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STOCK ASSESSMENT OF SOUTH ATLANTIC ALBACORE BY USING PRODUCTION MODEL ANALYSIS, 1967-1986

SUMMARY

This paper deals with the stock assessment of rhe south Atlantic alba-

core resource by using surplus production models to analyze catch and

effort statistics dating from 1967 to 1986, The analyses of effective

fishing effort spent on the resource has been carried out in terms of
effective hooks (Case 1) and effective fishing iatensity (Case 2) for
comparison.

The results show that: (1) a generalized production model witrh para-
meter m equaling 2.00 appears to be the best fit of the data set; (2) the
maximum sustained yield (MSY) of the resource was estimated to be in the
range of 23,830 MT to 24,760 MT per year for Case 1 and Case 2 respective—
ly; (3) there 1s no significant difference between the estimated MSYs by
using the two cases of effective effort.

The current catch level (28,050 MT in _1985) is just about 10 percent
over the upper limit of the estimated MSY whereas the current effort level
wag about 20 percent higher than the estimated maximum level producing the
MSY. It is suggested that the stock has been reaching 1ts maximum exploita-—
tion phase siace the early 1980s and hence careful monitoring of the fish-

ery should be continued.

RESUME

Ce document traite de l'8Bvaluatlon des ressources du stock de germon de
l'Atlantique sud en utilisant les mod2les de production excédentalre pour
analyser les statistiques de prise et effort de la période 1967-1986. Les
analyses de l'effort de péche effective des ressources ont &t& menées 3
bien en termes d'hamegons effectifs (Cas 1) et d'intensits de péche effec~
tive (Cas 2) pour Btablir une comparaison.

Les ré€sultats montrent que: (1) un wmod2le de production généralisé
avec un paramdtre m = 2,00 semble Btre le meilleur ajustement du jeu de
données, (2) la production maximum soutenue (PME) des ressources a &ré
estimfe se situer dans la gamme de 23.760-24.580 TH et de 23.830 3 24.760
TH par an pour le Cas 1 et 2 respectivement; (3} 1l n'existe pas de dif-
férence twmportante entre la PME estimfe en utilfsant les deux cas de 1'ef-

fory effectlf.
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Le niveau actuel des prises (28.050 TM en 1985) se situe juste au-
dessus de 10 X de la limire supérieure de la PME estimée alors que le
niveau actuel de 1'effort &tait d'environ 20 % de plus que le niveau maxi-
mum estimé produisant la PME. Il est suggéré que le stock a atteint sa
phase d'exploitation maximum au d&but des ann€es. 80 et 11 est donc con-

selllé de suivre de pras la pécherie.

RESUMEN

Este documento trata sobre la evaluaci§n del stock de aton blanco en
el Atlfntico Sur, utilizando modelos de produccifn excedente para anallzar
las estadisticas de captura y esfuerzo desde 1967 a 1986. Los anfilisis de
esfuerzo de pesca efectivo aplicados al recurso han sido llevados & cabo en
términos de anzuelos efectivos (Caso i1} e intensidad efectiva de pesca
{Caso 2), para su comparacién.

Los resultados muestran que: (1}, un modelo de produccifn generali~
zado, con el parfimetro m igual a 2.00 parece ser el mejor ajuste del con-
Junto de datos; (2) se calcul§ que el rendimiento miximo sostenible (RMS)
del tecurso se encontraba en la escala de 23.760 t a 24.580 ¢ por afio y de
23.830 t a 24.760 ¢ por affo para los Casos 1y 2, respectivamente; (3), no
hay diferencias significativas entre los RMS estimados utilizando los dos
cagos de esfuerzo efectivo.

El nivel de captura actual (28.05( ¢ en 1985) se encuentra un 10% por
encima del lfmite superior del RMS calculado, mientras que el nivel de
esfuerzo actual era de un 20% superior que el nivel miximo estimado de
produccibn del RMS. Se suglere que el stock ha estado alcanzando su fase de
explotaclﬁn méxima desde principios de (%80, y se deber&, por tanto, con-

tinuar un culdedoso saguimiento.



