.0 3.0 2.0 0.3 1.1
17.0 7.7 3.1 0.8 0.8 0.3 0.3
9.6 6.14 3.9 1.9 0.5 0.2 0.2



Figure 2. Percentage
Commercial landings from
years 1959-79.
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Figure I. Average percent of annual commercial landings by month of' English sole for
Pacific Marine Fisheries Commission Areas 3B, 3A, 2C, and 2B, years 1971-79.
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A record catch of 2100 t was landed in Oregon and Washington in 1976

(Figure 2). Demory attributes this to a relatively good market and

large fleet size.

The fleet grew in numbers, size and horsepower during the 1970's

(Tables 3 and ). The type of vessel also changed in the 1970's from

the converted wooden vessels characteristic of the 1950's and 1960's to

the new steel vessel built specifically for trawling. This change was

accompanied by refinements in gear and advances in electronic fishing

equipment (W. H. Barss, personal communication, 1982).

Characteristic of most trawl fisheries is the practice of

discarding of unmarketable fish at sea. Herrman and Harry (1963) noted

that in 1950 half the catch by trawlers off Oregon was discarded at

sea. TenEyck and Deinory (1975) examined catch aboard Oregon trawlers

off Newport, Oregon and estimated that age at 50 percent utilization

for female English sole was 3.6 years. They reported that 1L5-inch

mesh size was most frequently used by the commercial vessels they

studied in 197L.

In June 1978 trawl grounds off British Columbia were closed to

U. S. fishermen, forcing many Washington fishermen into waters off

their state. The results of this and the increasing Oregon fleet has

created a trawl fleet off Oregon and Washington capable of

overexploiting the existing resources and causing concern to fishery

management administrators.

Previous Yield Per Recruit Estimates

The first published estimates of yield-per-recruit for English

sole off Oregon and Washington were conducted by Ehrhardt (1973) on the
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Table 3. Number of trawl vessels by length catagories for the Oregon
groundfish fleet.

Length in feet

Number
Time period of boats 30-39 14Q_19 50-59 60-69 70-79 80-89 >90

Before 191414* 214 0 2 11 10 1 0 0

191414 - 1956* 30 0 3 8 10 7 1 1

1970+ 36 1 14 10 114 7 0 0

1978@ 81 5 11 22 21 19 1 2

1979@ 109 3 11 28 26 33 6 2

1982' 152

* From Harry (1956)

+ Data incomplete, no length data available for 28 vessels

Boats making more than five trips

152 vessels make one or more landings in 182
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Table 4. Number of trawl vessels by horsepower catagories for the
Oregon groundfish fleet.

Number 1- 100- 200- 300- 400- 500- 600-
Time period of boats -99 199 299 399 1499 599 699 >700

1943-1954 54 6 40 6 1 1 0 0 0

1978@ 81 3 24 17 28 3 14 1 1

1979@ 110 0 27 23 42 10 5 1 2

198_* 152

@ Boats making more than five trips.

* 152 vessels made one or more landings in 1982.
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female English sole in PMFC Area 3B. He used a Beverton and Holt

method and applied his estimates of the Von Bertalanffy growth, F, M

and set age at recruitment to the fishing ground or age at entry to the

area where fishing is in progress (tp=3.6), and recruitment to the

fishery or age at becoming vulnerable to the fishing gear (tp':ZLO).

His growth estimates came from interopercula agings of 1960 to 1961

commercial catch samples, and estimates of F and M from 1967 to 1970

Washington Department of Fisheries tagging data. The resultant

yield-per-recruit curves (Figure 6) suggested that F should be reduced

from 0.90 to 0.75 or tp' increased from .O to 5.5 years.

The other yield-per-recruit estimate of English sole off Oregon

and Washington was done by Lenarz (1978a) for female fish in PMFC Area

3A. He used the Ricker method which allowed him to incorporate his

estimates of age-specific fishing mortality, along with growth and

mortality estimates from Demory et al. (1976) and catch utilization

rates (TenEyck and Deniory 1975). He estimated age-specific fishing

mortality by using the ratio of cohort estimates of F at age for the

years 1957 to 1965. He set tp at 3.0 years and using Leslie Matrix,

his selectivity operated over ages three to five. Results from his

analysis (Figure 7) suggest that the fishery was operating below MSY at

that time and his selectivity data suggested that an increase in mesh

size would produce a small increase in yield.
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Figure 5. Yield per recruit and fishing mortality rate for three
values of M; tp 14; tp' 3.6; from Ehrhardt 1973.
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Figure 6. Yield per recruit and fishing mortality rate for three

values of M; tp 3; tp' selection matrix,; from Leriarz 1978a.
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MORTALITY RATES

The mortality rates which are available for English sole off

Oregon and Washington are presented in Table 5. Ehrhardt selected his

mortality estimates by comparing variability among six sets of data

using four different recapture models from Washington Department of

Fisheries tagging studies conducted in 1966 to 1969. Hayman estimated

instantaneous total mortality (Z) using catch curve analysis of

commercial catch data (1971 to 197L1) and ODF&W estimate of

instantaneous fishing mortality (F). These analyses estimated average

F for these years at 0.293 for PMFC 3A. ODF&W estimates of Z were

derived using the Robson and Chapman (1961) method. They computed F

using their estimates of exploition rate (u), 1 and annual total

mortality (a) (Barss et al. 1977).

The estimates of Z by Ehrhardt for Area 3B are noticably

different from those of Barss (Table 5). The fishing effort that was

higher in Area 3B during Ehrhardt's study period 1967 to 1970 than

during the groundflsh surveys of 1975 and 1976 (Table 1) explains some

of this difference. Commercial catch records illustrate that effort

was half again higher in Area 3B during 1967 to 1970 than in 1975 and

1976. This suggests that the fishing mortality component of Z would

account for half of the difference and the remainder (approximately

0.1) could be due to observational bias in the studies.

Comparing area estimates of Z from ODF&W suggests that there was

little difference between PMFC Areas 3A, 2B, and 2C, while 3B was about

half again higher. This difference suggests either that F was higher,

or that southward spawning migration had begun by the September survey

period and influenced the age compositions in Area 38. These two
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Table 5. Estimates of instantaneous fishing (F), natural (M), and
total (Z) mortality rates by Pacific Marine Fisheries Commission Area,
year, and source.

PMFC MORTALITY ESTIMATES
AREA Z M F YEAR SOURCE

3B 1.04 0.114 0.90 1967-1970 Ehrhardt 1973
0.60 0.140 0.21 1975&1976 Barss et al. 1977

3A .494 .201 .293 1963-1972 Hayman et al. 1980
.43 .24 .19 1971,73,75&76 Demory et al. 1976

2C .48 .141 .07 1971&1973 Demory et al. 1976

2B .48 .21 .27 1972& 1974 Demory et al. 1976
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possiblities were examined during the model validation.

Estimates of Age Specific Fishing Mortality

Trawl fisheries are characterized by at-sea sorting and

discarding of unwanted species. This presents problems when modeling

at-sea and landed catches and accounting for deaths in the population

due to discards. For this study, it was decided that these mortalities

would be modeled with length-specific rather than age-specific

parameters. To incorporate length-specific fishing mortality into the

model and measure the effects of varying growth rates on yield, it was

necessary to include length-specific fleet selectivity, and catch

utilization and discard rates (Gulland 1969).

Fleet Selectivity

Fleet selectivity, also referred to as recruitment, is that

portion of the population entering the exploited phase or becoming

vulnerable to the fishing gear. This "recruitment" denoted as tp' by

Beverton and Holt (1957) will be refered to as "fleet selectivity" in

this study. The gear savings studies of E. A. Best (1961) provide

the only available data on trawl selectivity for English sole. His

ZL5.., 1L8-, 1L.9-, 5.5- and 5.6-inch mesh data were used to develop the

mesh selectivity models. These data were standardized using a method

described on pages 222-233 in Beverton and Holt (1957). Best's study

was conducted using otter trawis constructed of cotton rather than

synthetic materials. It was assumed that the ogives fitted to these

data were similar in shape to synthetic mesh ogives and would give a

realistic representation of the fleet selectivity. Another study was
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carried out using length and girth (Westrheim and Foucher 1986), and

comparison of their 50 percent retention lengths with those of Best's

(Table 6) suggest the cotton ogives retain smaller fish than equal mesh

length trawls of current synthetic materials.

The model selected to represent fleet selectivity is a two

parameter logistic equation,

s(L) 1 - 1 (1)

-(S1-S2)L
1+e

where s(L) is that portion of total F (Gulland 1969) or F° (Beverton

and Holt 1957) selected from the fish population entering the trawl, Si

and S2 are parameters, and L is the total fish length (cm).

SPSS NONLINEAR regression (Robinson 1977; Nie et al. 1975) was

used to estimate parameters for the fleet selectivity model. The

regressions were weighted by the number of observations at each length

to give more emphasis to those lengths with more observations and the

inverse for lengths with few observations. The regressions were

allowed to default to iterative termination tolerance limit 1 (maximum

iterative relative change in parameters is less than 1.5 X 10),

numerical estimation of derivatives, Marquardt curve-fitting algorithm

and maximum number of iterations was set at 25.0. Graphical

estimations were used for initial parameter values. Equation 1 was

altered to accommodate the curve fitting requirement that all initial

parameter values be equal in order of magnitude. The proportions

selected for various trawl mesh sizes were regressed with fish total

lengths. The estimated fleet selectivity curves and parameter

estimates are presented in Figure 7.
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Table 6. Fifty percent selection or retention lengths of Cod-ends used
for female English sole from E. A. Best (1961)@ and Westrheim and
Foucher (1986)*.

Mesh 50% 50%
size selection@ retention*

(inches) length length

5.0 3L3

5.5 33.6 38.1

5.6 35.8

5.9 35.5

6.0

@ E. A. Best measured total length.

* Westrheim and Foucher measured fork length.
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Figure 7. Adjusted ogives for cotton cod-ends used on female English
sole, from E. A. Best, 1961.
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Catch Utilization

The catch utilization study of TenEyck and Demory (1975) is the

only study available regarding at-sea sorting, characteristic to this

fishery. The same logistic model,

u(L) 1 - 1 (2)

-(U1-U2)L
1 +e

was used to represent proportional length-specific fleet utilization,

where u(L) is proportion of at sea catch landed, Ui and U2 are

parameters and (L) is as discribed above. The model parameters were

estimated using a unweighted version of the SPSS NONLINEAR procedure

previously discribed, and the resulting model and parameter estimates

along with the observed points are presented in Figure 8. It was

assumed that fleet selectivity and catch utilization occurred over the

same range of ages (lengths); consequently commercial landings reduced

each year class by the factor

-suF
e (3)

where s is age (length) specific fleet selectivity, u is age (length)

specific catch utilization, and F is instantaneous fishing mortality.

This represents the portion of those fish entering the net which are

retained, and of those, the portion of legal and or marketable size

landed.
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Figure 8. Catch utilization ogive for female English sole caught by

Oregon trawlers, data from TenEyck and Demory 1975.
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Discard Mortality

Discard mortality is related to fishing mortality and fleet

selectivity and inversely related to utilization. The equation for

proportional fleet discards is the reciprocal of catch utilization.

Consequently equation 2 becomes

d(L) -(D1-D2)L ()
1 +e

where d(L) is the proportion of those fish caught by the net and

discarded at sea, Dl and D2 are parameters and (L) is as explained

above. The parameter estimates for Ui and U2 from the catch were

substituted in the discards model for Dl and D2. Discarding reduced

each year class by the factor

-asdF
e (5)

as a result of capture and discard of undersized or unmarketable fish

before they enter the acceptable size range. The term 'a' included in

equation 5 is the fraction of discarded fish that die. It was assumed

that a:l.O unless otherwise specified and s is length-specific fleet

selectivity, and d is length-specific fleet discarding as before.

Discard mortality is illustrated in Figure 9 using 1L5-inch

selectivity, equation 24 and assuming a1.O. This illustrates that

discarding mortality, when fleet selectivity is 14.5-inch as observed by

TenEyck and Demory (1975), removes significant portions of fish at

lengths 224-35 cm or corresponding ages three (3) to five and a half

(5.5).



Figure 9. Ogive fleet selectivity (S) (tp' 15t'

(1/U) (1/utilization), and instantaneous Discard
fraction of total F or F°0, for female English sole
Washington.
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SEASONAL GROWTH ESTIMATES

Seasonal variations in growth of English sole in Puget Sound,

Washington were discovered by Sayed El Sayed (1959). However, due to

incomplete sampling, he was unable to determine the exact time when

growth was most active. Keith Kreuz (1978) examined seasonal variation

in growth of English sole off Astoria, Oregon using variation in length

of interopercular bones, which is linearly related to total length (El

Sayed 1959; Smith and Nitsos 1969). Kreuz averaged seasonal variation

over age and presented his results as monthly percentage of annual

growth (Figure 6 in Kreuz 1978, p. 52). His data were converted to

accumulative percentage of annual growth to develop a seasonal growth

model. Another logistic equation,

P(t) 1 - -(G1-G2)t (6)

1 +e

was selected for these data, where F(t) is percent of total annual

growth, G1 and G2 are parameters and t is accumulative time in days.

Unweighted SF53 NONLINEAR curve fitting was used to estimate the

parameters for the seasonal growth model (equation 6) with NONLINEAR

operating as before. The model, parameter estimates, and observed and

predicted percentage of annual growth are presented in Figure 10.
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Figure 10. Percentage of annual growth versus days of the year for
female English sole, data from Kruse (1978).
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THE SIMULATION MODEL

A simulation model may be constructed of sets of equations

representing the observed phenomena in the fish population. This

allows the scientist to model the system, examine the sensitivity of

the equations to determine their importance, and suggest future

research.

The computer simulation model, ENGLSH, was constructed for use in

answering the questions proposed in this study. It was written in

FORTRAN V and uses the Simulation Control Language SIMCON (Beals 1981;

Hilborn 1973) to operate on the Oregon State University (OSU) CDC Cyber

70, model 73. SIMCON was used to facilitate program debugging,

eliminate input/output programming, and allow access to and changing of

every variable within the program. To reduce operator and computer

time, a second Fortran V version of the model, ENGLISH, was written for

use in experiments requiring numerous population variable changes

The model logic (Figure 11) began with the assumption that the

majority of recruitment (numbers of age-4 fish entering the model)

takes place in a brief period at the beginning of the simulated year.

This number was either set at an annual average value or varied

estimated from a time series of environmental data. Mean length and

weight at age was calculated next and was also either set at annual

averages or varied related to another time series of environmental

data. The next step determined whether fish were mature and able to

participate in migration, or were immature and would remain in rearing

areas. Fishing occurred next, with selection of those fish large

enough to be caught by the fleet. From these were calculated the

numbers, weights, landings and discards. The last step calculated the
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Figure 11. Flow chart of the computer simulation model (ENGLSH) of
female English sole in the Columbia Vancouver International North

Pacific Fisheries Commission areas.
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numbers and weight of the year's survivors and returned these to the

beginning of the next year to be simulated.

Geographic Constraints

The physical boundaries of the models were those of the INPFC

Columbia and Vancouver statistical areas (Figure 1). The sub-units of

population simulated were the four PMFC statistical areas. These four

sub-populations or sub-stocks were modeled separately because of

area-specific fisheries and biological characteristics. The sub-stocks

were treated separately during all computations illustrated in Figure

15 except for migration which dispersed fish into PMFC Areas according

to annual migrational patterns.

Temporal Constraints

All calculations were done in the simulation model on an annual

time resolution. This assumed the population parameters in the model

are annual averages and constant over the year. Numbers, length and

weight at age, recruitment, and spacial distributions were computed at

the beginning of' an annual iteration to represent the average annual

population for the ensuing year. The catch, fishing mortalities and

natural mortality are assumed to take place simultaneously throughout

the year (January through December).

