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AN EVALUATION OF ALTERNATE MANAGEMENT OPTIONS FOR THE SOUTHEASTERN BERING 
SEA KING CRAB FISHERY 

SUMMARY 

1. Management options of: (1) relaxed quotas, (2) lowered size limits, 

and (3) extended seasons were compared with multiple age group manage-

ment currently employed to reduce dependency on a stock dominated by new 

recruits. 

2. The management options were compared to actual management policy by 

modeling the major features of the southeastern Bering Sea fishery 

for the 1970-79 period, and then altering the model to reflect the 

new management options. 

3. For management option one, relaxed quotas, economic analysis of catch 

and effort indicated that annual returns to the fleet were maximized 

when effort was increased moderately to double the historical level. 

However, if price goes down with the size of crabs in the catch, the 

gain is reduced. 

4. For management option two, lowered size limits, a 5.25-inch minimum 

size limit produced higher annual returns to the fleet than either 

a 6-inch limit or the limit actually in force, 6.5 inches. Gains 

under the lowest size limit were further increased when effort was 

doubled. Gains were rapidly reduced, however, if price is related to 

size of crab in the catch. 

5. Management option three, the extended season, produced higher annual 

returns than the actual policy, especially if late season effort is 

doubled rather than some lesser increase. Gains increased slightly 

when price was related to size. 
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6. If price is not related to size, average annual returns for years 1978-79 

were increased most by the doubling effort with a 5.25-inch minimum size 

limit, followed by, 5.25-inch size limit, the relaxed quota option with 

doubled effort, and then the extended season. Excepting this last option, 

when price is related to size, average annual returns generated by the 

options decreased compared to average actual returns. 

7. When compared to actual management policy, none of the options examined 

impaired the reproductive capacity of the simulated stocks. Actual 

stock levels have been high in recent years, and the available research 

survey data indicate that strong recruitment may result even from rela

tively low stock levels. 



INTRODUCTION 

The history of the Alaskan king crab fisheries has been marked by fluc-

tuations. The southeastern Bering Sea fishery, which currently produces 

most of the catch from Alaska, increased seven-fold to 64 million pounds 

during the early sixties. It declined to 19 million pounds in 1971, and 

recovered subsequently to a high of 108 million pounds in 1979. Likewise, 

the Kodiak fishery exhibited a five-fold harvest increase during the early 

1960's, to a peak of 96 million pounds. This was followed by a nine-fold 

decrease due to a low stock level during the late 1960's which has persisted 

to the present. 

r-TO avoid the adverse impacts of fluctuating catches, current resource 

management policy attempts to maintain fishable crab stocks that are comprised 

of a broad base of age groups. This is attempted to avoid dependency on a 

recruits-only fishery and to ensure maintenance of a viable brood stock 

under the assumption that large males are required for breeding. Thus, in 

the eastern Bering Sea under conditions of good recruitment the goal of 

management policy is to annually harvest so that fishing mortality on any 

particular recruit group is in the range of 35-40 per cent. This rate of 

exploitation, allows escapement of recruits and maintenance of "holdover" 

crab, forming a mUltiple-age stock in following years. While such a policy 

may lessen the impact of fluctuations, the question arises as to whether 

other management policies might be desirable from the standpoint of produc-

ing increased catches and revenue.J For example, harvesting 40 per cent of 

a given recruitment leaves more to be caught in subsequent years but also 

leaves more to die naturally. A higher rate of fishing or harvesting at a 

lower age would presumably transfer some of this natural mortality loss to 

the catch. On the other hand, higher rates of exploitation or lower size 
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limits may lead to greater instability of population, as well as catch, by 

affecting reproductive potential and future recruitment. 

The purpose of this study is to compare, both in terms of population impacts 

and economic benefits, the multiple age group management strategy with three 

other options involving higher levels of fishing and different size limits. 

The three options considered have their biological basis in the 

yield-per-recruit theory of fish stock management (Beverton and Holt, 1957; 

Ricker 1975). Under this theory of management, the size (or age) of entry 

into the fishery and effort (or fishing mortality) are adjusted to achieve 

the greatest yield for a given recruitment. For the red king crab fishery in 

the eastern Bering Sea, the maximum yield for various combinations of age-at-

entry and fishing mortality is shown by the line in Figure 1. The "X" marks 
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the current postion of the fishery. It appears, therefore, that some gain 

in yield can be obtained by changing the fishing mortality or size limit or 

both. Accordingly, management options were developed around this premise, 

with an examination of a range of increases in fishing mortalities, and 

decreases in size. 
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The relaxation of quotas, or management option one, was effected by allow-

ing three higher than actual levels of e~fort to operate on the stock without 

regard to limitation of the catch. These higher levels of effort are depicted 

in Figure 2, and amount to doubling, tripling and quadrupling the actual pot-

lifts per season during the 1975-79 period, a period of increasing stock abun-

dance. Increased effort patterns are given on a monthly basis in Appendix 2. 
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The lowering of the size limit, or option two, was simulated by Shift- J 

ing the estimated selection curve toward the younger ',age groups (Figure 3). 

Thus, the curve whereby crabs are fully available at age B corresponds to 

a minimum size limit of about 6 inch carapace width. Similarly, age 7 full 

availability is equivalent to about 5.25 inch minimum size limit. During 
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simulations, these variations were compared to the current 6.5 inch size limit. 

The extended season option, or management option three, was carried out 

to examine the applicability to the Bering Sea stock of a strategy already 

in effect around Kodiak. This option is a compromise between the strict yield-

per-recruit approach and multiple age group management. Fishing mortality is 
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increased on older crabs that would otherwise soon die naturally, while 

exploitation of recruits is controlled to allow carry-over to the next year. 

The extended season option was simulated by extending the fishing period 

beyond the initial quota for an additional month during 1978 and 1979, years 

of short seasons and high stock abundance. During the extended period, 

effort was increased to 40% and 100% of the original season levels. The 

selection curve was shifted to older ages tOo. approximate: a 7 inch minimum 

size during the extended season. The data used for examining this option 

are given in Appendix 2. 

THE SIMULATION MODEL 

The comparison of management options was made using a computer simulation 

model of the crab stock and fishery. This approach greatly facilitated the 

bookkeeping necessary to keep track of the various age groups in a population 

which is simul~neously increasing due to growth and recruitment and 
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decreasing due to natural and fishing deaths over a number of years. The 

effort inputs and catch outputs from simulation runs are then used to examine 

economic benefits of alternate strategies. 

The Exploited Population Model 

The model employed for this study is a modified version of a crab popula-

tion simulator described by Newell and Paulik (1972), and modified by Balsiger 

(1974). The model simulates a life history pattern of growth, natural mortality 

and reproduction, and also provides for analysis of fishing management policies 

and their impact upon the population. 

The general life history pattern of the king crab, as represented in the 

model, is shown in Appendix Figure 1-1. Starting with a given spawning popu-

lation, crabs are recruited into the population where they grow according to 

sex-specific rates. Natural mortality is applied to both sexes, and fishing 

mortality, which is specified in terms of effort, catchability, and avail-

ability, is applied only to male crabs. Copulation is dependent upon sex 

and size ratios during the mating season, and recruitment production is 

dependent upon copulated female abundance. 

Annual recruitment is specified by a spawner-recruit function which may be 

over-riden by user-specified recruitment values. Fishing effort may be con-

trolled by annual quota, and initial and late season age limits (corresponding 

to size) may also be specified for the fishery. Model computations are per-

formed monthly and are summed or averaged annually. The unit length of time 

is one year and begins at spawning time. Details of computation of the pro-

cesses in the model, as well as a listing of the computer program, are given 

in Appendix 1. 
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Data on stock structure and abundance, abundance of recruits, natural 

mortality, growth, catchabillty, availability and fishing effort have been 

incorporated into the simulation model. Natural mortality of the exploitable 

stock has been estimated from both current fishery and research survey data 

using methods of Beverton and Holt (1957). This analysis, presented in 

Appendix 3, indicates that natural mortality is about 25% lower than when 

estimated by Balsiger (1974). Re-estimated rates are represented in Table 1. 

Table l.--Estimales ot instantaneous natural mortality, H, tor the exploited 
stock of red kinq crab in the eastern Bering Sea (sea Appendix 3 
for analyais'. 

Age Annual H 

9 .11 

10 .23 

11 .50 

12 .57 

13 .61 

14 .76 

A first estimate of female natural mortality, based on analysis of research 

survey data, is also presented in Appendix 3. This analysis indicates the 

female annual instantaneous rate of mortality, estimated at 0.58, is sub-

stantially higher than the male rate, at least for the 3 or 4 years following 

maturation, which occurs at about age five. 
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Annual catchability of the exploitable stock was estimated from research 

survey and fishery information. Th~s analysis, given in detail in Appendix 4, 

indicates a decline in catchability in recent years (Table 2). 

Table 2.--Eatimate. of annual catchability, q, for red kinq crab in ~e 
eastern Berinq Sea (aee Appendix 5 for ana1ysi.). 

Year q 

1970 .326 x 10-5 

1971 

1972 .336 x 10-5 

1973 .212 x 10-5 

1974 .170 x 10-5 

1975 .170 x 10-5 

1976 .100 x 10-5 

1977 .070 x 10-5 

197R .082 x 10-5 

Availability of the male stock to the fishery was also estimated from survey 

and fishery data, a?d indicates that age 8 males have been, on the average, 

50 per cent recruited to the pot fishery. 

Stock abundance and age structure used for initiating the simulations 

were obtained from survey data. Abundance estimates for each age from 

five to fourteen for both sexes were averaged over the survey years 1968-72 

(Appendix 2). Growth rates for both males and females were derived from 

information given by Balsiger (1974), and are illustrated in Appendix A, 

Figure 2-1. Fishing effort used in the simulations is the actual reported 

effort in the eastern Bering Sea for the 1970-79 period, in terms of pot-

lifts (Appendix 2). 



8 

For the purpose of comparing management options in terms of their effects 

on reproductive potential, recruitment of 5-year-old males was related to 

abundance of spawning females. Research survey data for the Bering Sea was 

used in an attempt to describe this relationship, which is portrayed graphically 

in Figure 4a. The limited amount of data available made it difficult to deter-

mine a relationship. However, Beverton and Holt and Ricker curves were fitted 

to the data, and these relationships used to assess the relative effects of 

the management options on future recruitment. 

The major link between exploitation of the stock and spawning females (and 

thereby, recruitment) is provided by the relationship shown in Figure 4b. 

Here, the percentage of the mature female stock copulated in any year is 

related to the size of mating males in relation to the size of mating females. 

This relationship provides for full copulation when males are at least 1.7 

times larger by weight than females. Below that value, copulation drops off 

rapidly. Copulation is also a function of the sex ratio during mating which 

was not important to copulation in this study (see Appendix 1). 

Economic Framework 

Minimizing fluctuations in king crab harvest levels by maintenance of 

a mUltiple-age-group fishery affects participants at all levels of the 

marketing chain. Quantity variations which stem from a multiple-age-group 

management policy result ultimately in price and earnings changes of both 

harvesting and processing sectors of the industry. Final consumers are 

\ 

also affected. 

impact of changes in management policies, a decision was made to focus 

only on the harvesting segment. 

While participants at each level of the market feel the 

To explore the impact of different 

management alternatives on this sector of the industry, gross revenue was 



" 

100 

M 
I 
L 80 
L 
I 
0 
N 
S 60 

0 
F 

R 40 
E 
C 
R 
U 20 I 
T 
S 

0 

p 

~ 1.00 

C 
E 
N 

T 0.75 
C 
o 
p 
U 
L 0.50 
A 
T 
E 
D 

0.25 

0 

9 

A. SPAWNER - RECRUIT RELATIONSHIPS 
ADJUSTED RECRUITMENT OF 5-YEAR-OLD MALES 

o 

BEVER TON - HOLT 
-----------------

20 40 60 

MATURE COPULATED fEMALES 
(MILLIONS I 

B. COPULRTION RELRTIONSHIP 

80 

1.0 I.S 2.0 2.5 

RAT I 0 I ·A~vt. tfNJIf{ lERMlrW'lr"GlIf 

100 

Figure 4.--Reproduction relationships used during simulations. 



10 

calculated for each option~/. Annual returns, gross revenue less operating 

costs, were also calculated~. 

SIMULATION RESULTS 

Assessment of the biological and economic impact of the three management 

options was accomplished by first calibrating the model to reproduce the 

evolution of the southeastern Bering Sea king crab fishery from 1970 through 

1979. Once the calibration was completed, the simulated management options 

were compared with the simulation of the actual fishery to evaluate the 

effects of variation in quotas, size limits and season length on the crab 

stock and the harvestors who participated in the fishery. Exploitable stock, 

catch-per-unit-of-effort (CPUE), average size of crabs in the catch, per cent 

copulated females and future recruitment to the exploited stock were exa-

mined to determine the impact of the various management options on the crab 

stock. Gross revenues and annual returns were examined to determine how the 

harvesting segment is affected by different approaches to management. 

Parameters chosen to evaluate success in simulating the fishery and 

stock were abundance of exploitable stock, catch, catch rates and average 

size of crabs in the catch. Comparisons of actual with simulated data are 

shown in Figure 5. Good agreement has been obtained for abundance of the 

exploited stock, catch, CPUE and average size in the catch. The close 

!/ Price flexibiliities with respect to quantity and income of -0.31 and 
2.12 were assumed for forecasting pruposes. 

~/ Cost data reported by Katz and Lee (1976) were used to calculate 
annual returns. 
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correspondence between the actual exploited population, estimated by annual 

research surveys, and its simulated counterpart was obtained by increasing 

observed abundances of five-year-old males. The discrepancy between observed 

and simulated abundance of five-year-olds, the earliest age group modeled, 

is shown in Figure 6a. On the average, observed abundances of five-year-olds 

were approximately doubled to achieve the agreement depicted in Figure 5. 

This suggests that five-year-old crabs are not fully available to the survey 

sampling gear, which is also indicated by stock age compositions obtained 

from the surveys (Figure 6b). 