INTRODUCTION

Albacore (Thunnus alalungr) is one of the masl sbundunt  and
economically important tune species in the Allanlic @cean. The
resource has firstly been exploited in commercial scale Ly the
’anunese longliners in the late 19h60s bLut the fleel grndually
swilch Lheir Largel species frow ulbucore Lo bigeye und bluetin
tunus since early 1970s. The Tuiwanese longliners joint Lhe
aclivilies siuvce mid 1960s and became the wmajor fleel Largetliong
on Lhe resource. In 1985, e.g., the wlbacore harvested by the
Tniwan  fleel comprised 85% of the Lotal atluntic albacore caught
in  Lhe Allanlic. In recent years the developument of swurfoce
fisheries, i.e., Lroll lines, Lait boal, and purseiners opernted
in the Atlantic Tished considerable amount of smaller sized ish
of the tunas resources in Lhe surface layer.

The Atlantic salbacore populslion is believed Lo Le tuo
distinct aud sgeparate stocks by the 5N latilude (Vang et al.,
1969, Yang, 1970; Bartoo, 1979; Yang and Sun,1983). The southcern
stock has been majorly fished by the Taiwanese [leel since enrly
1970s. Scientists of the Standing Committee on Reseurch and
Staulistics {8CRS} of the Internalional Commission fos the
Conservalion of  Allantic Tunas (TUCAT) huve expressced  conceprn
about  the ability of Atlanlic Luna stocks Lo sustain  Lhe high
culch level since mid 1970s. The soulh albmcoure stoch is one  of
Lhe stochs they are concerned which led lo previous unalyvses of
the stalus of Suvuth Allantic albucore {(Shiochama, 1877, 1978,
1979; Bartovo and Coun, 19835 Yang nnd San, 1983 Liu, J198G).

The mnin  purpose of this study is to assess the current
status ol the albacore resource in the soulhern Allanlic Cccun by
fitting the surplus production wmodels upon the updated cateh  and
slundnvdized fishing effort data of [lrom 1967 Lo [986.

MATERTAL AND METHOD

Production wedels Torm one of the two groups of models  used
in  studying fish  populetion and assessing Lhe slale  of  ish
slocl (Gulland, 1983). They criginated frow Graham (1935), who
utilized the logistic model to estimale Lthe yield which might lhe
expected from North Ses (ish stlock. Schaefer (1954, 1957)
developed a moudified version of the logistic model and used il Lo
estimated the maximum sustainable yield {(MSY) for Lhe Caliloruin
sardine, the Pacific halibul, and the yellowlin tuna  of  the
enstern tropical Pacific Oceun. Pellas and Towmlinson  (1960)
developed a more [lexible formulation that allows Lhe siumple
purabola of Lhe Schuefer wmodel to be shkewed to the lefL or right,
permitling the bestl empirical it to the observed data. Fox
(1975) described n procedure for fitting Lhe Tellu-Tomlinson
model that requires equilibrium approximalions. Finally, Schuute
(1977) derived linear and nonlinesr melbods for estimaiing the
coelficientes of Lhe Schaefer siodel.*
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The general production model for a single-species systom s
Eiven by (Scheefer, 1964):

dP/dt = P(L)g(P(L}}-P(L)h(f (L)) e
vhere P(L) lis Lhe population size al CLime t, g{(t)) in tho
regulatory  function of Llhe rate of population increase, hil{Ly)
is the function of fishing mestellty excerted by (L),
Fishing effort. Pellu and Towlinson (1969)
flexible simple function for P{LIg(P(L)} ns
m
POLIEEPLL)) = BP (L)-KP(t) (2)

un ity of
introduced the wost

where I, XK, wm are coustant paramelers and I, K must be pasitive
when m <1, or H, K must be negulive when m > 1. The  genceal
ussumplion about the lunction of fishing movinlitly is:

