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The following four major types of gear have been used by the 

commercial crab fisheries in the Bering Sea:. (1) Japanese tangle nets, 

(2) Japanese pots, (3) USSR tangle nets, and (4) U.S. pots. Because much 

of the analysis of the crab stocks and their population dynamics depend ~n 

catch, effort, and catch per unit of effort (CPUE) statistics, particularly 

on trends in these statistics, it is necessary that we be able to compare 

the effect of the above types of gear with reference to some standard gear. 

This paper describes the selection of standard gears for the king and Tanner 

crab fisheries. Using methods suggested by Robson (1966) and Fox (1971), 

calculations are presented on the relative fishing power of the other gears 

with reference to the standard. 

METHOD 

The basic catch equation is: 

Cij = qi fij Pj £ij' (1) 

Where Cij is the catch of gear _i in year j, 

q. 
~ 

is the catchability coefficient associated with gear i. 

f •• 
1J 

is the fisbing effort expended by gear i in year j. 

Pj is the average population size in year j. 

£ •• 
1J 

is a log-normally distributed random variable. 
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Dividing through equation (1) by effort and taking natural logarithms 

of both sides results in: 

ln (Cij/fij) = ln ('i) + ln (Pj ) + ln (eij ). 

which can be represented as 

(2) 

Equation (3) is a linear two-factor analysis of variance mode~ with the 

£ij now Normal (0. 0
2 ). Unfortunately the ai and 8j are not estimable 

in this form (because the deslgn matrix is singular). so are-parameterization 

must be made to estimate the relative fishing power (Pi) and the relative 

population density (Dj ). 

Define Pi = qi/qs 

and Dj = Pj/Ps 

where s denotes the selected standard gear in the selected standard year. 

The catch equation (equation 1) becomes 

Dividing through equation (4) by effort and taking natural logarithms 

of both sides results in 

In terms of the ANOVA ~odel this becomes 

---' 

Yij = as + 8s + (ai - as) + (Sj - Bs) + eij 

or Y i j = U + a i + B j + t i j 
where 

ai = (ai - as>. 

Sf = (Bj - Bs) 

/ 

(4) 

(6) 

(7) 
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The design matrix for the linear model in equation (7) is non-singular, 

and the parameters J.I, ai, B~ can be estimated by solving the normal equations. 
J . 

Biased estimates of relative fishing power and relative density 

can be obtained as 

-'Br = e~-~i--
... 

and Dsj 

Laurent (1963) shows that these estimates are biased since they are 

estimated as logarithms. Fox (1971) demonstrates that an approximate 

correction for the bias is 
... .-

Pi = eOi (1 - var (ai)/2) .. 
and D

j 
= e 8f (1 - var (6;)/2) 

APPLICATION 

The basic data used in the estimating model are shown in Tables 1 

and 2. The ki.ng crab model was based on CPUE data of 1966-71 and the 

Tanner crab model on CPUE data of 1967-71. These are years when at least 

three of the four types of gears were used extensively. 

---The U.S. pot was selected as the standard gear for the king 

crab fishery because of the continual phasing out of all tanglenets and 

since a large part of the total king crab catch is now taken by the United 

States. The Japanese pot was selected as the standard gear for the Tanner 

crab fishery, again because tangle nets are being discontinued in the fishery 

and because of the increased emphasis Japan has placed on the Tanner crab 
. . 

resource in contrast to the king crab 1n the past several seasons • 

. ' 

, . ........ 
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TABLE 1.--Catch per unit effort data for the Japanese/United St'ates, and 

USSR eastern Bering Sea king crab fisheries.1! 

U.S. (standard) Ja~an ' USSR · 
Year catch/pot catch/tan catch/pot catch/tan 

& - - ! _ _ 2 

1966 51.7 9.4 4.1 

1967 37.4 8.3 2.7 2.4 

1968 26.9 7.5 1.4 2.3 

1969 17.8 7.2 0.2 1.5 

1970 17.4 7.3 0.3 1.4 

1971 20.3 6.7 0.6 N.!. 

1/ Data from INPFC 18th Annual Meeting; Subcommittee meeting on -
king and Tanner crab. Anchorage, Alaska, November 1, 1971. (Except for 

U.S. catch/pot in 1970 and 1971, which is from Jackson [in press].) 

,---



5 

TABLE 2.--Catch per unit effort data for the Japanese, United States, and 

USSR eastern Bering Sea Tanner crab fisherie~.1! 

JaEan (standard) Jaean United States USSR 

Year catch/pot . catchlt~ _ cat~n/PQt . ca.tchltan 

1967 8.22 18.89 -- 5.16 

1968 12.40 20.84 4.50 14.42 

1969 12.77 35.81 11.80 25.16 

-1970 '13.19 --aO.44 - 29.50 25.01 

1971 13.40 30.90 8.50 N.A. 

1/ Data from INPFC 18th Annual Meeting; Subcommittee report on -
king and Tanner crab. Anchorage, Alaska, November 1, 1971. (Except for 

U.S. catch/pot in 1971, which is from Jackson [in press].) 