Beyond the abundance of five-year-old recruits, the greatest discrepancy 

between actual and simulated data occurs for the average size of crabs in 

the catch. This can be explained in various ways (growth or fishery selec

tivity changes, for example) but does not appear to impact substantially on 

the major results. 

In reporting the outcome of the various simulation runs, the results ob

tained during calibration are defined as "actual" values, even though exact 

duplication of the history of the fishery was not achieved. Thus, outcomes 

of the simulation runs for quota relaxation, size limit reduction, and 

season extension are compared with simulated "actual" values. Finally, 

results obtained for the three management options are compared. 
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Quota Relaxation 

The analysis of the impact of a quota relaxation was accomplished by 

increasing the level of effort exerted in years 1975 through 1979 without 

restricting the catch. The effects of a doubling, tripling and quadrupling 

of effort -over actual historical levels were explored. Since the increased 

effort levels affect the size of crab in the catch, major findings are pre

sented below for two alternative assumptions concerning the response of the 

ex-vessel price to changes in the average size of crabs caught. Initially, 

price was assumed to be independent of size. This assumption was then relaxed 

and price was made to increase (or decrease) by 2 percent for each percentage 

increase (or decrease) in average size (Note I, Appendix 7). It must be 

emphasized that this price/size response should not be interpreted as the 

actual relationship that exists between price and size. It was selected to 

illustrate how different sizes might affect annual returns. 

Gross revenues and annual returns associated with the doubling, tripling, 

and quadrupling of effort are shown in Figure 7, and indicate that a quadrup

ling of effort produces the largest gross revenues in four of the five simulated 

years. A doubling of effort is the most desirable strategy when harvesting 

costs are taken into account. Doubling the level of effort increased average 

annual returns by $8.4, $1.1, and $6.6 million over actual, triple and quadruple 

effort levels. In percentage terms, a doubling in the level of effort increases 

average annual returns by 15 percent over the actual level. The relationship 

between annual returns for effort levels considered is shown in Figure 8 for 1979. 

The difference between the lines labeled gross revenue and total cost indicates 

the magnitude of annual returns. A comparison of the differences indicates that 

annual returns are maximized by doubling effort relative to the actual level. 
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Simulated exploitation rates, catches, CPUE and average size in the catch 

are shown in Figure 9. The exploitation rates reflect the increased effort 

levels, with a doubling of fishing effort producing exploitation rates of 

around .5-.6. Since catch does not increase in proportion to effort, CPUE 

drops off as effort is increased. Average size in the catch declines slightly 

due to increased fishing mortality on the stock. 

Results obtained, given the assumption that the ex-vessel price is 

affected by changes in the size of crabs in the catch, are shown in Figure 10. 

Here it is seen that the advantage of a doubling of effort over actual levels 

is diminished, indicating that the downward pressure on prices due to the 

smaller average size of crabs caught approximately offsets the increase in 

gross revenue which results from the larger catches associated with higher 

effort levels. Figure 11 shows that the lower average size of crabs caught 

decreases annual returns associated with increased effort levels. Upon com

paring average annual returns for years 1975-79, the increase in average annual 

return derived from doubling effort over actual levels was determined to be 

approximately $3.2 million. This is compared to $8.4 million which was ob

tained when price was assumed independent of size. Figure 12 indicates that 

for 1978 and 1979 the dominance of average annual returns accruing from a 

management strategy which allows a doubling of effort increases as the respon

siveness of price to size changes approaches zero (from 2.0 approximately). 

Conversely, annual returns derived from maintaining actual effort levels 

dominate as the price/size response increases beyond approximately 2.0. 



Figure 7.--Comparisons of gross revenues and annual returns 
under increasing effort with price inde,pendent 
of crab size. 
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Figure lO.--Comparisons of gross revenues and annual returns 
under increasing effort with price dependent on 
crab size. 
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Lower Size Limits 

A decision was made to examine the effect of two alternatives to 

the present minimum size limit of 6.5 inches in carapace width on gross 

revenue and annual returns. The first option examined established a size 

limit of 5.25 inches while the second used a 6-inch minimum size. Gross 

revenues and annual returns for each simulated year are presented in Figure 

13, given the assumption that price is independent of the average size of 

crabs caught. Results indicate that a 5.25-inch size limit produces the 

highest gross revenues and annual returns. The reason for this is that 

catches and CPUEs increase substantially over actual levels when size 

limits are lowered (Figure 14). Catches increase because more of the 

stock is available to the fleet. CPUEs increase because the effort is not 

increased, but remains at historic levels. Results shown in Figure 15 

indicate, however, that when price is assumed to be dependent upon the 

average size of crabs in the catch, higher size limits yield larger gross 

revenues and annual returns, since the average size in the catch drops off 

substantially for lower size limits (Figure 14C). It can be concluded from 

this analysis that, when a one percent change in the average size of crabs 

caught causes a two percent price change, higher size limits are preferred 

to smaller ones, if maximizing either gross revenues or annual returns is 

the relevant objective. This outcome can be attributed to the downward 

pressure exerted on price by the increased number of smaller crabs in the 

catch overpowering the increased gross revenues stemming from larger catches. 

Figure 16 indicates that average annual returns for 1978 and 1979 for the 

6.5-inch size limit dominate those associated with 5.25- and 6-inch size 

limits when the price/size response is larger than approximately 1.2 and 
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1.1 percent. The lower size limits yield higher annual returns when the 

price/size response falls below this value. 

Actual effort for years 1975 through 1979 was doubled to further explore 

the effects of lower size limits. Given a 5.25 inch size limit and price/ 

size independence, higher effort levels increased average annual return for 

years 1975-79 by $30.9 and $10.7 million, respectively, over those associated 

with size limits of 6.5 and 5.25 inches with effort held constant at actual 

levels. These gains are caused by heavier fishing on the larger available 

stock created by the lowered size limit, which produces a larger catch 

(Figure 14 A). Since effort was increased to a moderate level, CPUE de

clined only slightly. When average annual returns for the specified time 

period were compared given the assumption that prices are affected by the 

size of crab caught, the 6.5 inch size limit with effort held at actual 

levels was found to produce average annual returns that exceeded those assoc

iated with a 5.25 inch size limit with effort doubled provided that the 

price/size response exceeded approximately 1.25 percent (Figure 16). The 

converse was true for price/size responses less than 1.25 percent. 
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Extended Season 

The Alaska Department of Fish and Game has adopted the practice of increas

ing the size limit and allowing crabbing to continue after the regular season 

quota is reached. The rationale for this approach is that the extended season 

makes it possible to harvest larger crabs which would otherwise die from 

natural causes. Because of the current use of an extended season at Kodiak, 

a decision was made to examine how its implementation would affect the eastern 

Bering Sea fishery. 

Several assumptions were required prior to this examination. First, it was 

necessary to assume that historical catch and season lengths remain constant 

from 1970 through 1977. Second, during 1978 and 1979 the extended season was 

assumed to run one month beyond the length of the regular season, with a 7-inch 

minimum size limit in effect. Lastly, effort levels during the extended sea

son were chosen so that total annual effort increased by two arbitrary rates, 

40 and 100 percent, over historical levels. The average results of th~ 

simUlation runs for 1978 and 1979 for each of these effort levels are shown 

in Figure 17. The effect of an extended season, coupled with larger quantities 

of effort, is an increase in both gross revenues and annual returns over actual 

levels. This result was found to hold for price/size response relationships 

ranging in size from 0 to 2. Figure 18 indicates that difference between 

average annual returns associated with the different strategies increases as 

price becomes more responsive to size. This indicates that the attractiveness 

of an extended season which allows harvesting of larger crabs increases as the 

responsiveness of price to the average size of crabs in the catch increases. 

The two factors which are responsible for the dominance of the extended sea

son/higher effort level strategies over the actual case are larger catches, 

and larger average sizes of crabs in the catch (Figure 19). 
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Quota Relaxation, Lower Size Limits , and Extended Season: A Comparison 

The preceding discussions have focused on comparing gross revenues and annual 

returns associated with management strategies which involved either a quota re-

laxation, lowering of the size limit or an extension in season length with actual 

simulated values. In this section, comparisons will be made of annual returns 

associated with a doubling of effort over actual levels, a S.2S-inch size limit, 

a S.2S-inch size limit with double effort, and a doubling of effort relative 

to actual levels during an extended season with a 7-inch size limit. Comparisons 

made will be limited to results obtained for 1978 and 1979, since annual returns 

for the extended season option were derived for just these two years. The effect 

of these management approaches on the reproductive potential of the stock will 

also be discussed. 

Average annual returns for 1978 and 1979 for each management option and 

actual average returns are presented in Table 3. Findings presented in 

Table 3.--Comparison of average annual returns for simulated years 78 and 
79 for three management options (million $). 

Management Option 

Actual 

Double effort with 
second season on crabs 
7 inches and larger 

Double effort 

S.2S-inch size limit 

Double effort--S.2S" size limit 

Price 
Unresponsive 

to Size 

89.6 

96.3 

100.4 

132.79 

IS2.71 

Price 
Responsive 
to Size* 

89.6 

101.4 

90.8 

S6.82 

Sl.86 

*1 percent change in the average size of crabs caught assumed to change 
price by 2 percent. 

this table indicate that a lowering of the size limit to S.2S inches coupled 

with a doubling of effort yields the highest average annual return when 
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price is independent of the size of crabs in the catch. When the price/size 

independence assumption is replaced with the assumption that a one percent 

change in average size causes a two per cent change in price, an extended 

season with a 7-inch size limit and a doubling in the actual amount of effort 

because of the extended period produces the largest average annual returns. 

Figure 20 indicates that average annual returns for 1978 and 1979 produced 

by a lowering of the size limit to 5.25 inches with a doubling of effort 

dominates returns associated with the other options until the price/size 

response approaches one. A strategy of doubling actual effort levels during 

an extended season with a 7-inch size limit yields the highest average annual 

return when the price/size response exceeds one. It should also be noted 

that average annual returns which accrued from actual effort levels dominate 

those produced by doubling effort as long as the price/size response exceeds 

two approximately. 

Some industry sources suggest that variations in the average size of crabs 

caught above a 5-inch threshhold would not affect price. Further, it was 

suggested that if the size of crabs dropped below 5 inches, price might be 

adversely affected. If so, results of the analysis suggest that average 

annual returns for the 1978 and 1979 seasons could have been increased by 

following anyone of the four alternative management options listed in 

Table 3. Doubling actual effort coupled with a 5.25" size limit produced 

the largest 1978-79 average annual return. 

There· is little impact on the reproductive capacity of the simulated stock 

under any of three management options. The percentage of females copulated 

drops to its lowest level of around 60 per cent with the 5.25-inch size limit 

and a doubling of effort in effect (Figure 21). This owes to the fact that 

even at the lowest size limit, as well as the highest effort levels, there 
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remain substantial numbers of younger males that are, on the average, larger 

in size than the mature females (Figure 22 and Appendix Figure 2-1). 

The effect of reduced copulation on later recruitment is minimal. 

Simulated recruitment of five-year-old males under two different assumed 

spawner-recruit relationships is given in Figure 23. There is little or no 

difference between management options in projected recruitment for years 

1980-85. This is explained by the high population of mature females during 

the 1975-79 period, which overshadows reduction in copulation. It should be 

pointed out that the simulated recruitment projections can be used only for 

comparisons between management options, and cannot be used for forecasting 

actual trends in recruitment. 

At high population levels, maintaining full female fertilization infers 

a proportional spawner-recruit relationship (Figure 24). Such a relation

ship dictates that populations either increase without bounds or progress to 

zero. These two situations are clearly improbable. Thus, a proportional 

relationship can be dismissed. 

The available data do not permit discrimination of either one of the 

assumed spawner-recruit relationships from randomly-occurring recruitment. 

However, it is evident from the data presented in Figure 4a that the current 

high levels of recruitment resulted from relatively low levels of female 

abundance which occurred in the early 1970's. This suggests that the current 

high level of females in the southeastern Bering Sea (estimated at greater 

than 100 million crabs) is superfluous to maximizing recruitment, and that 

full female copulation is not required at high population levels, thereby 

minimizing the effect of exploitation on reproductive capacity. 
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Model Computations 

The basic model components of mortality, growth, yield, reproduction 

and recruitment are described below in detail and are modified from Newell 

and Paulik (1972). 

Mortality 

Mortality, which is the sum of natural and fishing mortalities, may be 

age and month specific and is represented by an exponential decline giving 

Pi, j+l = Pij e-Zij 

where Pij is the number of male or female crabs belonging to the ith age 

group at the beginning of month j, Zij is the total instantaneous mortality 

acting on age group i during month j, and e = 2.71828 ••• 

Total instantaneous mortality is the sum of instantaneous natural and 

fishing mortalities. Fishing mortality is the product of four factors: 

(l) availability, which represents the fraction of an age group that is 

available to the fishery in a given month and may be the resultant of fishery 

regulation or gear selectivity~ (2) catchability, which represents the 

fraction of the available population that is caught by a single unit of 

effort, may be year and month specific, and may result from immigration, 

emigration or other behavioral characteristics; (3) fishing effort, which 

may be year and month specific and is in this case expressed in pot-lifts; 

and (4) a fishing mortality multiplier which is used to readily change 

fishing effort between simulation runs. The mortality function is 

Zij = XMij + AijQijEFkjFMULTij 

where XM .. is the coefficient of instantaneous natural mortality of the ith 
~J 

age group in month j, Aij is the fraction of the ith age group available to 

the fishery is month j, Qij is the year and month specific catchability 
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coefficient, EFkj is the number of units of effort during month j of year k, 

and FMULTij is the age and month specific fishing mortality multiplier. 

The average population of males or females is given by 

AN .. = p .. (1 - e -Zij) I z .. 
~J ~J ~J 

where AN· . 
~J 

is the average population of age group i during month j. 

Growth 

Growth in the model is represented by a linear segmental growth curve. 

