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The Lnternal Heport se:riea :is producod primarily 
for thf! converd.enc(~ of staff ntl~.mh0!l:l> of the Inter·· 
A1U£ou:·ic<:.tn Trop:i.ca.l Tuna Conunission. It cont.aJn.s reports 
of various tyfH?S. Some will !C:Ven t: uaJ.ly bo mod :if ied flnd 

puh1:i.shed :.i.n the Ccnmrds8ion 1 s .BuLI.E!tin <H>!r:i.es Ol7 :in 
outside journals. Others are methodological reports of 
.U.mited :i.ntereBt or reports of resE-~n:rch 111h:l.ch yielded 
negative or inconclusive results. 

TlH~se reporb; at~:: not t.n b,~ eonmid~~red ,;1s pub1:i.ca·· 
tions. Because t:he.y are in r:;ome caFH.:~:3 prE~1 iminary, and 
because they are subjected to less intensive editorial 
l'lcrutiny than contd.but:Lons to the Conmd.ssion' s Bullet :In 
Bt:Yries, :it is rf,~quested that they not: be c:i.ted without 
p~:Yrmission :f:rom the Irlter-Amr:n·icf.ln 'I'cop:ical Tuna Com
nd.ssion. 

P R E F A C 1 0 

S€\ ha produc:d.do una Sf.!rie d<:l Informes Iut~n:·nos con 
€~1. fi11 de qUf) St:1f.itl utiJ.Iilf3 a los tfli(on11:n:·os del p~~r.sonal de 
la Gomis:i.t:in lntE·rarnr::.r:i~~~il.na dt~l At:f.in Tropical. r~:sta ser.i.c~ 
i.tH::luye varias c.:l.a.SE!.S de :i.nfo:rmii!S. Algunoc>J 13edin mod:if:i 
eadob1 E!Vf'lntunlmcmte y publicado1:; tm la S€!t':i.e. de Bol.f~tines 
de la Comisi6n o en revistas exteriorcs de prensa. Otros 
scm :i.nformEH~ tnt}todolog:i.eos de un intfrtes l:I.mitt-tdo o info£ 
met3 de inve8t:igac:ion qw~ han dado re.sul tados negat :i.vos o 
inc.onclusos. 

Er,;tos :i.nformeG no d~~ben cons:i.dera-.cse como publ:i.eae:i.ones, 
debido a qu<.~ ~:m algunos c.aso8 son datos p:rel:i..mina.'l:·es, y po.r. 
que e.r:;tan gomet:idos n tm Elscr.utinio ed::i.tod.al me1.1ns inten.so 
que las contribucj~nes hechas en la serie de Boletines de la 
Comic:~ ion; por 1o tant:o, se ·ruega que no sean ci tt~dos sin peE, 
m:lso de la Com.i.si.on Inter~:mwd.cana d~:;l Atun TropicaL 



This Internal Report has bean .compiled to present methods and 

computer programs used by J o J o Pella and c. To l?saropulos in analyses 

of yell.owfin and skipjack data reported in IA*l:'TC Bulletin 16 { 4) entitled: 

Measures of Tuna Abundance from Purse-Seine Operations in the Eastern 

Pacific Ocean, Adjusted fer tbe Fleet-Wide Evolution of Increased Fishing 

Power, 1960-1971. That study was prompted by the need to adjust tuna 

abundance measures for changes in pursf.) ... seine f.i.shing technique and 

equipment which increased the efficiency of the fleet in capturing 

tunas. The follattin.g dis<.·lss.i.on provides details of methods and computer 

programs omitted frOlll the publication of 'tl"la stud.y. 
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'l'hl::; prog:rarn computet~ r1:;,g:ression cot:ff.i.oient.s and s;:~mple variance for 

t~he relat:..i.onr:;hil? bctwt~tm t:imc in scrt. and set 1:dze; these are punched onto 

cards fol:: input to Px:ogram l?REMEG. 

Column .. ,. . .... 

1-5 

lf'ormat 
.......-~ .. t-

I t' 0 

:ttem ---· 

ntu\il.?et• of pa.irf'~ of observations 

Card 2 - ic1en:t:.Hication card --
l.-5 
6 ... 9 
].0 ... 22 
23 
24 .. 35 
36 
37-45 
46 

1-6 
7-12 
13-lB 

61-66 
67-72 

5X 
I4 

13X 
Il 

l2X 
!1 
9X 
Il 

F6o0 
1i'6.1 
ll'6.0 

11'6.0 
FG.J .. 

comment 
year 
COltl.mCnt 
school. ·type 
commen·t 
size class 
comment 
qu.art.er 

set time for first set 
se·t. size :Eor first s(:)t 
set time for seconcl set 

s<:~t ·time for sixth ~>et 
:~et size for sixth s;et 

ll.3 

Yl<~AR= 

1965 
SCHOOL 'l'YP.E== 
2 (school fish) 
SIZE CLASS= 
6 
QUAR'l'ER= 
4 

70 ( 70 minutes) 
o (no catch set) 

continut~ on additlona.J. cards until .!!. pai.rs of the awnple are ~~xhausted. 

The alx>V(~ cards a.rEl :repea:ted :f.or the next school type, size class or quarter~ 

Any n'Ul'llJ:)er o:f. consecutive p:r.oh:t.el'ns :may be rtU'\,. 

Punched cards containing regression coef:Eicientr~ and sample variance of 

the set time and size oi~ set. relationship. 



Column !2.~.mC~;t 
~--

1,2 !2 
3,4 I2 
5,6 !2 

'1-21 F.l5. 5 

22 .... :i6 El5.~? 

3"/-51 lU5o5 
52-57 16 

3. Method 

Item ---
school. type 
size class 
quarter 

"' (l 

s 
&2 
number of points i.n sample 

2 

l (porpoise-associated) 
4 
1 

2,01453 E 00 

5,07078 E-02 

8~9630]. F.-01 
82 

A linear relationship between time in set and size of: ·the set is assumed, 

• u (1) 

where 

y is t:he time :tn hours to complete the set 

x is the size of the catch in tons 

a, ~ are conatant.s 

e is a random variable with :mean 0 and variance cr2 • 

The foJ.low:lng equations are evaluated. :i.n the prog:t:am~ 

c n ~ y./n) I[~ 2. r r J ~ 1:#1 }; xiyi 
... , ... .. r xi /1'1 /. •• 1 X. x. 

l. :i. J. i .l. i l. 

n n 
d. = ly ln ·· S Ix 1/n 

and 



3 

~t•he function of: this program is to process logbook informa·tion on cards 

and store ·the output c.mto magnet:i.c tape f<:>:t input:. to Program Mll:GAJ:..O, 

a) catch and effort da:l:a cards sm::ted. by 5° areas on magnetic tape 

b) singl.e set. data cards r~ol~·t:.~~d by 5° areas on nu~gm~t:.ic ta,pe :packed 

25 cards pe:r; ;P.hysical. :record in thr~ same order as tht: ca·tc:h and 

effort: data 

c) vesl3e1 cr·uising speed da:ta 011 cards 

d) regression coef:t:icient.s and sample v·a.ria:nces of P:r:og:r.a:m r,INFIT on 

Colunm 

1, ... 8 I6,I2 
9 Il 
lO,ll I2 
12-14 1?3.1 
1.5-18 F4.1 
19-22 :V"j4 .1 
23-26 F4Q1 
27--30 F4.l. 
31 ... 33 I3 
34-SO 47X 

l-6 I6 
~1-9 !3 
10 :n 
11.,12 :t2 
13-19 '7X 
20-22 :c3 
23-26 4X 

J.tem --

~:u::~:-)a. 

vessel mi:ze clas~~ 

month 
days effot·t 
yellowfin catch 
skipjack catch 
yellow:Ein c:md skipjack 
yellow:Un or skipjack 
vessel numb<::~:r. 

:t:emaining information not used 

area 
IM"TC VCSFJel n'UJ.'\iber 
ves~\1el. ~d.ze class 
month 
infol:::tnation no't: ·used 
,pu.:r,·e y(~llowfi.n 
bJ.ank 

20507525 
5 
06 (June) 
70 (7.0 days) 
775 (77.5 ·t<:ms) 
20 (2.0 t<ms) 

1:?.2 (Western 

030115 
1.20 
4 
07 

025 (25 ·tons) 

K:tng) 



£olunu~ 

2'7-29 
3]. ... 33 
35 ... 37 

:~9 .... 41. 
42 .... .56 
57 
58-60 
61 

62 

63-80 

1-21 
22-25 
26-34 
35 
36·~42 

43-45 

Pormat:. ---·--· 
13 
I3 
!3 

13 
I5X 
Il 
3X 
:n 

:J:l 

:cax 

2:L.X 
lM~l 

9X 
Il 
7X 
I3 

Item. ,._ 
pure skipjack 
yellowfin i.n mixed schoo1~1 
mixed yellowf:ln and ski.pjack 

unknown rai::l.o 
sldpj~:tck :in mixed schools 
information not used 
type of school 
blank 
P~e:r.o oat.ch with t;\ll1a ~\pecie1.~ 

in school 
guei.'IS o:E specie~:: of ze:t'o 

catch if unknown 
inf<Jrmation not used 

boat nrune 
V€lSf3eJ. speed 
blank 
vessel sizf<l class 
blank 
J.AT'I'C vessel number 

:r,ast vessel speed ca:r.d is blank. 

