














The 6P, ce, and Ce/U values for Data 1 are shown in Table 3. 

The averages for U for 1960 through 1965 for Class-4 baitboats (Ta­

ble 2: Column C) and Class-3 purse seiners (Table 2: Column E) are 5,142 

and 9,188 pounds, respectively. From this it is calculated that k 2 for 

Class-3 purse seiners is (9,188/5,142) x 3.8059 x 10-5 = 6.8006 x 10-5 

This value is used to calculate 6P, C , and C /Q for Data 5 and 6. The - e e-
6P, Ce' and Ce/U values for Data 5 a;; �s�h�o�w�n�~�n� Table 4. 

�~�h�e� Bartlett (1949) method for fitting a line to the regression of 

U on C /U is described by Schaefer (1957:257). Following his procedure, 
e -

the two extreme groups were taken as 

lowest values of C /Q for the Data 1 e -
the 2 highest and 2 lowest values of 

those with the 10 highest and 10 

through 4 regressions and those with 

C /Q for the Data 5 and 6 regres-
e -

sions. The constants in the regressionscalculated by the Bartlett meth­

od with various catch and catch-per-unit-Gf-effort data are shown in Table 

5. 
t tests for linearity, as described by Bartlett (1949),were perform­

ed with Data 1 through 4. Low values oft were obtained in all cases 

(Table 5), which indicates that the data do not differ significantly from 

linearity at the 10-percent level. 

Least-squares lines 

The least-squares regressionswere calculated with computer program 

CIAT DOl (Psaropulos 1966). The output from this program gives Mas "BO" 

and -1/a as "Bl." Natrella (1963:Chapter 5), who gives a superior dis­

cussion of regression, refers to these as "bo" and "b 1 ," respectively. 

The constants in the regressions calculated by the least-squares method 

with various catch and catch-per-unit-of-effort data are shown in Table 

5. The regression lines for Data 1 and 5 are shown in the upper panels 

of Figures l and 2. 

What Schaefer (1957) refers to as "standard error of estimate (stand­

ard deviation from regression)" and Natrella as "sy" is given as "S.D. 

LINE" in the output. The estimates of this are also shown in Table 5. 

The confidence limits of the predicted values of U for various val­

ues of Ce/Q are obtained by solving the regression with CIAT DOl with 

the �v�a�l�~�s� of Ce/Q punched in columns 41-50 of the control cards. Values 

of "PRED VAL" "[i'Yc" in Natrella) and "S.D.PR VAL" ("sy" in Natrella) are 
c 

obtained from the output. The 90-percent confidence limits for the pre-

dicted values of U are calculated by Yc �~� t(sy ), the appropriate �v�a�l�u�e�s�~� 
c 
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~being obtained from a~ table (Natrella:page !5-44). This is equivalent 

to the procedure used by Schaefer. (It should be noted that though these 

confidence limits appear to be straight lines parallel to the regression 

line in Schaefer's Figure 3, such is not the case, as can be confirmed 

with a straight edge.) The 90-percent confidence limits of the predicted 

values of U for Data l and 5 are shown as dashed lines in the upper pan­

els of Figures l and 2. 

MAXIMUM EQUILIBRIUM YIELD 

At equilibrium Formula (la) can be written 

c 
e 

F 
e 

=M- 1 (F), 
a e 

and this can be transformed to the parabola 

c 
e 

l 2 = MF - -(F ) 
e a e 

(ld) 

(2) 

To get the value of F which corresponds to the maximum C value the 
e e 

first derivative of this equation is set equal to zero and solved for 

F • 
~ 

dC 
__ e = 
dFe 

M -
2

(F ) = 0 a e 

F = aM/2 eo ( 3) 

where F = effort required to maintain the stock at its "optimumn size. eo 

When aM/2 is 

c 
eo 

substituted for F in Formula (2) the result 
~ 

2 = aM /4 (4) 

is 

where C = equilibrium catch at the optimum stock size :;; maximum .equ:L­eo 
librium catch. 

When Formula (4) is divided by Formula (3) the result is 

C /F = U = M/2 eo eo o 

where U = catch per unit of effort at the optimum stock size. 
0 
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The values of F ,c , and U for each regression line are shown in Table eo eo o ----
5. 

