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PRETFACE

The Tnternal Report series is produced primarily
for the couvenience of staff members of the Inter-
American Tropical Tuna Commission, It containg reports
of various types. Some will eventually be modified and
published in the Commigsion's Bulletin series or in
cutside journals. Others ave methodological reports of
Iimited interest or reports of research which yielded
negative or inconclusive results,

These reports are not to be considered as publicas-
tions. Because they are in some cases preliminary, and
becauge they are subjected to less intensive editorial
serutiny than contributions to the Commission’s Bulletin
series, it is vequested that they not be cited without
parmigsion from the Inter-Amevican Teopical Tuna Com-
mission.

PREFACYTO

Be ha producido una gserie de Informes Internos con
el fin de que sean Gitiles a los miembros del personal de
la Comigidn Intevamericana del Atiin Tropical. Esta serie
incluye varias clases de informes. Algunos serf@n modifi
cados eventualmente v publicados en la serie de Bolelines
de la Comisidn o en revistas exteriores de prensa. Otros
son informes metodoldgicos de un interés limitado o infox
me# de investigacidn gue han dado resultades negativos o
inconclugos.

Estos informes no deben considerarse como publicaciones,
debido a que en algunes casos son datos preliminares, y por
que estin sometidos a4 un escrutinio editorial menos intenso
que las conbribuciones hechas en la serie de Boletines de la
lomieidng por lo tanto, se ruega que no sean citados sin per
migo de la Comisidn Interamericana del Atlin Tropical.



INTRODUCTION

This Internal Report has been campiled to present methods and
computer programs used by J.» J, Pella and C. T. Psarvopulos in analyses
of yellowfin and skipjack data reported in IATIC Bulletin 16(4) entitled:
Measures of Tuna Abundance from Purse-Seine Operations in the Rastern
Pacific Ocean, Adjusted for the Flest-Wide Evelution of Increased Pishing
Power, 1960~1971, That study was prompted by the need to adjust tuna
abundance measures for changes in purse-seine fishing technique and
equipment which increased the efficiency of the fleet in capturing
tunas. The follawing discission provides detalls of methods and computer

programs omitted fram the publication of the study.
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Program LINPIT

This program computes ragression coefficients and sawple vaviance for

the relationship between time in st and get size; these are punched onto

cards for input to Program PREMEG,

L. I.ng\.ﬂ:

Colum  Format Ltem

Card 1 - sample size

15 15

number of palrs of observations

Card 2 - identification card

LB 5%
6~9 14
1022 13X
23 Il
2435 12X
36 Tl
3745 9x
46 Ll

Card 3,4,044

1.6 F6.0
7-12 P6. 1
13~18 ¥6.0
61-66 F6.0
67~72 PGal

comment
Veur
comment
school type
commant
slze clags
comment
quarter

- data cards

set time for first set
get size for flrst set
get time for second selb
£l
o
»
salt time for sixth set
set size for sixth set

113

VAR

1965

BCHOOL TYPRes

2 (school f£ish)
SIZE CLASS:m

6

QUARTER=

4

70 (70 minutes)
0 (no catch seb)

continue on additional cavds until n pairs of the sample ave exhausted,

The above cards are repeabed for the nexh school type, size class ox quarter,

Any number of consecutive problems may be run,

2 ™ Ouﬁp‘at

Punched cards containing regression coefficlients and sample variance of

the set time and

sige of sel relationship.



Column Format
1,2 X2
3,4 2
5,6 L2
F-21 B15.5
2236 Bl5.5
37-51 E15.5
5257 16
3. Method

Ltem
sthool type
gize class
guarter

o)

o

I

B8
6‘2

number of points in sample

Example
1 (porpeoise-associated)
4 .

1
2,01483 E 00
5,07078 EB-02

8,9630) B-01
82

A linear relationship between time in set and size of the set iz assumed,

y=o+prte

where

y is the time in hours to complete the sel

% i8 the slze of the catch in tons

s B are conghante
\ . . 2
¢ is a random variable with mean ¢ and varliance o .

The following equations are evaluated in the program:

B

1 n n no, n
sl Y owy, -3 %, Uy, /r noxl -0V om,
b Y ¥ g y,/ng/ Y xg z i
n n
& =Sy, /m - § Tx,/n
TR
n
LR SH' ‘

and &

n n n 2
wfTm,y, = ix, Yy,/nj /
i RE R R [

aeu (1)

oee(2)

eos(3)

2 f 2
w(ﬁxi /o) /(n=2)
i

030(4)



Program PREMEG

The function of this program ls to process logbook information on cards

and store the outpubt onto magnetic tape for input to Program MEGALO.

Lo Input

a)

b)

c)

)

Column

wateh and effort data cards sorted by 5° areas on magnetic tape

packed 25 cards per physical record

single set data cards sorted by 5° areas on magnetic tape packed

25 cards per physical record in the same order as the catch and

affort data

vassel orulsing speed daba on cards

regression coefficlents and sample variances of Program LINFIT on

cards,
Format

Et&m

Degcription of purse-seine catoh and effort card

1-8
2

10,14
12-14
15-18
1922
23-26
27-30
3133
34-80

16,12
Il
T2

F3.1

r4.1

P4, 1

Fdol

F4,1
3

47%

area,
vassel size class
month

days effort

vellowfin catch

skipijack catch

yellowfin and skipijack
yellowfin or skipjack

vassal number

remaining information not used

Degoription of single sebt card

16
79
10
11,12
1319
20-22
23-26

Is
I3
Il
12
2
13
4%

area

TAPTC vassel number
vesgal size olass
wonth

information not used
puke yallowfin

blank

Bxamp L

E

20507525

5

06 (June)

70 (7.0 days)
775 (77.5 tons)
20 (2.0 tons)

122 (Western King)

030115
120

4

07

025 (25 tons)