D'~scr.i:l':rti.on o:E !:let t::ime ca:r.d13 
--~---- ....... - .... 

1,2 J.2 school type~ 

3,4 !2 vessel f.Jize class 
S,6 !2 quarte:r.- of the yt:1ar 

7-21 :m1.5. 5 {i 

22~·36 E15.5 " f3 
37 ... 51 :gl5. 5 

... 2 
cr 

52·~57 6X ~3atnp1e S:i.z\:1 

4 

S (unknown type) 

A A FER'RAN'l'E 
8.5 (knots) 

3 

1 

porpoise~associated 
( E3ntered a$ l} 

3 
l (~Tan .... Mar.) 

1.40935 E+OO 

1.11338 m .. o1. 
l. 432'71 E+OO 
()5 

This p:rO<Jl~am out.put:r~~ ·to magnet:ic ·tape a S(;~J::ies ~')f <:~c)mpu·tations mdng 

the above i.nput data. Interplay ~jf t:wo magnetic: tapes of lnf<n:ma.tion and 
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two sets of d.a'ta dt.;J.CkrB necess:Lt.at<;~s dt%lcri.h::i.ng the compu'l~crti.onal pl:ocesB 

ge.norally, h1::~:r::ol~e t:hc-1. dr~t~aiJ.s of alg'or:i.th.m.i.c p:r.oc~~du:~::es are considered. 

Input information :ts m:ganized and aalculatl.cms mc:.tde as :f.'ollows: 

a) ma:i.n prog:J::mn :reads ve)ssel. spee.d ca:r:d.E~ a:nd Ccll:t.s s·uh:rout.ine SUCSET 

b) subrout:l.ne St1CSE'r re<:tds time in SE~t: rec;:r:r.ession coefficients and 

s"unplf.:l variances~ cmd single set data from fi:r.::::t magn6Ytic tape 

(storing t.his :L:nfot-ntation in at·rays) cont:lnu.:lng until a 5° area 

change occurf:J 1 this causes a ret.urn to the ma:i.n pJ::og:r.arn. 

c) main program :r.·ead~:; catcll and effort. data from th(.~ secotHx magneti.c 

tape and chec:k.£1 if the 5° area des:i.g.m>.t:.ion agJ:·~3<~s with th~~ single 

~~et. 5° area; :i.f they agree~ the infol.'1'na·ticm for the 5° area is 

stored j.J.1 arrays 

d.) main prog:r:am cal:L.s i~he second en·l:ry point int:o the subroutine 

SUCSEl' which e:JtC:lcuteE~ the follc:>win~l p:r:oc:edu:r.:e: 

1) computll~S est:l.roates of the total. uu:ml)eJ~s o:f: successful se-t:s «:m 

pu:n~ yellow fin • pu:r:e sk:l.pja<~k and :milced sch()ol,s; 

2) allocat:.es the u.nknown s<:~ts ·using th<:~ mln\ber of report~:ld. Iii Efts: 

3) estima:b.%1 t£)t..a1 ntlnlbt';1l:' of ~JuccE:H3S:Eu:.J. sets on each of the four 

school ca:t.ego:des 7 namely, porpoist~-a1:wociated., pu:r:e yellow:[: in, 

p\u:·e sld.pjack, <.tnd mixed set::q 

4·) allocates the :eeportec1 succ~essful. and unsucc<:~ssful sets irrt:o 

fou.r. school clat.egories; 

r.;) allocates the .r.apo:r.:t:ed t.mknown $:ucce~H~ful and Ul'lSucc(:1SSflll sets 

in:l::.o the fou~: school oate.go:r.i<fl;~ (reJ?O:l:."l:c:i!d successful m:tknown 

r:;et:s are t.ho~r;e for wh.ich t:he spoo:i.tr:.s composition ilil :repor't~!!d, 
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but no indication was provicled. in ·t:he Vt::)Sf.~el logs of whether 

swimming or captm:ed at night:) ; 

6) est:tmat.es average wo:i.ght (tonnage) of sets by species and 

school categories; 

7) calculates mean set 'l:.:i.me and its V<ltriance •. 

e) ccmtrol J::etux:ns to the m<:d.n prc)gram which computes S\wcess:Eul set 

probabilit:ie~~ using results at (4) am.d (5) f.tnd mepected num.ber of 

successful sets per d<::ty of t.he :t:ou:r. school categoJ:·:les using results 

at ( 3) along with the su1ume:1r:i.z~~d effo:ct; 

:E') outpu:t~s computations on·to magnetic tape; 

g) initialize~; the sto:cage a:eray13 :i.n the main program, calls the first 

emt::r.:y irrto the m:tbroutine sucm~T and reads in the next 5° area 

block of single set: information; this process continues until all 

data are processede 

We now d:i.sc\tS::l how some ca:tch :l.nfo.:r.mat:ion identified on th(:1 single set 

ca:r.:ds is used to eti!J:.'l.:i.gn ·the set to one of the four school categories; namely, 

po:t:poise-assoc:lated schools, pu:t'e yellowf:i.n sch.ools, purl:~ skipjack schools~ 

and mixed ~:whoolEh 

'J~he single sot. cards prov.ide t:he followi.ng informat.i<:m ~ 

1 - school fi~>h 
2 •• porpoise-associated 
3 - night sets 
4 ~· logs ( debr :i.s) 
5 - unknown 
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~~cies (as pu.nched .in column 61 of t.he single ~3€~t card and used 
only to identify a skunk set; ~1pec.it:1s of successful sets 
is obtained f:r:om catch information .:i.n Columns 20-41) 

1 - unknown 
2 - yellawf:iJ1 alone 
3 - skipjack alon(;o 
4 - yellow:t::i.n and skipjack 
5 - yel.lowf.:i.n and/o17 skipjac}:: together with ot.her species as 

bJ:uefin 

'rhe type of ~>chool and f:1peciec> a.:r.e c:ategod.zed into the four school 

categories by the following rules: 

r.et: the pair {a,b) rep:r:r~sent <:l. school of type ~<! and specie~:J 

composition £• rJ:lh<:i~n an (a.,b) set is defined as belonging t:o 

one of the four school categor..ie1~ by th<~ following rules: 

sets on (2 ,2), (2 ,3), or (2 ,4) <:u~e on porpoise-associated fish; 

sets on ( 1., 2) or ( 4 ~ 2) ar~::l on yell.owf:i.n school fish; 

sets on (1,3) o:r (4,3) are on sk:Lpjack. r:whoo:L fish; 

sets on (1,4) or. (4,4) are on mixed :3chool f;ish. 

The procedure for nig·h't sets and unknown school types will be descr:i.hed in 

t.h(;~ n<?Xt section. 

4. Estimation of the 'rotal Number of Successful Sets 
;.;;_.~_..._..... ... ~,..;;.~...,._---__...........-.--~ .. -~. _ _..._... 

Since individual successful i3ets ax·e not always rE:\pox.·ted by t:he vessel.s 11 

a.lthough tot:.al catches by species a:t€\ available, ·the following algor:i.thm :i.s 

used to es1::.imate the total. :m:u:nbE~:r. of: successful sets made on pu:r.e yellowfin, 

pure skipjack, and mixed schools using t:hEJ relationships 

NJ. w +N w3 ==Y 
l 3 

• H (5) 

N2 +N 
.; 

w2 w ~ s 
3 3 

where 

N 
1 

is the t.otal nurn.1:)<~:t· of se'l::.s on pure y<:1l.J.owfin ~ reportt~d or no·t 

reported in the vessel log bookf:>; 



t.et 
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N
2 

and N
3 

are (10:t.':r.~1spQnd:Lng nUlnbe:r.s of' 13\.tch sets on put·e isk:ipjack 

r.~diOc)ls and m:lx€:~d schools~ respt:'lc'l::ivE~ly; 

w
1 

and w
2 

ax:e the mean catch :i.n ~r.::l:Lght per iiluco~:;ss:f::u-1 st:)·t. :r.eport:ed 

in the log hookfi~ fc>r pure yellow:fin and pm;e sldpj ac:k schools, 

respect:tvely1 
,. 

w
3 

and w
3 

fit:te the mean catch. in weight 1?(;1:t:' stwc<:lSf3f:ul Sf;)t of Yt~llow:fin 

and ~~kip jack) respt"lC~tiv<~ly, caught; :in m.:L:X:(ild 1:whools: 

Y and S ar~l the total we.i.9hb1 of yellow:Hn Md. skipjack caugh-t: in the 

stratum by thE) size c:Las~~. 

n
1

, n
2

, and n
3 

be the :nun'lh(~;rs of :r.eporteet pure yt~ll.ow:Ein, pure sld.pjack, 

and ntixed yt"llJ..owfin and. skipjack s1.wce~;wful r~ets, respec'l::ively. If 

11. i: 0 for all i, we assume that: 
l.' ··~ 

n.i. 
n. 

J 

~"!! 

N i ·-N j 

N 
1 ==-

N 
3 

i 1~2,3 = or 
j == 1~2,3 

and 

It ;ls no mo:r:c~ likely t:o :r:epo:r:t sets on x~ur.e ye.llowf::t.n, pu:r.·e. skipjaok, 

o:r. mixed schoolsu 

Then we C:llXpo<:rt 

St:t.bstituti.ng into ( S) we oh'tain 

n2 n3 "' 
N - w + N -·- W, 1 n1 2 1 n1 ~ 

J:..et (6) be w:r.itt€.m as 

A Nl + :B N
1 

=~ Y. 