The lower panels in Figures 1 and 2 show the transformations of the 

least-squares regression lines in the upper panels to parabolae, and also 

the 90-percent confidence limits of the predicted values of~. These 

show the equilibrium catch and its confidence limits at various values 

ofF, as explained by Schaefer (1957:page 259, Figure 5). 
e 
In the procedure above for calculating the confidence limits for the 

predicted values of U corresponding to selected values of F , these val­
e 

ues were punched in Columns 41-50 of the control cards to get the confi-

dence limits of the predicted U values. 

limits of the predicted U are obtained. 
0 

When F is used the confidence 
__£.£ 

These,in turn, can be used to 

obtain the confidence limits of C using 
---2..2.' 

ceo(upper) = F U eo o(upper) 

STOCK SIZE 

At equilibrium Formula (lb) can be written 

C /u = a( M - U) , 
e 

and this can be transformed to the parabola 

c 
e 

-2 = aMU - aU 

( 6a) 

(6b) 

(le) 

(7) 

The relation between the stock size and the catch per standard day 1 s fish­

ing is given by 

(8) 

where .. P = stock size in pounds. 

For this calculation Schaefer 1 s (1957) value of 26,275 for l/k
2 

is used. 

Using the values of M and 2 obtained by the Bartlett method for Data 1, 

it is determined from Formulae (7) and (8) that the relationship between 

the equilibrium yield and stock size is expressed by 

C = 2.45614 p - (8.24905 X 10-9) p 2 
e ( 9a) 

The estimates of the optimum and maximum stock sizes are 148,874,000 and 

297,748,000 pounds, respectively. 

Using the values of M and a obtained by the Bartlett method for Data 
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5, and the value of 14,704 calculated previously for l/k2 , it is deter­

mined that the relationship between the equilibrium yield and stock size 

is expressed by 

(9b) 

The estimates of the optimum and maximum stock sizes are 148,158,000 and 

296,315,000 pounds, respectively. 

DISCUSSION 

Data used in previous studies 

The data on the regression of catch per unit of effort on effort 

have been presented in several different ways in various publications of 

the Tuna Commission, sometimes without adequate explanation as to how 
us~d for. 

they were derived. In Table 6 the data employed and the metho~~·or f1t-

ting the lines are listed, It should be especially noted that though the 

Bartlett lines are fitted to points of (Ce/Q, Q),in some of the figures 

points of (C/Q; U) are shown with Bartlett lines. The values of M and 2 
presented by Anonymous (1966) differ slightly fr.om those used in the pre­

sent report because the 1965 catch data were preliminary when the former 

line was calculated and because of a different method of dividing the 

data into three groups for fitting the Bartlett line was employed in the 

former calculation, 

Comparison of Data 1, 2, 3, 4, 5. and 6 

It has been argued that the catches of yellowfin tuna by the Japan­

ese longline fishery should not be included with those by the surface 

fishery for use with the Schaefer model, as the former may not be of the 

same stock as those caught by the surface fishery. However, the stand­

ard errors of estimate of the lines (sy) are slightly lower when the 

Japanese data are included (Data 1 versus Data 2, Data 3 versus Data 4, 

and Data 5 versus Data 6), which is the opposite of what would be expect­

ed if the fish caught by the Japanese fishery were of a different stock. 

Therefore it appears that the Japanese data should continue to be in­

cluded with the surface fishery data. 

Prior to 1958 fish landed without specification as to whether they 

were yellowfin or skipjack were not included in the calculations, while 

beginning in that year these landings were prorated by species before 

calculating the catches.The parameters of the model have been calculated 

using Orange's (1966a) prorations of the landings prior to 1958 (Data 3 
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and 4). The standard errors of estimat~ of the lines (sy) are slightly 

higher when the prorated data are included (Data 3 vers~ Data 1 and 

Data 4 versus Data 2). For this reason it is suggested that the data 

not be changed~ 

Data 5 and 6 are included only as a matter of interest, since ade­

quate purse-seine data are available for too few years to calculate the 

parameters with accuracy comparable to that believed to be obtained with 

Data l through 4. It is interesting to note, however, that the maximum 

equilibrium yields calculated with Data 5 and 6 are close to those cal­

culated with Data 1, 2, 3, and 4. 

In conclusion, it is suggested that Data 1 continue to be used until 

good reasons are found for changing them. These data (l) include the 

catches by the Japanese longline fishery, (2) exclude the landings prior 

to 1958 not assigned by species, and (J) use baitboat data for 1934 

through 1959 and baitboat and purse-seine data for 1960 through 1965 to 

standardize the catch per unit of effort to Class-4 baitboat units • 
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TABLE 1. Measures of the catch of yellowfin tuna,in thousands of pounds, 

1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

in the eastern Pacific Ocean during 1934 through 1965. The 
symbols at the tops of the columns are explained in the text. 