Column Format Ttem Example
27129 13 pure skipjack

3133 ] vellowfin in mixed schools

3537 I3 mixed yellowfin and skipjack
unknown ratio

39~47 13 skipjack in mixed schools

42=56 15X information not used

57 Il type of school 5 (unknown type)

5860 3K blank

61 xl maro catch with tuna species
in school

62 T guass of specles of aero
cabteh 1f unknown

63-80 18y information not used

Description of the vessel spesd cards

1-21 21X boalt name A A FERRANTE
2835 . L vassel speed 8.5 (knots)
2634 % blank

35 IL vasgel size clasg 3

3642 TX blank

4345 I3 TATTIC vessel number 1

Last vessal speed card is blank,

Dagcription of set btime ¢ards

1,2 12 school type porpoige~agsociated
(entered as 1)

3,4 Iz vessel size class 3

5,6 12 gquarter of the year 1 (Jan,-Mazx.,)

Twdl B15,.5 & 1,40935 B400

22-36 E15.5 8 1, 11338 E-01

3751 E15,5 5 1,43271 BH+0O

BamB7 6K sanple size 65

2. Method

This program outpubs to magnetic tape a serieg of computations using

the above input data. Interplay of two magnetic tapes of information and



o

two sets of data decks necesgitates describing the computational. process

generally, bafore the details of algorvithmic procedures are considered,

Input information is organized and calculations made as follows:

a)

)

c)

d)

main program reads vessel speed cands and calls subroutine SUCSEYT

subrotting SUCHSET reads time in set regression coefficients and

sample variances, and single set data from £lvst magnetic tape

{storing this information in arvrays) continuing until a 5° avea

change occurs; this causas a reburn to the main program

main program reads cateh and effort data from the second magnetico

tape and checks 1¥ the 5° area degigration agrees with the single

set 5° area; 1f they agree, the iofommation for the 5 area is

stored in arrays

main program calls the second entry point into the subroutine

SUCSET which execubtes the following procedure:

1) computes estimates of the total pumbers of successful sebs on
pure yellowfin, pure skipiack and mixed schools;

2)  allocates the wnknown sets using the nunber of reported sets;

3)  estimates total number of successful sets on each of the fouxr
school categories; namely, porpoise-asscciated, pure yellowfin,
pure skipjack, and mixed sebs;

4} allocetes the reported successful and unguccessful sets into

Four school categories;

5) allocates the reported unknown successful and unsuccessful sels

into the four echool categories (reporbed successful wknown

sets are those for which the species compositlon is repoxted,



but no indication was provided in the vessel logs of whether
the tuna school was associated with porpolse or debris, free
swinming or captured at nlght),

6) estimates average welght (tonnage) of sets by species and
school categories;

7)  ealculates mean set time and its variance,

@) control returng to the main program which computes successful sebt
probabilities using results at (4) and (5) and expected number of
successful gets per day of the four school categories using results
at (3) along with the sumarized effort;

£)  outputs computations onto wmagnetic tape;

¢) initializes the storage arrays in the main program, calls the first
entry into the subroutine SUCSET and reads in the next 5° area
block of single set information; this process continues untlil all

data are processed,

3, Catch Information

Wa now discuss how some catch information identified on the single set
cards is used to assign the set to one of the four school categories; namely,
porpolse~agsociated schools, pure yellowfin schools, pure skipjack schools,
and mixed schools.

The single set cards provide the following information:

Type of school (as punched in column 57 on the single set cands)

~ school fish

- porpoise-agsoclated
night sets

« logs (debrig)

- ynknown

U W DN
H



Species (as punched in column 61 of the single get card and used
only to identify a skunk selt: specles of succesgsful gets
ig obtained from catch inforxmation in Columns 20-41)

unknown

yellowfin alone

- gkipjack alone

vellowfin and skipjack

yellowfin and/or skipjack together with other species as
bluefin

B
H

i

|52 B 8]
H

H

The type of school and species are categorized into the four school
categories by the followlng rules:
Let the pair (a,b) represent a school of type a and speciles
composition b, Then an (a,b) set is defined as belonging to
one of the four school categories by the following rules:
gets on (2,2), (2,3), or (2,4) are on porpoise-associated fLish;
sets on (1,2) or (4,2) are on yellowfin gchool f£ishy
sets on (1,3) or (4,3) are on skipijack school fish;
sets on (1,4) or (4,4) are on mixed school f£ish,
The procedure for night sets and unknown school types will be described in

the next section,

4, Bstimatlon of the Total Number of Successful Sets

Since individual successful sets are not always reported by the vessels,
although total catches by species are available, the following algorithm is
used to estimate the total aumber of successful sets made on pure yellowfin,

pure skipjack, and mixed schools using the relationships

171

+ N
N2 w2 NB

N, W, & Ng w, =Y

L

) cos (5)
w,_om 8
3

where

Nl iz the total number of sels on pure yvellowfin, reported or not

reported in the vessal log books;
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N2 and N3 are corresponding numbers of such sets on pure skipjack

schools and mixed schools, respectively;

Wl and wp are the mean catoeh in welght per successful set reported
in the log books for pure yellowfin and pure skipjack schools,

raspectively;
# . + v o ~
W and W, are the mean catceh in welght per successful set of yellowfin
and skipjack, vespactively, caught in mixed schools;
¥ and 8 are the total welights of yvellowfin and skipjack ceught in the
- stratum by the size class,
Let
Nys By, and Yy be the numbers of reported pure yellowfin, pure gskipjack,
and miwxed yellowfin and skipijack successful sets, rvespechtively., If

ni;éO for all i, we assume thal

n N, P .
....‘5..:‘. ] I?TJ; 1= 1’2”3 o
n, . : "

| 5 Jow 1,2,3
n N n 1,
mv;;l; [~ Kr:'!:- and -i»;}m =] uﬁ&];. s
Ry Fa 2 2

Tt is no more likely Lo repori sets on pure yellowfin, pure skipjack,
or mixed schools,