D N
1 

+ E N
1 

~~"~ S 

... (6} 



then 

w· J. 
(A+B) Y + (D+l!:) 8 

~ _____ ...... _ ............ _._.,._,,."' 

(A+B) 
2 + (D+lll}:?. 

n,~ 
·Rf ~~ .. _::~ fi ~ 

3 n
1 

1. 

:cf n
1

1:llo but. n/0, solve (1) .in N,) 
,c.:, 

n3 
0 + N,2, -·- w t:e: Y n

2 
3 

11.3 
w., .. N? + N .....;.. w ... r.= S 

.G ~ 2 n
2 

3 

I~et (7) btS1 wr.:tttc1n a~l 

o + .w.') r.•: Y. 
"" 

~~imill:u:·ly wto ohta:l.n by l.easi: sqn<u~es 

" .1\Y + (D·+·E) S 
N2 lll!•2"--2 

A + (D+E) 

If n1~:::~o and n2=~o but nio# 'l::.hem 

0 + AN3 ~-: y 

O+BN :::nS 
3 

where A.::."''W., and :Be::w"'
3 

then by least squar~;;)s w~:1 obtain 
.) 

9 

AY + BS 
·~~ ~ ·:r-·2· · ,.tow"''i'"'r NA ~ ! . ..!...§. w"'s "'~"c~ .c:o .... 't 960 '1 97J ·r·• .. ..,. ·• "a"'t IN3 A + 13 f J '~ ''"''., 3 A + B ...... M•"'"''l ~- ••... -.... .• .L'"' .1,<;> '"' 

squtu:e~s form will be used. in t.he :Eutu:ce. 

At th:i.s point es'!:.imates of the total num.be:cs of stwcessful sets made em pure 

ye~J.lowf:in, pure; skipjack and mixed f'lChools are available. These to·t<:t:LI:; are 

t.hen allocated ~ls next dosr.;r:i.bed into the fmu: 13C!hool categories using data 

on th<~~ single Bet cards. 



s. .Allc)c,1ati.on of ~~ot.al :mst.imat.ed. StlCC<e.msf.ul Sl'.rt.s 
l'l« ____ , ... ~ • ..,.,... ... , • .>i'«---~ ... ,\\ ................. O»-Wf ..... ~-YI""",..... .. _...,,._~-"'• .. _:Wh-.., .... ..,~"'"""'""_. __ ,., 

mi:j ~~:: n'l.Ullbor of S(~t.s repo:r.t:~:.:)d on the s.i.:n~rl.~) set c;;~rrlH wi·th ·1~ype o:t: school 

i imd school compos:i:t::i.on ty,pe .i8 

school fish 

po:r.poise· ... aBsoc:l.at:.ed 

p1.1Xe yellowfirl m 
1.1. 

pt1.x:e skipjack 

mixed 

nur.e yellow:Ein m 
xr 21 
,pure k>kipjack m.

22 
mixed 

:pu:r.·e yellowj';i.n m:31 
pure sldpji:J.ck m32 
m:bc~(:~ 

. \'.'·• m3S 

,]?UY.'€l yell.c)\'if.~.n m 41 
pU:l:~!!~ (!>k:i.;pji;iqk m42 

mb'(~d m43 

J?Ul7~~ yellowf:i.n m!:n. 
)?'Qre $ki1)jack mt'2 

::> " 

mi:x:ed ms.3 
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'""* = m 11112 . 12 

mr.:.., m..,., 
+ Oc:. ..t .... --............ -~ 

m. 2 . ·• school :e:tsh 

pox:poise-associat<:~d 

and 

m* M l" 41 . "41 

logs 

r.et: 

m* .1 
::n m* 

ll 
+ m* + m* . 21. 41 

m* .2 
!:"1 m* 

12 + m* 22 + m~2 

m* o3 
t:: m* 

13 + m~3 + m~3 
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Then, to estimate total number of successful set.s on .;;)a.ch ~•chool type, ·t.hE:1 

:follow:i.ng calculations are pF.:llcfo:r.med : 

_po:r.·po:lse srdts 

mixed sChool fish sets M 4 

'J!hese est:l.matEls a:r.e subsequ.ent.ly used to •astimt'lt.e the expc-!icted nutr~ber of 

stwcess:f~ul stZrts per 1:ishi.ng day~ 

ln o:r.·der ·t(."> estimatl':l :proport:i.onr:; of sets which we:t'e st~ccessf:ul o:n each 

scht,ol t.ype~ only records of vessels which reported opera:l:io:rus :l.n det:.a:i.l 

neglected t:o indicate on which pi!tt't.ioular school ·type a suocemsful or 

a succE?.ssful set was reported, but. t.h01 type. o:f school waE3 not. indicated• the 

5° area-mo:n'l::h st:catum was examined to deteJ·.:mine which school categories were 

rt')port:ed t.herEl. On this :b;~rds the unknown :cepo:r.ted succei:H:J:Eu.l se'l:: types 

were ;:.~l.J.ocated. as folloWf.1: 

r.et: n. (i=l,2,3,4) be thr~~ m:mlber o:l~ :t'!:":po:r,ted successful. s:i.ngl~:l 
l. 

S(~ts on the four sohool. catogori~;~s8 li'o:r. an 1.1nknown yE:)llowf:in 

set (m:i.xed sets usel the samE• p:r.·oced.l:t:r<il w:l:t:.h 't:he obvious sub .. 

script c:han9<.1) we check i:E nJ:f.o and n2~:::~o (:rt::~ported po:r,poi.se 



and no pure y<'~llow:f.in sets) :i.n wll:i.ch cas~J we add the unktK1Wn 

ye1lowfin S(i.l'C to tl'lt::~ po:r.·poi::H:J cab::~go:cy; cYt.htlrwise) :L:I: n 
1

mo 

and n
2
:/ o, the unknown yelJ.owf.in set i.s .'il.d.ded tc> thl'il pure 

ye:Uowj::i.n catogoJ::Y~ If nJ!O and n27!0 (report.ed po:r:poise. and 

J;>Ul~e yeJ.:l.ow:f::i..n set.s f:<n~ ·the ~1t.ra1:tun) 11 we chec:l< if M
1

>n
1

, :l..e. 

'!:hat thc-ll ~:~s·c:Lmated numb<:~:r: of po:r.·po:i.se cat.etJOY.:ies mweeds th<::~ 

l'fJpr.n~t.(;ld nu:mbc,~:t.' of po:t::'po::i.tH~ sE1ts ,, .1..n which case t:he set :l.s 

adde~d to the pox:po:tse cat(:~go:t:'y.., Ot:.hEl:r:w•ise, :lf T!-1.,) > n
2
. , the sc:rt 

~... ~ 

:i.s added to t:he pu.:r.e yellowf:i.n catego.ry. Th:ls p.roc,~du:r.(~ of 

cht:~c:king :n1 and n
2 

is a.lte.J:.'nated. f.:Jo tb.~~ t:t.nl\:rwwn sets axe 

f.\qUi-:tlly J,:iJ~€lly to be placed. :L.n ei:t:he:r ca:tegory :U: tl·u~ p:r.op~]J;' 

cond:i.tions a:r.e nv~rt: .• 

:i.nformat:Lon, and column 62 pr:ovide~~ a gttr..:;ss of spec:tes; i£ thll'~ ze:r.:o catch 

S€~t i.r::1 unknown. 

'l'he ze:r.~o catch ~~ets w:l.th :J..-.n<,'1Wn type o:f r::>ohool, and :k:nown o.r guessed 

spec:tes were allocated as d.t:~:scribed. above :Ecn~ the successful set: tyr~es. 

When the type <.)f schoc>l :i.1il unknown, set~~ WE~re al.located. in t:he ~::rune ratio 

Successf'l.ll set. p:r.·o:bab:i.li't~.ie~:~ wet't'il estimated £or the fou:r: school 

categories by the appropr:i.a'tl:!! ra:t:i.()S of: estimated sttec:e~::~sful to 'l::.ot.al sets 

att:emptect. J!'rJ:t' e.ach 5° area, month and s:i.z~::; class, let. 

n. repx:esent the nurn.be::c of repol'.~'l:.~)d and <:tllocated unknown 
:t. 

stWCOl:l:t:::t':-t.ll ~lets on each school cat~•gm:y _;k, 

ui. be the numbt::~r of reported and al.locat:ed unknown unsLWGessful 

SEYt.rs (:Page 12) 011 each school. cat:eg·(n~y J.:.$ fo:r.· :iP<t,2,3 and 4. 



n./(n.+u.). 
l. l. J. 

I:n some eaSElS data were lackinq in a particular 5° r.u:.-ea and month w:i.th 

app:t:op.r:i.ate eE~timatE)S f::r.o:m an a.djacf~nt ~rt:.ratum, <~it.hel~ :tn a:r.:taa o:r. time, for 

wh1oh such data wert"l adequat.E~. 