Usin~ this function, average individual weight is 

where Wij is the average individual weight of age group i at the beginning 

of month j, and DT = 1. With this type of function, any shape of growth 

curve may be approximated, including the stepwise growth of crabs. Wij 

values are specified on input. 

Yield 

Yield in both numbers and weight is calculated monthly for each age 

group. Yield in numbers is 

where Fij = QijEFkj and ANij is the average male crab population of age 

group i during month j. 

Yield in weight is 

1 
W.. + (W. . +1 - W. . ) 
~J ~,J ~J 

and may be controlled by input of annual quota values which, when reached 

or exceeded during any month of a given year, terminate fishing effort in 

succeeding months for male crabs between the age of first availability, 

specified in the availability matrix, and some higher specified age. If 
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this age is not specified, fishing is terminated for all age groups of 

males when the quota is reached or exceeded. 

Reproduction 

This sector of the model is comprised of two major components: pro-

duction of recruits and copulation. The production of recruits in a given 

year may be specified by one of two spawner-recruit functions: the Beverton 

and Holt formulation and the Ricker model. For the Beverton and Holt function, 

the number of recruits entering the population is 

where Ri,j is the number of recruits entering the population at age i in 

month j, L is the number of mating females i+l years previous, and Al and 

A2 are estimated parameters of this formulation. The Ricker model has 

the formulation 

R. = Al'Le-A2 'L. 
J 

In lieu of spawner-recruit functions, input values for annual numbers may be 

specified. 

The second major component of the reproductive sector concerns the 

computation of the proportion of females copulated (PCF). The mating 

behavior of king crabs appears to be influenced both by the abundance and 

size of males in relation to females. In the model, these influences are 

included by computing PCF as a function of the ratio of mature males to 

mature females and also as a function of the ratio of the average weight 

of mature males to average weight of mature females. These relationships 

are specified by 

PCF 4SXR 
1 

SXR < .25 
SXR > .25 
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where SXR is the ratio of mature males to mature females during the breeding 

season (April and May, model months 2 and 3) and 

PCF = .5SZR or 

PCF • 065el. 7SZR SZR<l.70 

PCF = 1 SZRn.70 

where SZR is the ratio of average mature male weight to average mature female 

weight during the breeding season and either the linear or exponential form 

is specified by the user. PCF is computed as a function of both breeding 

sex and size ratio, and the lesser-valued of the two computations is used 

in determining mating female abundance in any year of simulations. 
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__ ---""=11 ~ , 1 Z) ,_ E..G. G.H 1, I ,l1'Jl-'~ T_Ul.fu.!.Ol' ! 15 "1D_~U' b~ A J l Bj,--,--:-:-7-::--:-:-:-----::::-:----- --

DIMEN~ION PI15,12" IMI15,1ZI. AIl~,lZI,EFI 50.1ZI, lNIl'i,lZI, YN 
'"5,12', Y1I115, lZ" III ZOO'I- Io/F 1200 I, FI"(l5, lZ I, _ XNI1H 12 I , __ F"J« 12,. _______ _ 

---I YIIJI1ZI~ YNJI1ZI, PJllZ', IoIIIJIlZ" FPJI1ZI. FANJIlZ', y"rn'l" 
'YNII151, ANIIl~I, FANI1l5',_TITLEI13', Fl1lILTl1eO', FTI1~,12" lLY ___ . __ __ 

- --'1l51, XNrI'fll51, FI1 '11l51, PFIl5,lZI, COPI15l, SI1r1IlSI, SP'~115" FI'IT 
__ -.-::'.!.1-=-1~~7' lZI_!!..L~!llt.O_~Q.,_lU,_gUOT A I 50 ,_, _Fil~_I_lZJ.df£.L'_O '"_U.!J~jl£..I.L12~' _____ _ 

"RECRUITI 501,~~~TI151,llrll15',FI'IO~TIl5,lZI,AAI1~,lZl,KPI5', 
'PI'II15,lZI,ACCPI 50,lSI,ACCFC 5C!,15"ACrrll 50,151,SACCP~~~IL' ____ _ 

---Sf ACCF I 501,51CC"I 501, NeCDEI 151.x~FIl',HI,TX"FIl' I 
HAl LARVAE, LENGO _____________________________ _ 
I~TEGER,ABREV 

EGGILENGCI - 1-170 •• 1.93.l~~GOI.1000. 
---FLENGfTW-ElGHl'- -- IwEIG ttl/ ]. b-1~T';07 I •• 11./3 .1b' 
C 
C 

----- ----------------- - ----
C ____ Kt!!G_C~A8 POPULATlON_~I_'!U_"___AT_Q~ __ ADAPTED_ FROI1 CRABS eY AALSIGER _______ _ 
C "ODIFIED BY REEVES 
C 
C 
C 

AE AD INPUT DA U 

READ i5,~7IT-ITLE 
WRITE 16,~" TITLE 

C-----fO~lROl · CARD ~~-------------------------------------------------------
:-_---'R;;.E;-;A='D;-.",I 1~ LN..!, A 8R E V, tI R E , N Xli , tI F K T. )( 111'1 U l T, N 11 N 2 t1!.3.~.-'-'NC!4L'.!!M_"_5L. c.;.tI-".6L ... l ,.2 _______ _ 
C PARAI'IETER CARDS 

Ri:AO C5,~~ I NYC,~FIl,I1S8, I'SE.TIi'ESH, rKR II I,I-lI~" Al, A2,~F _____ _ 
----WR Uf-- Ib, 56-' NY(, I1FR--;PI Y'-"SII, I'ISE. NIl{; il, Al, TI<RE-SH, PCF-- -

CAll INPTI NYC ,NXI'I, X"U, PT, PF r, ItH. AA, EF, 0, FI1UL T, FI1T, 1/, IIF, NFI'I T, R, tlY,, _ ___ _ _ 
---sOUOrA,TXI'I,X~F,TX"Ff -- --- ------ --------- - - -- - --

DO I I-lINYC 
NeOOEIII~I.3~-------------------------------------------------------

TEI'III 1-0. 
---n" II I-TX"Ij I.XPll'lui.-r----

00 1 J-l,12 
-----YNII,JI-O.O ------ -- - - _.- - -- - -----

YoIII.JI-O.D 
------~F~~[RlII,J,.-~O~.----------------------------------------------------

1 J"II,JI.J"II,JI·JI'I~ULT 
-- --SSACCF-O';- --

SSACC~-Oo 
---DO 97 K-l~NY 

S&CCPCK'-O. 
---SACCFfi(,---o. - ---------------------- ---------

SACC"IKI-O. 
---rEFCKI-O. -"..:...-----

DO 97 I-I,NYC 
---- Acep I K, I 1-0. 

----.------------------
,----- - --. ---. --- ._---- --- ---

ACCFIK,II-O. 
---97~C'"lK.Il~O~.------------------------------------

~---ffSHINGHORTALIi'i-,"uLtIPlIER lOOP - ---- .- ... --.--

c-----DO - 12 '-NF-I,NFIIT--- - -------_. - - - - . _. -
_____ CH~-O. ___________ ________ ______________ __ 

TYNA-O • 
. _ TVlu-O. _______ ._ . _______ .• _ __ _ 

llEF-O. 
Y'USO-O. __________ . __ ____ .. ,. 

00 Z 1-1,6 

- -' 

2 STlARIII - Z.ElZ -~~-Dri 3-I-i~NYC ~----------------------------------------
DO 3 .I -1, 12 

PI1I1,J' - F~ili;JI 
PC 11.1' - PTe J,JI 

3-PFCi;JI-PFTII,JI 
_____ DQ_~J~l,NYC 

~ CDPIII - PFII,IZ' 
C _ _____ _ • _ __ __ . ____ _____ ___ _ • _ ____ __ 

C I1AI~ TII'IING lOOP -- K - YEARS 
C - DO- 4"5 · ot<_1,Nl - ---- - - ------- - - ---~ .• . ,--------- --- - ---- .. -
_~~~rF C~F~11_7,i,~5 ____________________________________ _ _________ _ 

, DO ~ I-l,NYC 
b lLY1I1 - HII,IZI"Il,lZI'Fl(I,12I'EFI~,IZI.F"ULTCNF-lI°P"lCI,1ZJ _____ _ 
7 01 91 r-IoNTC 

U 111-0. __ _ _ ________ _ ___ _ _ ___ . ___ _________ ________ _ 
O~ 91 J-1,lZ 
ACI'Jj-A&llJJJ'~~~~ __ ~~~ ________________________________________ ___ 

~-F C 1,-" 'oQC"J I'EFCK,J ,. F~ULTltlFI 
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C ____ llPVAE _________ . ______ _ 
DO ~ Jl-Z,IjTC 

_____ Tf P'I , Il L_-_ X II Fell" I I Z • _ _ ________ _ 
00 @ 1,,-b,12 

~ T~.!'.ll..~~~Ul 1+ XII FUl=J,_r 1< . .o..L1 ______________________ _ 
01) 9 IL -l,NYC 

_ ____ _ 00 _9_11<-1,3 ______ _ 
9 TEI'(JL I • TElIllll+XI'.FIIl.IKI 

______ lARVAf _- O. 
00 10 11-1,NYC 

_______ J ~ 2~J. lL-l'~+Al _ __________________________ _ _ 
e-EGGIFlENGTlwFIJWII' 
IFIE.lE.O.1 e-o. 
EGGSIILI-COPIJL,·exPI-TEI'IILI,Oe 
lAR_VH-lUVAE+P_ F_ltLr.ll.!L~,-~xglJl,U/Z.J!PCF ____________ ______ _ 

!O C CNTI p.;ue 
~_~J~F~I~K~,~E~~l~~A~~~~ARVAE+R~LLF"T'l'~ll~- F "li l)·~I _ ____________ _ 
C 
C __ P.ECRVJTI1EH.T ______ ___ _ _ ___ _____ _____ __ _ 

C 
_____ ,,_ - __ II.F..L _ _ 

I - IJ-lI11Z+1 
-,--__ ,--__ ,"~J...!..I.t,:.l_2...!.I:;_;_;;;;---------------------------
C BEVERTON-HOl T FUNCTlIl'I 
_ll __ I.F_ INPE.HE.Z.AIID.$JLAU!,).l T .1.LGO_l:_0~3 ... _____ _ ________ _ 

IFIK.lE.IOI GO TO 29 
____ IFIN~f-lI 87,811,1I9 __ 

!7 PII,JJI·l./(Al+A2/ISnAPC"~I~I~I-----------------

GOT 0 90L...,---,_---c-,..--::.---
--e8P-(I,'JJ 1-&1. 1 SHU (61 I. EX F C-AZ.HLU 1 61 I 

GO TO 90 
-911 PCI-;JJI-PIKI 

DO 133 KI(-I,' 
l33 IF(K.EQ.KPIKK I' )GO-TO 90 

___ ~I~F~IIjRl~l_~ND.SJl!!16'.llL1HPfS~1-G0-1o -e~7----------__ 
90 PFII,JJI-PU.JJI.'I./P"II,JI-l.1 

RE~!I.UITlKI-PCI,JJ'_ _ . _ . _ 
----"~ .. ~IH 1",571 K,plI,JJI,STLIIII6' 

GO TO 1'0 . _______ _ _ . __ _ 
wRITE 1",~Ol 

P'I,JJI-O.~---------------_----------------------:-p7F-!--,=-"[,-:;J' -0. 
1'0 CONTINUe 
--- DO H IBACK~1.5 
___ 1-6-186CK __ _ ___ ._. ____ _____ __ _ 

15 STlAPIJ+ll - STLAQlll 
____ ~STLAP(l' - l~A~R~V~A~E~-----------___ - - ----- ---------

00 16 111-1,NYC 
EGGS 11111-0. 

--1-"-- CoP( IlI'- -; ·0. -- - _._- ---- -
HAPVEST-O. C- -- " ._-

C I1QNTHLY CAL~Ul.!I.Iot; Lo!'P -- J - HOl'T,.,H ___ ___ ______ _ 
C 

• __ DO Z9 J-loll _ ._. _______ .. •. _ 
WIITIJI - O. 

IIFTlJI-O. _ __ . ___ _ 
XNFT-O. 