Then we aexpect

n 112
J \ v o nreiten
Ny = Ny n N, = Ny ny,

Substituting into (5) we obtain

n

3
v, PN, =y, =Y
Nl wl Nl n w3 N

ave (6)

1'1? : Kl‘

e Y N eyt owm
N,l nl WZ (8 Nl o W, i1

Lat (8) be written ag

B Nl + B Nl '

D Nl + B Nl w5
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and selving for N1 by least sgquares we oblain

ﬁ:& Y ), f +- (D-HE})?E:'
' (AHB)° + (D"

then
. n2 i\:‘
N‘ [
2 nl 1
n
A 3 a
[ T e 'S
L\3 ’ ., Ni
1.
LE 1,=0 but. ngﬁo, solve (1) in N,
n
0+ N, -3 L 4
2 n 3
2
1')" 00'(/)

Let {(7) be written as
0 + AN, = ¥

e JON w Ay
I)N;3 i I.Nz L

similarly we obtain by least squares
M~ AY "'" (D'+‘E)S
AT 4+ (DHR)

A

I£ n =0 and n,s=0 but naﬁo, then
()'“}-Z-ngY
. J e O
OéBN:s 8

N o . N
whare Asw, and ﬂwwg then by least sguares we obtain
fe] .

]ﬂww"}" Bfi}. ~ ¥ 4 8
o= 2 2 ; however B e wag used for 1960-1971, The leas
N3 A% 4 e ¢ Do s Ny e used for 1260-1971, The least
gguares form will be uged in the future,
At this point estimates of the total numbers of successful sets made on pure
yellowfin, pure skipjack and mixed schools are avallable. These totals are

then allocated ag next described into the four school categories using data

on the single set cards,
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5, Allosation of Total Bstimated Successful Sebs

Define for the single seb cards for a 5° area, month and size ¢lass
m i = punber of sets veported on the single sel cards with type off school

i and school composition type je

Set Type School Compositlon Type
puare yellowfin my
gchool £lsh puxe skipjack iy
mixed
mixe ml3
pure yellowfin My
porpolse-associated pure skipjack ., 0
mixed m, .

pure yellowfin n,

31

night get ' pure skipijack L
IY_I..’J.?Sﬁfi; My

pure yellowfin m 41

log sets pure skipjack m w
mm:;ea{.;l o

pure yellowfin m

mknown getb Cpure skipijack m;j
mixed My
Let
Mg WMy Mgy T Mgy TNy,

&, ko 4+ m,.. +m,.
Moo & Wy Tty Ty T Ty,

m“3 L ml3 P mz:3 + m,g,3 ot m*fl,3



and

Let

ik
mll

md

12

%
mm

®
M1

m¥,

22

mk
23

3
21

nﬁz

m‘l&‘
me

it
03

2

1

wr

i1

ml 1

a1

m,) o

L4

m

mdl

.’1“43

L4
M

&
mm

13

s

- o b omk

school fish

porpoise-associated

logs

21 41

+ o

kg
Mg ¥ Mg

¥, o

23 4

3

11



12

Then, to esstimate total number of successful sets on each school type, the

Following caloulations are periormed:

\ 2
orpoLlae sets M., ot weesees B N.
borp ® Lo T ok 2 w3
L @ 155

wh, b omE
v s - " , Ll 41 »
yvellowfin school fish sets M, m=www§ﬁrwww-N1
2 e, 1
v

In*, "'u TQ‘*’ LN (23)
. I 1 42
skipjack sthool fish sets M, ™ et &
3 mﬂz 2
*®

o o ok
1.3 43 4

ed gchool Fish sets M, = S
mix 3 4 Yok ) 3
L3

These estimates are subseguently used to estimste the expected number of

guccesaful sebs per filshing day,

6, Allocation of the Unknown Reported Successful Set Types

In order to estimabe propovtions of sets which were successful on each
school type, only records of vessels which reported operations in detall
were used, Hven when vessaels reported sets in detail, they sometimes
neglected to indicate on which particular school type a successful or
unsuccessful set wag made; these sets were called unknown sets above., Whan
a successful set was reported, but the type of school wag not indicated, the
e area-menth stratum was examined to determine which school cabugories werve
reported there., On this basls the unknown reported successful set types
wore allocated as follows:

Let n, (dm1,2,3,4) be the nuwber of reported successful single
gsets on the four achool categories, For an unknown yvellowfin
set (mixed sets use the same procedure with the obvicus sube

script change) we check if nJ%O andt n, =0 {(reported porpoise

2



When an unsuccessfal set is reporied, Column 61 gives the zmero catch

information, and Column 62 provides & guess of smpecies 1f the zero catch

13

and no pure yellowfin sets) in which case we add the unknown

yellowfin set to the porpoise category; otherwlse, Lf nlmo

andl B, #0, the unknown yellowfin set is added to the pure

yellwwtmn category. If n %0 and nZ}O {(reported porpoise and
pure yellowfin sets for tha gtratum) , we check if Mqﬁrnj, Loy

that the estimated number of porpolse categories exceeds the
reported number of porpolse sets, in which case the set is
added o the porpolse category. Otherwise, if M uz, the set
is added to the pure yellowfin category. This proa@dure of
chacking ny and n, ig alternated go the unknown sets ave
sgually likely to be placed in either category 1f the proper

conditions are met.

"

set ls unknown,.

The zero cateh sets with known type of school,

gpacies were allocated as described above for the successful seb types,

When the type of gchool is unknown,

as the known successiul sebs for the 5°, month, and size class stratum.