• 

I 

/ . ..... . 

" 

< 



6 

Before solving the normal equations and estimating the parameters 

it is appropriate to conduct an analysis of variance on the data to determine 

if there is, statistically, a significant difference between gear types. 

The ANOV.A table for the king crab model is: 

ANOVA (king crab CPUE) after .equation (7) 

Source d.f. s.s • M.S. F ratio 

. ",,', 

Gears 3 38.611 12.870 68.2~3** 

. Years 5 8.750 .750 8.686* 

Residual 13 2.646 .204 

Total 21 

The F test for difference between gears in the king crab fishery 

is highly significant (63.2 compared to a critical value of ~.B6), indicating 

important differences between efficiencies of the four gears in the fishery. 

The F test for difference between years is significant at the .05 level, 

which suggests (if the assumed model is correct) that the population of 

king crabs has changed through the last several years. 

In our model '(equation 6) let 

al = as = U.S. pots (standard) 

a2 = Japanese tangle nets 

a 3 = Japanese pots 

a4 = USSR tangle nets .. 
Bt = Bs = 1966 

82 = 1967 

• • 
• • 
• • 
86 = 1971 
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Solving the normal equations affords the fOllowing -values: 

a--I = 0 (by definition) 

.. 
a' = -2.53599 It 

Taking the antilog of these values and applying the correction for bias, 

the relative fishing power of the king crab ~ears are: 

~ (U.S. pot, standard) = 1. 

P2 (Japanese tangle nets) = .283 

P3 (Japanese pots) = .027 

Pit (USSR tangle nets) . = .076 

Using these estimates, we can standardize all CPUE values to U.S. pots 

and arrive at the values in Table 3. The weighted average of CPUE in the 

table ~ is calculated by mUltiplying each gear effort by its relative fishing 

power estimate, summing up this standardized effort and dividing it into 

total ca:tch. 

Tanner Crab .--

Similarly, the ANOVA table for the Tanner crab model is 

ANOVA (Tanner crab CPUE) after equation (7) 

Source d.f. s.s. M.S. F ratio 

Gears 3 2.78656 .92885 6.009 it 

Years 4 2.43682 .60921 3.941 * 
• 

Residual 10 1.54587 .154587 

. Total 17 

.-
"-. 
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TABLE 3.--Standardized catch per unit effort for the eastern Beri?g Sea 

king crab fishery. 

catch per U.S. pot 1ift equivalent 

I 
l 

Year 

1966 

1967 

1968 

1969 

1970 

1971 

1/ -
y 

"-~ ----_ .. - - -_. -

U.S. 

51.7 

37.14-

26.9 

17.8 

17.11-

20.3 

Corresponds 

Corresponds 

J 1/ 
~ Japar(Y 

33.2 

29.3 100.0 

26.5 51.8 

25.11- 7.14-

25.8 11.1 

23.7 22.2 

to Japanese tang1enet fishery. 

to Japanese pot fishery. 

Weighted 
USSR aveNge-

53.9 11-1.11-

31.6 32.7 

30.3 27.11-

19.7 19.9 

18.14- 19.7 

N.!. 21.1 
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The F test for difference between gears in the Tanner crab fishery 

is significant, as is the test for difference between years (at a lower level 

of significance). In the model for the Tanner crab, the parameters 

represent: 

CIt = CIS = Japanese pots (standard) 

Cl2 = Japanese tangle nets 

Cl3 = U.S. pots 

CI .. = USSR tanglenets 

f\ = Ss = 1967 

82 = 1968 
• 

• • 

• • 

85 = 1971 

Solving the normal equations, taking the antilogs of the parameter 

estimates, and correcting for bias affords the following fishing powers: 

PI (Japanese pots, standard) = 1. 

--- P2 (Japanese tanglenets) = 2.181 

p 3 (U.S. pots) = .757 

p .. (USSR tanglenets) = 1.220 

Using these estimates, we can standardize all CPUE values to Japanese pots 

and arrive at the values in Table 4. The weighted average CPUE in 

the .table represents an index of stock condition, though it is still strongly 

influenced by changing target species and more concentrated effort for 

. -- --... ----. 
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TABLE 4.--Standardized catch per unit effort for the eastern Bering Sea 

Tanner crab fishery. 

Catch per Japanese pot lift equivalent 
lteighted 

Year Ja~aIl¥ JapanY-' - U.S. USSR .. average. 

1967 8.22 8.66 4.23 6.67 

1968 12.40 9.56 5.91l 11.82 10.28 

1969 12.77 16.1l2 15.59 20.62 15.77 

1910 13.19 13.96 38.97 20.50 ·11l.88 

1971 l3.1l0 11l.17 11.23 N.A. 13.52 

Y Corresponds to Japanese pot fishery . 

y Corresponds to J~panese tanglenet fishery 

o· 
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Tanner crab in recent years. The weighted average is again calculated 

by multiplying each gear effort by its relative fishing power estimate, 

summing up this standard effort and dividing it into total catch for the 

year. 
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