XNIH • O. 
C 
C ___ YEAR-CLASS_ CAlCUL-'_T.I.r:l~ lO:lP __ ~L-_ YEU-ClASS ___________ _ 
C 

DO Z6 I-l,NYC 
• -- --- j: II,J I-Q (I(,J,. EF I K, .I-" FP'UL r(N-FI-: 

__ ~=-______ ~IF IJ-l1 17,17,~1~e~ ________________________________________________ _ 
17 fp~ j-l----

JP - 12 GO TO 1 q------ .. -
C . __ . _ ____ ____ _ ____ _ 

C 

18 I P - I 
JP - J-l 

I~DEX LOOP- TO "ONT~ OF PEC~UITI'ENT 
19 IF I1Z.Il-lI+J-P1F'I' 26,25,20 
Z D - - - -- If - ( J -1 J 21, Z 1, Z 4w 

21 IF IK-11 22,22,21, • 
ZZ - -- -' - IF (NF-l) 2",Z~,Z3 ------ --------- -· . -- - - ------- ---- --

C P:lPUl'TIO~ YEAR I "ONTH 1 
-~ - -- - - -P fI~l-' -;-pffi>;-i"f"Tx p I-ll Y I I PI' 

IFIPII,lI.LT.l.l PII,lI-C. 
- - -. - PFII,ll ~PFIIP,121.IE¥PI-XIIFllP,JP'" 

IFIPFll,H.LT.l.1 PFII,lI-0. 
IF IP~([, J, .EQ.I. I PFII,J '-0. ------ --- - - - ,- -------

GO TO 2' C----POPUlATION- AT- S£~G~[~h-N~I~~~G~G=F-~O~·~T~H--------------------------------------------

Z4 PfI,JI - PIIP,JPltEXP( - I XII IIP,JP'+AIIP,J.,tFCIP,JDIII 
- - - IF·IP ((;-n.l T .1. '-· PCI ,Jl-O~ -- -- . - - . - - - - -----

Pfll,JI - PFIIP,JPlt' O: ' PI- ltr. F(lP,JPIJI 
- -lFIPFIIoJl.lT.l., PFII,JI-J. · - - . -- ---- --- --._-
~_~I~F(P~II,JI.Et.l.1 ~P~F~II~,~J~I-~O~.~ _________________________________________ __ 
C I':JRTAUTY 

c 
Z, Z • x"II,Jlul1,J l o FII , J) 

- AVE~'C;E POPULATION I=Qq TtiE MO"TH - -- ----- -- ----.-------
IF Nil, J I- P F II, J I .CI-Ex P I-X ~ F II, J I I , I XII F I I , J I 
,-.II,JI·PII,JI·ll.-UPI-lIJ/Z - -
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L. ___ YI ELD IN NUlleERS __ _ _____ __ ________________________ _ 

TNCI,JI - AII,JI+FCI,JI+lNCJ,JI 
F .. OU I I, J I •• I 1, J 1+ F I J, J I 

c FQACTION ~AlfS AT END OF /I~HTH 
111 F .. II, J •• p CJ, J .11 p CJ , J' • P F 1I, J II ______ _ 

JIoO • 120 CJ-lI+J 

C'-__ -'Y .... t ... El_ !LI\~~ ~:~!---Y-H-I-I ;-J I+'ilJW-•• -e-W-'-JII.-u=-i. iJii il-.(~iZ:-l-.-, '-eipcz,--------

c 

S _ _ 1.111°2.2 _ __ .. ______ _ __ ___ __ _ _______ _________ _ 
HlRVEST-HlPVEST+YVII,J' 
WEIGHT CF /IllES TOTAL 

WIITeJI - WIITIJI+A~eI,JloWeJWI 
____ I/£J'eJ I-WFTeJ I.AF)I( I, JLoWFC JWI ___ _ 
C NU'IBER OF /lAlES TOTAL 

C 
C 

_ XHIIT - XNIIT.AMII,J' ____ _ _ 
X~FT-x~FT.AFNII,JI 

Z6 _ _ __ CCNTIHUE _ ________ __ _ _____ _ 

C QUOTA CHECK 
C __ -=-=- ___ _ _ ___ _ _______________ :--___________ • ______ _ 

I~IH'RVEST.LT,QUOTACKI,OR.J.EQ,lZI GO TO 94 
IF Il 2.GT, O' GO_ TO_1.19 __________________________ _ __ _ 
EFCk,J+lI·C. 

___ ~CHK- l~,~~--------------------------------------------------
GO TO 910 

_ l1_I!~!J_llLISL.!.l,H~l _ _________ _ _________________ _ 
CI1I(-Z. 

lle _!..'-t5 _ll_ J!.U~Ct.'__ _________________________ ______ _ 
c C S~~~A~W~HLJN~G~ ______________________________ __ _ 
C 

94 IF eJ-IIS81 ZCI,Z1,Z7 
27 IFIJ:/lSEI - 73,73,29- --------------------------
28 CONTINUE 
73~J:EO,/I~81 PCF-O. __ ~A~~/I-~.'--___ _______ ______ _______________________ __ 

...... F·O. V'I'T"-O. ________________________________________ _ 
W'1ATF-O. 

C COPULATION 
--710 DO 77 IC-IIT,N YC 

C AVERA~E NU~BER II ... TURE /IllES ANe FEIIAlES 
JII-Yzo.fc.:i'.-J-------
\//IATH-~MAT/I.ANCICIJI·II'JW' 

---\/"ATF-\/IIATF.A'~I IC,J 10 \IF (J~-i 
ANF-ANF+AFNIIC,J, 

----A ... II-l~~+A~IIC'JI ~----------------------------------
77 CO"TJNUE 

C AVER.GE ~W~E~I~G~H~T-=O~F~IIA~l~E~S~---------------------------
IFCANII,lE.O.I GO TO 85 

-----i wi-w/lATII/AN/I- --- ~----------------------------
GO TO 86 

-~AW"·O~ '--------------------------- -------------
C AVERAGE WEJG,~H~T~O~F ~F~F~/I~A~l~e~S~-----------------------------------------------

86 IF(ANF.lE.O.1 GO TO 102 
A'JF.,j/~UF,.NF ______________ _______________________ _ 
GO TO '-103 -

102 AIIF-O. 
--103 · IF(AWF~lE~O:._GO TO 10~ 

C"--_____ BA.Hj)_H!~I~E"'___":..!''_Jlul'_.a'_ ________________________ _____ ______ _ 
SU-,w/llaWF 

_ _ G~ TO 106 __________ __ ___ _ ___ _ ______ _ _ ____ _______ _ 
104 511la0. 
lU6_IFUN~,LE.0.1 GO_Ta _ l~5 _ _ ___ _____ ___ __ __ __ _ 

c 8R£fDING sex RATIO 
_____ ~!~X~R-'~M/A~N~F------------------------------------__ -__ ---

GO r-0107 
lu' s'u-o. 

C COPUl'-UONC OEFFI-C-I ENTS 
10?_PCF-~.·SXR 

PC ~Sl-.065.E"i ph. 70. SIR I 
____ ~JFI~~.j.J~CF~C~f~-~P~C~F~SuZ~------------------------__________________ _ 

IFIPC~.GT.l.1 PCF-l. 
C 5?A\I~IHG ~UCC£SS PERCENT 

76-SSP-PCfolOO. ---- - -------------.. - --
t _ ~ _____ ___ _ 
t 

29 CCNTl~UF 
- 920::1-93 -li.-l,N"i c 

X·UTClLl-O. ' 
q3 CJPILll-PFlll,lZ ; -- -. -, - -- -- --- ------

00 30 J-l, Ii' ____ , _ _________ • 
YI/JIJ' - O. _ _ ______ TNJIJI - O.~ __________ , _______________________ __ 
PJCJI - O. 

_____ _ FPJ'JI - 0. ____ ___ __ _ ____ _ 
lNJlJ1 - O. 
rN"JlJI - O. 

-- - - - F"..ICJ'· O. _ . .. ---- --- -

' 0 CANJ(JI • O. 
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<-.--- 00-31 ' I~l~NYC- -
YIIIIII - 0._ . _ ___ _________ ___ _ 
Y~1I11 - o. 
ANIIII - O. 
XNIIHII - O. 
FIll III - O. --'-1-- fA'IllIl '-- O~---

TI/IIT - O. 
T .. A - o. 
B PJ • O. 
TNA - O. 
AHA - O. 

-----fANA--;.- '0-.---
A'IIIA - O. ---POPT-O.· _ .- ---.---

5:10" T-O. _______ ._ --_._, ----- - --- - -.. - ----- -- -
SY~I-O. 
W~YNI·O. 

----IAGES.O~-------------------------------------------------

___ ~S~C_'LE~~~9~OOO. 
C 
C SU!!I'1A!!....!O}Al~ _ _ _ 
C' 

DO :33 J-1I12 
---~~TEFCKI+eFCK,JI·~F~M~U~l'T"I~N~F"I'------------------------------------------

DO 3Z I-l,NYC 
C---YIeLD-- IN WEIGHT FOR -"ONTH 

YWJeJ' • YVJCJ'.YWCI.JI 
~YIELIi IN NUMBERS FOR 'IONTH "-!..-------------

T!!.JC J I '!.JNHJ I. YN (1.(..u _____________________ _ 

C TOTAL POPULATION fO~ "ON1H 
. __ _ ' PJIJ 1 - PJIJ 1.,II,Jt _______ .. _________ . . ________ . . __ 

C TOTAL FISHABLE POPULATION 
_ _______ FPJCJ I • FPJ CJ I.PCl,JltUJ,Jt __ __ _________ . ______ _ _ 

C TgTA ~ AVEPAGE PO'ULaTION FO~ IIrNTH 
· ~~LJ~~Jj~~~ lU.JLI~~~~~~-----------------C~--~T-O~T~.-L--'~V~fP.GE "ALE POPULA TION FOR THE ~QNTH 

___ _ . FANJ IJ I . _-_] ANJ IJ) .A~ II • .I I·. U • . ",,_ 
C TOTAL ~UM.ER OF FE MALES FOR THE "ON TH 
._ . _ ____ ___ )'''''JIJI -_ )l'N'1J 1.1 '+IoFNCJ.JI . _ . 
C TOTAL NU'IBER OF M'lES FOl YEAR-CLAS S 

________ __ ~XN ~ I(II-~-)I'N~II I I + ANII.JI/12. 

C TOTAL YIELD IN WEICHT FO~ YEAR-CLAS S 
YWJIlI - TWlili+ l >iii,Ji . _ .. _ . _________ ___________ _ __ . _ _ __ 

C----- i OT A""L ,iiEtu I ~ ~U ~ef!!~ F C ~ "E!P-!t~SS 
__ YNIIII - '''I II '+TN( r. JI ____ . _______ . ___ _ 

C AVERAGE MONTHLY POPUL ' TIC~ FOR YEAR -CLASS 
______ _ --'A::.:.NuoUlL!-!!! 11 U.!.J~.h"JLl2. 
C AvE~aGE FISHAPLE 1I0NTHlY POPUL.T I ~OH~F~0~R~Y~E~A~P--C~lA7S~S~-----------------------
...-JZ,,--::-::-::-.,.- f A"1 (l' _a _. fAIiI II I. AICC 1. JI .• AIl~ JIIUo _ __________ __ 
C T'TAL 'NNUAL YJELD IN kEICHT 

y~, - YWA.YWJCJl_ 
-C---~TO-T~A-l-A~NUAl YIFlD IN HU~~""'~E~R~S~-

IflL!.......Ylt4t.J./iUJI 
~c~--~T7a~TA-l~'~~NUAl AVERAGE "~A~l~E~P~O~P~U~l~A~T7I~D~N------------------------------------

A .. A_!-AHA.AHJCJ' 112. ___ ' __ 
-C---~TD-T~A-l- 'NNUAL AVERAGE FEIIALE POPULATION 

.'1411' . ~A~"A.)I'~~JIJI/IZ. ____________________________________________ __ 
C TOTAL AVE~AGE ANNUAL BIO~ASS 

T I!. '!L.!.-1 w." ,1!JI." !!.J !.lIZ , 
~C~--~TO~T~A~L~.NNUAL AVERAG~ FJSHA~~L~E~P~O~P~U~L~A~T~I~ON~---------------------------------

__ 3L-FAHA ~ . fAN"FANJCJ"12. 
C CALCULATE EXPLOIT'TI~N RATE .YR CLASS AND TOTAL 

TYNAoTYNA.YNA 
-----Y~A~Q-YN'5Q+YkA •• 2. 

TIWA- TIW,. IWA 
-----TTEFoTTEF.TEFI~K~'---------------------------------------------------------

__ . _ . 01) 113 I-l,NYC ____ . .. _______________ __ 
IF(Y~IIII.EQ.O.I GO TO 113 

_ I~IPII,ll.EQ.O.1 GO _TO 113 ________________________________________________ _ 
U I I I· YN III "P II ,II 

____ ~POPToPO~T+P(I,ll·~ll~l~I-----------------------------------------_ __ ___ 
SI"I -SVNI+YNI Cl' 
I/SYNl-.SVNI+YIIIIII·I_ --
IACes-UGES·! 11'_ CJNTINU~ - .. _- -- --_._-------------
EX PL -INAI POPT AVAGE-WSTNI/SIN ... I ___________________________________________________ _ 

----Oil 127 I-l,~YC ' . 
IFCYNIlll,EQ.O.1 Gr TO 1 27 
PLEFT-PIl,121.EJPI-XMI1, 121+411,121 0"'(1,-1211 
,'UT 1 t ,OPC I,lI-PLEFT-YNI 111 _ __ . _ ______________ ___ _____________ _ 
SXN'T-SX~AT+XNlTIII 
jCCPI~,lloPII,II/SCAL~ 

---,'c-cf I il,' I'; YN I-i"i i IS C AlE----------------------- -------------- -------
ACCMC~,llo~NATIII/!C.LE -127 CONTINUE - -. - . - . . 

DO 35 J-l,lZ 
C-- - fRACTION cr MALES -FOR-PiONTii 
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____________ If-1'~J'II.LT •• OOOCOO~~~~_J3~~ ____________________________________ ___ 
~~JCJI 0 HIUIJI""JCJI 

____ GO_TO_H _ ___ _ _____ __ _______ _ _ 
c 

34 FP1JIJI ~ _0. __ _______ ___ __ ___ _ ___ __ __ _ 

35 CO~TlNUE 
___ 0-'1_ ~_7_ l~l,.t!Yj;, _____ ________________________ __ _ 

F'IOQTTIlI-O. 
109 ft-Jo!PJ'PFCJ,lI ___________ ______ _ 

C FqACTION OF P1ALE5 FOR YEAR-CLASS 
_ ___ __ IF _ "NIIII.L T •• OOlieOI)lI_ GO_TO_ 3b _._. _____ _ 

t 

c 
C 

~P1ICII - XNP11CII/ANICII 
GO TO U 

36 FMICII - 0. ________ _ 
]7-- CONTI NUE 

AVERAGe FRACTION OF P1HES FOlt THE YEAR ___ ___________ . _ ___ __ ____ _ 
AVERAGE YIELD IN WrIGHT P€q cp,~ 

_____ --'I'-CF'--.!.' Y~A. LT. ,-0.11.0.0.2.''.1 I GO T 0,-"3"'8 ___________________ _ 
A YII 0 YIIA IYNA 
GO TO 39 

c 
311 A YII - ° 3'- CONTI to:UE 

cpue-YNA/TEFCKI 
--- TEF"Ul T-TE FCK-'.I0. 

AVAGE-'VA(;E+4. 
DO l~Z l-hNYC 
D!l 1<oZ J-l.1Z .. 

I~Z FP10QTTIII-FP10PTTII'+FP10ATCI.JI 
SU'IW-o. 