7. Successful et Probabilitles and Bxpected Numbers of Sets per

Pishingwwwx

e

Successful set probablilities were estimated for the four school

categorles

attemptaed, For each 5° avea, month and size clags, let

and

n, represent the number of rxeported and allocated unknown

successiul sets on each school category i,

o
i
sets (Page 12) on each school category i, for i=1,2,3 and 4,

and known or guassed

sety were allocated in the same ratio

by the appropriate ratios of estimated successful to total sets

be the nuber of reported and allocated unknown unsuccessiful
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Then, successful set probabilities were estimated
ni/(ni*ui)u

In some cases data were lacking in a particular 5° area and month with
which to make these estimates of successfully setting, We then chose the
approprigte estimates from an adjacent stratum, elther in area or time, for
which such data were adeqguate,

The expected number of successful sebty per Ffishing day on each of the
four school types are estinated as:

EimMi/B where Mi g the estimate equation (8) of the total number
of guccessful sets made on school category i, and B was the actual
number of hoat days egpended by the size clags in a 5° avea and

month straltuam,

When only unknown school types wexe in the above 5° area, month and
glze clasg strabtun, the estimated number of successful sets could not be
computed, hence it was set to zero, The program checks for this, and if so
computes the expected number of successful sets per day using the number of
reported successful sets divided by the boat days. This situation can happen
ravely because of ﬁhe allocation procedure for the reported unknown school

types described above,

&

8, Bet Times

The mean and varlance of the tiwme spent in each of the 8 gel states
(succesaful and skunk sets on the four school categories) were esbimated for
each 5° area, quarter and silze class (see Pella and Psaropulos, 1975). The
aquations used to calculate the mean and variance of the set times for each
school type are the expressiong:

g =g+ Bx




and

where

i

was the mean catch per set for school type

aquation (2)

o

equation (3)

fo 34

2 . : :
6" eguation (4) the estimated variance asbout the linear model (1)
y was the time in the set
g, wag the estimated variance of this walting time

. was the variance of the mesn set size In the stratum.

[V RFCEV RN



Program MEGALO

This program accepts From magnetlc tape the oubput of Program PREMEG,
part of this information is used to compule through the model for purse-
seining (Pella and Psaropulos, 1975) a measure of abundance by 3° area,
month, size clase, and school category. The other information is listed
in the output along with the measures of abundance computed by this program.

The program is long and complex, so we will only give the reader a
general idea of the sequence of steps to determine the indices of school
densities for steata,

l. Input
First, we will list the input information as written onto magnetic
tape by Program PREMEG, and whether the data are used in computation of
indices:
a) B° ares designation (used)
b}y wonth of year (used)
¢)  size class of vessels fishing in the strata (used)
d)  school category (used)
e) the portlion of the 5* area occupied, i.e, the number of one degree
agguares occuplied by size classe of veassel divided by 25 (not used)
£)  the portion of the 5° avea occoupled by all size classes for the
same area~month stratum (not used)
g) mean size of set made on the school category {used)
h) mean set time of a successful set on the school category (used)
1) mean set time of a shunk set on the school category (used)
1) variance of the mean set time of a succegsful sebt (used)

k) wvariance of the time of & skunk set {(used)



1)
m)
n)
0)
Pl
a0
x)
2)

t)

17

avarage welght of vellowfin per successful set (used)

average welght of skipjack per successiful zet (uged)

numbéx of successful reported sets (unsged)

astimate of expectad number of successful sebts per Flghing day {(vsed)
succassful set probablility (used)

nmber of boat days (used)

welghted vessel speed (used)

total walght of yvellowfin (used)

total welght of skipjeck (used)

Given the above input for each school type in a 5° area-~month stratom -

the successful set probability, wailting time parameters in the set state, and

the expected number of successful sebts per fishing day  along with chosen

values for the recovery probabillitiss, we First replace the congtants of the

purse~seine model by these estimates to calculate indices of school densities

(schools per unit area) of each school type in the stratum., These school

dengity indices are scaled by blomass per school measure; these products are

gummed over the Ffour school types to obtain the species bilomass index,

The Following ig the outline of the computational procedure used by

this programs

MAIN Program reads In the set power factors from cavds, Next, MAIN
Program reads in from magnetic tape the data generated by Programn
PREMEG by a 5° area, month, and sirve class stratum for the four
school categories, Subroutine LAMETA 1z called with values for

the recovery probabllities, ewxpected number of sebs per day,
successful set probabilities, and mean set times and their vayiances
for the four school categories, The eqguation system (19) of Pella

and Pgarvopulos (1975) is solved for the unknown densities, ).
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Return from this subroutine gives indices of gchool densities, )\,

and a cheak for accuracy of the solution to eguation system (19).

Next, the school denslty indices are converted to biomass indices,
Subrovting ABUND is called which computes the biomass indices,

Qk off equation (30} of Pella and Psaropulos (1975), from the
sehool density indices, average welghts per successful gelt, and
gt powar factor. This subroutine outputs the cateh per effort
and the biomass indices on cards, Upon return to the MAIN program,

the input and computed information are printed out for the gtratun,

The program is ready for the next set of values, l.e., the next
stratum,

Subroutine LAMETA defines limite of convergence For the mathemabtical
model of the fishing process using Subroubtine MATINV (Garbow, 1963)
and calls Subroutine SANDMIN (Beisinger and Bell, 1963) to solve
eguaticn system (19) of Pella and Psavopulos (1975) for density
indices. To check the accuracy of the solutiion, Subroutine CZECK
ig uged, If the solubion is not accurvate, the final valunes from
Subrouting SANDMIN are used as starting values in Subroutlne GSHER
(. A, Meeter, L966).

2. Oubput

The above program returns to the maln program for output,

Subroutine SANDMIN determines a minimum of an arbitrvary functlion
of n variables, Thig subroutine was made available through the
UCED subroutine library. There was a modification made to thia
program that set & maximum time available for searching for the

density indices solution.

Subroutine ABUND oubputs cards with the identification of the 5
area, month, size class, year, and the catch per day's fishing
along with the blowass indices for the stratum, This information
is used subseguently by Program BMDORR which performs a stepwise

regresalon analysis.
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subroutine GSHEF obtains least sguares estimates of paramaters
entering nonlinearly into our nmathematical model when the golution
from SANDMIN was unsatigfactory,. Thig subroutine was also made

avallable through the UCSD subroutine libvary.