Recruitment in The Simulation Model

Recruitment (tp) as referred to in this study is "the process in

which young fish enter the exploited area and become liable to contact

with the fishing gear" (Gulland 1969), or the process in which young
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fish "enter the area where fishing is in progress" (Beverton and Halt

1957). Biological information suggests that English sole enter the

exploited area during their second year of life (age 1+); however,

estimates of numbers of age-one through age-three fish or natural

mortality for these ages were not available. Recruitment in the

following section refers to numbers of age-four fish (fish beginning

their 5th year of life) entering the exploited biomass.

The recruitment section of the simulation model was developed to

provide measurement of the effects of varying recruitment and to scale

the model to allow estimates of MSY for the Columbia and Vancouver

management area. Given the recruitment estimates available from cohort

analysis (Hayman 1978), ODF&W groundfish surveys (unpublished

manuscript, R. L. Demory, Newport, Oregon, ODF&W offices) and as a

function of barometric pressure (Hayman and Tyler 1980), the logical

flow for recruitment in the simulation model was conceptualized as in

Figure 12.

The recruitment section logic offers a choice of four regimes,

mean (Figure 12, step 5) or annually varying (step 2) cohort analysis

derived estimates, or mean (step 6) or annually varying (step 3) survey

(ODF&W) derived estimates. The cohort-based estimate of varying

recruitment (step 2) for Area 3A uses the functional model, (Point A)

of Hayman and Tyler (1980). Their model is

ln(R) 5.60 + (.00712)x(i) (7)

where ln(R) is the natural log of thousands of' age-four fish in PMFC

3A, and x (i) is mean barometric pressures from September and October

year (1). Thi equation was log transformed and the decimal place of
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Figure 12. Flow chart of English sole recruitment process in the
computer simulation model (ENGLSH).
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the nonexponential constant moved to the right to change the estimate

from thousands to unit numbers of fish. The transformed model is

.00712(baro(t-T)
Rc(t) 27O426.41 e (8)

where Rc(t) is the number of age-four female English sole in Area 3A at

year (t) and baro(t-T) is the sum of monthly mean barometric pressures

for September and October from 46' N 124' W at time t-T where t is the

simulation year and T is four years hence. The 30-year recruitment

time-trends for Area 3A are presented in Figure 13 along with the

cohort analysis estimates of recruitment for 1959 to 1974. These

estimates suggest several consistently strong year classes entering the

fishery during the early 70's or a positive divergence of the cohort

estimates from the predicted model.

The mean cohort-based recruitment estimate for Area 3A was

calculated from the 30 years, 1951 to 1980, "predicted" by the

Rayman-Tyler model (equation 8). Use of this model allowed

standardization of the mean and the variations of recruitment in the

simulation model to the thirty-year data base rather than the eleven

years from Hayman's cohort analysis. It allowed direct comparison of

yields with varying and mean recruitment estimates.

To attain annually varying survey-based recruitment estimates for

PMFC Area 3A, the Hayman-Tyler model (equation 8) was adjusted by a

constant. This constant was the difference between ODF&W groundfish

survey and the Hayman-Tyler predictions for the same years and area.

The survey estimate recruitment at 3,50)4,000 in September was adjusted

to numbers in January (14,751,000) using negative exponential survival
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Figure 13. Comparison between natural logrithms of' cohort estimates of
English sole year-class strength and year-class strength as predicted

from Hayman-Tyler (1982) barometric pressure model.
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with Z .L3 (Demory et al. 1976). The resulting proportional

difference was 1.Z22 and equation 8 becomes

.00712(baro(t-T))

Rs(t) 1.k225 (270A26A1 e ) (9)

where Rs(t) is the survey-based number of age-four fish recruited to

PMFC Area 3A, and e and baro(t-T) were explained above. This model

provides survey-based varying (Step 3) recruitment estimates from the

same 30-year data base and a survey-based mean recruitment.

The recruitment estimates for Area 3A were expanded using

relative abundances between PMFC areas observed during ODF&W ground

fish surveys 1971 to 1976 (Table 7). The general model conceived was a

proportional adjustment relative to these (Table 7) abundances. These

figures were somewhat complicated by the logistics of these data

collections. Areas 3B, 2C, and 2B were surveyed in their entirety

during the years listed (Table 7); however, the southern half of 3A was

surveyed in 1971-73 and the northern in 1975-76. To adjust for the

among-year environmental variability, the following expression was

conceived,

R3A - R3A(t)
Rs*(j,t) Rs(j,t)+ X Rs(j,t) (10)

R3A

where Rs*(j,t) is survey recruitment estimates for PMFC Area j for year

t with environmental variation removed, R3A is mean recruitment for

Area 3A for years 1959-1980 from the Hayinan-Tyler model (equation 9),

R3A(t) is predicted recruitment in FMFC Area 3A also from the

1-layman-Tyler model for year t, and Rs(j,t) is the ODF&W estimated

recruitment for PMFC Area j in year t. These adjusted estimates,



Table 7. Estimates of thousands of age-four female English sole by

method of analysis and Pacific Marine Fisheries Commission Area (PMFC).

PMFC SURVEY'' SURVEY'&' COHORT'*' SURVEY'+'

Area 1971-76 1971-76 1951-80 1951-80

3B 2573 2300 2279 3291

3A 350k 3161 3102 kJ482

2C 2582 2ZflO 2286 3303

2B 2099 2289 1858 2685

Oregon Department of Fish and Wildlife (ODF&W) groundfish survey
biomass estimates for September during years 1971 through 1976.

'&' ODF&W estimates adjusted for between-year environmental
variability, using Hayman-Tyler (1982) barometric-pressure model.

'*' Mean cohort-based estimates for PMFC Area 3A from Hayinan-Tylers
model for simulated years 1951 to 1980, adjusted to remaining PMFC
Areas using proportional differences of survey estimates.

'+' Mean survey-based estimates adjusted as described in ''
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averaged, produced the single estimate of relative abundance for years

1971 to 1976.

The recruitment estimates for Area 3A were expanded to PMFC Areas

3B, 2C, and 2B using the adjusted abundance estimates from ODF&W (Table

7) and assuming that these relative abundances held constant within the

simulated area and time span. It appeared that this population

(Vancouver-Columbia) met these assumptions as there were no significant

trends in the cohort estimates of population (Figure 13) or commercial

catch (Table 1). The model used to extend recruitment estimates over

PMFC areas is

R(j,t)Rz*(j,t) + R3A(t)-R3A Rs*(j,t) (11)

R3A

where R(j,t) is the number of recruits in the FMFC area j at year t and

R.s*(j,t), R3a(t) and R3A are the same as in equation 10. Equation (12)

was used to estimate mean and varying numbers of recruits for Areas 3B,

2C, and 2B at Steps Z, 5, and 6. The mean recruitment for PMFC areas

38, 3A, 2C, and 2B for cohort- and survey-based estimates are presented

in Table 7.

Growth in the Simulation Model

Growth, or length at age, for English sole has been historically

described using a Von Bertalanffy relationship. This relationship

provides estimates of length over continuous time as illustrated by the

graph of Kreuz's (1978) Von Bertalanffy length-age relationship for

female English sole off PMFC Areas 3A and 28 (Figure 14).



Figure 1. Von Bertalanffy length-at-age relationship for female

English sole off Oregon, with (solid line) and without (dashed line)

seasonal variation.
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Kreuz (1978) and El Sayed (1959) observed that English sole

experienced seasonal variations in growth rates in their respective

areas of study. If the seasonal variation in growth (equation 6) is

combined with the Von Bertalanffy length-at-age, it produces a new

continuous representation of length-at-age also illustrated in Figure

114. Seasonal growth affects yields from a model with annual resolution

if the fishery timing is not constant or symmetrical over the year. As

an example, if the fishing were concentrated during the first quarter

of the year and the traditional Von Bertalanffy expression were used to

estimate length at anniversary ages (I) plus a quarter year (1.25) then

resulting population biomass and yield would be overestimated. This is

illustrated by Figure 114 where less than ten percent of the growth has

occurred during the first quarter whereas the traditional Von

Bertalanffy expression, the dashed portion of Figure 14, would estimate

length at age (i.25) approximately twenty five percent of annual

growth. The converse would also be true if the fishery were

concentrated in the last quarter of the year. Consequently Kreuz's

seasonal variation was incorporated in this growth model to estimate

more accurately the yields from the four FMFC areas modeled, as

temporal distribution of effort in these fisheries was not equal.

To account for annual deviations in growth observed by Kreuz et

al. 1982, the oscillating curve (Figure 114) must be displaced by some

environmentally determined amount, and this resultant growth or

length-at-age accumulated over years. This means a cohort may maintain

a positive or negative deviation from average length-at-age for several

years as a result of a single large deviations in growth, or several

consecutive small deviations in the same direction.
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Average Annual Length-at-Age

The growth models previously discussed all assume growth is a

continuous process; however, to model the somatic growth on an annual

time resolution requires estimates of average annual length at age. To

accommodate this, a difference approximation (Figure 15) is used, where

each step represents an average annual length at age over that year.

The location of these steps was determined according to change in

bottom temperature and seasonally adjusted to accomodate the timing of

the fishery in each PMFC area. With this in mind, along with the goals

of' providing estimates of the effects of annually varying and seasonal

growth, the logical flow for the growth algorithm was conceptualized

(Figure 16).

This logic began by computing initial annual length-at-age (Step

8) using the Von Bertalanffy expression,

k(t-tnot)
L(t):Lmax(1 - e ) (13)

where Lmax l3.00 cm., k is .266, t is fish age in years and tnot is

-0.152 (Kreuz 1978). This is used to compute annual anniversary length

and growth at age. This is followed by offering a choice (Step 8) of

environmentally varying (Steps 11 through 13) or fixed annual growth

(Steps 9 and 10).

To compute annual average growth and length-at-age (Steps 9-10

and 1L_16), Kreuz's seasonal growth equation 6 (Step 1Z) adjusts the

growths to coincide with the timing of the fishery by PMFC area. It

was assumed that the distribution (temporal) of effort among PMFC areas

was symetrical. This allowed the use of the number of days till half



44

Figure 15. Difference approcimatiot1 of length-at-age relationship for

female English sole off Oregon.
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Figure 16. Flow chart of the English sole growth process in the

computer simulation model (ENGLSH).
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of that year's catch was landed to estimate that portion of annual

growth (equation 6) that would coincide with the PMFC area's fishery.

This was used to estimate average area-specific annual growth which was

combined (Step 15) with the previous year's final length to estimate

the year's average length-at-age (Step 16) Table 8.

Annual Variation in Growth (Length-at-Age)

Variable growth was computed using 30 years (1951 to 1980)

oceanographic data (Point E, Step 11) and the varying growth model of

Kruez et al. (1982)(Step 12, Point F). Their equation is

VG(t) b + a(BT(t)), (114)

where VG(t) the annual growth increment(cm) for age-one female

English sole in year (t), b:17.06 and a:-1.32 and BT(t) is monthly mean

temperature in degrees centigrade at the 100-meter isobath off Newport,

Oregon, at year (t). Bottom temperature is a function of sea level

(Step B) as expressed by

BT(t) b + a(SL(t)/c), (15)

from Kruse (1980), where BT(t), (a 9.08141) and (b -9.1761), (e)

converts sea level in feet to meters, and SL(t) is monthly mean sea

level in June from Neah Bay, Washington in feet below mean low low

water on year (t). Results from the varying growth model for the 30

years of data 1951 to 1980 are presented in Figure 17 along with the

eleven years of observed growth increments for age one for years 1961

to 1971. Comparison of these data suggest that the model estimated

annual variation with a considerable degree of accuracy. It can be
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Table 8. Average annual total length (em) and weight (gm) at age ,by
Pacific Marine Fisheries Commission area, of female English sole in the
simulation model (ENGLSH).

Pacific Marine Fisheries Commission Areas
3B 3A 2C 2B

AGE LEN. WT. LEN. WT. LEN. WT. LEN. WT

0 8.17 14.80 7.33 3.145 8.1414 3.10 8.53 3.22

1 16.67 142.23 16.13 38.19 16.85 32.59 16.91 32.98

2 22.82 109.97 22.140 103.91 22.96 93.32 23.00 93.87

3 27.53 1914.82 27.21 188.00 27.614 175.35 27.67 176.00
14 31.15 283.90 30.90 277.02 31.23 265.61 31.25 266.19

5 33.91 367.75 33.73 361.83 33.96 353.19 314.00 3514.61

6 36.04 1442.78 35.89 1437.19 36.08 433.95 36.10 1434.76

7 37.66 506.28 37.55 501.79 37.70 503.85 37.71 504.30

8 38.91 559.26 38.82 555.33 38.94 562.146 38.95 562.95

9 39.86 601.93 39.80 599.17 39.89 610.50 39.89 609.98

10 40.60 636.64 40.55 634.25 40.61 648.79 40.62 649.33

11 41.16 663.78 41.12 666.01 41.11 679.72 41.17 679.72

12 41.59 685.15 41.56 687.99 41.60 704.16 141.60 704.16

13 41.92 701.85 41.90 700.93 41.93 723.34 141.93 723.34
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Figure 17. Comparison between observed annual growth increments of

age-one female English sole off Oregon and annual growth increments as
predicted from the Kreuz et al. (1982) bottom temperature model.
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that this accuracy will hold for the years preceeding and following the

observed growth. The next step (13) converted growth of age one to the

older ages. Kreuz et al. (1982) determined that the annual variations

in growth increment were synchronous over ages one through eight.

Consequently, the growth for succeeding ages was computed using

proportions of the growth of age-one fish. The next step (15) in the

growth algorithm involved keeping a record so the annual deviations in

growth accumulate over time. This was accomplished by keeping track of

annual length-at-age and updating this record annually with that year's

increment in annual growth.

Weight-at-Age

The last step (17) converted length to weight-at-age. The four

length/weight studies in the literature for English sole off Oregon and

Washington used the allometric growth equation,

b
W:aL (16)

where, W is weight, L is length, (a) is a constant and (b) is relative

growth constant. The estimates selected for this simulation are those

of Demory et al. (1975) and Barss et al. (1976) which were made from

samples taken during the groundfish surveys conducted during September

1971 to 1976 from PMFC Areas 2B, 2C, 3A, and 3B. Both these authors

examined portions of PMFC 3A; however Barss's survey (1975-76) covered

the majority of 3A. Consequently, his estimates (a.007965, b=3.O795)

were used for 3B and 3A, and Demory's (a.00219814 and b3.l4OO4) for 2C

and 2B. The average annual weight at age by PMFC Area are presented in

Table 8.
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Migration in the Simulation Model

Migration in this simulation was handled at two levels, the

Columbia-Vancouver management unit as the maximum range, and the PMFC

areas as sub-units. The Columbia-Vancouver management area was the

geographic limit of this simulation and was assumed closed or with

balanced emigration and immigration. Personal communications with R.

L. Demory and early tagging reports (Anonymous 1960) which estimate

emigration and immigration rates at less that five percent support this

assumption. The migration within the Vancouver-Columbia area was

studied by Ehrhardt (1973) and Golden et al. (1979), and describe

general northward movement in winter and spring followed by southern

movement in the fall. To simulate this migration on an annual time

resolution required simplification of the movement into mature fish

congregating in a common spawning area at the beginning of the year and

then being proportioned to PMFC areas (Figure 18) for ensuing

fisheries. The redistribution proportions were determined during model

validation by comparing the simulated output (yield by area) with the

mean commercial catch statistics, by operating the model near mean

levels of' recruitment, growth, and mortality until simulated and actual

landed catches were about equal.