---SUP1~-O~.-------

00 141 I-I,NYC 
IFfYHICII.LE.O.' -GO TO lItt" - ----- --- --- - - ----- -----
SU'lIl-SU~II+PII,lZ' 
SU'I~-SUP1F+FP10RTTIII·PI1.1ZI 

141 CONTI NUE 
- - -.TOF-SU"F;SUP1V --- - --- --------- - - -

WQITEC7,1101 K,PEC~UIT'KI,POPT,SXNAT,YNA,TFFP1UlT,lARVA~,CDUE. 
SEXPL,PCF,SXR.SZR,Ay~,JI6I,UI71,UI~I,AVAGE,WTOF 

WQITEII3,lI0IK,RECRUITIKI,POPT,SXNAT,YNA.TEFP1ULT,LARVA",CPUE, 
lElPL,PCF,SJR.SZP,AYW,UI61.UI71,UISI,AVAGE.~ToF 

110 FJQ~ATI13,!Fll.0,FI6.0.F6.2,BF·.,-.F5.1.F~.ZI 
- - --REC-RECRUITCK"1000000. - -- ----~-- -

C 

W~ITEI8.1Z61 K,Yw"TEFI~I,IYNIIII,l-5,~Ytl,'YWII11.1-5,NYr.1 
S,qEt,XP1P1ULT,AYV 

126 . ~Q RP1A TC Il, Fl1.0, fq .0,!lF10.0 Ib FIO.Z F5 .1, F6. 2 I 

~C __ ~O~U~TP~SECT~R ___________ __ _ 
t 

._ - ---------- --_.-

C 
C 

IF CASREY-il 4].~O,~O 
~O -- IF UBREV-ZI ~2, ~i."l-----·- . ------ - -. --- - -

QUTPUT OPTION Z -- AN~UAL SU'1I1'~IES DHlY - ---------- ~.-. - ---
U I/QITF 16,511 K 

----~---·~~ITE C6,581-a~~NY~'A----------------------------------------------
W~ITEI6,4ql PJllI,~NA,FANA,YN~.YWA.TEFCKI.CPUE, 

SEXPL,(PCI,lJ,I-l,NYC' - - -~ -- ... -.- -.----- .-
w'ITE 16,591 CPFCI,ll,I-l.~YCI 

-- ~~ I 1E Ib, 100) cue I 'It -1 ,NYC) - -------- - .. .. ---~----

-..-1QO_f.ORP1AT I 1HO, HEAR CL A S!i E XPLIJ ITA lID/'LRUE~.'110FI2 ~,-u 
W~ITfC~,1311 IYNICII,I-I.~YCI ---------------------

131 F'lUUTIlHO,.YEAP CLASS CATCilES CN051./110£12.5" ___ . __ 
I/~ITE 10,671 AY~,IAGE5 
I/RITE C6,~111 T" .. T. Z.Z,AV~Gr ___ _ . ____ . _ __ __ _ 

~Q1TEI6,1011 PCF,SZR.sr~ 

__ ~ J U I b, .!3 .!!L _, I ~I!P..! T IJ.! ~ .II J - J LUI ' . l.~J , N \' t 1,=-;;-~::-;::-:-=-::-:-::-::c::-:-:-------______ _ 
130 F'lR~ATIIHO,.FlSHINC M'lRTALITY ~ATRIXC[NCLUDES AYAILABILITYI. 

SIIIIZFlO.51t __ ______ . ________ _ _ ___ _ _ __________ _ 
DO HO l-loNYC 
DI~-lOOOOCO. 
POMCII-PII.II/DIY - - ------- - _._ ----

___ -JP~DFjll~PE(I,11/DlY __________________________________________________ ___ 
140 CATIII-YNIIII/DIY 
____ W~ITFfQ, D91 II, C PO" I J1, I -I, ~YC 1 _________ _ 

1/111 TE II 0, 13 q 1 K, I PO F (I I, I-I , NYC 1 
WO ITEII1,13QI K,ICATIl,,1·1.~Y(L _____ . ________________________ __ 
I/~ITEIlZ,13ql K,IUCl" l-l,NYCI 

13 q F 'l P II &J 1l.vl.f1_t U u..t. Z .... I ~-;-;----------------------------------------
IFtCHK.EQ.2.1 VRITEC6. 1211 

_ _ ___ GO_TO_~5 - --- - -_.- - --- . 
C 
C _ _ __ CUTPUT r,PTlI'N 1 _--. I'Cl'ITHL,( _AND AN'4UAl SUI'P1~HES _. _______________ _ 

~Z wlIITE 16,511 K 
______ .~ITLtb 5l.LI J, PJ IJj, ANJ LlI,FANJ I J I,YNJJJ IInJ IJJLJ~~l~Z~I _____ . _ ___ _ 

.IIITE 1t.,HI '''U.FA~A,YNA.YWA,IP(J,1Ir1-1,NYC'' 

... /lITE 16,61.1 Hili 
GO TO l,~ 
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._ - . ----
OUTPUT OPTION 0 -- ALL CALCJLATIONS BY "OH T ~ AHD AGE CLAS S 

_~" ... 3 ___ W'ULJb,~"UJC,_"'1,tjZ,Pi3l-N~,-~'~!!'bJ __ --__________ . ___ _ 
DO "" J-l,lZ 

w~ITE l!>ItOI IJ,ANI'IlIJI,ANIN2,JltANIN3,JI,AN(NIt,H,AHIN5,JI _. __ _ _ 
s ,ANINb,JI,ANJIJI,FANJIJI,FHJIJII 

II R n E 1 b, b 11 I YN I'll, J " Y" I NZ, J " Y'I 1 H 3, J I, YN I N 1" J I, VPi I N 5, Jt, . 
S YNINb,H,YNJCJ)) 

IIRITF Ib,bZI CT"II'il,JI,n.1~2,JJJ'YWIN3,JJ,Ylln"It,JuYW(N5,JI. 
- --S-- - ' YI/INb~'JI,Y\lJlJII . - -- ---

_ !o /o __ CONTINUE ._ __. __ . __________ _ 
"qITE Ib.b31 (PI~1.11.PINZ.11,PIH3,1',PINIt,11,PIN5'II,PINb,11, 

__ , __ PJClI,fPJClII _ . _ _ _ __ 
~qITE (b,b'" IANJIN11,ANJI~21,AHIIN31,ANJINltllANJ(N51.A~IIN61. 

S ANA , __ .. __ _ ____________ .. _ _ ___ _ ___________ . __ __ _ _ 
- --"--- \r~ITE I b, b51 I FP1 II "Il" F!'\J( HZ" fP1I I N31, FHI I '11,1, F "11115,. FP1t I "1611 

w'ITE 16,bbl IFANI IN1I,FANIINZI,FANICN31,FANI IN""FA~IIN51, ___ _ , FANII"b I, FANAI 
_IIITE I b b1l _ I YHII NIl, YNI I NZ I, Y!U I 'Ill, YNI I N/O" YNI IN 51, YNI 1'161, _____ _ , YPoIAI 
~~ITE Cb.bZI IYIIIINII,Y~IIN21.YWIIN31,YWIIN41,YWIIN~I,YIIIINbl, - - - S--Y\ojAl - --- -- - - - - -- -

_ _ ___ .. WRITE Ib,b71 nw 
wPITE Ib.blll TWHT 

I,~ C'JNTIPoIUE 
TC PUE -TYNA ITTEF 
VARYN£-IY"ASC-TYHA··2./NYI/INY-ll 

----'lIiI:IHlbl1171 -TYWA'TYN&,-TTEF,TCPUE-;Y-UY;;N";-A-------------- --- -
117 FORP1ATIZI~OllH*I/I* SIP1UlATION DUN TOTAlS·/IH ,.YI~lO(l8~1 - .,Fl~5 _____ ~ 

'.0.* YIElOINOSI - *,F15.0,. EFFOPTIPOT-lIFTSI - .,F15.0~---
,- CRABS/POT - .,Fl,.O/ZitX,.VA'(YIElO IN NOSI - .,E15.6' -l-Z'-CIlNTINUE ---- - . ------ --- ----

__ ~1~F~I~H(.~(~t-~~~lZ0~~~~~~~~----------------------------------
w~ITEI6,gel IIEFII,JI.J-1,12I,I-1,NYI 

98 FORIIAT(lHO,.ACTlIAl FJ!HINt; EH.r1lT "ATIIJX _H[I\IS - YEAltS,._,. ____________ _ 
' - COlU~NS - ~O~THSI./I1ZF10.011 

121 FOPHATClHO,·OlllGlIolAl AVAlL:.aILITY _"ATR_lX .AlnREO., _________ _ 
s* -- 2ND srZf LIHIT IN fFFECT.' 

120 IFIXH~ULT.ED.l.' GC TO 122 
II'! 1 Tf(b;"fZ3'-J"I .. ;.;U~l~T;--!~~.:....-------------------------

123 FOR .. ,TI1HC,.NATUPAl P1~RTALITY ~UlTIPlIEP. - .,F,.2, 
,. -II AlTEPED AS FCLLOIIS •• ,1I5i;.TOTAl 11./--- - --------------- ------

Oil 129 I-l,NYC 
ll9-IIP IT E 16-; i 321 IX" I 11 JT. J ---1-;-121-; T J 11111 
132 F~R~ATIIH ,,13~10.1I1':~~~~~------------------------------------------

-IZ2 \lRITE I II, 137JINCCOElIl, I -5, 15 I 
137 FJRP1ATClHO,.YEAR ____ ~AGE __ .(.:_RJUOS .. "'.,..UI6' _________ ____ _ _ 

----0::1 -13" (-l,NY . 
O!l 131, 1-5,15. __ . _______ _ 
SACCPI~I-SACCOIKI.ACCPI~,ll 

___ --:S~A-CC __ UK).!..~.tC!.~~I.-H_CF.J.KL.1:_!'------------------_ _ ____ _ 
SACCHIKI-5'CC"IKI.ACC~IK,II 

_ 13ft CIlHTIHUE 
DO 135 K-l,NY 
SSACC~-SSACCF.SACCFCKI _________________________________ __ 
SSACC~-5SACC"·SACCP1IK' 

__ 13 ~ liIlI_U.16LU_f-'_'" I ACC P J!_d_J,_I~U), _S~_C_C P (K , "-;-;;-;--;-:-:-;::::-;~ _ __________ _ 
'IACCF'~,I',I-~,15',SACCFIK',IACCIIIK,I',I-~,15',SACC"'K' 

136 FORnATIIH ,I3,11FII.2,FI0.~/21"J,11F6.2,FI0.2"J 
- --.,RITElb,1381 SSACCF.SSACC"I -. ---------------

138 FOR"ATIIHC,tTOTAL CATCH - -,Fl~.2,. TOTAL P1 lOSS - .,Fl~.21 
.. '''~ITE 16.12"' " -. 

121, FOR .. AT I1H1, .YEAR., zx,. R E CRUIJ:$.., 3lt ,_~_~I.S!4 •. POP_ •• , 3)1 I_tNIT_.l OS5., ])1, _ _ _ __ _ 
- '.--YTEi:O-'-'-7X,. E HOR T.," x,- LA RVAE·, bJ, .CF UE*, 3X,. u., 21(, .PC F-, 

,lX,*SXR*,lX,- SZR*,lX •• AWT.,3X,.Uq~,3X,tU10-,3X,.Ul1.'" -c"---- - - - - -- -- . ------- -- . -
t,6_FORP1ATI5I3,F3.1,7I31 ____________________________ _ 
1,7 FORnAT 113A~' 
I,e fORIIATII,I?,fI3.0,5J3,lX,2E13.0,I3.F10.01 

--"9- fJPnAT I 1HCI •• "Al f',· F17.1I, Fll : 0, Z Fll. 3/1"- ' 
'tTEAR CLASSES AT STA~T OF YEA~.'. P1ALES.,IICElZ.5/I' 

50 FORHAT I. NO RECIIUITHENT IN THIS YEAI/., 
51 FORP1AT IIHO,"HYP -,13,IoX,7HINITIAL, 9X,7HAVERAGE, 9X,7HAV~RAGE,10X 

',5HYJElO,11x,~HYIElD.l1X,~HEFFCRT,10X,-CPUE •• l0r,.AVERAr,e., 
'1" ,12X,5~TOTAl,12J,5HTOTAL,10J,~HFISHA~lF,11x,lHIN,13X,~~JIoI, 

-----'1 j x, ZHJN, 12 r,. CII ABS PE R., 6X,. DPLOIT A TIO~"lH , q X.l0HPOPUL ATIOH, 
'7X,10'iPOPUlATIIlN,,7J,lOHPOPULATIOIol, 8X,7HNU"BERS, q~,bHW~JGHT, 
, QX,qHPOT-lIFTS, Qx,.POT-LIFTS.,7x,.RATE*/, 

52 FORnAT 11M ,lx,J2,5Ela.bl 
53 FOIIHAT I1H '''HYEAR'I~X,''E16.6/1HO ~ 30'iYEAR-ClASSES AT STAqT OF YEAR 

, 11" ,10EIZ.5/1H ,10EIZ.5/1 
---~4 "FORIIAT c l~l,bHYEH -,I 3. 3QX, lZHY-EiR":ClASSFs,,,eX;eH~JSHAH"'IrX, 

'8 .. FPACTION/IH ,3H .. 0.,Io~,IIHENTITY,lZX,Il,5I12110X,5HTOTll,bX, 
'~~TOT.L,8~,~H·ALESI 

5~ FORnAT Il~1.20X.13AblIIH ,31x,. PReDUCED BY CRABEX, A wODIFIED V~ 
SPSION OF CPASS. CPIBEX ~AS WRITTEN I~ 1973 •• '/1 

56 FORnAT IIHO,'NU~8ER OF YEA~-CLASSES -.,I3/1H ,-AGE I~O.I 'T ~I~ST 
-- - - ,DECRUITfIIEt..l ·.,I,,'lH ,.AGE AT I',TURITY •• ,J5/1H , -- -- - .• 