Subroutineg CZECK checks for accouracy of the school density

golutions determined by elther Subroutine MIN or GSHSF,

Subroutine WHICH gives the number of school categories present,
This determines which version of the mathematical model for purse-
saining shall be used; there is a separate model for each case as
the number of school categories present varies from 1 to 4; this

wag done for greater efflcilency.

Subroutines PERL, FEP2, FPF3, PEF4 are the mathematical models that
compute the expected successful sets per day given pavameters of
waliting time in set states, recovery probabilities, suwccessful set
probabilities, and guesses of school densities for the numbar of

gchool categories present in the time and area stratum.

FUNCTION PEX), F@R2, POR3, POX4 calls the appropriate Subroutine FER

above which evaluates the expected mamber of succesaful sets for the

nunber of school categories. This function is used by Subroubine MIN,
3. Method

The MAIN program veads in the data from magnetic tape and calls Subroutine

LAMETA which defines the bounds for the unknown density parameters X”‘ll'kz’
XB’XQ) of the model, We will begin with the case where only one school type
wag present. With all parameters (including expected number of successful
gats per day) Ffixed except xl’ the denaity of the school, and Ny s the

% ¥ A '] I -
recovery probability, we note that as %1 increases, ), must decreage, Therefore,

¥ g ~ Y y y
1E we say nYMO, isa., no chance of recovery, Kl would be mawimal, the upper



bound for our secarch,
Now the total search time available for the average seiner per day in
a 5° arvea and month stratum wasg

tml2 hours of daylight - (total sebs &ttempted)<a‘

revage duration in
hours of a set °

The total sets attempted is approximately

8
1
-

V1
wheva 31 ig the number of successful sets per day on the school type, and Vy
ig the probability of making a successful set. The average duratlon of a
got is & welghted average

b= vg by b L=y

whare ul is the mean time in a successful set, and ug ls the mean time in an
unsuccesstal set.

If the density of tuna schools was Xl’ then 1F we search for t hours
without stopping to sel, we should find xlt gchools by definition. If there

is no chance of recovery on & missing school, and 8, school are caught in a

1
day then we expect

kS

loee, we searched t hours, the density was k15 we ghould have found Xlt

schools, and should have caught a fraction v, of these, The result should be

1
&, schools caught., But obviously, if we solve for A

1 the result is too large

s
bacause some of the succesasful sets may have been recovered schools., We know
™ might. be greater than 0. Therefore,

. 8, 8,

M ound ™ R S T N
OV lgwij‘.wi!; \)1 u u‘ 1
V

J'.

Vi




ig too large, bul possibly a good upper bound. We took a lowex bound of

0ed I
0,01 and a guess of 0,75 as an initial guess for Bubroutine MIN
. KBmund ¢ FUESS ’ >k."Bound - gues .
For two school types the searvch time available is

T W:(ﬁmtal aets attempt&d)wwm (total sates atbtempted
T by on type 1 ) on type 2

where

P

0y = (1M\%L)‘Ai2 gy i = 1,2 (schools)

My is the average duration of a set for school type i

Myq is the mean time in a successiul set for school type i
Mo is the mean time in an unsuccessful set for school type i

again we expect.

Ykt = 8y

vzxzt - &2

if no chance exigts for recovery of missing schools. Also, 1f no recovery

possiblility exists we eupeclh,

i.8., the ratio of total sets on each school type should be egual to the

ratio of the densities. Combining we have

8, 8, |
B 12 = 7 PO O o N W 5 |
Vi W1~vl o VN L B |

8 5 :

1.
\, 1 z w | R Iinis )\ ETY 53;
(3 Wl \) ], L 2 \,)3 & 2
and
8y Sy gy |

Vi Voo Ay
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hence
.8 g
\). 12 b i:l‘:‘ wm;l; L) Cr \N:n;%; f:...:. >\‘ ] S
1 1. 2V, A T
1 1 %1
8. A 5]
o 2 1 - 2
vy (12 - A, 2y =,
2 1 \)2 "\2 4 \)2 4 d
QL

et 4 P Y P ' & R
[y 8y = 12,0 Ay o+ (T, 8)) A, = -8y

(g 80 Ay + [y 8y = 12V,) Ky = -5,

4l

which is a linear equation system in (., A

2)“

The same methods work for 3 and 4 gchools present, WNext Bubroutine
MATPINY golves the Linesr model for the upper bounds, Lower bounds arve deter-
mined and an initial value of 0,75 of the upper bouwnd forms the initial guess
for Subroutine MIN which is now called to solve the mathematical model of
the fishing process. The solution for school densities is tested For
accuracy by calling Subroutine CZECK which substitutes the estimates into
the eguation sygtem to check the percentage ervor between thae observed Ei,
the sstimated expected successful sets per day from logbook records of
successful sets and flghing days, and Fi the predicted expected successful sebs
per day on school type 1 from the model using i values., If we have

r, - &,
l"‘ :l-'~<-: 3005 'L " :!-;,293,4\ s uu'(g)

)

the zolution was judged satisfactory and a return to the MAIN program ls

&
exaecuted with the value off A (school densities). Obherxwisa, Subroubine GSHSF
is called with the ilnitial guesses that were the closest solubion determined

by Subroutine MIN., %he reasgon for using two Aifferent subroutines to
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accomplish the same goal was for efficiency. This solubtion is tested for
convergence by oalling Subroutine CRECK, using eguation (9). The program
raturna conbrol to the MAIN program with these X and cvalls Subroutine ABUND,
This subroutine computes for the 5° area, month, and sizge clase stratum §
(vellowfin and skipjack biomass indices), equation (30) of Pella and Psaropulos
{1975) ,

The variables of egquation (40) of Pella and Pgaropulos (1975) are punched

onto cards in the following way:

L I6 ares 205080
T9 I3 month 6 (June)
10,11 12 gire class 5
12-19 8,3 catch par day yellowfin 5,000 (5 tons)
2028 79,3 catoh pear day yellowfin

gepared 25,000 (25 tong)
2936 8.3 cateh per day skipjack 1,500 (1% tons)
3745 ¥9.3 agboh per day skipjack

squared 2.250 (2% tons)
4655 F10,3 cabch per day vellowfin times

catch per day skipiack 7,500 (7 tons)
56-65 PLOLT7 vallowfin biomass index 0.1671727
66=75 10,7 skipjack blomass Index 0,0210402
7680 £s year 1970

All above data was right adjusted in their respective fields,

The procedure for computing the blowasg indices corrected for efficienc
P ; 3 N

between vessels were described by Pella and Psaropulos, (1975),

The above punched cards were luputed into BMD 02R (Dixon), This program

computed a sequence of multiple linear regression eguations in a stepwise

MANNEY .

of the model

2 9
CED o B o CPD
= Bl ¥ Y szpoy 63 8

*

% Bouation (40) referenced above.

We compute by simple least squares, estimates by size class and year
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where the subscripts y and s vefer to yellowfin and skipjack tuna respectively,

A gimilar eguation was used for skipjack tuna with the y and g interchanged,

once these annual coefficients of (¥, CPD) data points that were beyond
three standard deviations. These pairg of values ware deleted and the
coefficients were yvecaloulabed usind BMDOZR, The signiflcent coefficients
at the 5% level of testing were retained and were used in the next step of

this analysis in Program PINAL,



Brogram FINAL

Input data to this program fnclude the annual regression coefficlents
computed by BMDOZR along with a list of 5° aveas to be analyzed, and the
cateh and effort information on magnetic tape {as described in Program PREMEG) ,
This program computes the CPD-values for each slae class, and transforms them
independently to P-values, blomass indices covrected for efficiency differences
betwean vessel classes,

la  Input

Column Pormat Item Example

Card L - nuwber of years to be analyzed

AL A

16 6% Yeaar e
T8 12 yvears to be analywzed 02 (2 years)

Card 2 - annnal regression coefficients yellowfin tuna for fivst year

Lwd I4 Yeay 1961
5 1x blank

size clams 3
G5 F10.5 él L 02154
1625 F10,5 By =, D018
2635 F10.5 8, 0

gize class 4
3645 F10,5 61 , 02018
4555 $10.5 @2 -, 00007
5665 F10.5 B, 0

Card 3 - anmnual regression cosfficlents yellowfin tuna for first year

PRt Ra—

Has the same format ag Card 2 for size class § and 6,
Card 4 - annual regression coefficients skipjack tuna for firvet yvear

Sni b vion

Has the same format ag Card 2 for size class 3 and 4,
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Card 5 « annval regression coefificients skipjack tuna fox fivst year
Has the same format as Caxd 2 for size clasa D and 6,
This order continues {(Cards 2 through 5) until all the years to be

analyzed are repraeseunted.

2. Qutput

Output from this program is & listing by 5° areas, month, and size
alass of the vaalu@s for yellowfin and skipjack tuna along with the effort
expended, This information was used in the estimation of annual abundance
of tunas using Program LINHYP.
3. Method

The catch-per-day-values of y&llawﬁin and skipjack tuna for a 5° avea,
month, and size class were transformed to Qwvalmaa uging eguation (40) with
the parameter values of Tables 9 and 10 (Pella and Psaropulos, 1975).
Yellowfin CPD-values were transformed only for the unregulated period of
gach year since C¥-values during the closure are of little value in agsessing
sbundance, Skipjack CH-values were transformed for both regulated and

unregulated periods using the appropriate coefficlents of Table 10,
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Progran LINHYD (Genaral Linear Hypothesis)

& y " or

values of y~indlees and effort are extracted From output of Program
FINAL and placed on cavds for input dnto this program to estimate parameters
of linear model eguation (43) Pella and Pgaropulos (1975%), and values for

)

nisging Y=-biomass indices,

This program has the flexibility for combining areas, Lf desired, in
estimating the misgaing bilonass indices.

e  Input

Input
Column Foxmat: Liem Exauple

Caxd 1

19 9% comment: NOQ.
10,11 12 number of axeas Lo combine 01 {(no combining)

Card 2 - area identification card

e tAON

1«6 6X comment VEARS =

T8 I2 nunber of years 13

916 8Y comment MONTHS &

17,18 ra . number of months 12

19-32 M4x commant SIVE CLASSEGE
33,34 ra rumber of size clagses 04

35«49 16% comment R NO:. OF INDICES
5052 I3 muber of y-indices 103

5370 3A6 comméent. 00075 SKIPJTACK
T1-T4 Lol number of the f£irst indext 1

75 1% hlank

76«79 14 number of the last indewx 103

Call index cards

Lot 312 first cell index 111 3 (Ilst yeaxr, llth
month, 3rd size clage®)
Tl HL2 second cell indew 2 4 4 (2nd year, 4th

month, 4th size class)

Continuing through Column 78 of each card until all the cell indices
have bean specified,

* gize classes 3 through 6 arve indexed 1 through 4 respectively.