A B c D E F G 

60,913 60,913 ? 0 60,913 60,913 ? 
72,294 72,294 ? 0 72,294 72,294 ? 
78,353 78,353 ? 0 78,353 78,353 ? 
91,522 91,522 ? 0 91,522 91,522 ? 
78,288 78,288 ? 0 78,288 78,288 ? 

110,418 110,418 ? 0 110,418 110,418 ? 
114,590 114,590 ? 0 114,590 114,590 ? 

76,841 76,841 ? 0 76,841 76,841 ? 
41,965 41,965 ? 0 41,965 41,965 ? 
50,058 50,058 ? 0 50,058 50,058 ? 
64,094 64,869 ? 0 64,094 64,869 ? 
89,194 89,194 ? 0 89,194 89,194 ? 

129,701 129,701 ? 0 129,701 129,701 ? 
160,134 160,151 ? 0 160,134 160,151 ? 
200,340 206,993 ? 0 200,340 206,993 ? 
192,459 200,070 ? 0 192,459 200,070 ? 
224,810 224,810 ? 0 224,810 224,810 ? 
183,686 186,015 ? 0 183,686 186,015 ? 
192,234 195,277 ? 0 192,234 195,277 ? 
138,919 140,042 ? 0 138,919 140,042 ? 
138,623 140,033 ? 0 138,623 140,033 ? 
140,865 140,865 ? 0 140,865 140,865 ? 
177,026 177,026 ? 3 177,023 177,023 ? 
162,978 163,020 ? 11 162,967 163,009 ? 
149,942 150,195 148,450 1,228 148,714 148,967 147,222 
145,422 145,422 140,484 572 144,850 144,850 139,912 
234,200 234,500 244,331 2,245 231,955 232,255 242,086 
239,772 239,772 230,886 5,077 234,695 234,695 225,809 
172,484 172,484 174,063 11,122 161,362 161,362 162,941 
144,347 144,347 145,469 7,734 136,613 136,613 137' 7 35 
197,734 197,734 203,882 7,336 190,398 190,398 196,546 
188,750 188,750 180,086 6,392 182,358 182,358 173,685 
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TABLE 2. Measures of the catch per unit of effort of yellowfin 
tuna, in pounds per day, in the eastern Pacific Ocean 
during 1934 through 1965. The symbols at the tops of 
the columns are explained in the text. 

A B c D E 

1934 10,361 
1935 11,484 
1936 11,571 
1937 11,116 
1938 11,463 
1939 10,528 
1940 10,609 
1941 8,018 
1942 7,040 
1943 8,441 
1944 10,019 
1945 9,512 
1946 9,292 
1947 7,857 
1948 8,353 
1949 8,363 
1950 7,057 
1951 9,809 10,108 
1952 6,097 5,606 
1953 3,814 3,852 6,508 
1954 5,546 5,339 3,492 
1955 7,895 8,191 7,551 
1956 6,579 6,507 9,711 
1957 6,245 6,090 8,962 
1958 4,588 _4, 768 12,679 
1959 5,220 4,982 l4,oo4 
1960 6,817 7,635 15,966 
1961 5,544 7,285 9,654 
1962 4,298 7,331 6,117 
1963 4,376 9,176 5,982 
1964 5,166 6,810 10~042 
1965 4,648 7,438 7,_365 
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TABLE 3. Data 1 for calculation of the yield of yellowfin tuna in the 
eastern Pacific Ocean. The symbols at the tops of the columns 
are explained in the text. 