"~O~TH SPAw~ING BEGI~S - ·,13/1H .-~ONT~ SPAW~JHG ENOS - '.J~I 
'1~ ,.tECR~IT"E~T REGULATION OPTION - •• 12/1H , 
soqrCRUITP'ENT PEGULATICII PAU"IETE j!S .. AI - .,Ello.6/1H .~bJ,.AZ _., 
.,E1".6/1H ,.THRESHOlO FOR LA~VIE - .,E1".bll~ • 
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\'I~ITIAL P£ICE~T COPULATED FE~ALES - ·,FIO.51 
)7 F1R~AT C~OCIH"/' RECRUI1~E~T IN YfAR 'I~,' IS'El~.b.' FIO~" 

'El~.b" LARVAfol 
)~ FOR~AT C' FE~'LE·ZE18.bl 
5Q FOD"AT CP~ FE~ALfS, 110FlZ.~" 
bO FOR~AT CIHO,I3,3X,lOHAVG. ~OPl,.~.,8EIZ,5,Fb.31 

__ bL1JJ(~,l_C IlHJ b., 11HY I fL D_ 1'10. 1,3 X.6 fl Z. 5.1Zx. El Z. 5 L_ 
~z F~R~AT I1H ,bx,llHTIElD I~T,I.31.6EIZ.5.1ZX,EIZ.51 
b3 fDP~AT 11HO,3H YR,3.,11HI~IT. rOPl.,3X,~EIZ.~1 
~~ FnR~AT IIH .bX,10HAVG, PCPl.,~X.7EIZ,51 
1>5 F~R~AT I1H .b'oll,HFIlACTIC"I ~AlfS.blFb.3.6X1.Z~X.Fb.31 ____ _ 
66 FOR~AT I1H .bJ,l1,HFISH, AV. PDP"bEIZ.~,IZX,EIZ.51 

__ ~I!A_LIlH ._~AV[P-"Gt WEIGIiLOLCATCH P£IL!UalL!S .1-!o_ •• .1.!.".~1. _ _ _ _ __ _ 
JO NO. OF YEAR CLASSES IN CATCH - '.I~I 

__ ba_FORIIA T I' _ A VHAG E ANNUAL_ 810'4"SS Cl es, 1 - _ 'El't. b.l01. _______________ _ 
,. WEIGHTED AVFRAGE AGE IN CATCH - ·,Fb.ll 

__ lQl _FORl1,l lIIH ,'FRACUCN F E~AlELCOPULATED ~'. Fe, 3,5)(, __________ . ___ _ 
"SRFEDING SIZE RATIO - ',Fe.31 

__ -=sl~~L!a1~EDING SE~IO - •• Ee~.~3LI _ _ _____________ ____ _ 
E~D 

_____ SUBROUTINL I NPT I NTC, NX~, X'1U, p. "-E._X/1, A. HI O. H1UL T,1". W,wF,~fMT, R ________ _ 
S,N y, QUal A, T X/1, XI'F, TXP1F 1 

t ____ HIGHfST S TATf"ENT_ ~U/1BER __ lS_~3 _____________ _ 
DI~ENSION PI15.1ZI, PFll~.121, Xllll~,121, AI15,lZI,EFI 50.1~I. 

__ --"'---'::F.:,'-~ u-.Uill~U_£1I..il~_l ZlLJ/ (~o.o '-,--.JILl Z QOJ ,-~OL.LQ~ 0 Ll 2.1 ... 'J U 0 TI. I 'Oi' _ _ _ __ _ "F Cl5.1ZI.TX~1l51. X~FI 15.1Z'.Tx~FI 151 
__ L!_tAD_ I 5 •. 1lJ_I nl'.E, ________________ _______ _____ _ 

IF IITTPEI Ib.ll:lZ 
___ Z __ G!I_ TO _ /3,.!./ Jj._~_,_H! .• _l_l.l~, 15._33. 3Jtl'-JJ.Y..t~ ____ _ _ ___________ _ 

3 COIlTIIIUE 
C IMITIAL POPULATIC~N~~~~~~-----------------------------
---READ -'5-;tf) CPlI .121.1 -lII1YC 1 

G.:J TO 1 
-C--~JifALlTY OPTION--O 110HT~l Y VALUES, 1 UNl EOR~ VAlUE 

" COIIT! NUE -:----::-_-:-_ _ ______ _ _____________ _ _______ _ 
----IF CNX~:"lI 5.b,b 
_L-l. ~ H!.NT A..N_E OU.5 ~O ~TH l r HA TUR A Lr. o RIAl.! TI...]Y'--_ _____________ __ _ 

5 HAD 1!l,19, ceX/1I1,JI.J-l.1Z"lollNYCI 
____ P.EAO(~,191 Ilx~~CI.JI.J-I.1ZI.lo1.NyCI _______________ ____ __ 

W~IH Ib,ZZI 
___ OIJ IoZ I°l.~'(C. ________ _ ______ _ 

TX!"I II-D. 
DO l,l J-l.lZ 

-~),PlII -i-TX"1J I +~~I I.J 1 
__ I,Z \illITE Ib.Io31 (XI1(I.JJ,J-l.lZI.Jx~(II. ___ . ______ ___ _ ________ _ 

WUTE(b, .. 1,1 
0:) 1,5 I-l,NTC 

- - - TUIFcIloO. 
_ __ DO __ ~fI_J~l.12 ____ _ 

~b TX~F(II-T~l1FIII+)'~FCI.JI 
------ - - - -, 

__ "5_ W~JJE 16,"3L UIIFI I,J" J-l, 1Z "TX~FCI ' ________ . . ___ _ . __ ___ __ _____ _ 
GO TO 1 

( __ U~'lFOR~ NATURAL_~ORTAlITY ______ . ___ . _______ _ 
b aEAD 15.191 XMU 

w~lTE (b.3CiI X'IU 
--- 00 7- 1-;'1. NYC- -

DO 7 J-1I1Z 
T X''III.JI - lIl1U 

GO TO 1 .___ _ _ _____ . __ . 
C-- ' FilACTION OF POPUlATtOM AVAILABLE TO FIS'iER't' 

to READ_(5,j9UlULA1,J-.lI.lZh..l-h.NI.tJ, ___ _ 
WRITE (0.Z31 

___ . WRITE (b.2QI IUII,JI,J-l.lZI.I-I,NTCI _ __ _ _ . _ __ _ _ _ 
GO TO 1 

C _______________ • .0-

9 CIJNTI HUE 
C FISHING ~~RTAlITY 
--ileAD ,,; 19 j--fl EF C I. J I. J-l, 1Z 1.1-1. NYJ 

WR IT E 16. ZIo I __ __ _ __ _ 
wllITE (b.Io01 ICEF(I.JI,J ol,12I.I ol.NYJ 
J1E&nls.371 IICII.JI.J-l.lZI,I-l.Ny! 
Io'RITfCb.351 

- - -_ .. - ----

____ W~JTl1~t!~~J·l.1~I,J-JLNY.JI~ ___ __________________________ _ 
GO TO 1 

C 

C 

10 C!lIITINUe-- - ---- - -------------.- -- -----------

FISHING ~ORTAlITY ~ULTIPLIEQ 
READ 15.201 IF'IUlTCII.I-l.'1FP'!TI-----
WQITE 16.251 

---~WiITE--lb.ZQI-cF~ULTIII,I-l.NFIIT·,--------------------------------
G!I TO t ____ _ __ . ____ .. 

C 
11 C:l>jTI NUF 

C I'HTIAl FJ1ACTION ''lALES---
R~AD 15,201 IF'III.IZI.I-l • .:..N~Y~C~I~ ___________________________ __ 

---~~ITCCb-.261-- . - --

W~ITE 1".291 (~"CI.l21.I'1"HCI 
OJ lZ Iol,NTC -

DO lZ J-l.lZ 
U --f"ll.JI 0 F~II.fz ;- ---- ------
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~C ____ ~~~E~S~T~A~8lISH ~AlE '~D FE~AlE POPUlATI~NS FRP~ FRACTION AIIO T~TAl 
00 13 I-hIlYC 

PFII,121 - PCI,121.II-FIICt,lZ)' 
- --- Pll~12'-'; PCI,lZIH~lf;lZ) - ......... "-------
___ p __ t:lNT lNUE 

GO TO 1-- ------ ---------------------- -
_C .EIGHT ~ _ _ _______ _______________ _________________ _____ __ 
~-1~4~N~.~T - 12.NYCtl 

c 

REA~ 15,l~) IwIII,J-1,~wTI 

GO TO 1 

15 C!lNTl NUE 
DEAD I~,19' IWFII),I-l,~.TI ____ _ 

----W~IH 16,271 --. - ---. --
W~ITE 16,29, 1~II',I-l,NWT' 

- - - WRITE 16,321 
W~ITE 16,29) IWFII),I-l,NWT) 
wllIn: 16,21) 

____ -"'W II IT E 16, 2 8 lIP II. 12 " t -11 '" Y C ' _____________ __ 
WilITE-16.3-il- - - -- - - - .---
wRITE 16,281 IPFCt,12),I-l,NYCI ____ 

o 
___ _ 

GO TO 1 -. - -- - - . - -

33 R~ADI5,18) IR II I,I-1,NY! _ _ _ _ _ 
wilITEI6,34) -
WQITEI6,2~1 IRIII.I-1,NY) 

-----GtJ-TO-- l - ---- - -- ---
18 READI~,18) (QUOTAlll.I-l,NYI 

- wilITE16,391 . 
w~ITEI6.281 'QUOTA'II,I·1,"IY~'~ _ _ _ 

C 
__ _ l!> _ '~TURN 

c 
17 FOII~AT 1121 
18 F~II~AT 16E13.h) 
19 F11111AT (12Fb.01 
20 FJR!'IAT 11~FB.O) 

__ 2.1J')RIIAT _ _ tlHO •• r"ll HAL LtJPULA TlO'·_ SIRUCTU~~_OF_ IIAlE~Rl~~_." _ . _ ___ _______ _ 
22 FJR"'T 11HO,59HNATURAl IIOilTAlITY IIATIII_ IROWS • YEAII-ClAS~F~. COl~ 

s. -~O.),62X,.TOTAl ".,, 
23 F!lIl~U IlHc/,54HAVUlASIlITY II Alii IX CROWS • YEU-CLASSES~ - criiS:-;-~------

se. II ' _.. __ _ .. _ _ _ _____ __ _ 
24 F!lR~'T (lHO,~9HFISHING EfFOIIT ~ATRIX IROWS • YEARS. COlS 

____ ~. __ - __ P'lO. to ______ _ 
2~ F~R"AT (lHO.2QHFISHING ~O~TALITY ~UlTIPlIERS/) 
26 F!lR~AT IlHO,36~lNITlAL FRACTIO" MALES 1'1 POPUllTICIII) ____ _____________ __ 
27 FOII,,'T (lHO,31HWEIGHT OF !'IAlES AT BEGIN~ING OF IIO~T~/) 
2~ FnR~AT 11H .9F14.~) 
zq FDRP'lAT (IH ,lZFla.~) 

____ .1!L£~ II M ALJ ~ Ii 0, ~ .. HN ~.1J!.~LltOH AJ IT Y F OR E A_C H YE All -Cll.S.Ll""~'_"I''---'-'''u.O'''NuT-'''!j'---=-.... , _ ____ _ 
'FlO.b) 

31 FOR"AT IlHO,. INI TI Al P DPUlATION __ SJIIUCTURLOE.._ FE!'IAl E _ CIU 9S_~ IJ 
- - ' 3Z - F:)II!'IAT IlHO,.WEICHT OF FE'1AlES AT BEGINNING OF /IONTH." 

H FIJR~ATIlH(l,.AN~UAl INDUT RECRUlT~".tI-'S.I.L ____ _ 
3~ FJR~ATIIHC,.CATCH'8IlITY "ATRIX IROWS • YEAR-CLASSES, COlS. 

____ ~'_~ _~~THS~~I~~~-----------------------------------------------------
36 F111P1,TI1H ,12EIO.Z) 

__ 37 _ F1~P'lATl1ZFf.O' ___ _ _ 
39 ~JR~ATI1H~,.ANIIUAl OUOT,S.) 
~O FJII!'IATIIH ,IZF10.0' _______________ _ _________ __________ __ 

--43 -FOR~ATIlH- ,13~10.61 
H F'JRIIATUH '60.lf~..ul.'__L) _____________ ____ ____ _ ___ _ 

END 
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Appendix 2 

Data for the Model 
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Appendix Table 2-1.--Age-specific population parameters used in simulations. 

AGE NATURAL MORTALITY AVERAGE WEIGHT AVAILABILITY BY ORIGINAL POPULATION STRUCTURE 
(annual, M) (k~) MINIMUM SIZE LIMIT MALES* FEMALES PROPORTION OF 

Male Female Male Female (% ) (millions) (millions) MALES 
5.25" 6.00" 6.50" 

5 .13 .58 .87 .76 0.0 0.0 0.0 4.7 6.5 .42 

6 .12 .58 1.25 .94 .5 0.0 0.0 4.2 3.2 .57 

7 .08 .58 1.65 1.08 1.0 0.5 0.0 3.7 1.9 .66 

8 .OA .58 2.05 1.24 1.0 1.0 0.5 3.4 1.7 .67 

9 .11 .58 2.44 1.42 1.0 1.0 1.0 2.7 1.6 .63 

10 .23 .58 2.81 1.61 1.0 1.0 1.0 1.0 1.4 .42 

11 .50 .58 3.16 1.82 1.0 1.0 1.0 1.2 1.2 .50 U1 
~ 

12 .57 .58 3.47 1.90 1.0 1.0 1.0 0.3 0.4 .43 

13 .61 .58 3.76 2.14 1.0 1.0 1.0 0.2 0.4 .33 

14 .76 .58 4.02 2.29 1.0 1.0 1.0 0.3 0.4 .43 

* Ages 5-7 estimated by back-calculation using the natural mortality schedule. 
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Appendix Table 2-2.--Year-specific data used in simulations. 