(L)) = FLLy = gLy t3)

where F{t) is the fishing mortality rate, ¢ is the caltchability
coeffficient, f(t) is the fishing effort standasrdized Lo be
proportional to the F(L). Substiluting (2) and (3) inLo {1), tLhe
generealized stock  production model
Towl inson, 1969} as fullow:
m
dP/dt = HP (t) - LP(t) - qf(L)P(L) o)

wns  obbtained {(I'etla nnd

AL equilibirium situalion; we then hove:
aqf + k. 1/{w-1) 1/(m-1)
Y = qf {(~------ ) = f{a+bf) (n)
af + Kk 1/{(m~1) 1/{m-1)

u =(atbf) (61}
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where Y is the equilibrium yield and U is Lhe equilibrium
per unil effort, =& und L are parnmelers; i.e., a and b  are
recombinations of H, K, and q. The relalionships of intercsl in
fishery manangement are obinined by differentinting equation {5}
with respect to [:

catoeh

K (l-m) 1
fopL = oenes = & (=== - 1) /b (7)
me .
qll B/ {m-1) 1/ (=1}
Uopl = (--~-) = ta/m) 5
Hm
K m/ {m-1} K 1/(m=1)
Ymax = MSY = fopt.Uopt = N{----) — K{emmm)
wit il
§/(1-m} WA e i ) 1
T ¢ (=== - 1)/b (9)

- m
where: fopt is the optimum fishing effforl required Lo produce
Yuwax, the maximum sdustninable yield: Uopl i Lhe

X ] culeh per ounit
effort at point where Y is maximized.



From the above equations, we know tLhat m cannot equul.l, for
other wvalues of m in equatiocns (5}, (6), we get au family of
curves, for which m=0 (ssymplutic model), m app?ouches Lut d@es
not equal 1 (Gompertz model, or Fox's exponential model) (fnx
1970) and m=2 ( logistic model } (Schefer, 1954 19567} ure special

|
cases.

Fox (1976) developed n computer program  PRODFIT Lo [il
generalized production wmodels  Lhrough control pnrameler, w.
PRODFIT fits the model by average fishing effort as suggesied by
Gulland (1961,1969).

The average fishing effort (?i) is cumputed by following the

formuls with SUBROUTINE AVEFF OF PRODFIT (Fox,19%75) as:

Ti o= (kfi + (k=1).Ti=1 +...4 Fi-k+l) / (k4 (k-1)+...41)

the number of year class which contribules most

the catch.

where: h is
significantly to

PRODFIT wus used to [it the threce woudels
(m=0.0, 1.001 and 2.0) lo the fishery data. The ~numh(:r ol
significanl yenr classes contributing lo L?e cateh of glbncn{c
fishery in Lhe South Allanlic Ocenn Nus.ubLulned by chcuk:ng._zle
age composition. It was set at 3 (k=3) then later al 4 (K=4),
following Bartoo and Coan (1983).

Tn  this  sludy,

Two iypes of data were needed lor PRODFIT:

1) Total annual catch: Annual catch data of_albugnre in‘ghﬁ
Soulh Atlantic Oceann from 1967 to 1985 were cowmpiled from leAl
Stalistical Bulletins {JCCAT, 1982, 1981; 1985}, there datsm are
shhown in Fig. 1 and Table 2.

2) Standardization of effort: The ]ongliue-ef?an ‘munsuﬁnd
in hooks was chosen as the standard measure of fishing etfaniiur
Soulth Atlantic albecore fishery becuause neuyly u]l‘ chlLeh !rum
south stock is exploited by longline bouats (?1g.l).‘1h? delq{lud
procedure for the stonderdization of longline Fishing n!l?rt
using Houwn's welhod (1973) is described by Yang nnd Sun (!.)H.i).‘
Two cases of effective effort in this report were used as ,J““VLh
to PRODFIT. Effeclive effort in Case ! wus expressed by effeclive

i ishi i i ffective hvols per §
¥ 1 and in Case 2 by fishing 1ntens!ty ! e ) 5
sz;iew. The results of the standardization of longline fishing
effortl are shown in Table 1. This effeclive effort was  Lhen

raised to Lhe total cnteh. The resulls of which are shown in

Table 2.