'I'h<~ expect.ed number of succeE;s:Eul. set.s per fi.shing day em each of the 

f:ot'tl'.." school types ax:e estimated as :: 

E . !:t:M ,/B where Mi :i.s t:;h€~ t?stimate r.-;~quation ( 8) of: the toted. nttnib~~:r 
:1.. J. 

of Sl:tace.ssf:ul Sf:)b.l made em school categ·ory .. b and E. Wc'l$ the act:.ual 

nurttber of :boat dc'('{S <:1~pended by ·th<'! size class .in a 5° i.'Lt'ea a:nd 

mont.h r;rt:.x.·atum. 

When only unknown ~whool. types W(:~:re in t~he above 5° area, month and 

size ola~3~~ strr~ttuu., the estimated n:urnbex.· o:t: sucoel!lsful sf.:rt.s c;ould not be 

compu·l;er.':l., hence it was set t:.c) ze:t'o. Tl"le program checks :I:or this, and if so 

campubes t.h.e exp<:lcrt::.ed number· of. s1..wcess:f.ul. sertk> per day us:i.ng the number of 

repol'.'ted .sucoess:f.ul S(:\ltfJ d.:l.vide<J. by tl-:t(~ boa:t dayr1. This s:i:tuat:l.on ca:n happer.t 

:r.·arely because o:t: the alloca;t.i(.m proce<:im::e fox· the reported unknown school 

t.ypes desc:r.:l.bed above. 

The rae.an and vari~mcE~ o:E the time ~~pent in each of the 8 se'l:: states 

(su.ccess:t:ul and skunk sets on t;he four school categories) were est:bnated for 

equations U~)ed to calculate the mean and variance of the set times fo:t.' each 

schoe>l type are thE! expreHsions; 



where 

15 

-x was the mean catch per se·t: fo:r: school type 

8 (i)qua:tion (2) 

... l • ( 3) Ct Eiqtlf.l: ~l.OJl 

... 2 i o· ec:J.Ua·t on {4) ·t:h~~ estimated va:r:la:nce about. t.he linear model {.1.) 

y Wt:tf> the t:ime in the r:let 

2 
0' was the estima.ted variance of thi.s waiting ti.me 

y 
2 

() was the variance of the mean set size in the stratum. 
X 
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~£:.?.9:~~~'9~2 

'!'his prog:r.am accepb~ from magnet:l.e tape the output o:E P:t:ogram PI~MEG. 

Part. of this :lnt?ormat:.ion is used t.o compute t:hrough. the model :for pu:t:se ... 

seining (Pella and :P.saJ::-opulos, 197!5) a mea~;;ure of ahundanc:e by !'> 0 a:r.ea, 

month, size class, and school catt'llqocy. '.t'h.e ()ther .in:l:o:r.:mat:i.o:n is l.istE~d 

in the output: along with the me1:tsure1s (.>:e ahundcmce co.tnputed by this pr<)gram. 

The program is long and complex.~ so Wf). will only g:Lv~;-1 the reader a 

genel:·al idea o:f: t:he~ sequence of st-:€1ps to determine i:~he indices of school 

densi't.ies fo.t' str<:lt.a. 

1. I,n;eu.t; 

li'irst, we· will. list t;he :lnptrt :i.nfol:mat.:i.on as written onte> magnetic 

·tapE~ by Program l?REM.Et';, and whether the data are used in 0()1\'tputat:lon of 

i.ndices: 

a) 5° area designat.i<m ('used) 

b) month of year (useCl) 

c) size class o:E ·~ress(~ls fish:Lng in ·the strata (used) 

d) ~whool catElgo:t·y (usl!.'~d) 

e) t.he portion oj~ ·the 5° area occupied, :i .• e. t.he ntunber of one degree 

Bquarea occupied by size class of vessel. di:vi.ded by 25 (not used) 

f) the por'l:'::ion o:f: the 5° area occupied by all size classes for the 

same area-month strat\:u:n (not used) 

g) mE<1an size o:t set made on the school catE~gox.y (used) 

h) mean set tiJne: of a. E>t.tccessftil SE~t:: on th(:~ school. ca:tegory ('U*~et":l) 

i) mean set t:ime of a skunk ~~et on t.he ~;chool category (used) 

j) varianc~~1 of the mean set. timr;:,; o:F. a 1mccesr:>ful s~:rt (used) 

k) va:r:iance o:f. ·t:.he t:i.me <>f a skunk sr::\t {uMd) 
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n) m:uubi'.~r of ::ruccetiH:J:f.:ul repo:~::ted sets (used) 

:p) tmcct::u~s:f:'ul Bet: p:robabUity (us~~d) 

q} ntlmbe:r. o:f. boat. days (usE:ld) 

s) total W(;1ight o:e y·t::1llow:e:Ln (usE~d) 

t) total weight of e:k:i.pjack (u:r>ed) 

Given the ;;'lhow..1 input for ~~ach ~;chool type in a 5° a:r.ea~·month st:r:atum ... 

the successful met. probab::i.li.ty ~ wa.i:t.i.ng ·time param~~te:c:s i.n the sc::rt sta:te, and 

along wit~ chosen 

values for.: the:1 :r.ecovery probab:iJ.:I.ti€~s, we f:i.x·st replace ·the const.ants of the 

put·se~sei.ne model by thEHH-:l t)stimates to calculate i:n.d:lces c:1f school densities 

(schools per unit. eu~ea) cd: e?:tch ~;chool type in the strattlm. These school. 

density ind:l.ces a.:r.E~ scalf$d by b:i.omar;;s per i!ichool m101asure; thc~st:: products are 

surnmed ov~'lil:' the :Eour r~ch~')Ol. t:ypes to obtain th(-;1 species biomass ind.e:l<:. 

The following is the outl:i.n~~ of: the O\.>mputatiom'Ll procedure used by 

this program: 

MAIN llrogram :r.(;;~r:~.ds in the set pow~:lr :f.e:'tot:ors from cards" Next., M.AIN 

Pro~;:ram reads in f.1:om m<~s:rnet:i.c tap(':! the data generated by Program 

PlUWIEG by a ~) 0 <~.rea, month$ and size class stratum fox· the four 

school. catego:de~l. S\lbrout::i.ne tJ.1MgTJ.\ ;i.r.-; called wi·th 'ralue~1 for 

the r~~.:;~OV('~ry probab:l.lit..:i.t'~f.>, E:lxpewt.<;1d nurn.be:e of sets per day, 

succesgful s~~t probabil:i:ties, and mean set times ;;~nd thei.:c va:r.iances 

for the fou:r: ~Johoc>l cat~~go:t .ies o The E~q:uat.:i.on ~~ystent ( 19) of Pella 

and Psar·opulos ( 1975} is f5ol:ve:d f:o:r.' the unknown dens :I. ties, :>... 
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Retu:~:·n from th:i.t!l m:ibJ::cm.ti.n<:~ gives :i.nd.i.ces of:' school densiti.es, ), , 

and a. check for accn:r.aey ()f t:he ~ml1.1ticm t:.o equat.ion syt:;tem (19). 

Next, the ~:~chool density indic:E~s art~ c<.1nv~~rted to b:i.OO.lt'ws .i:ndi<:les. 

Sub:r.ott.t:LrH~ ABUND i~; ca.lled which computes t~he b:lomass :l.nc'lices, 

" Yk o:l: <'..lquat.i<m (30) o:f Pella and Pf;.mropulo:r& (J.97f)), f:t.•om the 

!iWhool dens::l:t.y ind:i.ces ~ a:ver~tgt;: we:Lghi::r1 per t'>UC(X:!r.;;sful sf.rt:. ~ and 

S(~t power factor. 'l'h:l.r:~ ~:rub:r.outine m:t.tp~.:rt:~c:; the oatch per effc>:t:~t 

and the biarnass :l.nd:lces on cards. Upon 1:erturn t.o the MA:CN prog·ram• 

t:.h~1 input~ <~.nd computed :Lnfo:rrnation a:t:f) print:ed ()Ut f:or the fJtx·a.tum. 

Tl:H~ px.·og:r.a:m :b3 :t€lady f:o:t: th~:~ ne:x:t sf.rt: (.):(; values$ L e. the ne:x:·t 

stra'l::um." 

Sub:r.:outine Il\l~E!l'.A. de:f:i.nes l:Lmit1J cd: co:nve:rgenc~~ fo:r. the tn(;'!.tht:.,maticc-ll 

model of thf) fishil19 p:t:ocesH:l using Subroutine~ MA!l'l:Nv (Garbow, 1963) 

and c~tlls Subroutine SANDM!N (Beisi:n~1~~:r.: a~'ld B~111, 1963) ·t;o Halve 

equat::i.on ::Jystr:C~rn ( 19) of. Pelle~ and. P£1<:1.:t:·opulo~;; ( 1.9nl) :Eor dens:i.ty 

ind.i.ces. To c:hE:~ck 'l~hr.1 accu:r:acy of the 1:::olution, subr()ut:.in~) CZECK 

:i.s 'll.Sed. I1: the solution j.~; not. accurate, the f:i..na.J. vctlues from 

Subroutine SAN'DMIN ar('~ u~~ed a~;; start.ing valuef.> .i.:n Sub:t:·out . .ine GSHSl!1 

(D ,, A., Meet<:~:t.·, 1966) • 

2 • .QE~ 

'l'hE.~ ahov\~ p:r.()~:rra.m :r.·,~·turnm to ·the ma.:Ln pJ:-ogra:m :eox ou·t:.put., 

Subrout:Lne Sl~DMT:N d.ert€t:t.'1'.1'd.nEl.::.:; a m:i.n:i.m.urn of a:n arb.itrary :r::·unct:L(.):n 

of !! variable:i>.,. '1'his ~:;ubJc<:>-Lltine was made. ava.:U.able throt19'h the 

UCSD sub:r.<>ut"i.ne libx:ary. ~L'he:t:·e wa(;:; a m<.'Xl:L:Eication made to this 

pr.·og:r:~uu the:1.t. s";rt:. a max:l.mum t:lme ava:Llabl.e for search.ing :Eot· the 

dt::lnridt.y :Lnd:Loe~J ~wlut:i.on. 