YEAR CATCHABILITY * RECRUITMENT FISHING EFFORT 
( 2) (millions of 5-l::ear olds) Eot-lifts 

1970 .33 X 10-5 23 96,500 

1971 .33 X 10-5 10 118,400 

1972 .33 X 10-5 35 205,000 

1973 .21 X 10-5 29 198,300 

1974 .26 X 10-5 28 213,000 

1975 .20 X 10-5 38 205,000 

1976 .13 X 10-5 30 321,000 

1977 .09 X 10-5 113 458,900 

1978 .12 X 10-5 50 407,900 

1979 .12 X 10-5 25 316,300 

1979 values extended for future projections of recruitment. 
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Appendix Figure 2-l.--Growth curves used in simulations for male and female 
red king crabe. 



Appendix Table 2-3.--Monthly pot-lift data used for simulation of the actual fishery. 

TOTAL 
YEAR POTLIFTS J F M A M J J A S 0 N D 

1970 96,500 2,200 4,300 15,700 13,000 3,800 10,800 18,200 23,500 4,700 300 0 0 

1971 118,400 600 1,100 2,300 4,400 1,300 3,100 25,000 36,600 28,400 12,200 2,300 1,100 

1972 205,000 5,700 11,800 8,300 0 0 24,100 52,800 48,500 38,200 11,700 2,100 1,800 

1973 198,300 1,900 4,400 6,300 6,100 0 13,700 70,000 64,100 31,800 0 0 0 

1974 213,000 0 0 0 0 0 0 0 83,200 74,700 55,100 0 0 

1975 205,000 0 0 0 0 0 0 0 4,200 44,200 122,200 34,500 0 

1976 321,000 0 0 0 0 0 0 0 1,700 20,000 135,300 116,300 47,700 

1977 458,900 0 0 0 0 0 0 0 0 62,300 185,200 157,500 53,900 U1 
0'\ 

1978 407,900 0 0 0 0 0 0 0 0 114,200 293,700 0 0 

1979 316,300 0 0 0 0 0 0 0 0 316,300 0 0 0 
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Appendix Tabl,e 2-4.--Increased effort levels used for simulating: 
A. Relaxed quota, and B. Extended season. 

EFFORT 
YEAR LEVEL SEPT. OCT. NOV. DEC. TOTAL 

A. 
2X 102,500 102,500 102,500 102,500 410,000 

1975 3X 153,800 153,800 153,800 153,800 615,200 

4X 205,1001 205,100 205,100 205,100 820,400 

2X 160,500 160,500 160,500 160,500 642,000 

1976 3X 240,800 240,800 240,800 240,800 963,200 

4X 321,000 321,000 321,000 321,000 1,284,000 

2X 229,500 229,500 229,500 229,500 918,000 

1977 3X 344,200 344,200 344,200 344,200 1,376,800 

4X 458,900 458,900 458,900 458,900 1,835,600 

2X 204,000 204,000 204,000 204,000 816,000 

1978 3X 305,900 305,900 305,900 305,900 1,223,600 

4X 407,900 407,900 407,900 407,900 1,631,600 

2X 316,300 316,300 0 0 632,600 

1979 3X 316,300 316,300 316,300 0 948,900 

4X 316,300 316,300 316,300 316,300 1,265,200 

B. 
1978 1.4X 114,200 293,700 150,000 o 557,900 

2X 114,200 293,700 407,900 o 815,800 

1979 1.4X 316,300 150,000 o o 466,300 

2X 316,300 316,300 o o 632,600 
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Natural Mortality Analysis 

Estimates of natural mortality for male and female red king crab are 

based on survey estimates of abundance by age. For males, regression esti-

mates of total mortality were obtained using 

In(ni) a - zi where ( 1) 

ni number of crabs at age i, i = 9, ••• 14 
Z estimate of annual instantaneous total mortality. 

Estimates of Z were obtained for each survey year and were considered applicable 

to that and the preceding two years. For these three year periods, average 

fishing effort and estimated catchability were calculated. Annual instan-

taneous natural mortality was estimated from 

where (2 ) 

Zp = estimated annual instantaneous total mortality for period p 

qp estimated average catchability for period p and 

fp average annual pot-lifts for period p. 

An overall estimate of M was obtained by averaging over periods. This average 

M, .26, was determined to be 24% lower than the weighted average M of .34 

calculated from Balsiger's (1974) M schedule. Age specific values of M for 

ages 9-14 were adjusted accordingly (App. Table 3-2). Estimates for ages 

5-8 were left unchanged. 

For females, an overall estimate of annual instantaneous natural mortality 

was calculated from average stock abundance estimates by equation one, except 

that i = 8, ••• , 14 The estimate obtained for this age range was expro-

polated to ages 5-7, since abundance estimates for younger crabs are considered 

less reliable. 



Appendix Table 3-1. --Estimate of average annual instantaneous natural mortality for exploited male red king 
crabs. 

M I L L ION S o F MAL E eRA B S 

AGE 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 MEAN 

9 2.7 3.1 2.5 2.3 4.7 8.5 9.5 13.4 14.2 20.2 17.7 

10 1.2 1.0 0.6 1.0 1.3 2.1 2.5 4.5 4.7 6.2 7.1 

11 0.9 0.5 0.3 0.3 0.9 3.5 2.0 2.9 3.3 4.6 4.5 

12 0.6 0.3 0.1 0.3 0.5 0.7 1.3 1.5 2.0 2.1 3.5 

13 0.3 0.2 0.0 0.1 0.2 0.2 0.5 0.7 0.7 1.4 2.3 

14 0.5 0.3 0.1 0.2 0.1 0.1 0.3 0.3 1.5 0.5 1.3 

Cl'I ... 
Zp .37 .49 .65 .55 .73 .88 .64 .72 .50 .68 .48 

0 

Period p 66-68 67-69 68-70 69-71 70-72 71-73 72-74 73-75 74-76 75-77 76-78 77-79 

fp 20,279 52,181 80,860 104,535 140,075 173,950 205,414 205,431 246,347 328,351 395,950 433,410 

~ 

(xl0-5 ) .326 .326 .331 .247 .239 .193 .155 .122 qp .084 .076 

'" Mp .39 .09 .25 .39 .24 .34 .10 .35 .15 .26 
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Appendix Table 3-2.--Adjusted na tural mortality schedule used in simulations 
for male red king crabs. 

BALSIGER 1970-1979 ADJUSTED 
AGE M ESTIMATES AVERAGE STOCK M ESTIMATES 

9 .15 10.0 .11 

10 .30 3.3 .23 

11 .66 2.5 .50 

12 .75 1.3 .57 

13 .80 .7 .61 

14 1.00 .5 .76 

Weighted 
Average .34 

Appendix Table 3-3.--Estimate of average annual instantaneous natural mortality 
for female red king crabs. 

M I L L ION S 0 F F E M A L E C R A B S 

AGE 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 MEAN 

8 1.0 0.7 5.6 4.1 4.1 8.2 16.1 6.7 13.9 6.7 

9 0.7 0.3 5.3 4.7 3.6 6.8 12.3 5.2 7.5 5.2 

10 0.8 0.3 3.4 2.3 2.7 3.2 5.9 3.6 6.3 3.2 

11 0.5 0.2 2.5 1.7 1.0 1.6 J.B 2.4 2.5 1.8 

12 0.3 0.1 1.0 0.7 0.4 0.3 0.7 0.4 0.6 -0.5 

13 0.2 0.1 0.9 0.6 0.3 0.2 0.6 0.3 0.6 0.4 

14 0.2 0.1 0.4 0.4 0.1 0.3 0.6 0.5 0.4 0.3 

/' 
Z .58 
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Catchability and Availability Analysis 

Annual catchability of male red king crabs was estimated from research 

survey and fishery information according to the formula 

where 

ci catch in numbers in year i 

fi effort in pot-lifts in year i 

Ni = estimated exploitable stock in year i. 

Data used for the estimates are given in Appendix Table 4-1. 

Availability of eight-year-old male crabs was estimated by first assuming 

age nine crabs to be fully available to fishery and then comparing the average 

age eight to the average age nine exploitation rate: 

aa = Ua/U9 

Exploitation rates were determined from the data in Appendix Table 4-2 and are 

c~lculated to be U8 = 2.3/13.6 ~ .17 and 

U9 = 3.4/10.3 = .33 • 
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Appendix Table 4-1.--Estimates of annual catchabi1ity, q, from survey and 
fishery data. 

EXPLOITABLE 
STOCIC CATCH POT LIP'TS q 

YEAR (millions of crabs) {m11i i ons of crAbiil 

1970 5.4 1.7 96,500 .326 X 10-5 

1971 2.4 118,400 

1972 5.8 4.0 205,000 .336 X 10-5 

1973 11.4 4.8 19B,300 .212 X 10-5 

1974 21.3 7.7 213,000 .170 X 10-5 

1975 21.6 8.7 205,100 .196 lI: 10-5 

1976 33.0 10.6 321,000 .100 X 10-5 

1977 37.7 12.1 458,900 .070 X 10-5 

1978 47.1 15.7 407,891 .082 X 10-5 

1979 46.3 16.8 316,300 .115 X 10-5 

Appendix Table 4-2.--Data used to estimate availability of eiqht-
year-old males to the fishery. 

STOCK ESTIMATE CATCH C~POSITION TOTAL 
(Illillions of crabs) (per cent) CATCH 

YEAR AGE 8 AGE 9 AGE 8 AGE 9 . 
1970 3.5 2.5 29 29 1.7 I 
1971 32 41 2.4 

1972 3.2 2.3 31 39 4.0 

1973 7.3 4.7 32 37 4.8 

1974 12.3 8.5 33 39 7.7 

1975 10.9 9.5 24 43 8.7 

1976 19.3 13.4 16 43 10.6 

1977 22.5 14.2 18 50 12.1 

1978 24.1 20.2 15.7 

1979 19.7 17.7 16.8 

KEAN 13.6 10.3 27 40 8.5 
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Spawner-Recruit Analysis 

Research survey estimates of mature female mating stock and age five 

males have been used to fit spawner-recruit curves for simulations. These 

data are shown in Appendix Table 5-1. Estimates of annual recruitment 

have been adjusted by a raising factor in order to calibrate the simulation 

model. 

Appendix Table S-l.--Survey data used for estimating the spawner-recruit 
relationship for southeastern Bering Sea red king crabs. 

YEAR 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

MEAN 

ESTIMATED STOCK 
(millions of crabs) 
MATURE AGE 5 MALES 

Males Females 

26 37 

40 21 
\ 

17 11 \ 
\ 
\ 

22 11 \ 

\ 
56 67 \ 
67 61 

\ 
15 

\ 
71 49 \ 18 

109 61 \ 27 

147 126 
\ 
\ 

46 

115 117 \ 21 

95 122 11 

SIMULATED STOCK 
AGE 5 MALES 

28 

38 

30 

113 

50 

25 

ADJUSTMENT ADJUSTED 
FACTOR RECRUITMENT 

1.87 30 

2.11 36 

1.11 54 

2.47 92 

2.38 42 

2.27 22 

2.02 

Two spawner-recruit functions were fitted to the data: The RicKer 

forTl11l1ation 

R = AISe-A.2s and the 
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Beverton and Holt model 

R = 1 
Al + A2/S 

Regression estimates of the parameters Al and A2 are given in Appendix 

Table 5-2. Estimates for the Beverton-Holt model were derived from an eye-

fitted curve (Figure 4b) rather than the actual data points because of a 

lack of fit of the model to the data. Correction for possible reduced 

availability to the survey gear of age 5-7 females did not significantly 

change the parameter estimates for the Ricker curve. 

Appendix Table 5-2. Parameter estimates for spawner recruit 
models used in simulations. 

PARAMETER RICKER BEVERTON-HOLT 

Al 7.8303 .15507X10-7 

A2 .51135 X 10-7 .0734 
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Table 6-1.--Gross revenue accruing from four different effort patterns 
with ex-vessel price assumed independent of the average 
size of crabs caught (million $). 

Actual Effort Pattern* 
Year Effort Double Triple Quadruple 

1970 2.18 2.18 2.18 2.18 

1971 2.42 2.42 2.42 2.42 

1972 4.33 4.33 4.33 4.33 

1973 10.75 10.75 10.75 10.75 

1974 14.96 14.96 14.96 14.96 

1975 14.57 21.97 26.81 29.98 

1976 35.92 48.59 53.02 54.41 

1977 63.58 77.55 80.62 80.90 

1978 108.50 124.69 130.00 132.19 

1979 82.50 99.60 102.17 93.12 

*Actual effort levels were assumed for years 1970-74. 



70 

Table 6-2.--Annual returns accruing from four different effort patterns 
with ex-vessel price assumed independent of the size of 
crabs caught (million $). 

Actual Effort Pattern* 
Year Effort Double Triple Quadruple 

1970 1.39 1.39 1.39 1.39 

1971 1.42 1.42 1.42 1.42 

1972 2.51 2.51 2.51 2.51 

1973 8.75 8.75 8.75 8.75 

1974 12.41 12.41 12.41 12.41 

1975 11.89 16.61 18.77 19.25 

1976 31.53 39.81 39.85 36.86 

1977 56.92 64.24 60.65 54.27 

1978 102.12 111.93 110.87 106.69 

1979 77.09 88.79 85.95 71.49 

*Actual effort levels were assumed for years 1970 through 1974. 
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Table 6-3.--Gross revenue accruing from four different effort patterns 
with ex-vessel price assumed to be dependent upon average 
size of crabs caught (million $)*. 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

Actual 
Effort 

2.18 

2.42 

4.33 

10.75 

14.96 

14.57 

35.92 

63.58 

108.50 

82.50 

Double 

2.18 

2.42 

4.33 

10.75 

14.96 

21.89 

46.77 

72.80 

114.35 

90.75 

Effort Pattern** 
Triple Quadruple 

2.18 2.18 

2.42 2.42 

4.33 4.33 

10.75 10.75 

14.96 14.96 

26.08 28.48 

48.72 48.05 

70.89 67.57 

110.67 106.77 

87.16 75.43 

*One percent change in weight assumed to cause a two percent 
price change. 