RESULTS

Cateh and Standardized Effort

1&g

From the fluctuntion of
CPUZ (mt /10000 hooks/o! sq. )
Allinlic wlbncore
nnnunl  tolal cutch
ulbacore in Lhe

unnual CIUL (/1000000 hoobis)  aad
(Fig. 1), it shown {the slock of Saulh
been prerived  equilibreriue ol fhaugh the
fluctuantes very wuch.  Annunl Gotal cateh  of
soulh Atlantlic Oceun fluctunted FA,3010 w

hins

between

wid 33,260 wt durisg Uhe yenrs 5967 Lo 1973, T hecowe fuivty
stuble belween (7,540 wt wid 23,590 we during Lhe period 1974 ()
L8t T 1982 was 28,970 wi,  but the following  twa  yenrs

descending  to 13,310 wtl in 1984, wnd neending Lo 28,000 mt P

1985. (Telble 2, Fig. 2).

Effective effort rose rapidly frow 1968 and reached its Ligh
vaolue of  wbout 148 willion hooks (.04 mil] ion haobs  per 5§
square) in 1973, and then fluctunted between 75 Lo 110 milljon
hooks (0.82 to 1.22 million hooks per 6 squure)

during the yoenrs
of 1974 to 1980, incrensed stewdily Lo 156 willion looks

willion hoolks per & squnre) in 1982, Bul in récent yeurs,
nnd 1984 descending Lo 70 williovn hooks (0.76 million
sqnre)  after  thal acending to 160 willion hooks
hools per 5 square) in 1086,

(1.69
18RY
hooks pey §
(LG8 wmiflion

Production Model Aunlysis

Cateh  and standnrdized effort data For Case | and Case 2 in
Lthe Soulh Atluntic albacore fislhiery (Table 2) were uded us inpuls
to  Lhe FPRODFIT computer program to eslimale produclion aodel
parasmeloers,
Case |

Fur Cuasa 1 affeclive effort was offective

expressed  in
The  results  of Lhe cestimaled wmaximum suslainable  yviold
(MSY) und optimum fishing effeort (fopl) are compared in Table 3
with the observed cutch and effurt of 1985. Tuble 3 nlsu  lists
the wuptimul value of culeh per unit effort (Vopt}) and degrece  of
fit {r2). Estimated vyield curves for K=3 and K=4 are
Fig. 3 and 4.

hooks .

showa  in

For K=3, the best fitted model (r2=0.190) has u

eqni_librium yield curve {(m=2.0) with the eslimaled
24,500 mbL al an opLimum eflfeclive fishing effort of 121
hooks. The poovrest fitled wmodel (r2=.127) hus o broad, Flut-
topped equilibrium yield curve (m=0.0) wilh the oslimnled MSY  of
36,800 wt nt on iefivit amounl of fishing cf'fort. The
shuped equiltibrium yicld curve fw=1.001, 2z .165)
eslimaled MSY of 24,600 wt fur Fegrt at 153 wiliion
hooks.

Schaef e
MSY s
miflion

type

shiew damo-
Hivos na
cffective

For =4, vhen mz2.0
and foupl is 126

(r2=0.170), the estimabLoad MSY

Ps 23,K00 mL
willion effective el fort, AL m=0.0

{r2=0.011} the

estimated MSY iz 33,660 wmt und the fopt is of inlinite. When
w=1.001 (r2=0.14}, the esbimnted MSY 23,900 wt ond the fopl is
154 million effective hooks, B



Cuse 2
For Case 2, eéffective effort was expressed in  fishing
intensily. The results shown in Tuble 4 and Fig, .5 and 6 arc

similar to those in Case 1. For K=3, the best litted
=0, 185) is m=2.0 with & predicted MSY of 24,500 mt with fishing
intensily of 1.32 million hooks per 5'sp. The poorest fitted
model (r2=0.12) is m=0.0 with an estimated MSY of 38,100 mt with
fopt st infinile. AL w=]1.001 (r2=0.168), the estimnled MSY is
24,800 mt with fopt at 1.69 million hooks per 5 square.

wodel (r2

For K=4, when m=0.0 (r2=06.1), the estimated MSY is 35,100 mt
while fopt is infinite. At m=2.0 (r2=0.163), Lhe estimated MSY i=
23,830 mt and the fopt was 1.38 million hoolks per 5 square. When
m=1.001 (r2=0.131), the estimated MSY was 24,100 miL and fopt was
1.71 million hooks per § square.