Sub:r.outi.m:l ll.BUND ont:pttti:> ca:r:ds wit:h t:he :i.dent.ification of the 5° 

a:t:'ea, mo:nt.h, ~\d.z.e >e)la.sEJ, yeltr, and the catch per day' s :Eish:i .. ng 

a.J.ong- w:Lth ·t:.l'H:il bimna~;s indices for t:ht7 ~~tratum. '.f.'h:i.i::1 information 

:i~1 u.sc-id subs1eg;u~~ntly by Pl~og:cru:n l3MD02R wtdcl'1 :pet·:Eor:ms a stf~pwise 

ret;rr.ess i.on anal.yl;d.i;;. 
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subrou:t::LmJ GSHST:' obtains .least squa:t::eH er:>t:i.mah1s of paramt::Yters 

ente:t·:!.ng nonlinearly :i.nt.o our rnat:hema.tieal model wh(::n t~h.e solu't:ion 

from SANDMIN was u.nsa.t:L~~:fact(:>ry. '11his sub:t:otttine was also made 

available through tho UCSD ~>ubrout:ine l:.lbra:t'Y· 

Subrollt:ine CZl!:CK checks :Eor accuracy of t:he Hchool dem;ity 

solutions det~u:m1.n<-:Jd by Ed.ther Suhrot:1t::in11.~ M:tN or GSHSJ.i'" 

Hub:l:'CJtltine WHICH g·i:vlfn; the~ nu:mbex· of school ca.te9o:des p:cesent. 

'l'hi.s dete:t·minE;l~o) which vet"don o:i: tJit.~ ma:t.h<~mat:i.cal :mode:t for. purse

~H:d.n ing rllht1ll be UliH~d; the:t:e is <:1. separat.e m~:K1el for each case as 

the numbe:r.· of school cat(~god.(1s; pr£Hilf3nt varir:~s from l to 4; this 

wam done :for g:reat:ex· efficiency. 

Sub:eout:Lnes F,0Fl 9 Fj(1ll'2~ 1l'0J!'3, Ji'fJIF4 are the mathematical models that 

comput!!.~ the expected sttccessful sets pE~:r.· day given J>aramet~~rs of: 

waiting t;:i.me :Ln set. st.a:t:es, rec:1overy p:r.obabilit.i.es, successful set 

p:eobabilities ~ and ~;uef.lSe!:: o:E school densi·ties :f:o:r· the m:uub1'llr of 

fJchool ca:tegories pr<:lsent in ·the t:i.rne and area stratum .. 

FUNCTION F0:XJ.., Ji'¢X2) F.'tbX3 ~ F'IDX4 Galls the appropd.ate Subroutine FjilF 

above wh1oh ev-alttab';ls the expected lYl.tmber o:f succ(.:~ssful sets for the 

rmmber of school ca:t:e~jories. '11rds funct:i..on is used by Subroutine MIN. 

3. Method 
-~ 

The MAIN program :reads ln. the dat:a f!:rom magnetic tape and calls Subroutine 

IJ.\META which dl?fine~1 the :bound~~ fox: ·the unknown density pa:r.ame't~e:r.g A.=(). 
1

,>..
2

, 

x
3

JA.
4

) of. the m<:xlE-~1. We will begln with thf~ casE::< where only on~~ scho<>l type 

was presEmt. With all pa:t·ameters (including expected mu:nbe:r..· of successful 

sets per day) fi.xed except A. :V the density of t.he school, and n
1

, the 
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bound for our seaxch. 

Now the total. r,;earch time. ava:Lla.b1(,1 for th.fJ aveJ:·aqe se:tne:r per day in 

a .5° a:tr:ila and mon't:h ~3tratw:n was 

. •. , ·t· ")(average. duration l.n) o t=l2 hours of d;:•yliglrl: - (tQt:.al. set:~~ a.tt(;,mp .ect h . 
· otu:·s o:f. a set 

whet·c~ s
1 

:bg thE! number of succe~~sful sets per day on ·thi:: s:chool typE:~, and v
1 

is the pr:obahility o.f making a succ(:\H3sful set:. ~.the avorage duration o:e a 

s~1t. is a weight.ed average 

If th(;~ clens:Lty o:e tuna schools w<~s A.l' theh if we *:~earch f7or t hours -
without stopping to fJet~ ~~~e should find A t '1. schools by tle £1.n i'l::ion. If there 

is no du*nce of :t:ecover.·y on a m:Lssir11;r school, ~md s
1 

school ru:r:!l caught in a 

day then we expewt 

j,. e ~ , we searched j~ hours~ thr:~ dA"ns :Lty was A.l, WE!l should have found A. 1 t 

schools, and should have caug·ht a f:raction '\) 1 o:f tht';:;1o. 'l'he :result should be 

~\ schools caught. But obviously, :Lf we ~::>o:Lve :cor A. p the ~CI:)sult i~:l too large 

because some of the m;~ecessful set:s m.;;ty have been :r.·eoove:r.ed schoo:ts. We km>w 

... 
A. Bound 

sl 
t::J --·---·--·-

12 v1 ··!J s1 
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n n 
o. 01 ).,B ~ and. a quest~ of o. 75 >..,~ 

1 
as a:n :Ln.i·t:Lal guess for Subrout-ine MIN. 

· 01,1l1C1 ,L-,O'llnC 

t: ~>..-: •12 ·~ ~ ... (total sE;'I::s att:empt:.t~d) ... - (total set~s attempted) 
"' W-1 on type 1. ll2 on ·type 2 

where 

~.~ t=t (1 .. \),) l..t .• ..., + \)..\.l .• 1 
,.,. :L .l..G X .!. . 

.i .::: :1.,2 (schools} 

i ('~ t.he ;;;werag(O\ d ur crt: :i.on. o:E f;t st;;rt: for school type :L '"' .... 
i ('~ t:he n\l~a.n t:i..me .in a suc"es~lf:ul SEYt fo:t:· school type i ·~· -
:i.s 't:h~~ rnc.;an time in an u.nsuccn~m:f:tll $6lt fo:t; scho()l t:ype. ll· 2 .l •• 

again l~>~'e c;1:~~pect 

possib:L:l:i.ty exists we expect~ 

i.e., the rat:to of total sets on each school type should he ec.r.ual to the 

ratin of th(,\ dens:ttic~so Co:roJ.:d.ning W<:) have 

~:md 

vl (12 

v2 (12 

:1. 
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( 
s s A. ) ., ·-· ]. l 2 

\). 12 - ~J - "" i!. -·-·· ····-· A. 1 1 \) 1 2 v 1 A. 1 1 

o:r.· 

r:;; -s 
l 

wh:i .. ch ;Ls a lix•ear equation system in (/.. 
1 

~ 'A 
2

) • 

'l'he sam<-:~ methods work fo:~::- 3 and 4 ~.:1chools pre13Emt. Nt'):X:t Subroutine 

mined and an initial value of o. 75 of the uppe.1~ bound ±:orms the :i.nit:i.al guess 

fo:t: suhrout:i.ne MIN which :i..s now called ·to r..>olve the mathematical model of 

the f.ishinq procef:JS. The solution for ::.:.chool c:ten~:dt.ies: is tes·ted for 

accuracy by caning' Su.broutine CZ:F.JCK wh.:tch subst:i't~utes the est::tmed~es into 

1:he e.qu.:oJ.t.ion syfJtem to check the pe:ccentage err<.')J~ between ·the observed Ei' 

the estimat.ed expected successful sets pe:r. day :f:rom logboo'k :t•eco:~:.·d~~ of 

succE~ss:f.ul sets and f:lsh:Lng days, and E'i the p:r.:edict.ElH'i expElt-::t:ed succes:sful set.o:: 
,, 

per.· day on ~3chooJ. typE~ .~. from th~~ model ne:.:t:n~r 1.. '\ta.luef3. If WE.~ have 

li' .... E. 
;t, 'W }., < • 005 

:m • 
••• ( 9) 

. l. 

the S()lut:i..on was ;judg·ed r:wt'l:isfac'l.:ory and a. :re·tu:nt 'to t.he MA~IN ,progt•am :l.a 

"' ex~~cub~Cl \olfith the vahte o:[~ A, U~chool dt::1nr:d't~:LE;\S) • C)t;herw:i.se, Suhrou:l::ine GSHSl!, 

is called with thc-,1 :.l.nit::Lal sruesse'~' that werE! the closest: solut.ion dlf'Jt.ermined 

by Subroutint• M:tN.. ~~he :r.(;:aso:n for us:ln~r t:wo di.:f:Ee:rent sub:~:·out:ines to 
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accc>mplish the sam.(o goal was :for eff:ic:i.~;;ncy. ~rh:l1:; r~olut.ion .is ·tested for 

converg·ence by ct'l.ll:i.ng Subrout.:l.ne CZl<;CK, usi.ng eq~:~.ation ( 9). 'l'he p:rogrmn 

:ret:.urns contJ~ol to ·the M.l\XN progl:'cm1 with these ·x and calls Subrout.:tne ABtJND. 