c u C/U tiU t~u/u tiP c Ce/U e 

1934 60,913 10,361 5,879 
1935 72,294 11,484 6,295 605.0 0.05268 15,896 88,190 7,679 
1936 7~,353 11,571 6,771 -184.0 -0.01590 - 4,835 73,518 6,354 
1937 91,522 11,116 8,233 - 54.0 -0.00486 - 1,419 90,103 8,106 
1938 78,288 11,463 6,830 -294.0 -0.02565 - 7,725 70,563 6,156 
1939 110,418 10,528 10,488 -427.0 -0.04056 -11,219 99,198 9,422 
1940 114,590 10,609 10,801 -1255.0 -0.;11830 -32,975 81,615 7t693 
1941 76,841 8,018 9,584 -1784.5 -0.22256 -46,888 29,953 3,736 
1942 41,965 7,040 5,961 211.; 5 0.03004 5,557 47,522 6,750 
1943 50,058 8,441 5,930 1489.5 0.;17646 39;137 89,195 10,567 
1944 64;094 10,019 6,397 535.5 0,;05345 14,070 78,164 7,802 
1945 89,194 9,512 9,377 -363.5 -0.03821 - 9,551 79;643 8;373 
1946 129,701 9,292 13,958 -827.5 -0.08906 -21,743 107,958 11,618 
1947 160,134 7,857 20,318 -469.o5 -0.05976 -12;336 147,798 18,811 
1948 200;340 8;353 23,984 253.;0 0.03029 6,648 206,988 24,780 
1949 192,459 8;363 23,013 -648.;0 -0.07748 -17;026 175,432 20,977 
1950 224,810 7;057 31;856 723.0 0.;10245 18;997 243,807 34,548 
1951 183,686 9,809 18;726 -480..o0 -0;.04893 -12;612 171,073 17,440 
1952 192;234 6,097 31;529 -2997.5 -0.49164 -78,759 113,475 18,612 
1953 138,919 3;814 36,423 -275.5 -0.07223 - 7,238 131,680 34,525 
1954 138,623 5,546 24;995 2040.5 0.36792 53;614 192;237 34,662 
1955 140,865 7,895 17;842 516.5 0.06542 J.Jj"571 154,436 19,561 
1956 177,026 6,579 26;908 -825.0 -0.;12540 -21;677 155,349 23,613 
1957 162,978 6;245 26,097 -995.5 -0.15941 -26,157 136,821 21,909 
1958 148,450 4,588 32,356 -512.;5 -0.11170 -13,466 134;984 29,421 
1959 140,484 5,220 26,913 1114.5 0.21351 29;283 169;767 32,522 
1960 244;331 6,817 35,841 162 .. 0 0.02376 4,257 248,588 36,466 
1961 230;886 5,544 41,646 -1259.5 -0.22718 -33,093 197;793 35,677 
1962 174;063 4,298 40,499 -584.0 -0.13588 -15;345 158,718 36,928 
1963 145,469 4;376 33,242 434;.0 0;.09918 11,403 156,872 35,848 
1964 203,882 5;166 39,466 136;.0 o .. o2633 3;573 207,455 40,158 
1965 180,086 4,648 38,745 

• ~ 
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TABLE 4. Data 5 for calculation of the yield of yellowfin tuna 
in the eastern Pacific Ocean. The symbols at the tops 
of the columns are explained in the text. The data in 
parentheses are preliminary. 

c u C/U LiU LiU/U LiP c ce/u e 

• 
1959 140,484 l4,oo4 10,032 

1960 244,331 15,966 15,303 -2175 -0.13623 -31,981 212,350 13,300 

1961 230·, 886 9,654 23,916 -4924 -0.51005 -72,402 158,484 16,416 

1962 174,063 6·, 117 28,456 -1836 -0.30015 -26,997 147,066 24,042 

1963 145,469 5,982 24,318 1962 0.32798 28,849 174,318 29,140 

1964 203 ·, 882 10,042 20,303 692 0.06891 10,175 214,057 21,316 

1965 180,086 7,365 24,452 (79) (0.0107;) (1,16~)(181,248)(24,609) 

l966(18o,ooo)(lo,2oo)(l7,647) 
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TABLE 5. Da ta on the estimation of the parameters of the Schae fer model for yellowfin 

tuna in the eastern Pacific Ocean. The symbols at the tops of the columns 
are explained in the text. 

Method of 
fitting line 

Schae fer 

Bartlett 

I ,_. 
0\ 
I 

l e ast-square s 

Source 

pchaefer, 1957 
~roadhead, un-
published 

present report,Data l 

" " Data 2 
II 11 Data 3 
II " Data 4 
II II Data 5 
II tt Data 6 

pcha efer, 1957 
~ro adhead and 

Barre tt, 1964 
F3ro a dhead, un-
publishe d 

pre sent report,Data 1 
II II Data 2 
II II Data 3 
11 II Data 4 
II II Data 5 
" II Data 6 

Schae f e r, 1957 
Bro adhe ad, un-
publishe d 

11 II 

pre s e nt report,Data l 
II II Data 2 
tt II Data 3 
II II Data 4 
11 II Data 5 
II II Data 6 

Input 

Years F 

1935-1954 c/u 
1935-1960 " 

1935-1964 " 

1935-1964 " 
1935-1964 II 

1935-1964 II 

1960-1965 II 

1960-1965 II 

1935-1954 Ce/U 

1935-1960 11 

1935-1960 II 

1935-1964 II 

1935-1964 11 

1935-1964 11 

1935-1964 11 

1960-1965 II 

1960-1965 11 

1935-1954 C/U e 

1935-1960 11 

1935-1960 11 

1935-1964 II 

1935-1964 II 

1935-1964 11 

1935-1964 II 

1960-1965 11 

1960-1965 II 

Results 

l/k2 k2 l/k2 a M 

- 3.8059xlo-5 26,275 6.10366 11,246 
" 6.19157xlo-5 16,151 ? ? 