Maturity

Mature and immature fish were separated using a length-specific

equation fit to the percent-mature-at-length data of Harry (1959). The

equation used was
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Figure 18. Flow chart of the English sole migration process in the

computer simulation model (ENGLSH).
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M(L) 1 - -(M1-M2)L (17)

1 +e

where M(L) is percent maturity by length, Ml and M2 are parameters (L)

is fish total length (cm). Unweighted NONLINEAR regression was used to

fit percent-mature-by-length equation using the previously discribed

procedures. Parameter estimates along with the observed and predicted

relationships are presented in Figure 19.

Yield in the Simulation Model

Simulated numbers and weight of the commercial landings from the

population were the most important outputs. They provided measures of

the effects of age-specific fishing and discarding mortalities, varying

growth and recruitment rates, migration and estimates of the portion of

the population available to society. Yields also provided the majority

of comparative information for model validation.

The logic for the fishery portion of the simulation model (Figure

20) begins by offering selection of area-specific fishing mortality

rate F. The next logical step (21) offers knife-edge or

length-specific (ogive) selectivity, catch utilization, and discards.

Knife-edge selectivity, catch utilization, and discards all operate at

lengths where 50 percent are selected or retained, utilized or

discarded (Step 22). There is no discard mortality (Figure 21) when

the 50 percent utilization length is greater than or equal to the 50

percent selectivity length (e.g., fleet is utilizing or landing all

fish caught). For those situations where fleet selectivity length is

less than fleet utilization length (Figure 21), there is discard
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Figure 19. Percent maturity with length for female English sole off
Oregon, form data of Harry (1959).
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Figure 20. Flow chart of English sole fishery process in the computer

simulation model (ENGLSH).



Figure 21. Illustration of knife-edge fishing and discard mortality

with length for three possible situations when 50 percent utilization
length is less than (A), equal to (B), or greater than (C) 50 percent

selection (retention) length.
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mortality as illustrated by the double cross-hatched portion of the

figure.

When logistic fleet selectivity and catch utilization are

switched on, age-specific fishing and discard mortalities are

calculated using equations 3 and 5 with the length-at-age, area, and

year included. Equation 3 then becomes age-specific fishing mortality,

F(i,j) s(i,j))u(i,j)F(j) (18)

where F(i,j) is age-specific(i) and year-specific(j) fishing mortality,

s(i,j) and u(i,j) are as described earlier, and F(j) is the

year-specific(j) instantaneous fishing mortality rate. Expression 5,

age-specific discarding mortality is incorporated as follows:

D(i,j) a(s(i,j)d(i,j)F(j) (19)

where D(i,j) is instantaneous the age-specific(i) and year-specific(j)

discard mortality, d(i,j) is equation (Li) subscripted for age(i) and

year(j), and a, s(i,j) and F(j) are proportion of dead discards, age(i)

and year(j) fleet selectivity and annual(j) instantaneous fishing

mortality as described before. The effects of selectivity and

utilization curve on discarding mortality are illustrated in Figure

22. The largest discarding mortality occurs when utilization is to the

right of the selectivity ogive (Figure 22), coinciding with a situation

in which sizes acceptable to the processor are larger than fleet trawl

selectivity. These figures also illustrate that discard mortality is

present as long as the selectivity and utilization curves overlap.
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Figure 22. Illustration of ogive fishing and discard mortality with

length for three possible situations when 50 percent utilization length

is less than (A), equal to (B), or greater than (C) 50 percent

selection (retention) length.
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Yield in numbers (Step 214) is computed using the Baranov catch

equation expanded to include age-specific fishing and discarding

mortality rates. The equation is

-(F(i,j) + M + D(i,j))

C(i,j) N(i,j) F(i,j) 1. - e (20)

F(i,j) + M + D(i,j)

where C(i,j)z landed catch in numbers of fish ,N(i,j) is the number of

fish and F(i,j), M and D(i,j) are mortality rates described previously.

The ((i,j)) denotes that these population parameters are expanded to

include age and year, respectively.

Yield in weight is computed (Figure 20., Step 25) with

Y(i,j) = C(i,j) W(i,j)/c (21)

where Y(i,j) landed catch in metric tons C(i,j) is as above, W(i,j)

is weight of the fish, (c) is a conversion constant from grams to

tonnes and (i,j) is as above. Yields are summed over age, area and

year so that they are available in numbers and various weights (metric

and English) for each PMFC subpopulation and total population (Step

25). Also computed are landed percentage age compositions by PMFC area

to simulate state agency sampling for reference and validation of fleet

selectivity.

Calculation of Survival

The last step in the model logic removed annual mortalities to

determine the portion of the population or stock that would enter its

next year of life. This was computed on an annual resolution using the

negative exponential survival relationship,
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-z

N(i,j,k) N(i,j,k-1) e (22)

where N(i,j,k) is numbers of fish at age(i), area(j) and year(k) and

Z:(F(i,j) + M + D(i,j)).

Equation 22 was used for each of the four PMFC areas, and the

resultant survivors were summed over age and area to provide various

population system-state variables. Some of these variables included

numbers, pounds and tonnes of the population before and after the

simulated year. These were included to provide population reference

points for model debugging. This completed the model logic for a

simulated year after which the flow was returned to the beginning of

another year. The fortran version of this model, IENGLSHt is listed in

Appendix 1.



MODELING EXPERIMENTS

The following is a list of the experiments that were designed for

model validation, parameterization, to estimate MSY, and measure the

effects on yield of knife-edge and ogive fishing and discard mortality

rates, and varying growth and recruitment:

1. Yield contours or response surface analyses with F and

M on the x and y axes respectively and yield on the z axis.

These simulations illustrate the range of acceptable values for F

and M, given estimates of average growth and two recruitment

levels.

2. Yield-per-recruit simulations for PMFC Area 3A to

select a fleet selectivity ogive that will reproduce ODF&W's

catch composition from this area for years 1969-79.

3. Yield by PMFC area with F, M and fleet selectivity from

two experiments (a. and b. below) to adjust adult migration

within PMFC areas to reproduce average catch statistics by areas,

for years 1969-79.

a. F is assumed to be constant over area.

b. F in Pt4FC Area 3B is assumed to be double the

others.

IL Four sets of yield-per-recruit simulations to examine

age-one versus age-four fish recruited to the fishing grounds,

and ogive versus knife-edge fishing and discard mortality.

5. Two MSY estimates, one with each recruitment

estimation, both using ogive selection, utilization and discard

mortality, migration from validation analysis and average growth



rates.

6. Two series of yield simulations (a. and b. below) to

measure effects of varying growth and recruitment;

a. Use of varying recruitment and mean growth.

b. Use of varying growth and mean recruitment.

7. The final series of five yield curves examine the

effects of maximum and minimum observed deviations in growth and

recruitment. One control curve used mean growth and recruitment;

the others used either maximum or minimum growth or recruitment.



MODEL VALIDATION

To meet validation criterion, it was necessary for the simulation

model to produce statistics within the .95 confidence interval (C.I.)

of the mean commercial catch statistics. These statistics were landed

commercial catch-age compositions for PMFC 3A, and landed catches by

PMFC area and for the Columbia-Vancouver areas combined. Validation

was complicated by the lack of initial point estimates for M, F, D,

fleet selectivity and migration rates. A validation procedure was

conceived that utilized the population parameter range estimates and

the .95 C.I. of mean commercial catch statistics. Catch statistics

were restricted to years 1969 to 1979 to eliminate the different age

structure of the commercial landings in PMFC 3A previous to 1969.

(Prior to 1969 the age composition of commercial landings showed higher

percentages of younger, and lower percentages of older fish.) (See

Figure 2.)

The general solution for this validation problem was to

conceptualize this simulation model as a multidimensional equation with

the dependent variable a cloud of yields corresponding to the .95 C.I.

of mean commercial landing statistics for 1969 to 1979. This region of

acceptable yields restricts the range of acceptable population

parameter values (independent variables). This adjusts the simulation

model to the current fishery statistics. The separate examination of

the two recruitment estimates and removal of migration and fleet

selectivity reduce the problem to two three-dimensional yield response

surfaces.
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The yield contours were obtained from a Fortran V version of

ENGLSH which increments (F) and (M) internally to reduce operator and

computer time. Recruitment and growth were set at annual averages for

years 1969 to 1979. The initial running of the contours used .5-inch

mesh selectivity and Teneyck and Demory's 1975 ogive for catch

utilization and discarding, and dispersal proportions equal to

recruitment proportions. The yield matrix output from the two

different recruitment estimates were input into PLOTLIB (OSU Computer

Center 1980), a FORTRAN contour plotting routine. The x and y axes

were also labeled with the range of estimates available for M and Z

(Table 5).

To validate fleet selectivity, simulated and commercial age

composition catch statistics for PMFC Area 3A (1969 to 1979), were

compared for the five mesh size ogives (Figure 8). Selectivity

validation acceptance criteria was to have the model reproduce the age

compositions within the 95 percent C.I. of observed mean for years

1969 to 1979 on Table 2. SInce this process compares sets of age

composition as percentages, it was not necessary to have actual

numbers of fish at age or recruitment. Commercial catch samples

contain traces of ages one through three (Table 2.). Consequently

recruitment in this simulation was extended to include age-one fish.

Recruitment during these analyses was set at one million age-one fish

and it was assumed that H for ages one through four was equal to H for

ages four and older. These simulations were made with mean estimates

of F and M from a prelimimary response surface analysis, the

utilization and discard ogives, and average growth.
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The last step in this validation process checked migration, or

annual dispersal proportions, by comparing simulated landings with

actual landings by PMFC area for the years 1969 to 1979. At acceptable

levels, it was necessary that the model reproduce average yields by

PMFC area for this ten-year period that were within the .95 C.I. of

means observed. ENGLSH was used for these simulations with two

separate series run, one with cohort analysis-based recruitment, the

other with survey-based recruitment. The other population parameters

were average annual growth, best estimates of F and M, and selectivity

from the previous analyses.

These procedures were repeated with the results of each step

updating the values of F, M, fleet selectivity, and redistribution

proportions used in the next simulation run, updating the parameter

values used in the next. Final parameter values were arrived at when

acceptance criteria were met.
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Validation
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Initial response surface analysis of F and M (Figures 23 and 24)

suggested that M would be in the upper ranges of the estimates (Table

5, p. 20). The final runs (Figures 25 and 26) which incorporated the

final fleet selectivity and redistribution proportions suggest M and F

of 0.26 and 0.29 respectively for cohort-estimated recruitment (Figure

27), and M and F or 0.35 and 0.26 respectively for survey-estimated

recruitment (Figure 25). These final response surfaces for

survey-estimated recruitment (Figure 25) still place the acceptable

region of H above and in the upper range of observed values, while

final cohort-estimated recruitment (Figure 26) places H0.27 almost

midpoint of the range of estimates available.

The 5.5-inch mesh selectivity ogive provided the best

representation of fleet selectivity, with only slight (less than one

percent) deviation from the .95 C.I. of mean age compositions at ages

2 and 13 (Table 9). Coincidentally, 5.5-inch mesh is the size

preferred by the majority of' the Oregon Trawl Fleet (R. L. Demory,

personal communication, 1982). The discard mortality rate from the

5.5-inch mesh ogive (Figure 27) is less than ten percent of' F and half

of that observed with 4.5-inch ogive (Figure 10).

The redistribution proportions computed when F was assumed

constant over PMFC Areas (Table 10) suggested that the majority, over

60 percent, of the population resides in PMFC Areas 3A and 3B. This

observation coincides with the migratory patterns observed by Golden et

al. (1979).



Figure 23. Initial response surfaces of yields of female English sole

in the Columbia-Vancouver International North Pacific Fisheries

Commission areas with F and M on the x and y axes respectively and mean
recruitment estimate from Oregon Department of Fish and Wildlife

groundfish surveys.
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Figure 21L Initial response surfaces of' yields of female English sole

in the Columbia-Vancouver International North Pacific Fisheries

Commission areas with F and M on the x and y axes respectively and mean

recruitment estimate from cohort analysis.
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Figure 25. Final response surfaces of Yields of female English sole in
the Columbia-Vancouver International North Pacific Fisheries Commission

areas with F and M on the x and y axes respectively and mean

recruitment estimate from Oregon Department of Fish and Wildlife

groundfish surveys.
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Figure 26. Final response surfaces of yields of female English sole in

the Columbia-Vancouver International North Pacific Fisheries Commission

areas with F and M on the x and y axes respectively and mean

recruitment estimate from cohort analysis.
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Figure 27. 5.5-inch mesh selectivity, Oregon trawl fleet catch

utilization and resultant instantaneous discard mortality by length for

female English sole in the Columbia-Vancouver International North

Pacific Fisheries Commission Areass, 1969-79.
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Table 9. Comparison between mean observed age composition of female

English sole from Pacific Marine Fisheries Commission Area 3A, years
1969-79, and predicted mean age compostion from the computer simulation
model (ENGLSH).

PMFC AREA 3A SIMULATED CATCH COMPOSITIONS

COHORT SURVEY

AGE MEAN% .95 C.I. RECRUITMENT RECRUITMENT

2 0.05 0.06 00.2 00.2

3 03.6 1.5 03.0 03.11

24 14.1 2.6 13.8 124.5

5 224.5 2.1 23.5 23.6

6 20.11 2.1 21.8 21.11

7 15.0 1.11 15.3 14.9

8 10.0 1.9 9.6 9.11

9 6.1 1.2 5.9 5.6

10 3.1 0.5 3.11 3.3

11 1.6 0.8 1.9 1.9

12 0.8 0.24 1.1 0.6
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Table 10. Mortality rates, migration, and fleet mesh size estimates

from validation of the simulation model (ENGLSH), for female English

sole in Pacific Marine Fisheries Commission Statistical Areas, 3B, 3A,

2C and 2B.

PARAMETER INITIAL

SIMULATION RUNS

FINAL F OVER AREA

COHORT SURVEY COHORT SURVEY COHORT

F(3E):.O6

F .26 .31 30 21 F(3A)=.173
F(2C):. 167
F(2B):.220

M .31 .38 .27 .35 .28

MESH SIZE 1L5" 5.5" 5.5" 5.5"

Annual Distribution Proportions

3B .31 .33 .30 .31 .19

3A .38 .42 .36 .36 .39

2C .18 .16 .19 .19 .21

2B .13 .09 .15 .14 .21
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An alternative hypothesis to the assumption that fishing effort

is equal among PMFC areas is that the area-specific estimates of Z

represent valid differences in fishing mortalities among these areas.

To examine this, another experiment on annual redistribution was run

using mean recruitment from cohort analysis, the 5.5-inch mesh

selectivity, and ogive utilization and discarding, and area-specfic

estimates of' F. Results front this run (Table 10) reduced the annual

proportion of fish in Area 3B by 30 percent. These results suggest

that the majority of the population annually resides in Area 3A.

Yield Per Million Recruits front the Simulation Model

Population parameter values were selected for these simulations

with the following goals in mind: to analyze the effects of different

ages at recruitment to the fishing grounds (tp); to compare knife-edge

with ogive selectivity; and to provide a final model validation by

comparing these with two previously published yield-per-recruit models.

Four values of M were decided upon for these simulations: M 0.28 and

0.35, the most likely values from validation analysis; and H .1 and

0.21 which coincide with values used in Ehrhardt's and Lenarz's models,

respectively. The yields were then summed over age (year classes) and

plotted. Parameter values for these simulations were

recruitment 1,000,000. (250,000 per PMFC Area)

t(p) age 1 or Z

growth average annual length- and weight-at-age (Table 8)

redistribution proportions = (Table 10 final cohort column)

selectivity 5.5-inch ogive or

SKNIFE = 33.29 cm. (length of 50 percent selectivity)
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utilization and discard equations 3 and 5 or

tJKNIFE 27.22 cm. (length of 50 percent utilization)

M .14, .21, .28, .35

F 0.05 to 2.00

a 1.0 (assumes all discards die)

The results from experiments comparing knife-edge and ogive

fishing and discard mortality, and age-at-recruitment to the fishing

grounds are illustrated by four sets of yield curves (Figures 28

through 31). Comparison of the knife-edge (Figures 28 and 29) with the

ogive fishing mortalities (Figures 30 and 31) illustrates a noticeable

difference in the shape of the curves. The knife-edge curves show that

yield continues to increase with F, while the ogive curves suggest

optimum F ranges from 0.6 to 2.0. These results suggest that a model

with knife-edge selectivity would overestimate optimum F. Adding ages

one through three to the model reduced optimum F from 1.70 and +5.00 to

1.23 and 1.68 for M .28 and .35 respectively. These M values were

the most likely values from the validation and coincide with

recruitment estimates from cohort- and survey-based analyses

respectively.