(yellow:fin and ~:Jkipjack bir)mctss i.nd.:J..ces) ~ ~~qua:t~io:n (30) of Pella cmd Psaropulos 

( 19"15) • 

onto cards in th~\ f:ol.low:i.ng way: 

Column :E' m::m<:rl: 
·~--·· 

, ... ....._._... .. -~,.1~ 

J. .... Ej I6 
7-9 I3 
1.0' 11 I2 
12·*19 :b~B. 3 
20-28 li'9. 3 

29-36 P8.3 
3'7-45 .13'9.3 

46··55 FlO. :3 

56-65 11'10. 7 
66-75 1~10 .. 7 
76···80 :r5 

area 
month 
si:;::e cl.a.ss 
ca:t:ch p~~.t' day yeUow:t:in 
ca·tch p€~r day yelJ.otvfin 

sqt.:tared 
ca·t:ch per day :::1k:i.pjack 
catch per. day r~kipjack 

squa:t:·ed 
c~;rtch pe.r day yellowfi.n ·times 

ca.toh pex· day skipj ad~ 
yell.ow.fin biomat<H.~ index 
sk:i.pj acl;;; blomas~~ inde:x: 
year 

205080 
6 (J'une) 
5 
5. 000 (5 ·tons) 

25.000 (25 tons) 
1. 500 ( 1~ ·tons) 

<'· 

2. 250 (2t tons) 

7. 500 (7·ilr tons) 
0.16'71727 
0.0210402 
1970 

All abov·e data was right: adjusted in th(:;d.:c :respectiv<~ fi.eldE~. 

rr.he procedtu:e fox: com;put:i.n9 the biomass :i.nd:Lces col~rect(~d for efficiEmcy 

between vessels wer·e described by Pella <:md :Psal~opnlos, ( 1975). 

of t:he model 

y 1<:1 s Cl.YD + ~ cro 2 -t· s c:t?o 'J.' 
y 1 y 2 y 3 s 
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wlv~rE~ the subscripts .¥.. m.nd -~~ x:ej~e:r. to yellowfi:n and c1kipjack t:una respectively. 

A Ed.mila:r egucltion was used ±:o:r skipjack tuna with the X and ~ :i.nte:rc:hanged. 

Once t~h<~se annua1 coEo~:f::f.:l.ci.(;1nts <:>f (y, CP.D) dat.a po:L:nts ·that wr~re beyond 

three standard dt01V:i.at:l.on~.::. •:r•her:>e pairs of Viilu(as we1re d\\ileted a:nd the 

cme:f:fic:l.ents w~~re reoalculat~~.:!d using BMD02R~ '.l'he t:;ig'l:d .. :E':Lcant: coeff'ic!iE~nts 

lll't the 5% lovel o:t: test.i:ng we:t:'e re!'!:ainE"~d and wel:'(.1 used in t:.he next !S'!:ep of 

this analysis in Pro~rram FINAl •• 



')r.' •• o 

Input~ dat.a. t:o th:i.s pl;OSJX'Cil'O. i:nolud.e t:h.(~ annua.l regress:.i.on coef:fioient:s 

computed by BMD02:R. along with a list of: 5° a:l:ElaG t.o be' analyzed; and the 

catch and ef:fo:r.t: i:nformatJ.on on magnetic ·tape (ar; de:sc:J:::i.bed in PJ:·og:t:'am J?Rlil.Mlt1G). 

'.I!his .P:t:.'ogram co:mptrtos tho. CPD···va.lues fo:r. Eli::Wh s:l.ze class, and t:ransforn1s them 

in<'.:tependently to ~-values, biomass :Lndices corrected f!or e:f.fici~mcy c1:L:t::ferenoes 

ll'm:mat: 
-~-

Ca:r:d 1 - numbex: of yea:r.~~ to be emaJ.yzed _..,._01.1.1""'-· 

Yea;rg~r: 

02 (2 years) 

£.~~ .. ~ ·~ annual regresdon coef:t::i.ciorrl::s yt'}llowf:i.n tttn-i:t .f'o:r.: first year 

1-4 !4 year 1961 
5 1X blank 

s:tze C:le1.SS :3 
" 6-1.5 Fl0.5 f~ 1 .02154 

16-25 F10.5 t~2 .... 00018 

26-35 F10.5 
A 

~3 0 

size class 4 

36•w45 :F.'lO.S " ~l • 0201.8 

45-55 :~'10.!) ~ 2 
-.00007 

56-65 :1?10. 5 ~3 0 
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~t'his m:'de:r. corrcim.tes (Ca.:rds 2 t.hrouuh ~)) unt.il all t:hE~ yNtrs to bEl 

analyzed a:r;e rt'lp:r.ek~€nrted. 

Output from t.h:i.s p:r.Qtr:r.am :Ls a lit?·ting by 5° area~:;~ month~ and s:Lze 

" c:1.ass of t.hE:I Y·•Vittl.UEH:l fo:.t." yC::::Uowf.in and skipjack tur1a along- with t~he effort 

expemd(?d. Thi'r.> :i.nfo:t.'ma:tic::m v;rars usE!Cl in the estimation of annual abundance 

(\ 

month, a:nd si:r.;e class we:t:e transf:o:r.rned to y-val.tles using C.1C.f1.tat,i.cm (40) with 

the pa:r:a:me:t:er valueH of Tablr~s 9 and 10 (Pella and P.sa:ropulos~ 1975). 

Yellowf.in CPD-value~> we:ro t::r..'ansfo:r.m~:Jd only :Eor the u!u•egula.ted pe:r..·ioc1 of 

each year r::d.nce CPD-values du:r:·ing t.lw clostu:t:5 are o:r:: little vahlj~ in assessing 

abundance, Skipjack cro-valt\es were t:ransfo:r.roed. for both :t:~~gnlated a.nd 

um:egul.ated periods using the approp:d.ate ooeffi.o:Lents of Table 10. 
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P:r.·oqram L!NHYP (Gcnm:a1 J:..inear Hypothesi.s) 
·-~----..... --

... 
values of y .. ind.:L<.H~s and effo:r.t: an~ extra.ct.ed from ot.rt.put of .P.rogxa:m 

of.~ lineax· modt::l t':lr~f:IJ.Bl'tion ( 43) x:•r.:ll.la and Pf:tctr.opulos (197!5)) and values for 

"' missing· Y-biomi:lBS i.ndic:es. 

Th:i.s p:rog.ram has the f:t.e:dbil:Lt:y for oombinir19 ctr.eas ~ .:i.f desired, :i.n 

es'l::ima:t::Lng the m.ia.sinq biomassl i.ndice~~. 

l. Input ... ,~ .... ~ .... -

1-9 
10,11 

1·~6 

'? ... a 
9-16 
17,18 
1.9-:~2 

33~.~34 
35-49 
50··52 
£13-70 
71-'14 
75 
76-79 

9X 
J.2 

6X 
I2 
BX 
I2 

14:X 
I2 

1.5X: 
I3 

3AE> 
Il:t 
lX 
!4 

Cell :index ca:r.ds 
-ao ... w.ot .. ~ .. ---·-,,~~- .. -

1-6 3!2 

7-1:?. 5!2 

comm.ent 
number o:f a:t:·ea!> to comblne 

comment 
nu:rnbEtr of yea:r.·s1 
C01tll:l1(;)l'l t 
numb(';:x.· of. m<mt:hs 
eomxo•B~nt 

number o:e sizc-o\ classes 
comme.nt 

,, ' d' m1mb('-.l:t.' o :E y ·<Ln . :t.cc~ s 
comment. 
numbe:t: o:r: the fiJ:~~3t indr~\:X: 

hla.nk 
number of t:hEl last. index 

second cell ind~~z. 

NO. 
01. (no comb:i.n:i.ng) 

YEARS=: 
J3 
MONTHS~; 

12 
s:r:z:&: CLf\SSFJSt:u 
04 
NO. OF INOICES~m 

:1.03 
00075- SKIPJACK 
1. 

103 

lll 3 (1st Yt':lar, 11th 
month, 3rd size class*) 

2 4 4 (2nd yea:t:, 4th 
month> 4th sizll) class) 

cont1.md.ng t.hr()'ugh Column 78 of each c:a:~:d until all the c~111 ind.:tces 
hi'XITEI be~:m spc:~c:i.fied .• 

'* S:Lze c1as1;;es 3 ·through 6 a:r:e i.nde:x:ed 1 through 4 :cespect::i.V'E.:11.Y.. 



1-6 

7-1:?. 

1-6 

1-6 

JJ'6. 5 

F'6.l 

It.<:)ffi 
·~~ .. ~-""-~ 

A 

f:i.r1;rt y-:LndeJ( correHpond:Lng· t.o 
t:he :E:Lr.st. cell inde.:x 

J\ 

st~oonct y "" i.nd~::.::x: co:r.:r.<~spond:i.ng to 
the sc.~cond cell i.ndo~-:: 

f:i:r:::lt:. e:f::ft:)rt cor·:cespond:i.ng to 
the :E i:r. st ce.~ ll. ind(olX 

~::econd e~f:Eor'l::. c:o:r.:n~s:po:nd:lng to 
the second cell .index 

:?.B 

0:?.712(0.02712) 

35940 (0. 35940) 

10 (1.0 days) 

240 (24.0 days) 

Continuing t:h:eough Column 78 of each card until all the efj:o:rt has 
been spelc.i.:E:i.ed. 