Colum Format Lhem Example,

[retma i

" ) . o
V-blomass index cards

16 665 first Y -index corrasponding to
the first cell index 02712(0,02712)
N :
712 PG5 second y«index corresponding to
the sacond cell index 35940 (0, 35940)

v M 4 p e s x . oy
Continuing through Column 78 of sach card until all the y-indices
have been specified,

EEfort cards

16 FGo. 1 flvet effort corrvesponding to

the firvet cell index 10 (1.0 days)
RNV re. Ll sacond effort corresponding to

the second cell index 240 (24,0 days)

Continuing through Coliwn 78 of each card until all the effort has
been gpeclfied,

Zero cards (contain effort and no catch, e.qg. Yevalues = 0)

1=-9 ax comment: NQ, ZEROS*
1012 12 namber of ¢ell indices 183

No cateh cell index carnds

1-6 312 firet cell index 25 2 (2nd year, 5th
month, 2nd size c¢lass)
7l.2 3r2 gsecond cell index 25 3 (2nd year, 5th

month, 3rd size class)

Continuing through Column 78 of each card wntil all the cell indices
have been specified,

Ney cateh effort carxds

16 F6. L flrat effort coxvesponding to
. the first cell indes 30 (3.0 days)

T-12 Fé 1 second effort corresponding to
the second cell indes 25 (2.5 days)

Combinuing through Colun 78 off each card until all the effort hag
been spacified,

2. Method
This program reads in the data cards, stores them into appropriate

arrays, welghts the Ywindices by the fishing effort and uses the technigue
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gol

» Q3 ~ " L] i3 h ¥ »
of a general linear model to estimate the missing Y-index values,

Combining areas, The technique of combining areas will be explained

by presenting the following example:
NO, AREAS=(2
YEARS =12 MONTHS:=12 81725 CIAESHES=03 ,NO,O0F INDICES=042 00085 YELLOWEIN 1, 42
< Indeg cardss
< Yebiomass cards o
<Bffort carvds>
NO, BEROG=4 G
<Index cardss
<BEFort cardsd»
YEARS =12, MONTHS=12 ,STFE CLASSES=03 ,NOL,OF INDICES=020 00090 YBELLOWRIN 92, 111
< Indewx cards’s
.5 N .
<L Y=-bilomass cards’s
< BEfort cards)»
NO, ZEROS =32
<CIndex cardg®
< Effort cards>
ata,
The number following YELLOWFIN, Columng 71-74 and Columns 76-79 correspond
o the number of indices sbarting abt 1, and ending at 42 for the first area.
The second area have the numbers 92 and 111 punched in the respective columns,
These are the continuing indices when as in the above eganmple two arcas are
combined, These mmbers are derived by adding 42 plus 49 (the number of
zmeros) = 91, the next index in the series is 92 and the last dis 91 + 20 = 111.
This procedure is continued for as many area that one wishes to combine,
'3, Output
Output from this program includes two tables for sach 5° avea by year

N ) » o
and month strata of the Yeindices, The Firvst table has the welghted mean
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values of the ?»indiceaa if there was no effort expended during a particular
yeayr and month strata, the estimated value from the linear model equation
is dnserted, If the zero cards showed that some Fishing occurred with no
catch, then it is assumed a low density of fish exist and a zero is inserted
in the table,

The second table is made up of the estimated values from the linear
model. Both tables have monthly and annual average.

Additional output of this program consists of

a) Analysis of variance with size class classification

b) Analysis of vaviance without size class classification
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PROCEDURE POR COMPUTING THE RBIOMASHE INDICES

le Sorbing of data cards

There are 3 data decks to be sorted; the catch and éffmrt cards, the
single set cards, and the purse-seine set cards {used for the years prior
o 1969),
Catoh and effort cards are gorted by area, i,eu'Columns 6 through 1,
Aingle set cards ave sorted by area, l.e. Colums & through 1.

Parse-seine gset carxds are sorted by area and month, i.e. Columnsg 12,
11, and 6 through l.

2. Card to tape procedure

The catch and effort and single set caxds ave put on magnetic tapes
using the 3600 Camputer. The data is packed on tape, 25 card images pex
physical record to be used by Program PREMEG.

3, Time In set cards

The set times are palred values of the time a vessel gpent in a set
gtate and the size of the set. Program LINFIT computes the regregsion
cogfficients and sample variance for the relationship between time in set
and set size; these are punched onto cards for input into Program PREMBG,

For each year there is a set of boat cards with the information of
vessel name, speed, capacity, sizavclasgﬁ and LATTC vessel number, These
cards are for dnput into Program PREMEG.

5. Program PREMEG

The function of this program is to process the logbook information and
ghore the ouwtput onto magnetilc tape for input to Program MEGALO.

The following is the description of the deck set up needed to exacute



this program on the Burrough's 6700 Computer,
Syatens cards start in Column L:

TPLL/

Password

? NAME=PREMEGALO/PSAROPILOS

? BEGIN

? COMPILE PREMREG/PROGRAM FORTRAN [COMPOK | LIBRARY
? FILE PILEL0 (BXTMODE=BCL , PARTTY=HONSTANDARD ,

TNTMODE=EECD IC , LABELLY PE=OMITTEDROF,, BLOCKS T2 E=2000,

UNITS=CHARACTHRS MAXRECS ITZE=80)
? FILE FLLBZO (EXIMODE=BCL , PARTIV=NONSTANDARD |

INTMODE=EBCD LC , LABRLTY PE=OQMITPEDEOR | BLOUKE TEE=2000,

UNITS=CHARACTERS  MAXRECS 756 0)

? PILE FILE30 (KIND=DISK,MAXRECS IZE=105 ,BLOCKS 12
AREAS IZEw50 , AREAG=15 , FLEXIBLE , UNLTS=CHARDCTERS
TLTIE=PREMEG /197 INR , PROTECT TON=SAVE)

? DATA

FILE LOSECO02 ,RECORD=14A | BLOCKING®=25 ,UNLABELED

FITE 20=1C009 ,RECORD=14 , BLOCKING=25 ,UNLABELED

FILE 30 (KIND=DISK,MAXRECS I%E=105 , BLOCKS IZE=2520 ,

JARBAGELS , PLERIRLE , UNITTS=CHARACTERS , | PREMEG/1973NR" ,

2 PROTECT TONs=SAVE )
<FORTRAN SOURCE CARDS>

P IF COMPOK ISNT COMPLLEDOK WHEN GO TO ABORY
? RUN SERVICE/OPINFO;DATA
TCOO2SLCOO2  (NS) 7/556 NORING NO PURGE UL
TCOOY=LCO09  (NS) 7/556 NORING NO PURGE UL
? RUN PREMEG [ RaNOK ]
? DATA
FILES SKIP ON 8802 ,C+H=13