Yield-per-million-recruit curves from this model for M values of

0.1L and 0.21 (Figure 28) are slightly flatter and the yields are a

little higher than Ehrhardt's corresponding curves for M values of 0.15

and 0.20 (Figure 6). Ehrhardt's curves for M of 0.15 and 0.20 predict

yield-per-million-recruits of approximately 250 t and 200 t

respectively while yield-per-million-recruits from this study were 300

t and 250 t for M of 0.1L and 0.21.
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Figure 28. Yield per million recruits and fishing mortality rate for

four values of M; tp 14; tp' knife-edge (selectivity 5.5 and

utilization 3.6).
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Figure 29. Yield per million recruits and fishing mortality rate for

four values of M; tp 1; tp' knife-edge (selectivity 5.5 and
utilization 3.6).
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Figure 30. Yield per million recruits and fishing mortality rate for

four values of N; tp 14; tpt ogive selectivity, utilization and

discard rates.
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Figure 31. Yield per million recruits and fishing mortality rate for

four values of M; tp 1; tp' ogive selectivity, utilization and
discard rates.
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These differences are due to the increased natural mortality Ehrhardt's

fish experience for 0.1 years while on the grounds but not fully

recruited to the fishery. Some of the difference is also explained by

Ehrhardt's use of knife-edge selectivity as illustrated by comparison

of Figures 30 and 31. Lenarz YIR curves with M .1 and .7, (Figure

27) illustrate steeper descending portions than do comparable curves

from the present sbudy (Figure 30). These differences are explained by

the different ages-at-recruitment (tp), selectivity and growth in the

two models. Lenarz recruits fish to his model at age three compared to

age four illustrated in Figure 30. This causes a small increase in the

steepness of his Y/R curves as illustrated by comparing Figures 30 and

31. Age at 50 percent selection in the Lenarz study was 3.9 years,

while in this model it is 5.Z years. This effectively increases

mortality for ages 3.9 to 5.1 in his model and as illustrated by

Beverton and Holt in Figure 17.18.2 (1957, p.321) would cause his

curves to have steeper descent. Lenarz's Von ertalanffy Brody

constant (k:.1L) as opposed to Kreuz's estimate of (k:.266) would also

cause his curves to have steeper descent (Figure 17.22, Beverton and

Holt 1957, p. 323).

Estimates of MSY

To estimate MSY the simulation model ENGLSH was run with

population parameter values the same as in Y/R simulations except for

tp and numbers of recruits. Yields were calculated by summing cohorts

in a year, rather than summing a cohort over years. Mean recruitment

from cohort analysis and survey data (Table 7) were used, and tp set

at age four. Age at recruitment to the fishing grounds (tp) was



limited to age-four fish as estimates of population numbers and or

natural mortality rates for younger fish were unavailable.

The results from the two recruitment levels (Figures 32 and 33)

suggest that the fishery was operating below MSY for years 1969 to 1979

at either recruitment level, when catch ranged from 808 t to 2102 t.

These results also indicate that MSY for mean recruitment from cohort

analysis at M=0.28 is 1851 t at F:T.8 and for survey-based recruitment

at M:0.35, MSY:2500 t at F5.0+. The cohort analysis values (M0.28,

F1.80, and MSY185 t) are the preferred values as suggested by

validation results.

Effects of Varying Growth and Recruitment

One of the goals of this study was to measure the effects of

varying growth and recruitment rates on yield from the English sole

population off Oregon and Washington. To measure these effects this

goal was broken down into two parts. Part 1 compared the effects of

"simulated" varying growth and recruitment. Part 2 compared the

effects of sustained observed extremes in growth and recruitment.

These extremes are the actual maximum and minimum deviations in cohort

estimates of recruitment (Kruse 1984) and growth (Kreuz et. al.

1982).

The coefficent of variation (C.V.) was selected to compare

variations in growth and recruitment. This is commonly used to

describe variation in a population (Snedecor and Cochran 1978). It is

well suited for this experiment as it accommodates comparison of

effects resulting from variables measured in different units.
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Figure 32. Yield curves and fishing mortality rates for four values of
M; tp 14; tp' ogive selection, utilization and discard; mean
recruitment estimated from cohort analysis.
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Figure 33. Yield curves and fishing mortality rates for four values of

M; tp 4; tp' ogive selection, utilization and discards; mean

recruitment estimated from Oregon Department of Fish and Wildlife

groundfish surveys.
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The experiments of Part 1 involved the simulation model ENGLSH

run for ten years with population parameters used in "Estimates of MSY"

to establish initial populations and age distribution. After that,

either varying growth or recruitment was switched on and run for a

60-year period so that the second 30-year period could be examined with

all cohorts free of the effects of the initial mean annual growth or

recruitment. When growth varied, recruitment was held at the mean

level for the period examined, and vice versa. A time series of the

driving variables, growth and recruitment, and yields were saved from

these runs. Statistics were also calculated for the years 1951 to

1980.

The results from these simulations (Figures 34 and 35) illustrate

that varying growth had approximately twice the effect on yield of

varying recruitment. This was true even though varying recruitment had

almost double the coefficient of variation of varying growth (Figures

34 and 35). It is also important to mention that extreme or outlier

recruitment was not considered in this simulation run. Yield responses

to varying growth are more abrupt (Figure 34) while those from varying

recruitment (Figure 35) appear smoothed. The continued decline of

average growth for the years 1950 through 1959 produced (Figure 34) the

largest deviation in yield observed with either varying growth or

recruitment operating (Figures 34 and 35). Also noticeable is the

increase in yield one year after two consecutive positive growth

deviations (1958 and 1959). The continued downward trend in

recruitment for years 1958 through 1960 produced a moderate dip in

yield which began and ended two to three years after the recruitment

trend changed.
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Figure 314. Time series of potential maximum yield and annual growth of
age-one female English sole in the Columbia-Vancouver International
North Pacific Fisheries Commission areas.
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Figure 35. Time series of potential maximum yield and annual

recruitment for female English sole in the Columbia-Vancouver

International North Pacific Fisheries Commission areas.
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Experiments in Part 2 examined the effects of sustained extremes

in growth and recruitment. Simulations to examine this consisted of a

control with mean growth and recruitment and other population parameter

values used in the "Estimates of MSY" and four other simulations with

either maximum or minimum growth or recruitment. While growth was

maximum or minimum, recruitment was mean, and vice versa. The maximum

and minimum values along with means are listed in Table 11. These

simulations were run using the same methods and plotting procedures as

Estimates of MSY. The yield curve for M 0.28 and mean recruitment

estimates from cohort analysis provided the control.

The results from these simulations (Figure 36) illustrate that

either maximum or minimum extremes in recruitment, if allowed to

continue for the simulated population's life cycle (ten years), would

produce considerably larger effects In yields than persistent extreme

deviations in growth. Persistent maximum and minimum deviations in

growth produced approximately 75 t deviation in yield, while persistent

deviations in recruitment produced over 1000 t deviation in yield.
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Table 11. Predicted mean and observed maximum and minimum deviations

in growth for age-one and numbers of age-four (recruits) female English
sole in the Columbia-Vancouver International North Pacific Fisheries

Commission Areas.

GROWTH (CM)

PMFC -17% DEVIATION'*' AVERAGE +13% DEVIATIONt*I

AREA

3B 4.42 5.32 6.01

3A 3.97 4.78 5.40

2C 4.56 5.50 6.21

2B 4.61 5.56 6.28

RECRUITMENT (thousands)

PMFC MINIMUM'' AVERAGE'+' MAXIMTJM''

AREA

3B 1706 2278 4164

3A 2345 3102 5724

2C 1788 2286 4364

2B 1698 1858 4145

@ Kruse (1983) updated Haymans cohort anayalsis.
* Kreuz et al. (1982).
+ from Table 7. this study.



Figure 36. Yield curves and fishing mortality rates for five sets of

growth and recruitment rates; M 0.28; mean recruitment estimated from

cohort analysis; tp 24; tp' ogive selectivity, utilization and

discard rates.
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DISCUSSION

The primary objectives of this study were to determine effects on

yield of annual variations in growth and recruitment, age specific

fishing and discard mortality and migration rates, and estimate optimal

yield for the Columbia-Vancouver management unit.

Model Cost

ENGLSH was written in Fortran V for the CDC Cyber 70 model 73.

The code is appended to this thesis. As indicated earlier, the model

operates on annual time resolution and maintains records of

environmental, population and fishery variables for monitoring or

alteration during simulations. Running the model for a sum of

approximately 350 years, the time necessary to produce yield data for

yield curves, cost approximately 33 SRU-S or $3.50 on prime shift at the

Oregon State University Computer Center.

Model Validation

The acceptable region of yields from the response surface analysis

of mortality rates for cohort estimates of recruitment is associated

with the range of mortality rates that were empirically estimated

(Figure 26); however the location of this surface for survey estimates

of recruitment (Figure 25) suggest these estimates are high. ODF&W

assumed that survey trawl catchability was 1.0. Adjusting this by a

small amount would bring their estimates more in line with mortality

estimates.



The 5.5-inch cotton mesh ogive reproduced catch-age compositions

with slight underestimates of age-two fish. This deviation may be

explained by the small numbers of this age fish sampled and the

possilility of continued dockside and processor discards prior to

sampling. The actual fleet mesh size is probably smaller than 5.5-inch

mesh as 50 percent retention lengths for 5.5-inch mesh from recent

studies for new synthetic trawl materials is over 38 cm versus the 33.6

cm from Best's cotton gear (Table 6). This difference and the

interactive effect of the catch utilization factor emphasize the

importance of conducting both gear savings and updating catch

utilization studies over the entire Columbia-Vancouver management area.

Results from dispersion or migration validation (Table 9),

placing the majority of the fish in the Areas 3B and 3A, confirm

Golden's general migration model, northward movement and residence

during the majority of the year with return south for two to three

months. This type of migration emphasize the importance of quantifying

these movements as well as monitoring fishery and population biology

parameters along the coast. This is justified by the possibility of

intense fishing or an outlier biological event in one of the FMFC areas

producing extreme effects on the population and fishery in the other

areas.

Age-Specific Fishing and Discard Mortality

The results of comparing knife-edge with ogive selectivity

suggest that a model with knife-edge fishery selection would

overestimate both optimum F and Yield-per-Recruit or MSY. As in the

case of this fishery, 50 percent fleet selectivity length is greater



than 50 percent catch utilization length and, as a result, no discards

exist. (Figure 22.).

Age at Recruitment to the Fishing Grounds (tp)

Results from examination of tp 1 versus tp = l emphasize the

need for natural mortality estimates for ages ito 3. The inclusion of

discard mortality for ages 1 to 3 reduces optimum F by at least 0.5;

however its effect on yield is unquantifiable until estimates of H for

ages 1 to 3 are made.

MSY or Optimal Yield

MSY estimates of 1850 to 2500 t are high when considering that

both were made excluding discard mortality of ages 1 to 3 and the

latter was derived using high mean recruitment estimates from

groundfish surveys. This suggests that 1850 t is above the high end of

a range of optimal yields for the Columbia-Vancouver Management Area,

and serious effort should be made not exceed this yield.

Variations in Growth and Recruitment Rates

Varying growth produced approximately twice the deviation in

yield as varying recruitment. This is explained by the fact that

variations in growth were synchronous over all year classes at year (t)

while recruitment only affected one year class at year (t). In other

words, variation in growth affected all cohorts in a given year while

varying recruitment affected only the recruited cohort.
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Trends in simulated deviations in growth and recruitment produced

the most significant affects in yields. Continued positive or negative

deviations in growth or recruitment produce more significant changes in

yield than random variations. This suggests that three or more years

of consistent negative or positive deviations would produce significant

effects on yields from this fishery. This emphasizes the need to

initiate research for monitoring and developing further understanding

of these events.
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APPENDIX

Computer program for simulation model 'ENGLSH'.

C MODEL ENGLSH1: A COMPUTER SIMULATION MODEL

C OF FEMALE ENGLISH SOLE OFF THE OREGON AND

C WASHiNGTON COASTS(PNPC AREAS 23,20,34,33).

C MODELED BY 1. R. HAYDEN AND PROGRAMED BY ERIC DEaLS AND

C 1. R. HAYDEN.

C RECRUITMENT: ENGLSH AFFORDS A SELECTION OF FOUR RECRUITMENT REGIMES,

C TWO ESTIMATES OF MEAN RECRUITMENT AND TWO ESTIMATES OF ANNUALLY

C VARYING RECRUITMENT. RECRUITMENT IS DEFINED AS THE NUMBER OF AGE

C FOUR FEMALE ENGLSH SOLE ENTERING THE MODEL (FISHERY) ANNUALLY.

C RECRUITMENT DEFAULTS TO MEAN ANNUM. ESTIMATE EASED PRIMARILY ON

C COHORT ANALYSIS CONDUCTED BY HAYNAN ST. AL. 1980.

C GROWTH: ENGLSH OFFERS MEAN ANNUAL OR ANNUALLY VARYING GROWTH.

C ANNUAL LENGTH AT AGE iS ESTIMATED USING KREUZ'S VON JERTALAHFFT

C GROWTH EQUATION AND MEAN LENGTH IS ESTIMATED USING A LOGISTIC

C EXPRESSION OF KREUZ'S SEASONAL GROWTH DATA. THE MODEL DEFAULTS

C TO MEAN ANNUAL GROWTH WITH THE AVERAGE LENGTH £51. USING THE

C MEAN NC. OF (DAYS) TILl. HALF' THE COMA. CATCH IS LANDED BY PPIFC AREA.

C FISHING MORTALITY: ENGLSH OFFERS TWO FISHERY MANAGEMENT REGIMES. BOTH

C UTILIZE AGE SPECIFIC MESH SELECTION (E.A. BEST 61> AND CATCH

C UTILIZATION (TENEYCK AND DEMORY 7) TO ADJUST INSTANTANEOUS FISHING

C MORTALITY (F). DEFAULT MANAGEMENT REGIME THE MODELER SELECTS

C (F) WHILE THE OTHER REGIME THE MODELER SETS A QUOTA AND THE MODEL

C SELECTS (F) TO TAKE THE QUOTA

C SURVIVAL: NEGATIVE EXPONENTIAL SURVIVAL IS USED WITH AGE SPECIFIC

C MESH SELECTION AND CATCH UTILIZATION INCORPORATED IN (F) AND

C THE AUDITION OF DISCARDING MORTALITY (DMORT) TO TOTAL MORTALITY.

C THE MODEL ALSO AFFORDS A SELECTION OF THAT FRACTION

C (A) OF THE DISCARDED FISH THAT DIE. DEFAULT (A)al.O (ASSUMES ALL

C DISCARDED FISH DIE). NATURAL MORTALITY (NAORT) MAY BE SET HOWEVER

C IT DEFAUlTS TO NNORT.2O0O

C REDISTRIBUTION: THE MATURE POPULATION MODELED IS REDISTRIBUTED TO

C PMFC AREAS PROPORTIONAL 10 THE COMMERCIAL CATCI4$ OBSERVED 1960-79.