Zero c<-:trds (contain ~1f.fo:r.t and no ca:t:ch, e.g .. Y~·value!;; e::: O) ·-··-·-.........---
9X 
I2 

3:t2 

3J.2 

c rJffilll{:\n t 
ntu.uba:r.· of Ct>ll :l.nd :lc~~s 

1:ir.st. cell :Lndex 

~'lecond cell indei<: 

NO, ZEROS~ 
183 

2 5 2 (2nd year, 5-t;h 
mon:l::h~ 2nd s.ize class) 

2 5 3 (2nd year, 5th 
month) 3rd size class) 

Continui.tHJ' through Column 78 o:E each c;;;IX'd unt:U all t:.he cc.~ll indicc:ls 
have be(:.'Jn speci:r:ied. 

No catch effort ca.:rds -·- "' ................ __ ....___. 

Jl"6. 1. :Hrst. effort, cC~n:esponding to 
the fi:r.s1t. cell inde:x 30 (3,.0 c1ays) 

'7-1.2 Ii'6.l c~IO~Cr.md (~:f::f.o:r.t. co:r.:t:'<~spond:i,ng to 
the second ct:-) 11 :i.ndElX 2S (2.5 days) 

Cont:i.n\.t:Lng through Column 78 oj: each ca:r.d, unt:.il al:t. th~:'l l:~:ffo:r.t has 
been sp~wifii?Jd. 

11!hi.s progJ:'am reads in tlw: data cards, st.o.1~eH1 thr:lm i:rrto app:ropr:Lat.~~ 

a.:rrays, wei9lrts the Y··ind:i.cE.~s by the :E'lshing <~ffo:ct:. cmd uses the techn:l.que 
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Y.ll1ARS~:>1.2 ,MON'l'HS~i<lll2, ,SIZE CI..ASSESt:ll03 ,No. o:&' IN1)!CES~:~~042 00085 YB:t,LOWF!N 1, 42 

< Indc::~x ca:t·ds > 
, .. ~y'' 1')·~om"'<'S' C'''''~d· ,., '-,...._ "''"J.. .. J~ C:&.b> .._ .; t;~.L. ,.:> ..-.'l' 

< EffOJ::i.: ca:r.ds > 
NO.ZimOSt:::49 

<Effort. ca:t.·ds> 

YEARSml~~ ,MON'.l'HS:::~J.2 ,SIZB CLASSE!SJ:~.,03 ~NO.O:I? XNDXCE~1~»1020 00090 YBI.,:LOt'il!i'J.N 92, 111 

<In de~~ CH;I:IX1s >;· 

< Inda:x: c .:~rc1s > 

ot.c. 

IJ.'ne nuri\be:t· followin~J Y.EU~OWFIN, Columns 71-74 a:nd Colt.wms 76-79 correspond 

'to ·t.he n'l.llllber of indiceEi st;a:eti.ng at 1, and Emcli.ng at 42 for the first. area. 

The Sf;'!.cond area havt~ thE.~ nt'tmbfjrs 92 and 111 punch<:ld. in t::he :t"espoot~ive columns. 

These are t:he cont:l.nuing indices when a.s :Ln t:.he above exart\P.le two areas a:r.e 

c:omb:l.ned. The~>e rm.mbers a:r.:·~3 ded.ved by adding 42 plus 49 (th€l m:t.rn.beJ: o:r: 

Thi.s procedux·e is cont;i.nued for a" many m·ea tha:t one wishes to combine. 

output :E:t:<')m this pro~p::am :Lncludc~s two tables :Eo:t:' ~~acl1 L'i 0 ar.·cila. by year 

"' and .month Bt:.rata o:E the Y·~ind:i..ces. 'l~he fi:t.·st table has the wei.gh1~ed. mean 
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i;> :l.nse:r:ted. :r:E the ~:.e:ro car.dt> s'h<:)Wf,\d that so:me fishing- occur:r:C:~d. with no 

ca·t;ch, then :'i.t is aso-Tmn~~d a :tow density of f:L~3h exist and a zero :L:S~ .:l.nserted 

in the tablo. 

'l'he st:cond table is madr:'l up o:f: the t~ijJt:i.mat.ed values from the linear 

model" Both tables have monthly and anm1al avl:lrage. 

Additional output of t:his program consists of 

a) Analysis of var:i.a.nce w:i.t:h s::i.ze class elass:i.fication 

) • '" . ' . 1 ' 1 1 ··~· ' h Anal.ys1s o:.: var:umc~~ w:t.t 10ut ::nr<:e c ast~ c ass:~.:n.catJ.on 
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1. Sol~t1.na of dat:.a c~:~rds _. ............ ,_...( ... OoJ.i. .............. _.,..ll> __ .. _ ... __ ~w-

'I'here aJ::-e 3 data dEJCk.s to be sm~:tod; ·the. catch and offo.rt cards, ·the 

to 1969). 

Pn:r.·s(:~··se:l.ne set caxdB a:r:E:l li.>O:t:'ttJd by arf3a a.nd mon:t.h, :i..e. Columns 12, 
11 ~ and 6 thr.oug·h 1" 

'J:'he ca.tc:h and e:f:':f.ort f).nd single ~;:et ca1;d.r; are put on magnet:i.c ta,pes 

physi.ca:L :r:ecord. to be USfX1 by Program J?REMI!:G. 

3.. T :i.:cnt:! :i.n se·t CJardr,; ___ .. ,....... ' -""·-··--
'J:'he set times are pai:J:.·e:;d values of the ·t:i.me a \1'('1-SEH'!l r:3pent :i.n a set~ 

state and t.he size of the set. P.rogrmn r~:r:Nl~:rT corn1"lu.t.es thE~ :re~~ression 

coef:Eicien'l:.:r> cln.C:t k1arnple va:r.:i.ance for thE:l relationship between 1::t.me in set 

and st:rt s:i.ze ~ thesr.~ are punched ont:o cards i~o:r. input. irrto J?l:c.)sp:am PRI~MEG. 

F.'or e<:wh year t.hex:e i.s a 1:10t of boat card~> w:l:l~h th(:~ info:t:·mat:Lon of 

cards <~.:r.·e for input lntcl Prog.ram PRJl!ME~G. 

The funcJt:i.on oj: thi~; prograrn is to p:r.oc:css thE~ logbook :i.n£0l:-mation and 

stot·E~ the output orrl~o magnet.ic tape for :i.nput to Px:ogrrun MF.~GAI.O. 

'1'ho follow.insr is the d.esc:r.::lpt.ion o:f trw deck set up nt~E)ded t.o execute 



Sys·t:ems cardB st:art in Column 1. ~ 

"? NAME=PI\EM!!!GA:LO /PSAR01?UW8 

~) B:E:GIN 

'.? COMPJ:JJ!.: J?REMl~iG/Pl~OGRl\M POR'r.HAN [COM:POK] LIBRARY 

'? ltrii8 E'U..ElO (EX'1.'MODBr-"BCtJ~11ARI'l'Y::.:NONS'I'Al'i!Dl\RD, l 
IN'rHOD:t1c::]~l3CD IC ~ UmE::Gl'Y'PEil:t!()lVJ.I'.'r'.J:'ED:biOF, BU)CKS J:Zl!:m::?.OOO, 

UNJ:TS~HARAC'l'IDRS ,MAXf:'\ECS IZE::=8 0) 

I 
"( li'II..E t•'IL1~30 (KIND~DJ.SK~lYIAXRECS:tZg:x;:J.05 ,BI.,OC1~SIZE!t.<.:2E)20 .~ I 

AJlliAS:r:zEm~:50 ~J.\1tl~A$t.:otl.5 ~J!'I.EXIBI.E, DNlTS:::CBARAC~t'E'RS, 

~PI'l'l.S::;;PREME:G;'197::WR~l?ROTEC'J'ION~ailf!~) 

? DATA 

:U'IIJJ! lO=!IC002 ,HECORDr.:tl4 ,B:WCK:tNGw-25 •'(JNr.llJ3EJ..ED 

l''ILE 20~C009 ,RECOI{t)t::l4 ,13I,CX:!KINGr.:<2!3 ,UNJ:..ll.BE:Ll~D 

FILI~ :30 (KJ.:ND:t:11.1!SK,MAXRECSIZE::::105 ~:13Ll'1CK.SIZBt::2520, 

1AH.I<JN.1~r.::1S ~F11!1XIBl.J11 ,tJNI~PS:::CJIAHl~C'l'ERS 'I PRJIJMgG/19'73NR1 ~ 

2I?R0'1'EC'I'.IONw.~f,J.iMT.£)1) 

<J?O.R'!'R.llli SOURCE CA:RDS> 

? J:Ii' COMPOK :rSN~e COMPl:LEDOl( 'l1HE!N GO 'J:'O ABOR'l' 

~) RUN' S:BJRVICii!/OP:CNl?C) ;l)J.~T.li 

T.C002~l'C002 (NS) 7/556 NORJ.NG NO J?URGE m:, 
TC009r"''.l'C009 (NS) 7/556 NORI'NG NO PURG:t'] UX. 