<BONT CRARDS>

<BLANK CARD>

<REGREGSION COBFFICIENTS AND SAMPLE VARIANCHS:

32

Note: Single set

rtreentevits

data tape information

Note: Catch and
effort data tape
information

Note: Outpubt data
tape information

Note: Data Set #¥1

Note: Data Set #2

Note: Data Set #3

Note: Data Sot #4
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? IF RANOK ISNT COMPLETEDOK THEN GO TO ABORT
? RUN SERVICE/OPINFODATA

PSACO2  (NE) 9/B00 RINGIN FURGE OU

? COPY PREMREG/= TO PSA0O2 |COPYOK |

IF COPYOK ISNT COMPLETHEDOK YHEN GO TO ABORT
REMOVE PREMEG

ABORT ¢

END JOB

w  w el

3

The above gystems cards will take the Single Set data from magnetic
tape TCO02 (in this example from the 3rd file indicated on Data Set #2

which ingtructs the computer to okip the Firet two files) and the Catoh

and Bffort data from TCO02 (in this example from the 14th file indicated

on Daba Set #2 which instructs the computer Lo skip the fivet 13 files) zun
the program and process the output data onto disk, Then Program PREMEG

and the output of the program arve stored onto tape PSACO2 with the labels
PREMEG /FROGRAM and PREMEG /1973NR, Then the infoxmation is removed Prowm
the disk library., Tape PSAOOZ is now ready to he processed by Program
MEGATLO,

6. Program MEGALO

This program reads the output infmrﬁation of Program PREMEG from tape
PEAOO2 (in this example) and computes through the model for purse-seining
(Pella and Psavopuleos, 1975) a measure of biomass for yellowfin and skipiack
by year and size class adjusted for efficiency changes,

The following is the description of the deck sebup needed to exeocute this
program on the Burrough's 6700 Computer.

Syetems cards start in Colum Ly

L/

Password
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NAMB=POLYMEGATO /PSAROPULOEB

b

BEGIN

? COMPILE MEGALO/PROGRAM FORTRAN [COMPOK '] LIBRARY

? FILE FILE20 (RIND=DISK,MAXRECSIZH=105 , BLOCKS TZE=2520,
AREAS T%E=50 , AREAG=15 | FLEX TBLE ,UNTTS=CHARACTERS ,
TIPTESMEGALO/ 197 3NR , PROTECTION®S AVE)

? FILE PILE30 (RIND=DISK,MAXRECSIZE=105 , BLOCKS IZE=2520,
AREASIZE=50  AREASS L5 , FLEX TRLE , UNI TS=CHARCTERS ,
T TUTR=PREMIG /197 3NR , PROTECTTON=SAVE )
? DATA
<FORTRAN SOURCE CARDS> Note: Data Set #1

? TF COMPOK ISNT COMPILEDOK THEN GO TO ABORT
? RUN SERVICE/OPINFO;DATA

PSAOO2 (NS) 9/800 RINGOUT NOPURGE AUTO

? COPY PREMEG/LO73NR FROM BSAOODZ

? RUN MBGALO/PROGRAM [RANOK |

? DATA
<fat power factors for 1973> Hote: Data Set #2

? IF RANOK I8NT COMPLETEDOR THEN GO 70 ABORT

? RUN SERVICE /OPINFO; DATA

PEAOO4 (NS) 9/800 RINGIN PURGE OU

% PLEASE SEND CARDE 10O PSAROPULOS S.W.H.C. THANKS....
? COPY MEGALO/= TO PSACO4 [ c:ommx]

Iy COPYOK ISNT COMPLETEDOR THEN GO WO ABORY

? REMOVE MEGALO

? ABORT s

P OEND

The above systems caprds will take the block of data from PEAOOZ; namely,
PREMEG/L973NR, store onto disk, process the information (computing the school
dengities and blomass indices), storing the results onto tape PSAQOL with
the labels MEGALO/PROGRAM and MEGALO/L973NR. This program punches out a set

of data carde with the catch per effort information and the blomass indices
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which are next used by Program BMDOZR,

7. Program BMDORR (Dilxon)

This program is stored on the Burrough's 6700 Computer library and the
following control cards galn access to this program,
Syetems cards start in Column 1

i/

Pagsword

? NAME=BMOO2R /PSAROPULOS

? BEGIN
? BRECUTE STATPAK/BMDO2R

T DATA
<PData cards punched by Program MEGALO>
PINISH

? END JOB

This program compubes a seguence of multiple linear regression equations
in a stepwigse mannar, The significant coefficients on the 5% level of
testing are retainad and used in the next atep of this analysle in Program
PINAL,

8, FProgram FINAL

Input data into this program include the annual regression coefficients
computed above and the catch and effort information on wagnetic tape (PEAOIS
in this example).

System cards start in Columm 1y

L/

Pagswond

? NAME=FINAL/PSARCPULOS

? BEGIN

? RUN SERVICE /OPINFO;DADA

PSAOLEBSAQLE (NB) 7/556 NORING NOPURGE UL
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7 COMPLILE PFINAL PORTRAN
P OFILE PILELO (BXTMODE=BCL , PAR TTV-NONSTANDARD ,
INTMODE=EBCDIC , LABRLIY PE=OMI'ITEDEOP , BLOCKS TAE=2 000,
UNTYES=CHARACTERS ,MARRECE IZE=80)
? DATA
FLIE 10=PSAOLS  RECORD=14 , BLOCKING=25 INTABELED
<PROGRAM SOURCE DRECK
? DATA
<Data, regression coeffi¢lenta>

7 BND JOB

This program compuies and prints out the CED-values and transforms themwn
to vaaluese These are blomass indices corrvected for efficiency differences
between size classes,

9., Program LINHYP

Input data into this program on computer cards were extracted from Progran

Ral
PFINAL printout. This progran generates wvalues Ffor misgsing y-~indices,
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