C THE IMMATURE POPULATION IS REDISTRIBUTED TO PMFC AREAS IN PROPORTION

C TO THE NO'S. OBSERVED DURING THE ODF&W GED. FSN. SURVEYS 1971-76.

C

------ - ------ -----------OPERAIION INSTRUCTIONS--- --------
C

C

C DEFAULT OPERATION OF THE MODEL RESULTS IN ITS OPERATIONS IN THE

C DYNAMIC POOL MODE WITHONSTANT MEAN RECRUITMENT BASED PRIMARILY

C UPON COHORT ANALYSIS C1441$AN El. AL. 1980),MEAN ANNUAL GROWTH

C ESTIMATED FROM KIETH KREUZ'S WORK 1978,AND CONSTANT ANNUAL NATURAL

C MORTALITY (NMORTSO.2) ALSO FROM HAYMAN El. AL.. THE OPERATOR

C MUST FIRST RUN THE MODEL FOR 10 TEARS TO ALLOW RECRUITMENT TO



C BUILD A POPULATION VITH STABLE AGE DISTRIBUTION. THEN SELECT

C AREA SPECIFIC FISHING MORTALITY

C RUN THE MODEL FOR A DESIRED NUMBER OF TEARS AND MONITOR AVAILABLE

C OUTPUTS. SEE 'DEFINITIOM OF VARIALDES' FOR AVAILABLE OUTPUT VARIALBES.

C THIS MODEL AFFORDS THE USER THE FOLLOVING VARIATIONS;

C I. RECRUITMENT

C A. A CHOICE OF TUG MEAN ANNUAL RECRUITMENT REGIMES

C (1.) MEAN RECRUITMENT (2.) MEAN RECRUITMENT

C BASED PRIMARILY UPO1 BASED PRIMARILY UPON

C COHORT ANALYSIS SURVEY ANALYSIS

C DEFAULT(CDHORT1 .0) (C0HOR1O.G)

C DEFAULT(VARREC'O.O IVARRECZO.0)

C B. A CHOICE OF IVO ANNUALLY VARYING RECRUITMENT REGIMES

C (1.) VARYING RECRUITMENT (2.) VARYING RECRUINENT

C BASED PRIMARILY UPON BASED PRIMARILY UPON

C COHORT ANALYSIS AND SURVEY ANALYSIS AND

C USIN6 THE RECRUITMENT USING THE RECRUITMENT

C MODEL DESCRIBED BY HATMAN MODEL DESCRIBED BY HAYMAN

C (VARRECZI.0) (VARRECZI.0)

C DEFAULT(COHORT:1 .0) (COHORTSO.0)

C II. GROUTH

C A. A CHOICE OF ANNUAL MEAN OR ANNUALLY VARYING BROUTH

C (1.) MEAN BROVTH (2.) VARYING GROUTH

C ESTIMATED USING KREUZ'S ESTIMATED USING KREUZ'S

C VON )ERTALANFFY AND GROUTH VITH BOTTOM

C SEASOHAL.GROVrH ESPRES TEMPERATURE AND SEASONAL

C SIONS GROUTH ESPRESSION

C DEFAULT IVARGROaO.0) (VARGROt.0)

C III. FISHING MORTALITY

C A. A CHOICE OF MANAGING BY SELECTING (F) OR (YIELD)

C (1.3 MODELER SELECTS (2.) MODELER SELECTS

C F TIELD

C DEFAULT(QUOT*zO.0) (QUOTASTOTAL YIELD IN METRIC TONNES

C 3. A CHOICE OF KNIFE EDGE OR LEGISTIC MESH SELECTION

C (1.) LOGISTIC MESH (2.) KNIFE ED6E MESH

C SELECTION (E.A. BEST SELECTION

C 1!71) (SKNIFE5O PERCENT SELECTION

C DEFAULT (SKNIFEsO.0) LENGTH IN Cn. TOTAL LENGTH)

C C. A CHOICE OF KNIFE EDGE OR LOGISTIC CATCH UTILIZATION

C (1.) LOGISTIC CATCH (2.) KNIFt EDGE CATCH

C UTILIZATION TERETCX UTILIZATION (UXNIFE:

C AND DENORY 1?7Z. 0 PERCENT UTILIZATION

C DEFAULT(UKNIFE'O.0) LENGTH

C IV. SURVIVAL

C A. A CHOICE OF NATURAL MORTALITY RATE *140 THE PROPORTION OF

C DISCARDED FISH THAT DIE

C (1.) MODELER. SELECTS 1'.) MODELER SELECTS

C NATURAL MORTALITY FRACTION OF DEAD DISCARDS

C DEFAULT(NNORTZO.2) flFAØT(*1.0) ASSUMES ALL. DISCARDS DIE

C V. REDISTRIBUTION

C A. A CHOICE OF REDISTRIBUTION OR NOT
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(I.) REDISTRI3UTION (.) REDISTRIBUTION

C BASED UPON ODPIU SURVEY OFF

C RECRUTIMENT ESTIMATES (REDIST=O.0)

C AND PROPORTIONS NECESSARY

C TO SIMULATE THE 1960-7?

C COMMERCIAL CATCH RECORDS

C DEFAULT(REDIST1 .0)

SUBROUTINE UMODEL. (IT)

REAL NNORT , LENFLAG , LENNAX , K

REAL N,N31,N34,N2C,M2B
REAL NHATB,NHAT3A .NHAT2C,NHATZB,t4HAT

REAL IMATRB,IMATR3A, IMATR2C,INATR2J
REAL. MATUR3B ,IIATUR3A .MATUR2C,M*TUR2J

REAL NTRB1 ,N1R82,MATURE

COMMON COHORT JARO,RDAIA(DO) ,3,REC3ARC.RECBARS.GROBAR

COMMON VARGRO,LENFLAG,ETEAR,BTNTENP,SEALEV, VARREC,GDATA(3O) .0

COMMON LENMAX,K,TNOT,BTCONI ,BTCON2,BICOK3,VGRCONI ,VGRCON2

COMMON ANLEN3B(14),A$LEN3A(14),ANLEM2C(14),ANLENZB(14)

COMMON ANGRD3J(14),AN6R03A(14),ANGRO2C(14),ANGRO2B(14)

COMMON RECB,RECDA,REC2C,REC23,TREC,COVAREC,RECHAT( 12)

COMMON ANVGR3B(14).AIWGR3A(14),ANVGR2CCI4),ANVGR2B(14)

COMMON DATS3B,DAYS3A.DAYS2C,DAYS2B,RTEAR,PCT( 14) ,GRSUTCX

COMMON AVGRO3B(14),*U0R03AC14).AVGRO2C(14),AV6R023C14).SRQFLAG
COMMON *VLENZB(14),AVLEN3A(14),AVLEM2C(74),AVL.EM2B(74)

COMMON uT3B(14),vTA(14),uTzcc14),ur:B(14),wrCasN,uTExPN
COMMON SEL3B()4),SEL3A(14),5EL2C(14),SEL2B(14),UTCONS,WrEXPS

COMMON SEUI .Sa3:.SICMIFE, VONB,XNITE

COMMON U1L3B(14),UTL3A(14).UT1.2C(14),UTL2B(14)

COMMON DSCRD3)(14)DSCRD3A(14),DSCRu2CCt4),DSCRD2B(14)
COMMON UTU1,UTLB2,UKMIP'E

COMMON DNORTD)(14) ,DNORT3A(14) ,DMORT2C( 14) .DMORT2B( 14)

COMMON P33,F3A,P2C,F23,900TA

COMMON FMORT)C14),FMORT3A(14),FMORT2Ct14).FNOR123(14)

COMMON CATCH3B(14),CATCH3A(14),CATCX2Ct14)CATCH2B(14),Ni1ORT

COMMON TOTCC3P, TO7CC3A,TOTCC2C,TOTCC2B

COMMON PCTCP3(14),PCTCP3A(14),PCTCP2C(14),PCTCP2B(14)

COMMON YTONS3B(14),YTOMSDA(14),YTONS2C(14),YTONS2B(14)

COMMON YLBS3(14),YL3S3A(14),YL3S2CC14),YL3S23(14)

COMMON Y!ELD3B, YIELD3A.rIELD2C,TIELD2B.XTTDNS

COMMON ETELD3B ,ETELDDA,EYEU2C,EYEU2B

COMMON TCATCH,TTIEU . TETEUP A

COMMON SFPOPB(t4).SFPOPDA(14),SFPOPC(14),SFPO23C14)

COMMON SPOPEB.SPOPBA,SPOP2C.SPOP2B,SF'POP( 14)

COMMON STQNS33(14).STDNS3A(14),STONS2C(14),SIONS2B(14)

COMMON SLBSDB(14),SLBS3A(14},SLJS2C(14),SUS2B(14)

COMMON SBZOM3B,S310fl3A,5310112C,S310fl23

COMMON SEIIN3B ,SEBIM3A,.SEBIN2C,5531N21

COMMON TSPOP,TS3ION,TSEBIOM

COMMON HJ4A133(,4),NHAT3A(14),NHAT2C(14),NHAT2B(14),NHAT(14)

COMMON N.NIB.N3A,N2C,N23

COMMON C,F.C33,CEA.C2C.C2B
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CQMfCH
COMMON MTRB1 ,MTRB2

COMMON IMATBC14),INATRA(14)I$ATR2C(14),fli*TR2B(14)
COMMON DISTC,DIST3AC,DIST2CC,DISTOBC
COMMON DISTBS,DI5T3AS,DI$T2CS.DI5T23$
COMMON RHAT3BC,RHAT3AC,RHAT2CC,RHAT:BC,REDIST, TRHATC
COMMON RH4TJS J4AT3AS,RHAT2CS,RnA123$, TRH*TS

CDNON RFPOP3B14),RFPOP3A(14),RFPQP2C(14).RFpOp2B(,4)
COMMON RTPDPC 4) ,RPOP,RPOP3A,RPOP2C.RPOPZ?
COMMON RTONS3B(14),RTONS3*fl4,RTOHS2C(14),RTONS2B(14)
COMMON RLBS3Bfl4).RLBS3AtI4,RUS2CCI4,RUSZB(14)
COMMON RBIDM3B,RBIDN3A,RBIOM2C,RBIDNZ)
COMMON REBIN3B,REBIN3A,REBIN2C,REBIMZB
COMMON TRPOP,TRBION,TREBION

C

C------TABLE FINC (FiSHING MORTALITY INCREMENTS) USED WREN QUOTA OPERATIONAL.

C

DIMENSION FINC()
DATA FINC /1.28 ,.64,.32,.16,.08,.04,.0,.O1,. 01/

C

C ------ -DEFINITION OF VARIABLES USED IN THIS MODEL------
C

C A FRACTiON OF DISCARDED FISH THAT DIE

C ANGROC )(I) AREA AND AGE SPECIFIC ANNUAL. GROUTH IN LENGTH

C ANLEN( )(I) AREA AND AGE SPECIFIC AVERAGE ANItUAI. LENGTH

C 4NVGRC 1(1) AREA AND AGE SPECIFIC ANNUAL GROWTH INCLUDING ANNUAL VARIATION

C AVGRO( )(I) AREA AGE AND TINE SPECIFIC ANNUAL GROWTH

C AVLENC )CI) AREA AGE AND TINE SPECIFIC ANNUAL LENGTH

C P MULTIPLIER FOR COEFFICIENT OF VARIATION USED TO EXAMINE

C BTCDN1 CONSTANT IN THE BOTTOM TEMPERATURE FUNCTION. T INTERCEPT.

C BTCDN2 CONSTANT IN THE BOTTOM TEMPERATURE FUNCTION, SLOPE.

C ZICOK3 CONSTANT IN THE BOTTOM TEMPERATURE FUNCTION, METRiC CONVERSION

C RELATIVE VARIABILITY IN RECRUITMENT

C GROBAR MEAN GROWTH FOR AGE 2 AREA 3* ESTIMATED FROM K. (REUZ'S

C MODEL OF ANNUALLY VARYING GROWTH USING 30 YEARS DATA T51-8O

C BARD THE SUN OF SEPT. AND OCT. MONTHLY MEAN BAROMETRIC PRESSURE AT

C 46 DEGRESS N. I... 124 DEG.U.L. IN MILLIBARSSIO-l0000
C .BTMTEMP JUNE BOTTOM TEMP IN DES. C AT NH-IS OFF NEWPORT ORE.

C C TOTAL CATCH FROM MODELED POP FOR AGES GREATER THAN 5

C CC ) AREA SPECIFIC CATCRS FOR AGES GREATER THAN 5 YRS.

C CATCH( 1(I) AREA AND AGE SPECIFIC AT SEA CATCH

C COHORT A SWITCH TO SELECT COHORT OR SURVEY ESTIMATES OF RECRUITMENT

C COVAREC A SUITHC TO SELECT PREDICTED OR OBSERVED COHORT EST OF NEC.

C D
MULTIPLIER FOR COEFFICIENT OF VARIATION USED TO EXAMINE

C RELATIVE VARIABILITY ZN GROWTH

C DAYS( ) AREA SPECIFIC NUMBER OF DAYS IIU. HALF THE ANNUAL CATCH IS LANDED

C DISTC )C AREA SPECIFIC PROPORTION OF FISH DISTRIJUTED TO PMFC AREAS

C FOR COHORT BASED ESTIMATES OF RECRUITMENT

C DIST( )C AREA SPECIFIC PROPORTION OF FISH DISTRIBUTED TO PMFC AREAS

C FOR SURVEY BASED ESTIMATES OF RECRUITMENT

C OSCROC )CI) AREA AND AGE SPECIFIC PROPORTION OF CATCH CISCARED
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C
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C
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C
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C

C

C

C

C

EYEIJ( C AREA SPECZFIC LARIIISS IX US.
FINC AN ARRAY OF IIITtRV*L ICALVINGS TO ESTINATE F VIlER OCWT* OPERATIONAL

F INSTANTANEOUS FTSNZND XORTAUTT FOR POP *0DELES EDT1NATED FRON

I1UATIVE SOLUTION OF $A1*IOU C*TCX EDUATION USING CATCR AND

POPUUTYOX OF AGE All GREATER AMA DIVEJI NATURAl. MORTAI.3TT

F C I AREA SPECIFIC £NST*NT*MEGVS FISNINI CICRTAUTT

F*0RTC CCI) AREA AND AGE SPECIFIC ZZSTANTANEOUS FISHING AO2TAUT

ADJUSTED DY CIESM $ELECTTON Afl CATCh UTILIZATION.

GOATA 30 TEAR ARRAY OF SEALEVEL DATA RECORDED OFF SEMI JAY J49II.

IZOFUG FUR TO TORI OFF INITIAL ES?. OF ANNUAL 0*011Th AT AGE

S VON JERTA&.MIFDT 0*011Th COEFFICIENT

DYLAN ANNUAl. INDEX 0? SZALEDEL DATA

INATRI C ( 1 AREA *11 AGE SPECIFIC PERCVrT TRINTURE

C.INFUS FLAG TO TORI OFF VOIDER? LS?ThATE OF 11(111*1. L5119711 AT AGE

NATURI CC C AREA AMA AGE SPECIFIC PERCENT NATURE FROJI hARRY DY.

NTRJI PANMIETU FUR PERCENT NATURITY WHICh CONTROLS LATERAl. FtACECCEXT

N1112 PARAMETER FOR PERCENT RATURIT? WRZCh
COITROL3 RATE OF ChANGE

LEIHI*Z VON 3E17*UNFFT ASYNPTDTIC LENGTh

N TOTAL POP OF AGE A AND GREATER IJSED IN
ITUATIVE EDT. 0? F

NC ) AREA SPECIFIC POP 0? AGE A AND GREATER USED TO £51. IftAMOVEC

INCAYC )( C *15* *111 *65 SPECiFIC flOURS FISK POP E5TTh*TTS O.LFW.