II 6.34610xlo-5 15,758 5.39032 11,587 
II 6.37040xlo- 5 15,698 5.25466 11, 64o 
II 6.32446xl0-5 15,812 5.39157 11,609 
II 6.34859xlo- 5 15,752 5.25586 ll' 66 2 
II - - - -
II - - - -

26' 27 5 - - 6.0HH4 11' 2--.J2 

26,275 - - 5.72122 11,309 

16,151 - - 5.89703 11,255 
26,275 - - 5.69510 11,332 
26,275 - - 5.53795 11,387 
26,275 - - 5.70477 11,344 
26,275 - - 5.54762 11,399 
14,704 - - 1.95820 20,152 
14.704 - - 1.83631 20,392 
26,275 - - 6.38153 11,139 

26,275 - - 6.04714 11,142 
16,151 - - 5.71224 11,354 
26,275 - - 6.02476 11,136 
26,275 - - 5.86715 11,183 
26,275 - - 6.04636 11,141 
26,275 - - 5.89201 11,186 
14,704 - - 1.74462 21,494 
14,704 - - 1.64645 21,684 
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I 
1-' 
-....] 

I 

1 
aM a t 

68,641 0.16384 
? ? 

62,460 0.18.552 

61,162 0.19031 

62,.590 0.18547 

61,292 0.19026 

- -
- -

68,50.5 0.16425 

64,703 0.17479 

Sy 

? 

? 

Results 
90-percent 
confidence 

u 
0 

limits :for U F o eo c eo 

5, 620- 34, 2.53 192,705 

5,65.5 32,351 182,932 

66,373 0.16958 ? 5,628 33,187 186,757 
63,535 0.17559 o.4o6 5,666 32,268 182,828 
63,060 0.18057 0.287 5,693 31,.530 179,516 
64,713 0.17529 0.308 5,672 32,356 183,526 
63,238 0.18026 0.212 5,700 31,619 180,212 
39,462 0.51067 10,076 19,731 198,810 
37,446 0~54457 10,196 18,723 190,900 
71,084 0.15670 1,477 5,570 35,542 197,951 

67,377 0.16537 1,396 5,571 33,668 187,679 
64,857 0.17506 ? .5,677 32,428 184,097 
67,093 0.16598 1,331 5,568 4,949-6,187 33,546 186,787 
65,614 0.17044 1,340 5,592 4,971-6,212 32,807 183,440 
67,363 0.16539 1,335 5,570 4,950-6,191 33,682 187,623 
65,909 0.16972 1,345 5,593 4,971-6,216 32,954 184,315 
37,500 0.57319 1,927 10,747 8,861-12,633 18,750 201,506 
35,576 0.60737 2,082 le,?42. 8,793-12,967 17,788 192,857 

'~> ~ e 

Table .5, No. 2 

90-percent confidence 
limits for C eo 

166,019-207,549 
163,084-203,797 
166,.726-208,525 
163,814-204,842 
166,144-236,869 
156,410-230,756 

..... 
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TABLE 6 ~ Methods used by the Turla Commi~sion fdr fitting iines to the 
relationshi~of. catch per unit of. ~ffort apd effb~t qf yel= 
lowfin tuna• 

Reference 

SchaefE!r, 1957 

Ibid. - . 

?chaefer~ 19.59 

Sctt~efer~ 19.6,0 

s.ch~efer~ 1961 

so.~aefer' 196.;2 

Soh,aef'e:r• 19.6.3 

Ibid. - ·· 
Broa<lnead and 
Barrett, 1964 

Ibid_, 

Anonymous, 19;64 

Ibid. 

Anonymous, 1965 

Ibid. -.--. 
Anonymoust 1.9'66 

1 

3 

3 

4 

4 

4 

3 

4 

4 

4 

10 

10. 

9 

8 

8 

l . 

LinE! 

dash'd 

solid 

dashed 

dashed 

dashed 

dashed 

~a shed 

dashed 

dashed 

soli.d 

upper 

l .ower 

das·he.d 

solid 

dashed 

solid 

dash-ed 

-1~-

· Method of · -­
fitting line 

Schaefer 

Bartlett 

least sq~ares 
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