DISCUSS10ON
Produclion model analysis is crude couwpoared with a tLruly
biological analysis. Pella and Tomlinson (1969}, Fox annd Lenern
(1974), Fox (1974} und Rinnldo and Coan {(1979) considered Lhat
some assumplions are necessary for applying this model approach
to particular stock: (a) the population is either an isolnled
population or n unit stock; (b} un equilibrium condition cvan be
achieved; {c) the coanstitutions (selectivily, catchability and
temporal dislribution pattern) of the [ishery have remained
conslanl; (d) there arc no time lags in the population response
to ils equilibrium mechnnism. More detniled discussion of  the
gssumplions can be found in Pella and Towlinson (1969) and Fox
£1974) .

Nevertheless,
yield
are

as ustnted by Fox (1970) " Since use of surplus

models require only cateh and effort data, Lhese models
particularly aedvanlageous when age determination end tagging
are difficult, when such biological dala don't existl, wur when
knowledge of Lhe biological system is insufficient. (o describe
recruitment, growth, or natursl mortality if cannot be nssumed

conslant through all ranges of population size." Csirke wand
Caddy (1983} walso notled that production models are uamong the
simplest and most widely used approaches in the assessmenl of

exploited Tish populations and becnuse of the ense of npplicalion

of these wmodels in Lheir simple Torm, the collection of cateh and
effort statistics, and theilr subsequent ulilization models haos
become the standard approusch to fisheries asssessmentl i meny

parts of the world.

Uhler (1879)
for some tLime
world's [ishevies.
model analysais Lo

predicted that production models will conlinue
Lo serve as a basis for menagement of many of the

The SCRS of ICCAT also considerad production
be one of (he:standard methods for evalunling

- 150

Lunn stochs in

) the ALlnutic Ocenu. Thevefore, Chese
studjes  on

] proevions
the status of South Allanlic nlbacore ull

cuployed

production wmodels (Shiohuma, 1977, 1878, 1974, Bartoo nnd Coun
1983; Yang und Sun, 19845 Lia, 19K6). I

w 6

The value of HMSY estimntbed by Lhis present study  nrve  Jowos
Lpun those of Yang and Sun (18843, and the fopl also lower 0,84
Limes. The difference in resulta seem Lo be due ta the  pecont
two yeors (3983 and 1984)  hod very lower enteh and ol lart {or
albucore  in the Soulhh Allantic Ocenn. And the effective  of ot
ﬂuyu derived in Yung und Sun (1984) was  based on cnmhiﬂcd
Taiwunese and Jupsncse longline fisheries but in this study the
ﬁa§umt three youars (14983, 1984 nnd 1985) dutu only hns;d orn
Taiwonese longline fishery due Lo the canleh of h]huuure by
Jupanese  longline fishery is very low in recenl thive yenrs,
Bused on the deterwinistic production model aunulyses for Cnses ]

and 2, the curreunl cateh (28,000 wt in 1985) is nbout 10% ovep
the predicted equilibrium MSY and the current eflfort is about 20%
over Lhat needed Lo produce the equilibrium MSY. The stntus  of
the South Atlantiec ulbacore stock,  judged by present  study,
uppears Lhat the stock has been fully exploited beyound MSY ]ev;]
since 1981, We should continue to use Lhe production model us one
of the wmenns of woniloring tLhe stutus of Lhe stock.
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albacore fishery and assuning three significant year-classes
in the cateh 1987-1985 (Case 1)
=
] 2 =
. . E £ By
] ] 1g =
] s =L
N o 4w & 5=
] ) le = g
(I l j/z | < 7 g 5 -E
L 1 L 1 1 £ 5 i 1 [ [ 1 1 1 — E ::»;
P T~ w ¥ M N - o 2 2 = = © ==
o o o o o o o o o o o=
{s%00y 901/j_wx) Lndo { bs.g /SXOOLIVOL/J.WX) ZNdd (LA 01X ) PlatA s



)