NH*T( C
AU. FISK POP. £3?. DY AGE RU. FOUR PARC AREAS C011INS

IUT*IT*ILDU$ NATURAL MORTAUTY RATE

PCTC C PROPORtION OF *65 2 ANNUAl. 6101111 1350V0 AT SUCESS1VS CAGES)

PCTE?C CCI) AREA SPECIFIC PERCENTAGE AGE CORPOSITION OF CURl. LMIIINGI

0001* TOTAL lIEU (1.7) FOR AL AREAS haltS) All A 51111CR FUR 0007* IIMI*IEIIEXT STR*1UY

DEFAULT 000T*GJ AMP ROOtER SETS FISHING ROJTAI.XTT, *LTERR* fiVE ROSEUR SETS

0001* $ DESIRED YIELD TI METRIC TURNED FOR AU. FOUR PARC AREAS

£510)! TOTAl. TORIES II REDISTIIDUTED POPULATION

RZZOIIC C AREA SPECIFIC R*JISTRIJUTED POPULATION SR 101153

30 TEAR ARRAY OF PINWIETRIC PRESSURE DATA FROII 44 ?74

C 73 NAUTICAL RILES SOUTh! SOUTh WEST OF IWO?)! 0? COURIIIA R.)

REJIR( C AREA SPECIFIC POPULATION AFTER *EDU7RZDUTION Ill US.

15CC 1
AREA SPECIFIC NURSER 0? AGE 4 FVI*L53 ENTERING NOOC.

REC3A(C 115*1 *116*1. &ECZUITNUT FOR AREA 3* £DZTh*TS) PRO)! N*Y)!MS

*EC2UI7hUT Malt FUR TEARS I POC -10

RECURS NEAl ANNUAL NECRUITJIENT FOR AREA 3* L3IT1!*TED PRO)! 11*10*1'S

RECRUZT*EIIT MODEL FOR TEARS 7 DOt -60 ADJUSTS) TO SF0. FIR. SURVEY

£STIR*TES t??t-7A
RECCIAT *1 ARRAY 0? 11*10*111 COhORT

LST11ATED 0? NO!. OF AGE 4

PEDALS ENGLISH SOLE II AREA 2* FOR YEARS t?5!-TO.

RESIST A SIIITCh TO SELECT *15* AU AGE SPECIFIC POPULATION REDZSTRIJUTIOJ

PIRPORTIDI*). TV POP. EDT. PRO)! DIFZU 5*0. P5K. 50*. 1D71-74.

DEFAULT IS REDIFTSIJUTIDN DI RE)IST 1 .0)

RFPOPC I) AGE SPECIFiC MURDERS OF FENALE £311. SOLE *115* AUISTEZSUTIM

RF)OP C (I) AREA AND AGE SPECIFIC ROIlED! OF PEDALS FISH *FTER ZEDISTRXSUTIOH

RII*TO*C AREA SPECIFIC ClEAN NO. OF AGE 4 FVI*US III 1*11., LIT. FROR lAYMAN'S

COhORT ANALYSIS AND ADJUSTED TO OThER AREAS USING AU. P511. 50*1151 ESTIMAtES.

RN*TUC DITTO AJOVE

RNAT DITTO *JOVE

RNATDC 01110 *10115
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C RH*1*! A0(* SPECIFIC lEAl NI. OF AU 4 P01*0.13 LI IN., LIT. P1000,
c soauwutsii SUNVEIS VPi-7* *1.10132(3 TI A 13101 CSIPØ*ISOKS OF IMTNNPS

C P!E)ITD tEC 1321 011000 L3T1U1E3 Phil Pill 30*0(2 P01 C0**ESP011INO TEARS

C lN*Tfl! SIlTS AlIVE
C *NAT2CS 3ITTS AlIVE
C tOSATIJI OITTS *lIVE
C lUll I (I) *11* *11 AU SPECIFIC FIll PIPIUT231 II US. AFTER I(3I$T!13U11311

*1(1 SPECIFiC 011otO w Fu*&.t £11. SOLE *FiU l013TTZ3Ult0I
C 110034 III) *1(1 AU *1(3 SPECIFiC PIPOLATIOR II UT1IC 10111(5 AFTER 1(31*1.
c 1201 *iooti. ona rot MU10(T1%C Puu, 18Th

C $11004 I TOTAL TON! LI SV*VIVLI$ P0?Vl.*TI0I PT *1(1
C SEALSU JUNE SU4.LVE3. AT lEAN PAY TI SEE? *1001 NLUI.
C SflZJu 1 TOTAL. US. 11 50*010115 Fill PSPOLAIZII PT EA

C SC.(Z) U100T1 SPECIFIC AIJUSTO 1*110 IF fill CAUS1IT PT THE FLEET

C SEL37 P81*11(20 rot TIlE FLEET SEI.5CTTVTTT OlIVE lilIES CSOTPOLS TIlE LATERAL. Pt*CELIEIIT OF flit ClIR')

C SLL.1Z P01*1(1(1 POt n1 FLEET S(LECTLVTTT OlIVE UKICII CONTPOU TIlE SATE OF CJIAIIC OP THE CURVE

C SPPOP1 1(1) *11* AlP AU 3rtI7tC S01OIVI1IS P2311 POPULATION TI 1103. 07 FtII*LZ Efl. SILL
C 37P0P411 AU SPECIFIC III. IF 511010101 PEOALE ESsusii SOLE $118101 *13*1

C 311101 * SUITES TO SELECT 01113 LOU 0* 0.5115121 1(51 SELECTIVITY

C lUll 1(11 *01* *11 AlE aF,iC 501010211 FIll POPULATION II LII
C SPSP( I *10 SPECIFiC 501010101 P231 POP II 11*. OF F..Z EHIUIO IOU
C 5131131 1(13 *1* AU *5(3 tpit 50*010111 POPSUTISI II 0(71011 151111(3
C 231010 101* 1151*13 11 1(1(11 TIME 3101215 *1(0 AU AGE!
C 11*111 107*1. *1 SEA 1111003* CITCI II 000105 00111111 I01(41 MIt *1(3
C 1(3101 132*5. 1101*11 II UI. 3111115 *1(81 10. AlES

C 1(110.5 TOTAl. *11(1 CIII. 1*710 II US. mIll *0111 MIt *115
C Till? VII 1UT*Ul#T P1111170 *350 11JUl13 1111 *1 LEJISIl 0
C 11)101 101*4. 1001(3 11 10111113070 PIPULATISU
C 1100101 101*0. US. II 0U1311130T0 POPOUTIOU
C IVEC TOTAL *110171111? AU. taIlS csiiziit

C 1010*11 111*4. 00. IF AU 4 P0*0.5 EIIIL30 L AU. AUMO
C 0*10 IIPOII 131181T *10*5.1313
C 1*0*1! 101*1. II. IF AlE 4 F(1*1.E £1011.50 SOLE *5. 00(15
C 1*1(3 UPII 1*001* P231 $31017 1211 11011*11 (ST. 0071-7*
C TIPOP TOTAL 00110 IF 10ISTtUUTt3 FVMU £1SU311 SOLE 301111111 *1(15 *101 AGE!

C 13)1011 TOTAL lETRIC 10151(3 OF 501077111 P0101.5 01. SOl.L SijillEl OVER AGE AMP AREAS

C 13(3101 TOTAL US. 0F 311010111 PU*Lj LXI. *04.1 000 AU All AREAS
C ISPOP TOTAl. 00*10 OF 51*017111 POOLE £3114.31 SILL 501111110 AlIAS All AGES

C TYIELI 132*1. LAUD CIII. 1*1111 IX 0.1. 5011105 AGES II *11*1
C UflIFI * $01710 Ti 510.1117 OlIn DIE Ii L01137IC ChICO UTIL.LZATI0N
C SET SEIIFEAUJ. IF 101 UTIL*TI0N FIt 10113 LIIVDV*ULT 0010tuQ.I)
C 010.4 III) hUh AU 5.11010 SPECIFIC CITES UTILZTITIDI
C OTU; P01*11170 PSi 5.110010 SPECIFIC 1*111 OTII.U*TiII F51C7101 COE*DLX0I LATERAl. PUCZIIEJIT

C 021.32 P01*1(70 P01 5.11011 wdlFi.0 1*711 SFILUATTOI P0*1710* 10111001.31$ SLOPE

C 0*10100 FLAt 11 510.117 11*1 Ii 01(121* AIl. 0*0011
C 1*11(1 PU$ 11 SELECT 0(11 0* 01(0101 *101*4. 1(1151210?

C VII 10152*11 Ui 70(1 **LL? VIIflIO 1*0171 PVICTZ0*, IjTLREVl.
C 00*13102 10*511112 CI flit *111*4.1.1 0*112111 1*5521 P31117101, lOPE.
C 021 1(13 413* *11 *11 SPECIFIC FIll 0(101ST II EILOSt*II8

0113100 LIPOOEITIAI. 5.111210 01111101 P81*1(20 P31 PSVC 373*

C 071311! (11001(011*0. I21110I-5(ZSIIT 10*1*1(10 PSi POPI LI-lI
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C UTEXPN LENGTH UEIGHT COEFFICIENT FOR PMFC 3B-3A
C UTEXPS LENGTH-4EIGHT COEFFICIENT FOR PMFC X-2B
C YIEjJ( ) AREA SPECIFIC TOTAL COMMERCIAL LANDED CATCH IN METRIC TONNES
C TUS( )(I) AREA AND AGE SPECIFIC YIELD IN LBS.
C YTONS( 1(I) AREA AND AGE SPECIFIC YIELD IN METRIC TONNES
C

------------------------- -
C

C- ----- VON 3ERIALANFFT GROUTH EQUATION TO ESTIMATE MEAN ANNUAL LENGTH, KREUZ 197?.
C

VOKSERTCLEI(MAX,X,AGE,TNOT) LENNAXs(l.-EXP(-(Ks(AGE+TNOT))))
C

C ------ LINEAR RELATIONSHIP RETVEEN SEALEVEL AND BOTTOM TEMPERATURE, KRUSE 80.
C

BTENP(31,32,SEALEV,33) B1+82*(SEAL.EV/53)
C

C ------- LINEAR RELATIONSHIP BETWEEN BOTTOM TEMPERATURE AND ANNUAL GROWTH OF AGE 2
C-------FENALE ENGLISH SOLE, KRUSE El. AL. 80.
C

VARTGRO(31 ,32,BTMTENP)=B1-12*BTNTENP
C

C ------- EXPONENTIAL LENGTH WEIGHT EQUATION, DEJtORY £ ROBINSON 72.
C

WEIGHT (A, FLEN, B) sA*FLENSSD

C

C-------SEASGRO COMPUTES THE PROPORTION OF ACCUMULATED ANNUAL GROWTH
C-------DEPENDENT UPON TIME, MEASURED IN DAYS. ICREUZ 1979
C

SEASGRO(TIflE)t .-1 .1(1 .+EXP(-(4.81-.0294s(TINE))))
C

C------MATURE COMPUTES LENGTH SPECIFIC PROPORTION MATURE
C

flATURE(FtE1I,B1,32*1.-1./(1.+EXP(-1-B2*(FtEN))))
C

C ----- -SELECT COMPUTES LENGTH AND MESH SIZE SPECIFIC
C ------- PROPORTION OR RATIO CAUGHT FOR 4. MESH, E.A. BEST 1961
C

SELECTCFLEN,31 ,J2)1 .-1 ./(1 .4EXP(-(B1-32$(FLEN))))
C

C- ----- RECRUITMENT (AGE FOUR FEMALES) IN AREA 34 IS A FUNCTION OF BAROMETERIC
C-------PRESSURE(UPUELLING), AS OBSERVED BY NAYMAI( 1979.
C

RECRUII(B*ROPRE)a(270.42641*EXP( .00712s8*ROPRE) )*1000.
C

C ----- -BARANOY IS THE BARANOV CATCH EQUATION
C

JARAHOV(XN,F,XM,A,FM)3XN*F/(F+Xfl+#SFPI)*(1 .-EXP(-F-X1I-**FN))
C

C ------- UTILIZE COMPUTES THE LENGTH SPECIFIC UTILIZATION RATE OF CATCH
C ------- TENEYCK AND DEMORY (7)
C
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C

C-------ZMORT COMPUTES SURVIVAL USING NEGATIVE EXPONENTIAL FUNCTION

C

ZNORT(XN,F,XN,A,FN)IXNSEXP(-(F+XN+A*FM))

C-PORTION OF 3ARA$OV CATCH EOUATIDN USED TO ITERATIVELY SOLVE FOR THE

C -------MODELZII POPULATION'S INSTANTANEOUS FISHING MORTALITY (F)

C

FWIC(F,X)U:F/(F+XM)s(l.-EXP(-F-XN))

C

C -----------

C

C-------ZERO MAJORITY OF ANNUAL TOTALS

C
!YELD3IZE3A:El'ELD2C:E'tELD2D:O .0
TCATCHSTYIEIJ:IETELD=O .0
S3IDflB:S3I0N3AaSBION2CsSBION23:0 .0

SEBIN3kSE3It3AzSUIN2CsSER1N23O,.0
SPOP3)sSPOPIA:SPOP2CZSPOPZB:O .0

C)C3AzC2CzC3:0 .0
N3)TN3ASN2CZN2)sO. 0

RP0P3)SRPOP3A:RPOP2C:RP0P23:0 .0
R3IOK3BSRBIOMZA:RBIOM2C:R310N2320 .0
REBIN3)ZREBIN3A:REBIN2C3RE)1N230 .0

C

C---AGING OF POPULATIONS
C

DO 1 1:2,14

Lz16-I

SFPOPIB( L)zSFPOP3 (N)

SFPOP3A CL) :SFPOPA (N)

SFPOP2C C L):SFPOP2C (N)

SFPOP23 CL )ZSFPOP2D CM)

SF POP C L ) 'SFPOP C N )

I CONTINUE

C

C------SELECT ANNUALLY VARYING GROIJTH VIA
PREDICTIVE MODEL (NAThAN Et AL)

C ------- OR ACTUAL COHORT ESTIMATES OP 1(05. AGE 4 FEMALES FROM NAThAN

C
IF (CUVAREC .Efl. 0.0) GO TO 1DO

C
C-------INCRENEWT VARYING RECRUITMENT YEARS t99-7O TO READ IN

C-----ACTUAL COHORT ESTIMATES OF NOS. AGE 4 FEMALE FM NATNAM.

C

IF (RYEAR .GE. 12) RYEAR2O.O
RYEAR:RYEAR4 I 0

C

C ------- READ IN RECRUITMENT ESTIMATES

C
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REAzRECHAl( RYEAR)

capjrs VARYING RECRUIMTENT ID E(ANINE SENSITIVITY

C

REC3A*(RE3A-3187O83. )+387Q83.
GD TO 131

C

C -SELECT MEAN ANNUAL OR ANNUALLY VARYING
RECRUITMENT (DEFAULT IS MEAN ANNUAL VARREC:O.0)

C
130 IF (VARP.EC .ED. 0.0) 50 10 104

C

C ------- INCREMENT VARYING RECRUITMENT DATA TEAR SELECTOR

C ------- DATA YEARS ARE 194á-1? UHILE RECRUITMENT YEARS ARE 1?11!8O

C

IF (RYEAR .EQ. 30.) RYEAR 0.0

RYEARsRYEAR+1.
BARORDATA( RYEAR)

C
C ------- SELECT COHORT OR SURVEY ESTIMATES OF NUMBERS RECRUITED.

C ------- COHORIzI.O IS DEFAULT USING NATMAN'S COHORT ESTIMATES.