**Actual effort levels were assumed for years 1970 through 1974. 



Table 6-4.--Annual returns accruing from four different effort patterns 
with ex-vessel price assumed to be dependent upon average 
size of crabs caught (million $)*. 

Actual Effort Pattern** 
Year Effort Double Triple Quadruple 

1970 1.39 1.39 1.39 1.39 

1971 1.42 1.42 1.42 1.42 

1972 2.51 2.51 2.52 2.51 

1973 8.75 8.75 8.75 8.75 

1974 12.41 12.41 12.41 12.41 

1975 11.89 16.53 18.04 17.75 

1976 31.53 38.00 35.55 30.49 

1977 56.92 59.48 50.92 40.94 

1978 102.12 101.60 91.54 81.27 

1979 77.09 79.94 70.94 53.80 

*One percent change in weight assumed to cause a two percent 
price change. 

**Actual effort levels were assumed for years 1970 through 1974. 
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Table 6-5.--Gross revenues associated with 5.25-, 6.0-, and 6.5-inch size 
limits (million $)*. 

Price IndeEendent of Size Price DeEendent on Size** 
Size Limit Size Limit 

Year 5.25" 6.0" 6.5" 5.25" 6.0" 6.5" 

1970 3.29 2.83 2.18 2.22 2.31 2.18 

1971 4.56 2.85 2.42 2.10 2.43 2.42 

1972 10.46 8.04 4.33 4.84 4.67 4.33 

1973 17.98 14.15 10.75 9.22 11.90 10.75 

1974 23.86 19.46 14.96 11.30 13.04 14.96 

1975 19.01 18.61 14.57 10.47 14.12 14.57 

1976 39.73 38.35 35.92 20.99 29.66 35.92 

1977 70.05 69.43 63.58 37.41 51.22 63.58 

1978 147.07 115.86 108.50 63.22 89.78 108.50 

1979 130.29 115.22 82.50 62.19 71.74 82.50 

*Effort was set at actual levels for all size lind ts. 

**One percent change in average size of crabs caught was assumed to 
cause a two percent price change. 
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Table 6-6.--Annua1 returns associated with 5.25-, 6.0-, and 6.5-inch 
size limits (million $)*. 

Price Independent of Size 
Size Limit 

Year 5.25" 6.0" 6.5" 

1970 2.49 2.03 1.39 

1971 3.56 1.85 1.42 

1972 8.63 6.21 2.51 

1973 15.99 12.15 8.75 

1974 21.31 16.92 12.41 

1975 16.33 15.93 11.89 

1976 35.34 33.96 31.53 

1977 63.39 62.77 56.92 

1978 140.70 109.48 102.12 

1979 124.88 109.81 77.09 

Price Dependent on Size** 
Size Limit 

5.25" 6.0" 6.5" 

1.43 1.51 1.39 

1.09 1.42 1.42 

3.01 2.84 2.51 

7.22 9.90 8.75 

8.75 10.49 12.41 

7.79 11.44 11.89 

16.61 25.27 31.53 

30.75 44.57 56.92 

56.84 83.41 102.12 

56.79 66.34 77.09 

*Effort was set at actual levels for all size limits. 

**One percent change in average size of crabs caught was assumed to 
cause a two percent price change. 

-'t ' 



75 

Table 6-7.--Gross revenues and annual returns for 1978 and 1979 for actual effort 
levels, a doubling of effort and a 40 percent increase in effort during 
a second season with a 7-inch minimum size. 

Level of Effort 
During Second Price IndeEendent of Size Price DeEendent on Size* 
Season with 7" Size Limit Size Limit 
Minimum Size Year Gross Revenue Annual Returns Gross Revenue Annual Return 

1978 126.56 113.81 134.61 121.86 
Double effort over 
aactual levels 

1979 89.68 78.87 91.65 80.83 

Increase effort 1978 116.32 107.60 119.77 11l.05 
40 percent over 
actual levels 1979 87.47 79.50 89.39 81.42 

1978 108.50 102.12 108.50 102.12 
Actal levels 

1979 82.50 77 .09 82.50 77 .09 

*One percent change in the average size of crabs caught was assumed to cause a two 
percent price change. 



Table 6-8.--Biological and economic effects of a doubling of the actual level 
of effort with 5.25 and 6.00 inch size limits.* 

EFFORT DOUBLED, 5.25 INCH MINIMUM SIZE 

Average Price indeEendent on size Price deEendent on size 
size Fraction Gross Annual Gross Annual 

Exploitation catch in catch copulated revenues returns revenues returns 
Year Rate (million crabs) CPUE (lbs) females (million $) (million $) (million $ ) (million $) 

1970 .26 3.6 37 4.8 .79 3.29 2.49 2.22 1.43 
1971 .31 6.2 52 3.9 .81 4.56 3.56 2.10 1.09 
1972 .48 11.7 57 4.0 .74 10.46 8.63 4.84 3.01 
1973 .34 10.1 51 3.5 .70 17.98 15.99 9.22 7.22 
1974 .41 18.0 84 3.6 .78 23.86 21.31 11.30 8.75 
1975 .55 22.3 54 3.8 .73 26.93 11.57 14.68 9.32 
1976 .56 23.8 :37 3.7 .70 49.96 41.1~ 23.73 14.96 
1977 .55 23.6 26 3.7 .59 79:10 65.79 36.52 23.20 
1978 .66 50.2 61 3.3 .63 174.04 161.29 62.73 49.98 -..I 

(J'I 

1979 .60 56.9 90 3.6 .74 154.94 144.12 64.55 53.74 

EFFORT DOUBLED, 6.00 INCH MINIMUM SIZE 

1970 .26 2.8 29 5.3 .79 2.83 2.03 2.31 1.51 
1971 .29 2.7 23 5.2 .82 ' 2.85 1.85 2.43 1.42 
1972 .50 7.7 38 4.4 .78 8.04 6.21 4.67 2.84 
1973 .33 6.0 30 4.5 .79 14.15 12.15 11.90 9.90 
1974 .42 11.8 56 4.3 .89 19.46 16.92 13.04 10.49 
1975 .55 19.0 46 4.5 .90 27.01 21.65 20.50 15.14 
1976 .56 18.8 29 4.5 .87 48.92 40.14 35.60 26.82 
1977 .56 20.7 23 4.4 .73 82.24 68.92 54.38 41.06 
1978 .62 23.3 29 4.5 .75 124.51 111.75 85.51 72.76 
1979 .66 46.0 73 4.1 .88 146.34 135.52 79.74 68.93 

*Actual effort was held con~tant for years 1970-74. 
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Note 1: Interpretation of the price size response relation 

Given that the price/size response is 2, the ex-vessel price is $1.00 

per pound, and the average weight is 5.00 pounds, a 1% reduction in average 

wiehgt (0.05 1bs) would decrease price by 2 cents. Further, a pound decrease 

in average weight would decrease price by 40 cents per pound. 

Note 2: Price response coefficients use in the analysis 

Two price response relationships were estimated. In one equation the 

Kodiak king crab price was specified as the dependent variable; while, the 

Bering Sea king crab price was selected as the dependent variable in a second 

equation. Results of the analysis are reported below: 

1 •..••• KP = 9.19712 - 0.311061Q + 2.120091 
(0.8039) (0.1292) (O,1301) R2 = 0 95 . 

2 ••••.• BSP = -12.3013 - 1.21167Q + 3.112361 
(2.9391) (0.9043) (0.9138) 

2 
R = 0.86 

where: 

KP Kodiak king crab price 

BSP Bering Sea King crab price 

Q Total quantity of King crab caught in Alaska 

I - Total disposable income 

Standard errors are given below each coefficient. All variables were trans-

formed into log form. Equation 1 coefficients associate with quantity and income wer~ 

used in the analysis. Ttes~ coefficients were selected because they were considered to v 

be more realistic. Price data available for the Bering Sea was reflective of only 

the developing phase of the fishery. Kodiak price data on the other hand were 

reflective of all phases of the fisheries evolution. 
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Table 7-1.--Kodiak and Bering Sea King Crab Prices: 1960-1979 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1,975 
1976 
1977 
1978 
1979 

Kodiak King crab price 
¢/1b 

7.5 
8.5 
9.5 

10.0 
10.0 

9.9 
12.8 
11.0 
26.0 
26.9 
28.0 
30.0 
38.0 
66.0 
44.0 
45.0 
72.0 

138.0 
140.0 

93.0 

Bering Sea King Crab Price 
¢/lb 

22.0 
20.0 
20.0 
25.0 
52.0 
39.0 
35.0 
61.0 
95.0 

123.0 
90.0 

Sources - Data for 1960 through 1977 were obtained from State of Alaska, 
Commercial Fisheries Entry Commission. Industry sources were 
contacted to obatin data for 1978 and 1979. 



Table 7-2.--Price and average weight of crabs caught given four different effort patterns. 

EFFORT** 
ACTUAL DOUBLE TRIPLE UADRUPLE 

Price ¢/lbs Weight 1bs/crab Price ¢/lbs Weight 1bs crab Price ¢/lbs Weight 1bs/crab Price ¢/lbs Weight 1bs/crab 
YEAR Size Size Size 

indel! del!* indel! del!'" indel! del!'" 

1970 19.71 5.81 19.71 19.71 5.81 19.71 19.71 5.81 19.71 19.71 5.81 

1971 20.08 5.68 20.08 20.08 5.68 20.08 20.08 5.68 20.08 20.08 5.68 

1972 25.52 5.72 25.52 25.52 5.72 25.52 25.52 5.72 25.52 25.52 5.72 

1973 53.53 4.93 53.53 53.53 4.93 53.53 53.53 4.93 53.53 53.53 4.93 

1974 39.59 5.29 39.59 39.59 5.29 39.59 39.59 5.29 39.59 39.59 5.29 

1975 36.08 5.12 33.42 33.30 5.11 31.95 31.08 5.05 31.. 07 29.52 4.99 

1976 61.92 5.31 57.62 55.47 5.21 56.30 51.73 5.09 55.90 49.36 4.99 
Q) 

0 

1977 96.41 5.46 90.96 85.38 5.29 89.88 79.03 5.12 89.78 74.98 4.99 

1978 123.98 5.43 118.61 108.78 5.20 117.08 99.67 5.01 116.46 94.06 4.88 

1979 94.62 5.50 89.31 81.37 5.25 88.58 75.57 5.08 91.22 73.89 4.95 

'" It was assumed that a one per cent charge in weight causes a two per cent price change. 

** Actual effort levels were assumed for years 1970-1974. 



Table 7-3.--Price and averase weisht of crabs causht siven size limits of 5.25 2 6.00 and 6.5 inches. 
SIZE LIMIT 

5.25" 6.00" 6.50" 
Price ¢/lbs WeiSht 1bs/crab Price C/1bs Weight 1bs/crab Price ¢/lbs \-1eight 1bs/crab 

Size Size 
YEAR indep dep* indep dep* 

1970 19.07 12.90 4.78 19.33 15.78 5.25 19.71 5.81 

1971 19.13 8.79 3.85 19.88 16.92 5.24 20.08 5.68 

1972 22.91 10.60 3.89 23.86 13.86 4.36 25.52 5.72 

1973 50.26 25.77 3.53 51.93 43.65 4.52 53.53 4.93 

1974 36.48 17.28 3.64 37.93 25.42 4.33 39.59 5.29 

1975 34.42 18.96 3.80 34.56 26.23 4.46 36.08 5.12 

1976 60.54 31.99 3.86 61.03 47.20 4.67 61.92 5.31 ro 
I-' 

1977 93.77 50.08 3.99 94.02 69.37 4.69 96.41 5.46 

1978 112.50 48.36 3.56 121.30 94.00 4.78 123.98 5.43 

1979 81.63 38.97 3.80 85.15 53.02 4.34 94.62 5.50 

* It was assumed that a one per cent change in weight causes a two percent price change 



Table 7-4.--Price and average weight" of crab caught 'given a 6.5" size limit with the actual level of effort, 
a 5.25" size limit with double the level of effort, and a 6.5" size limit with double the level 
of effort.·· 

Actual effort Double effort Double effort 
6.5" size limit 5.25" size limit 6.0" size limit 

YEAR Price ¢/lbs Weight 1bs/crab Price ¢/lbs Weight 1bs/crab Price ¢/lbs Weight 1bs/crab 
size size 

indep dep* indep dep* 

1970 19.71 5.81 19.07 12.90 4.78 19.33 15.78 5.25 

1971 20.08 5.68 19.13 8.79 3.85 19.88 16.92 5.24 

1972 25.52 5.72 22.91 10.60 3.89 23.86 13.86 4.36 

1973 53.53 4.93 50.26 25.77 3.53 51.93 43.65 4.52 

1974 39.59 5.29 36.48 17.28 3.64 37.93 25.42 4.33 

1975 36.08 5.12 31.91 17.40 3.78 31.89 24.20 4.46 00 
N 

1976 61.92 5.31 57.20 27.17 3.66 57.52 41.86 4.53 

1977 96.41 5.46 90.41 41.74 3.71 89.32 59.06 4.44 

1978 123.98 5.43 106.24 38.29 3.26 118.67 81.50 4.50 

1979 94.62 5.50 76.71 31.96 3.55 78.33 42.68 4.06 

* It was assumed that a one percent change in weight causes a two percent price change. 

** Actual effort was held constant in all cases for years 1970-1974. 
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Figure 7-1.--Bering Sea king prices associated with a 
quota relaxation and double, triple, and 
quadruple actual effort levels. 
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Figure 7-2.--Bering Sea king crab prices associated with size 
limits of 5.25, 6.00, and 6.50 inches with actual 
effort levels maintained. 
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Figure 7-3.--Bering Sea king crab prices for a 6.50 inch size limit, 
with actual effort maintained)compared with those for 
a 5.25 and 6.00 inch size limits with effort doubled 
for years 1975-79. 
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