? RON PREMl1!Gf [RAN OK] 

'?DATA 

FII.J1lS SKtP ON SS:.-=:()2 ~C+El=1.3 

<BOAT CA.RDS> 

<BJ:.ANI< CARD> ! 

32 

~: Single Si..'rl: 
data tnpe information 

~: Catch and 
effort dat:a. tape 
information 

Note: output. da·t:a 
t~tp'e i.nf:o:cmaticm 

Not:e: Da:ta Set # 1 

Note; Data set #2 

Not:.(:l: Data Get #3 ·--
Note: Dert:a S(;:!t #4 



'? J:F AANOK ISN'I' COMPLF.~t':f5DOK THEN GO 11:'0 ABOR1l' 

'? :RUN SE:H.VICl5/0PINli'O ;DM'A 

PSA002 (NS) 9/800 R:CNGIN PURGE 00 

':.' COPY PRHMEG/eo; TO PSA002 [COPYOI<] 

? IIi' COPYOK ISN~L' COMP:r.Ji!'l'li:DOK ~rn.rm GO '1'0 AHOR1' 

'? Rt~MOVE :PRJ<jiYJ)~G 

? ABORT: 

? IU'ND ,JOB 

33 

The a.bove sy~>t;ems ca:t:·ds will takf) the Single Se·t data from ma.gnetic 

t.ape 1:t'C002 (.in this E:xarnple. :E:r.om tho 3:r.d :E:i.le :i.ndi.cat~ed on Data Set #2 

which :i.nstructB the computer to okip the :f:!irst t:wo :E:i..lE~.s) a.nd the Catch 

ct:nd. Effo:r:t dctta ±:x·om ~t:'C009 ( :i.n this examplo from the 14th :E:Lle ind:i.<~ated 

on Data Se:'lt #2 which instructs the compute:r: to sk:i.p the f:i.rst: 13 files) run 

t;he px·og:t~am and px:ocess the output data orrt:o disk. 1'hen Pro~,r:r:a:m PRE:MEG 

and t.he output o:E t.h(~ p:t:og:r.·am at"e sto:r.r~d onto t:ape PSA002 with the l<>lhels 

PRJ:ilMEG /PRCX'liU\M and ll:Ri!iMEG /19 7 3NH.. ~·hen the :ln fox:mat.ion :Lrt> :re:movE~d :E:r.om 

t:he d:i.sl< Hb:r.ary. l'ap~~ PSA002 is now ready to be procer:1sed. by Program 

MEGA.t,O. 

~this p:t:ogr<:u:n reads thE~ output :Lnfm:tnEition of Pro91'iltm li'REMI~G fx·om tape 

PSA002 (.in th:i.E! example) osmd com;putE~r:l th:t."ough the :rn.cx.'iE!l :f.'o:r :purse-seining 

(Pella and J?saropulos, 197!5) a measu:t:·e of: biomass .t:o:r.· yellowf:tn and skipjack 

p:r.og:r.am on the Hur~on.gh' s 6700 Comptrl::•~r. 

syste:tnfl cards st:a.:r.:t in Column 1: 

:r:~rn; 

Password 



'? NAMg:~]?OLYMIJ!GA:r..o /Pf~A,ROPUI.OS 

? BEGIN 

? COMJ?J:I.,g M.EGAI,O/l?ROGAAM JWR~r:RAN ( CONP.OK] I.J:BRARY. 

'? li'IJ.J3: FILE20 (KJ:ND.,:DJ:SI<:,MAXRE:CSIZE::.::l05 ,BLOCI<~SIZI!!M=25:?.0, 

1r'I':PI;s·~·MBGAL0/197 ~m1~ ~ PRm.'}~C~riONtl!l~mvm) 

"( E'U.t~ l?IUi:30 (Kl:ND:"4:nS:t<:~.Hl\XRECSJ:Z1!:r.~lOS ~BLOCKSrzg::::2~52.0 ~ 

AREASIZf~t~:1f:)0 ,Aro~.ASr,(L5 ,:r!'I,J:!iXIB:LiE: ,"01~:t~l'BmuCHA:RC'l1Jl.!{S ~ 

~PI'11LEt'~PRI1!:t>:U!\G /19 '7 3NH., P.ROf£'1i:C'ri.ON=>SAVg) 

? DATA 

<ll'Ol;!.'I'RAN SOURCE CARDS> 

? J.E' COMPOK :WNT COM:PILTIDOK THEN GO 'l'O .ABOR'l' 

? RUN SE:RVICE/OP:l~NF.'O ;DA'l'.A 

:PS1~002 (NS) 9/800 1UNGOUT NO:PURGB AU~CO 

'? COPY J?REMF.G/l97:3N'J:\ .. FROM J?SA002 

? RUN M&iGALO /PROGR2\.M ( RP.iNOK] 

'? DA':rA 

<Sere powe:r: fac'l::.orr:> for 1973> 

? IF RANOK ISNT COMPI.F.'I'EDOK 'I'HgN GO TO .ABOR'I' 

? RUN SJ!.:RVlC:E!/OP.INFO; DA'l'A 

:I?SA004 (NS) 9/800 lUNG:J:N :PURGE Ot:l 

? cop·~· MEGAt.O /= 1'0 PSA004 ( COPY.OK ) 

IF' C01:.YOK ISNT COMPLE'l'EDOK TI1EN GO ~1.'0 ABOR~t' 

? REMOVE MEGALO 

? ABOR'r: 

34. 

Note; Data Set #2 

'l'he above syst(:>ms ca,:r.ds will take the block o:E ctata f::com .l?S.A002 1 l-:ttwely, 

P'REJ)1]lG/l973NR, st:o:r.e t)nto disk~ process ·t:he information {comput:ing the school 

demdties and biomr.:tf:Jl.:l :i.nd:l.c::es) ~ st.or:i.ng ·the resul:ts onto t:ap\'.i PS.A004: \'lit:h 

the labels MEGAI,O/l?H.OGRAM a.nd MmG2U.0/1973NR. 'l'his progrcun punches out a set 

o:f. data ca:r.:ds w:i.th the~ catch pe:r.· e:Ei:ort: :Lnfo:r.:mati.(;~n and ·the b:l.omass incliot~s 



This prog:r.'am :i.s ~>to:red. on th<? B1:u:rouqh' s 6'700 Compui:e:t· library and ·the 

? BEGIN 

? g}Qi:CU'.t'E S'rATl?AK/EM0(:12R 

? DA'l'A 

<Data oa:r.:clt'J pi.U1Chec'! by P:r:o9r.a:m MEGAW;:> 

E'INISH 

? gNf) JOB 

'I'his p·rt~r;..uu. comp·ut(-\S a sequence of :multiple l:i.near r~.~gression. equations 

in cl stepwise manner.. 'l'he s:i.gnificnnt coefficients on the 5% level o:f 

FINAL. 

8 • Prog:r.a:m F'~CN.i\U, ....... """"'..,.,._ .. ____ . __ .... 
:tnput. data i.nt:o thi.!~ :program :Lncl.ud.e tb.El a.rmu.al 1:·eg:r.ession coefficients 

comp1.1.h~d e:bove and th~~ catch i:UH.'l o:f:fort in:fo:rma.t:.ion on magmlt:l.c tape (PSAOlS 

i:n this example) • 

Syst.em cards srtart :i.n Colu:n:m 1: 

:r'1.'11/ 

? NAMl~::<li'INA:r .• /PSAROl?UI.OS 

'i' Bli:G:tN 

'? RUN Sli:RVICli.:/OPINPO ;D.~~TA 

:PSA018t:!j:l?Sl~Ol8 (NS) 7/~5!56 NOR.tNG NC)'f'URGE m:, 



? COHl?lX.J.<: :e':tNl~L POR~'R!\N 

:? FU.E ]'IL'EUO (Ji:X'rMODE~::~BCL,P.AlU'l'Yil>1NONS~'AN1)]\RD, 

J:NTMODE••mi!1BCDIC,L.ABKtll:'Yl':>E:,,OMI~£".t'.EDBOF,BLOCKSIZF!::-.:l2000~ 

lJNTTS~•CHARAC'l'l!:'"iZS ,MA.XRf!1C.SJ:zg=80) 

~) DA'l~A 

]':ClJ~ J.O~PSA018 ,RECORDr-:..1.4 ,BLOCI<J::NG'"'2f) ,rJNI.ABr~r..:mD 

<FHOGH.AM SOTJRC:IJ: DEC.TC> 

? DM~A 

<Dat:a, :x.-~~g:t·emsion coef:f.icd(:mts> 

? lnND JOB 

36 

'l'h:i.s p:t:'OfJY.'alU <:l()mputE~s and p:rints out the CPD-val:tl0iS and transforms t:hem 

to Y-values. 'rhese a:r.:e b.i..omass i.ndicc~s co:c:r:eoted :Eor <::::t:fJ.ciency di.f::Eerences 

between size cla.SS(:H:lo 

9. J?!:.'?.\i!.E~n~.J~.J;.l'ill!~!'. 

Input data in·t:o this progra.rn on computer <nn:ds were ~~xt:r.acted from PrQgr~:un 

" :tr!.NAL pr:l.nt:out. Thi::> p:x.-ogr.am g<m.erate~> vahlo~' f<n:· missing Y··inc1ices. 
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