C
IF (COHORT .EO. 0.0) 00 TO 709

C
C-------NO'S OF AGE4 FEMALES IN AREA DA IS A FUNCTION OF BAROMETRIC PRESSURE

C
RE3A*RECRUIT (B ARC)

C

C------CONPUTE INCREASED OR DECREASED RECRUITMENT 10 EXAMINE SENSITIVITY

C ------- OF RECRUITMENT USING COEFFICIENT OF VARIATION

C

RECDA.B*( REC3A-RECBARC) +RECB*RC

C
C-------NO'5 OF AGE 4 FEMALES IN AREAS 31 2C AND 23 COMPUTED USING RATiOS OF

C ------- O.D.FIU. GROUNDPISH SURVEY
ESTIMATES AND MEAN COHORT ESTIMATES FROM HAYMAN El. AL.

C

131 REC3B'RNAT33C( CREC3A-RHATDAC)/RHAI3AC)*RHAT3BC
REC2CRHAl2CC+ ( (REC3A-RH*T3AC) /RHATDAC) sRHATZCC

REC2)=RHAT2DC+( (REC3*-RHAT3AC)/RHAT3AC)SRHAT2DC

GO 10 106

C
C ------- NOS OF AGE 4 FEMALES ZN AREA 3* AS A FUNCTION OF BAROMETRIC PRESSURE

C ------- ADJUSTED TO ORD. FSN. SUR. ESTIMATES.

C

108 REC3AX(RECRUIT(BARO))*1 .444?

C

C ------- COMPUTE INCREASED OR DECREASED RECRUITMENT TO EXAMINE SENSITIVITY

C ------- OF RECRUITMENT
USING.COEFFICZENT OF V*RIATZGN

C
REC3*1s(RECDA-RECBARS)+RECBARS

C
C ------- NO'S OF AGE 4 FEMALES IN AREAS 35 20 AND 23 COMPUTED USING RATIOS OF
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C -O.D.FIW. GRouHDF:S SURVEY ESTIMATES ND MEAN COHORT ESTIMATES FROM HAYMAN ET. AL.

C

RECB=RHAT3BS+ ( (RECDA-RHAT3AS) /RHATAS)*RHATSS
REC2C=RHAT2CS+( (REC3A-RHAT3AS) /RHAflASSRHAT2CS
REC2PZRHAT3S+( (REC3A-RHATAS) /RHATAS)sRHAT2BS

GO TO 106

C

C- SEI..ECT COHORT OR SURVEY ESTIMATES OF CONSTANT MEAN RECRUITMENT

C
104 IF (COHORT .EO. 0.0) GO 10 105

C

C ------- MEAN RECRUITMENT VIA COHORT ESTIMATES HAYMAN ET.AL. 80

C

REC33sRHATJC*)
REC3AZRHATAC*B
REC2CRHAT2CC*B
REC2B3RHAT2BC*B
GO TO 106

C ------- MEAN RECRUITMENT VIA GROUND FSH SURVEY £51. ODFIU (DEMORT)

C

105 RECB*RHAflBS*B
RECDA'RHAflAS*B
REC2C'RHAT2CSSB
RECZ)RHAT2IS*S

C
c-------coicurt TOTAL RECRUITMENT ALL. PMPC AREAS COMBINE

C
106 TRECREC3B+REC3A+REC2C+REC2B

C
C-------SFPOP(5) IS ACTUALLY THE RECRUITED POP NOT THE SURVIVING POP

C------FOR CDNPUTATIONAL PURPOSES AND SFPOP(5) IS LAST TEARS RECRUITS

C
SF POP 5 ) TREC

C

C- ----- RECRUITMENT--AGE Al ENTRY INTO MODEl.

C-----46E OF RECRUITMENT iS AGE 4 HOWEVER.

C ------ THESE FISH ARE IN THEIR 5TH YEAR OF LIFE AND

C- ----- ARE INDEXED AS FIVES IN THE SIMULATION MODEL.

C
SFPOPB (5) REC3B
SFPOP3A (5) REC3A

SF!OP2CC5)REC2C
SFPQP)S)1REC23

C
C-------SELECI AVERAGE LENGTH AT AGE USING VON BERTAL.ANFFY

C------AND AVERAGE TIME OR VON BERT. AND SEASONAL. GROUTH

C
IF (VONS .EO. 0.01 GO TO 101

C

C ------- COMPUTE AVERAGE
ANNUAL LENGTH AT AGE USING VON SERIALANFFY
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C -EDUATICH WITH TIME T) TO THAT FRACTION OF TEAR WHEN HALF

-THE COMMERCIAL CATCH IS LANDED.

oc so I:.14
J 1-1
LEN33(I)VONBERI(LENMAX,K.FLQ4TCJ)+DATS33/36. , TNOT)

AVLEN3I)ZVONBERT(LENMAX,X,FLOAflJ)+DAYS3A/365. ,TNOT)
AVLEN2CCI)VVONBERT(LENMAX,K,FLO*1J+DAYS2C/3a5. ,TNOT)
AVLEN2B(I)zVONERT(LENNAX,K,FLOAT(J).DAYS23/3o. ,TNOT)

501 CONTINUE
AVLEN3BC 1 )sVOHBERTCLENMAX,K,DAYSIBI36S.,TNOT)
AVLEN3A( 1 )SVOHBERT(LENMAX,IC,DAYS3A/365. ,TNOT)

AVL.Ef2C(1 )YONBERT(1.ENMAX,K,DAYS2C/365. ,T$OT)

AVLEN2B( 1 )VONBERT(LENNAX,K,DAYS2B/D6.,ThOT)

GO TO 700

C

C ------- StLECT MEAN ANNUAL GROWTH OR ANNUALLY VARYING GROWTH

C ------- DEFAULT MEAHANNUAI. GROWTH (VARGRO'O.0)

C
101 IF (VARGRO .LT. 1.0) GO TO 102

C
C ----- -CHECK LENGTH COMPUTE SUZINC TQ SKIP VOMIERT AFTER 1ST ITERATION

C
IF (LENFLAG .E0. 1.0) GO TO 103

C
C-------CALCULATE AREAS INITIAL. MEAN ANNUAL LENGTHS

C

00 3 Zal,14
ANLEN3)(I)*VONIERTCLENMAX,K,FL.OAT(I) ,TNOT)

ANLEN3A(I)*VONSERTLENM*X,K,FLDATC1) ,TNOT)
ANLEIt2C(I)ZVONBERT(LENMAX,K.FLOAT(I) .TNOT)

ANLE1t2B(I)*VONBERT(LENNAX,K,FLDAT(I) ,TNOT)

3 CONTINUE
LENFLAGS1 .0

C
C-------ANNUALLY VARYING GROWTH
C-------DRIVEN BY SEALEVEL FOR AGE 2, USING DATA FROM 1?51-T?S0.

C

103 IF (GYEAR .50. 30.) GYEAR 0.0

GYEARGTEAR+1.
SEALS VGDATA( GYEAR)
BTNTENPBTEflP(3TCON1 .BTCON2,$EALEV,STCON3)

AMVSRTh(1 )4NLEN33(l)

ANVSR3A( I )*NLE3(3A( 1)

ANVGRCC1 )ANLEN2C11)
ANVGR2)C1 ).ANLEN2I(1)

ANVGR3A C 2)sVARTGRO(VGRCOMI ,VGRCOM ,3TNTENP)

C -------- COMPUTE iNCREASED OR DECREASED ANNUAL. VARYING GROWTH FOR SENSITIVITY

C ------- ANALYSIS, USING COEFFICIENT OF VARIATION

L



110

4NVG34 (2) :0* ( 34 (2) -GROBAR ) +554R

C

C-SET GROJIH AMOUNG AREAS EOUAL FOR AGE 2 FISH
C

AN VGR3B (2) 4NVGR2C (2) :ANVGR2B (2 )4NVGR3A (2)

C

C -ADJUST GROUTH 41 SUCESSIVE AGES (3-13) 31 PROPORTiON OF AGE

C

170 2 1:3,14

ANVGR3A( I):PCT(I)*ANYGR3A(2)

C
C-------SET GROVIX AT AGES (3-13) EQUAL OVER AREAS

ANVGR3B(I):ANVGR2C(I)aA$VGRZBCI)3ANVGR3A(I)

C CONTINUE

C
C ------- UPDATE ANNUAL LENGTH (CM. TOTAL LENGTH) AT AGE

C ------- TO AL).OU ACCUMMULATIVE EFFECTS OF VARYING GROWTH

C

DO 6 1i2,14

L'16-i

ANLEN3B( L)SANLEN33CN)+AHVGR3B(L)
ANL.EN3A (L ) 'ANLEN3A (N) +AN VGR3A( 1.)

ANLEN2C(L)zANLEX2C(M)+ANVGR2C(L)
ANLEN2B(L) .#NLEN2B( M)+A$V0R23 (L.)

6 CONTINUE
00 10 140

C
C-------CHECX ANNUAL LENGTH COMPUTAION SIIITCH

C

702 IF (GREUTCH .EQ. 1.0) 60 TO 150

C
C ------- CALCULATE AREAS INITIAL MEAN ANNUAL LENGTHS

C

DO 30 Iri,14
ANLENfl(I)'UONBERT(LENMAX,K,FLOAT(I) ,TNOT)
AIH.EX3A(I)sVONBERT(LENIIAX,K.FLOAT(I) ,TNOT)

ANLEN2C(I)ZVONBERT(LENNAX,K,FLOAT(I) ,TNOI)
AHLEN2J(I)ZUONBERT(LENNAX,X,FLOAI( I) ,TNOT)

30 CONTINUE
ERSUTCH 1.0

C
C ------- CALCULATE AREA SPECIFIC MEAN ANNUAL GROWTH INCREMENTS

C
750 IF (GROFLAG .E0. 1.0) 60 10 140

ANVGR3I(7 )aANGRO3B(1 )sANLEN3B(1)
ANVGR3A(7 ):4N6R034( 7 )z4EN34(7)

ANVGR2C( 1 )ZANGRQ2C(1 )a4NLEN2C( 1)

ANVGR2B (1> z4H6R023 (1) ANLEN23 (1)

DC 4 IC.14
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ANV6R3B(i):ANGRC3(I)=ANLEN(I)_4I4LEN3(I_1)

4 CONTINUE
GROFLAG21 .0

C

C - COMPUTE AVERAGE ANNUAL. GROWTH ADJUSTED TO

C-COINCIDE WITH SEASONAL GROWTH (KREUZ 79).
C

140 DO 5 121,14
AVGRO3B (I) zAHVGRTB (I) *$EA$GRC C DAYSB
AVGRO3A (I) s*fftJ6R34 (I) *SEASSRQ C D4TSA)
AVGRO2C C I) *tfVGR2C (I )*SEASGRO (DATS2C)

(I) AHVGR23 (I) *555RØ C DAYS2J)

S CONTINUE
C

C ------- COMPUTE AVERAGE ANNUAL LENGTH AT AGE

C ------- TO ALLOW ACCUMULATIVE EFFECTS OF VARYING GROWTH

DO 7 1:2,14
L10-I

AVLEN3B C L)*ANLEN33 (K) +4V6R33 CL)
AVLEN3A C L.YsAKL.E113A( 1i)+AVGRO3A(L)

AVLEN2C CL) *A$LEJ42C(N)+*VGRO(L)
AVLEN2B CL) SANLEH2) (It) +AVGRC3 CL)

7 CONTINUE
AVLEN3B(1 )sAVGRO3B(1)
AVLEN3A(1 )ZAVGRO3A(l)
AVLEN2CCI ):AVGRO2C(l)
AVLEN23( I )*AVGRC3( 1)

C

C ----- -'-UPDATE NEAR ANNUAL VEIGWT (GRAMS) AT LENGTH CJARSS EL AL. 1977)

C

700 DO 8 121,14
WflB(I)sWEIGHT(VTCONN,AVLEN3(I) ,LITEXPN)
LLT3A(I)ZWEIGHT(UTCONN,AVLEN3A(I) .IJTEXPN)

C

C ------- UPDATE NEAR ANNUAL VEIGHT (GRAMS) AT LENGTH CDEMCEY ET. AL. 797)

C
VTCCIJWEIGKT(VTCONS.AVLEN2CCI) ,IJTEXPS)
UT23C1)SVEIGHTCUTCONS,AVLEN2J(I) ,UTEXPS)

C

C ------- CNECX IF REDISTRIBUTION IS ON

C

IF CREDIST .EQ. 0.) ao.To 21

C
C-------CONPUTE LENGTH SPECIFIC PERCENT MATURE

NATURZDCI):ftATURECAVLEffB(II .MTRBI .MTRB)
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MATUR3A(I)MAIURECAVLEN3ACI) PMTRBI ,MTRB)

MATURCCI)ATURE(AVLEN2CCI),MTRBI ,MTRZ2)
MATUR2B(I)'MATURE(yLEN23(I).flTR31 ,MTRB2)

C

C -COflUTE LENGTH SPECIFIC PERCENT iMMATURE

C

IMATR3BCI)1 .0-MATURIB(I)
INATR3A(I)z1 .O-fATUR3A(I)

IMATR2C(I)1 .0-ATURC(I)
IMATR2B(flxl .O-MATUR23(I)

C -SELECT COHORT OR SURVEY BASED DISTRIBUTION ESTIMATES

C

IF COHORT .EO. 0.0) 60 TO 100

C

C------REDISTRIBUTE MATURE SURVIVING POPULATION TO PMFC AREAS USING

C ------- PROPORTIONS THAT SATISFY AVERAGE CATCHS OBSERVED IN THESE AREAS

C-------ANV COHORT BASED RECRUITMENT ESTIMATES

C

RFPOP3B(I)rSFP0P(I)s$ATUR3(I)sOISflBC
RFPOP3*(I)=SFPOP(I)*MATUR3A(ISDIST3AC
RFPOP2C(I).SFPOP(I)*MATUR2C(I)SDIST2CC
RFPOPB(I).SPPOPCI).1IATUR2B(I)*DZST2JC
GO TO P9

C
C----REDISTRIBUTE MATURE SURVIVING POPULATION TO PNFC AREAS USING

C-------PROPORTIONS THAT SATISFY AVERAGE CATCNS OBSERVED IN THESE AREAS

C-----AND SURVEY BASED RECRUITMENT ESTIMATES.

C

100 RFPOP3B(I):SFPOP(I)*MATUR3B(I)*DIST3S
RFPOPDA( I )ap( I) *NATUR3A (I) *015T3*s

RFPOP2CCI)SFPOP(I)*MATUR2CtI)sDIS12CS
RFPOPB(I)ZSFPOP(I)SMMTUR2BCI)s015T235

C
C ------ REDISTRIBUTE IMMATURE SURVIVING POPULATION TO PMFC AREAS USING

C-------PROPORTION OF AGE FOUR GROUND FISH SURVEY ABUNDANCES ESTIMATES

C

P9 RFPOP3B(I)zRFPOP3B(I)+SFPOP(I)sIMATR3(I)*(RHAT3BS/TRNATS)
RFPOP3A(I)sRFP0P3A(I)+SFPOPCI)sIMATR3A(I)$CRHATAS/TRNATS)
RFPOP2C (I) ZRFPOP2C (I) +SFPOP CI) 'INATRC CI) * C RHAT2CS/TRHATS)

RTP0P23(I)ZRFPOP2B(I)+SFPOP(I)sIMATR2BCI)*(RNAT2BS/TRNATS)

GO TO 22

C

C- ---- NONREDZSTRIBUTED POPULATION

C
21 RFPOP3BCI)'SFPOPDB(I)

RFPOP3AC I )zSFPOP3A( I)

RF!GPZC CI )'STPOP2CCI)
RFPOP2B CI) x$FPOPZB (I)

C

C ------- SU REDISTRIBUTED POP BY AGE OVER AREAS
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C

2 RFPOP(i)sRFPOPBI)+RFP(I)+RFpOF2C(I)+RFF'OP2(I)
S CONTINUE

C
C-CHECK IF QUOTA ON
C

IF (QUOTA .EQ. 0.0) GO TO 107
C
C------INITIALIE QUOTA PARAMETEP.S

C

lOXO

C

C -ZERO REMAINDER OF ANNUAL TOTALS

C

107 TOTCCB*TOTCAaTOTCC21QTCC23*.O

DO 9 Il,14
SEL33CI)sSEZ.3A(i)tSEL,2C(I)SEL2B(I)*O.O

UTL33(I)3UTLAC1)*UTL2CCI)UTL23CI)0.0
CCfl3B(I)CATCH3A(I)*CATCN2C(I)aCATCH2B(I)20.O

C
C----SELECT KNIFE EDGE OR LOGISTIC TRAWL SELECI!VZTT

C
IT (SKNIFE .ME. 0.0) 50 TO 120

C
C--------00iP1JTE UNGTH SPECIFIC TRAWl. SEI..ECIIVITT

C

SEL3P(I)'SELECT1AVLENB(I) ,SEI.31 ,5EU2)
SEI.3A(I)ZSELECT(AVLEN3A(I) ,SELB1 ,SEI.32)

SEL2C( I)SELECT(AVLEN2C( I) ,SEUI ,5EL32)
SEl.23(I)ZSELECT(AVLEH23(I) ,SEUI ,SEU2)
60 TO 121

C
C--'-----KNIFE EDGE MESH SELECTION AT 2?.164 C.fl. TOTAL LENGTH

C-------O PERCENT SELECTION FOR 4J INCH MESH TRAWL, E. A. BEST 1961.