M

Yiela ( x iv

35" - %9

72
[- ]
30} 82
. 6 f Zg .
. 85 m=0
74 //
— 25¢ . ® 70 e T 2 1.0
— .
=
. 20}
™
'C__) m=2
X s
°
@
>~ 104
5.
0 : " 3 ;
0 50 100 150 200
L : . 4
Fishing mtensnty ( x 10 hooks/5° square )
Fig. 5. Eauilibrive yield curvas ard observed data for South dtlantie
albacore fishery and assun ing thrae significant year-classes
in the catch, 1967-1985. (Case 2)
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Fig. 4. Equilibrium yield curves and observed data for South Atfantic

albazore Tishery and assuaing four significant year-classes
in the catch, 1967-1985, (Case 1)
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Taolie 1. Catch and effert cstatistics of albacore caught by the Taiwznese, the Japaness, and the
Korean longliners 1n tne south Atlantic Ocean, 1667-1336.

Taiwan Longline Fishery Japan Longline Fishery Korea Longline Fishary Total
Year Catch Mean Nominal Catch Mean Nominal Catch Mean Nominal Catch Catch Nominal
in We./ Effort in We./ Effart in Wt./ effort in in Zffore
Number fish ' Number fish Number f{ish Number Weight
(x100C) (Kg) (x100000 {x1060Y  (Kgi {x100000 {x10001 (Hgy, tx100000 (%1800 tmti {x1COGOQ
Hooks) Hooks) rooks) x1000 Hookz

1867 10.6 23.3 9.54 136.7 . 17.7 173.36 80.3 15.0 13.40 5357.7 10.¢0
1968 T22.2 18.0 198.086 736.4 16.1 87.67 15.4 13.0 3.19 1477.0 23.83
1969 349.8 14.8 266.1 234.0 26.0 191.00 20.0 15.0 3.85% 1113.8 19,22
1970 672.4 18.2 210.13 153.8 13.0 250,09 - - - 1126.4 18.14
1871 1273.6 13.8 366.08 2i8.3 14.8 181,28 - - - 1492,0 20.8&¢
1972 1209.6 20.6 411.18 147.8 14.1 190.99 - - - 1337.4
1973 1099.0°  2G.2 113.94 38.4 7.3 204,43 - - - 1117.4
1974 §73.3 17.2 350.01 25.9 4.2 101.22 §0.3 13.0 204.83 1083.7
1875 1031.6 13.0 309.33 26.8 11.3 139,535 18.2 13.0 17.03 1076.6
1976 918.5 13.7 318.19 6.3 12.2 57.67 104.3 15.0 128.38 1030.2
1977 1063.6 15.0 308.73 7.8 13.1 130.72 107.8 15.0 101,23 1178.8
1978 1432.1 4.4 402.08 10.6 12,3 279.43 14,0 15.0 80.11 1486.7
1979 1078.0 18.9 323.51 7.8 13.1 239,39 16,3 13.0 34.4 1100.1
1980 1102.1 17.1 332.24 26.4 12.8 309.90 19,4 15.0 67.21 1143.0
1931 1119.1 16.3 397.94 $0.6 14.0 300,18 18.0 15,0 93,34 1178.8
1982 1320.0 17.4 +61.68 {2.6 13.2 384.61 20.1 15.0 102.93 1382.8 23.83 349,32
1983 642.9 153.2 227.29 10.4 13.0 229.38 25..7 15.0 124.77 67%.0 10.2% 381.84
1984 335.8 14.8 168.G8 15.8 13.0 307,47 22.0 13.0 113,23 573.6 g.47 683,70
1983 1363.3 13.8 481.75 - 1365.5 18.84 181.75
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Fig. 8. Fouilibriua yield curves and observed data for South Atlantie
albacore fishery and assuaing four significant year-classes

in the catch, 1967-1985. (Case 2)



Table 3. Fstimated production model parnmeters For Souh. ALluntlig¢ allncore,
'967-1986 {Cuse 1). .