C

120 IF (AVLEMZB(I) .GE. SEMITE) SEL3BCI)a1.0

IF CAVLEN3ACZ) .55. SKNITE) 3EL3A(I)*t.0

If (A/LERZCCI) .65. SICNITE) SEL2C(I)'l.O

iF (#VLE1i2J(I) .&E. SKNIFE) SEL2J(I)*1.0

C
C-------SELECT KNIFE EDGE OR LOGISTIC CATCH UTILIZATION

C
121 IF (UKNIFE .ME. 0.0) 50 TO 122

C
C ------- COMPUTE LENGTH $PECtTZC CATCH UTIL.IZATIDN

UTLZJ(I)sUTIUZE(AVLEMDP(I) ,UTUI ,UTU2)
UTL3*(IJ3UTILIZE(AVLEN3A(I) ,UTLS1 ,UTL32)

UTLC(I)$UTILIZE(AULE1IZCCI) .UTLBI .UTLB2)
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UTLCIUTIUIEALEN2C;,uTu1 ,UTL$2)
SC 10 123

C -KNIFE EDGE CATCH UTILIZATION AT 2Z.?369 C.M. TOTAL LENGTH

C -PERCENT SELECTION FROM CATCH UTILIZATION STUDY TEUETC! AND DEMORY 7.

C

122 IF (AVLEN3P(I) .SE. UKKITE) UTLZPCI)'t.O
IF CAVLEN3A(I) .EE. UKNIFE) CITL3ACI)1.O
IF (AVLEK2CCI) .GE. UKHIFE) UTL2C(I)z1.O
IF (AVLEN2B(I) .GE. (IICHIFE) UTL2BCI)1.0

C
C-------CDMPUTE LENGTH SPECIFIC FRACTION OF CATCH DISCARDED

C

123 DSCRDZB(I)zl.G-UTL3J(fl
$C53A(I)1 .O-UTL3A(I)

DSCRD2CCI)s1 .0-UTL2C(I)
DSCRD2P(I)1 .O-UTL2B(I)

C

C----COMPUTE LENGTH SPECIFIC INSTANTANEOUS FISHING MORTALITY

C------#DJUSTEIi FOR MESH SELECTION AND AT SEA DISCARDING

C
FMORT3B C I):SEL3B C I)sUTL3B (I) sFB
FMORT3A( I SEL3A( I )*UIUAC I )*flA
FMORT2C( I)SELCC I)UTL2C C I )*F2C
FNORI2)(I )'SEI.23C I)sUILBC I )*J

C
C ------- COMPUTE LENGTH SPECIFIC INSTANTANEOUS NONTAUTY DUE TO FrSNING

C
DNQRflB (I) DSCRD3B CI) *$EL3B (I) sF33
DMORTA Cl (I )SSEL3A( I) sF3A
DMORI2C (I )*DSCRD2CCI )*SEL2C CI) sF2C
DMORT23C I )DSCRD2B (I )*SEL2BC I) sF23

C

C------CONPUTE VESSEL CATCH AT AGE BY AREA

C
CATCHB(I)zB4RANOV(RFPOP3BCI) ,FMORI3J(I) ,NMORT,A,DNORT3SCZ))

CATCN3I)sBAR*NOV(RFPOP3ACI),FMORT3A(I) ,NMORT,A,DIWRT3A(I))

CATCN2C(I)sBARANOVCRFPOP2CCI) ,FMORT2C(I) ,NItORI,A,Dt4ORT2CCI))

CATCX2BCI)ZBARANOVCRFPOP23(I) ,F'NORTBCI) ,MNORI,A,DNGRT2BCZ))

C
C-------CONPUTE LANDED CATCH TOTALS BY AREA

C
TOTCC3B:TUTCC3B+CA TCH3B (II

TOTCCATOTCC3*+CATCH3A (I)
TOTCCZC'TOTCCC+CATCN2C CI)
TOTCCBsrOtCC2p+C4TCfl23C I)

C
C ------- WT. OF LANDINGS BY AGE IN M.T.

YTDNS3) CI) rCA1)j33 (I) *UT3 CI) /1000000
TTONS3A(I)SCAICH3AC I)sUT3A(I)/T000000
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TONCI)=CATCC(I)TC(I)/10OOOOO
rTQNS2B I)ZCATCHB(I)sUT23(I 1/1000000

C

C SUN OF LANDINGS BY AGES IN M.T.

C

YIELD3P=TIELD3P+YTONSEB I)
YIELD3AZtIELD3A+YTONS3A (I

TIE 2CTIELD2C+YTONS2C (I)

TIELD2BrIEU2B+rTONS23( I)

9 CONTINUE
XYTONSTONSEA5+TTONS3A6.'rTONS3A7+YTONS3A(8)

C
C------SW TOTAL CATCHES IN NETRIC TONNES

C

TTIEL.D Y IEJjEB+YrELD3A+TrELD2cYIELD2B

C

C CHEC)( IF QUOTA ON

C
IF(QUOTA .Ea. 0.) 05 TO 110

C
C ------- WHEN QUOTA IS OK, FIND THE F WHOSE YIELD JUST NESTS OR EXCEEDS

C-------THE QUOTA. THIS ALGORITHM USES INTERVAL HALVIN6 TO SEARCH FOR F

C------BETWEEN 0.0 AND .1 WHERE FZ.t2 IS MORE THAN l NORTALIrY

C
Ia $ Ia + I
IF (ID .57. 9) GD TO 110
IF (TYIEU .61. QUOTA) SD 10 210

C
C ------- IF TOTAL YIELD IS LESS THAN QUOTA INCRENENT F AND GO AROUND AGAIN

C

FEB FEB + FINC(IQ)

PEA PEA + FIMC(IQ)

FC PC F1NC(IQ)

P23 P23 # FINC(IQ)

60 10 107

C
C-------OTHERUISE, DECRENENT F UNLESS THE LAST CHANGE IN F (MS ONLY .01 UNIT

C-------IN WHICH CASE WE ARE THROUGH.

C
210 IF IQ .50. 9) 00 TO 110

FE) FE) - FINC(IQ)

PEA FEA - PINCIIQ)

F2C $ FEC - FINC(IQ)

F) FEB - FINC(IO)

50 TO 107

C
C-------SUft VARIOUS CATCH STA-TS OVER AGES WITHIN AREAS

C
110 DO 10 121,14

C

C ------- CONFUTE WEIGHT OF LANDINGS IN LBS. BY AGE AND AREA
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YL3SB( I)=1TONSB(I)*Z2O4.6
YLBS(i)=YTONS3A( fl*2204.6
TLBS( i)YTOHSC( I )*204 .6
YL3S2B CI) YTONS2B (1) *2204.4

C

C- SUM OF LANDINGS IN LBS. BY AGE AND AREA.

C

ETEU3BsETELDB+YUSB CI)
EYELD3A'E7EU3A+YL3S3Afl
EYELD2CE1EU2C + YUS2C (I)
EYEU2BSETEIJ2J+YL3S23 (I)

C

C- COMPUTE PERCENT AGE COMPOSITION OF LANDED COMM. CATCM

C

IF (F3B .ME. 0.) PCTCPB(I)*CATCHIB(I)/TOTCC3I

IF (F3A .ME. 0.) PCTCP3ACI)ZCATCH3A(I)/TOTCC3A
IF (F2C .ME. 0.) PCTC?2CCI)zCATCM2CCI)/TOTCOC
IF F2J .ME. 0.) PCTC?3(I)aCAICJ42B(I)/TOTCCJ

10 CONTINUE
C
C-------SUM TOTAL CATCHES IN NWIBERS AND POUNDS

C
ICATCH TUTCCB+TGTCCA.TUTCC2C+TOTCC2B
TETELD EYELD3B+EYEU3*+CTEL.32C+E75U23

C

C'.---CDMPUTE AREA SPECIFIC NEGATIVE EXPONEWIIAL. SURVIVAL USING CONSTANT

C-----IXSTANTANEOUS NATURAL MORTALITY (NMORT) AND AGE SPECIFIC INSTANTAEOUS

C-------FISNICIG MORTALITY CFMORT) CJHICX INCLUDES AT SEA DISCARDING AND

C-----A) THE FRACTION OF DiSCARDS THAT DIE, AND MORTALITY DUE TO FISHING (DNORT).

C

00 IT Ist.14
SFPOP3B(I)SZMORT(RPPOP3)(I) ,FMORI3U ,IrnORT,A,DMORTIB(Ifl

SFPOP2CCI)*ZMORTCRFPOP2CCI),FMORT2CCI),NMORT,A,DMORT2C(I))
SFPOP2)U).ZMORT(RFPOP23(I) ,FMORT2BCI) ,NMORT,A,DMORT2B(I))

C
C------SUM SURVIVING AGES OVER AREAS

C
SFPOP(I):SFPOP3B(I)+SFPOPA(I)+SFPOP2C(I)+SF'POP2B(I)

C
C ------- COMPUTE SURVIVING POPULATION TONS AND POUNDS AT AGE VITHIN AREA

C
STONS3B(I).SFPOP3B(I)*UT31(I)/1000000
STDNS3A(Z)sSFPOP3A(I)*UT3A(I)/1000000
STOMS2CCI)ZSFPOP2C(I)*UT2C(I)/1000000
STONS2B(I)sSFP0P23c1)*U15(I)/t000000
SUSIB (I) *SIOKSIB (I) *2204.4

5US3A( I) aSTQN$3A( I )*4 .6

SLBS2CC I )*STONS2C (I)*2204.6
SLPS2B C I )*SONS22 (I )*2204 .6
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C- SU1I SURVIVING POPULATION NQS. IN fl.T. a LBS. OVER AGES B AREAS

SPOP3B = SPOP3B + SFPOP3B(I)
SPCPIA SPOP3I1 + SFPOP3AU)
SPOP2C 2 SPOPC + SFPOP2C(I)
SPOPB = SPOP2J + SFPOP2B(I)
55101(35 z 5510fl3D + STONS3B(I)

SBIOM3A 3310M3A + STONSA(I)
5310M2C = S310M2C + STQNS2CCI)
SBIOIt2P ' SBION2) + STONS2J(I)

SEBI?13B SEBIM3D + SLBS)(I)

SEBIN3A SEBIN3A + SUS3A(I)

SEJIn2C SEJIN2C 4 SLBS2C(I)

SEBIM3 SEBIN2B + SLBSZB(I)

11 CONTINUE
C
C------SUIt SURVIVING FISH NOB., $.T., Z LBS. OVER AREAS

C

TSPOP ' SPOP3) 4' SPOP3.4 * SPOP2C + SPOP2B
TSBION 2 S310fl35 + SBIOM3A + SBXON2C SBIDN2B

TSEBIOM a 5E31M35 SEPIM3A + SEBIM2C SEBIM2J

C
C-------CONPUTE AREA SPECIFIC CATCH AND POP FOR AGES 6 AND GREATER

C------FOR COMPUTING F OVER MODELED AREA

C
DO 12 126,14

C33C33+CATCH3B( I)
C3AZC3A+CATCH3A (I)

C2C*C2C4'CATCM2CC 1)

C2BC23+CATCM23 (I)
N33N31+SFPOP33( I)
N3A2N3A+SFPOP3A (I)

M2C*N2C+SFPOP2C( I)
NJaK2BSFPOP23C I)

12 CONTINUE

C

C ------- SUN AREA SPECIFIC CATCH AND POP, AGES 6 AND GREATER

C

C'C31+C3A+C2C+C23
NZN3P+N3A+N2C4'N23

IF N .EQ. 0.) N 1.0

C

C-------*LEORITHN FOR COMPUTING TOTAL POPULATION INSTANTANEOUS FISHING MORTALITT

C ------- USING BARANOY CATCH EQUATION CATCH AND POP FOR AGE 6 AND OREATERAND NATURAL MQRTALZTT

C
F 2.34

10 I

300 10 2 tO + 1

IF UQ .GT. fl 30 TO 400
IF NC(F.NMORT) .GT. /N) GO TO 310
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F F FINC(1Q

GO 10 300
310 ZF (12 .E2. P) GO TO 400

F a F - FINC(12)

GO 10 300
400 00 2* Is1,74

C

C ------ -COMPUTE REDISTRIBUTED POPULATION
TlS AND POUNDS AT AGE UITHIN AREA

C
RTQNS3B(I)aRFPOP3B(I)*UT3B(1/1000000
RTONS3A( 1)zRTPOP3A(I)zIT3A( 1)/1000000

RTONS2CfI)zRFPOP2C(1)SUT2C( 1)/1000000

RTORS2B(I)aRPPOPB(I)ZUT2B(I)/1000000
RLBS3B( I)aRTONS3B( I )*Q44
RIJS3A C I)aRTONS3AC I )*Q4 .4

RLIS2CII)'RIONS2CU)s2204.ó
RL3S2B( I)aRTONS2B( I 1*2204.6

C
C------SUM REDISTRIBUTED POPULATION HaS. IN N.T. LBS. OVER AGES BY AREAS

C
RPOPIB a RPOP3B + RFPOPB(I)

RPOP3A RPOP3A + RFPOP3ACI)
RPOP2C a RPOPZC + RFPOPZC(I)

RPOP2J z RPOP2B RFPOP2B(I)
RBIOMZB * RBI0N3B 4 R10N533(I)

RII0MA R110N34 + RTONS3A(I)
RBIOM2C a RBICMZC + RTONS2CCI7

RB10n2) R310fl23 + RTONSB(I)

REBIMIB REBIlf3 + RUS3BCI)
REBIN3A a REBIM3A + RLBS3A(I)
REBIN2C a RE3IXC + RLBS2C(I)

RE31M23 * REJTh2J + RUS2J(I)

20 CONTINUE

C
C------SUIt REDISTRIBUTED POP NOS., N.T., £ LBS. OVER AREAS

C

TRPOP RPOP3B RPOP3A + RPOP2C + RPOP2B
IRBION a RBIDM3B + RBIDM3A + RBIOM2C + RBIOMB

TREBIOM REBIN3I + REBIM3A + REBIMC + REBIMZB

RETURN
END

C
C-------SUBROUTINE EXTENDS SINCON COMMON BLOCK LIMITS

C
SUBROUTINE CCOII

COMMON DUMMY (1700)

RETURN
END

C

C ------- SUBROUTINE 10 EXTEND STMBOL TABLE LENGTH

C