©ommet 0 e e e e e e
No. of Vopt N ('opﬁL Begrce of 1985 1985
cignificn ¢ w (mlL/50Q ( 10 MSY fiL index Acluul Erfonrt,
cur classz effective effeclive (107 mL) (r2) cuteh {1 el fective
(K) hooks) hoolis) (10? wl) hoolis)
Fable 2. Cateb, effective of fort, and fishing intensity data For soull it CoTTTTTT T ToTTT T e
Athmnbic allavore Fisheries, 1967- 1986, 3 0.0 0 & 36.79 Ch2T 28.05 149.56
3 1.001 16 162.97 24.58 165 28.05 149,66
Longline Fishoery ALl Fisherios
___________________________________________ e _ 3 2 L202 120.76 24.40 . 190 28.05 149,66
Yeur Caleh  Cateh Effective Fishing Caleh  Effwclive  Fishing - £ s 5 .
in in Fltort Iitensi by in EA oL Inbenusity 4 0.0 Y & 43.6% - 106 - 28.05 119.56
Number Weight 5 q Weight 5 i fr . . . , .
(x1000) {wl) (x10 (xX10 Hooks {mt) {x10 (N10 Hoohs 4 1.001 . 1565 153.96 23.86 . 139 28.05 i49.466
N 000 Hlooks) 5' =q. x 190 Hooks) 6wy,
e n 22 Nevks) /BT san xd0nG putel At ey 2 .188 126.35 23.76 170 28.05 149.56
1967 6557.7 10.00 189,00 20,15 19,80 456,449 4H. GO
1GGR 1477.0 23.69 140,98 54,13 27 .K4 G29.60 GY,.11
1964 | I ] TH.22 022,495 06,206 34,606 [N ETNI 118,77
1870 1126.4  14.14 064,76 69,84 23.65 0 792.n01 BG4
EG71 1492.0 20.80 G46.39 70.18 25.02 TH47.46 HO L OT7
1972 1367.4 27,00 HE3. 8 92,93 43,20 1420.07 154.62 Tuble 4. Eslimsted production model parameters for Soutl At luntic ulbacore,
ta7a HE47.4 22,08 dro.45 96,51 ZR.OZA O 1AGHL G 160 .30 1967-1986 (Case 2}.
14974 1OKBY .7 18,2 CT62.07 82.49 19.70 4T 01 TGl 43 :
1975 1O76.6 ra.aa GTR, IR 78,096 17,523 ThLaT Hi.494 __________,______,_‘,_______._._....‘.___..__.____.__.._.__,_..«_.__-___,_.___‘ """""""""""""""""
1976 TAD30LZ 1GL08 743,20 H0. 54 l.20  widd.61 192,43 No. of Uopt fopl , begree. of
signilicant m {(mL/10 ( 10 I"li‘iY it jndex Aclunt i tort
14717 LITR.8  17.67 TAH 65 HOLRT 21,147 420,40 HEN| yenr cluss hooks/0* hoolis/5° (107 mt) tr2) ca ch (o hooks/
1974 FARG.T 2141 853,36 103.60 23,05 LU0K.02 109,24 th) sa. ) sq-) 0wt 5% sq.)
1979 1100.1 20.68 B12.08 87.4d4 22.50 1129.96 122.2% . "__“""_—'“~——_”_'____'x_—_———-_‘_—-_-—_-—,__“—T'—_—N_—'— ———————— ST o oo
9o 1148.0 19,47 81590 47,42 22,64 JORR.GH 10740 2 0.0 0 & 38.13 120 28.05 162. 10
198§ H178.6 14,32 465,00 ton. 68 23,048 Fald.ol Pdl. 1K
’ ' ' 3 1.0001 0.146  169.39 24.76 158 28,05 162.10
T9R2 - 1382.8 21,81 foss .0y 11871 2R.498 1563, TOHROKHY ) . .
1un3 670.0  10.20  5d4. R4 62.0u 14,40 B43.54 HUL Az 3 2 0.186 131.65 AR <1446 28.05 16210
g H73.6 K.47 146,36 18,388 1a.a1 7Ol A6 THOGT - ) X
198RS 1365.6 IR, 8 HO70.240 LiG. oo 28,00 14495, 64 12,10 4 0.0 V] & . A5.14 Lfoo 28.05 162,10
I 9R6 1532.0 20,061 1004, 00 100,00 Z20.061 100400 (U000 .
4 1.0001 0.140 17).74 24.141¢0 <131 2H.00 162.10
3 2 0.172 138,345 23,483 6N 28.05 162.10
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