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SUMMARY

In. this paper,

a new North Atlantic albacore demographic table is

presented, hased on a surface catch~by-age revision and new longline

catch-by-age data.

With this demographic table, a cohort analysis was applied for the

1959-1971 coherts, and recruitment for the population and fishing mortal-

ity for each fishery were obtained. Based on these data, a yleld-per-

recruit analygis was done.

RESUME

Ce document présente un nouveau tableau démographique pour le germon
de 1'Atlantique nord, basé sur la révision des prises de surface par age
et de nouvelles prises palangrigres par 3ge.

A partir de ce nouveau tableau démographique, une analyse de cohor-
tes a 6té appliquée aux cohortes de 1959-1971, et le recrutement de la
population et la mortalité par péche de chacune des pécheries ont &té
Une analyse de rendement par recrue a &té effectuée en se b-

obtenus.

asant sur ces donndes.
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RESUMEN

En este documento se presenta una nueva tabla demogrdfica del rahil
del Atlantico Norte, basada en captura de superficle mediante revisién de
la edad y una nueva captura con palangre por edad.

Con esta tabla demogrifica, se aplicé un énﬁlisis de cohortes para
las cohortes de 1959-1971, obteniéndose el reclutamiento de la poblacibn

y mortalidad por pesca para cada pesquerfa. Rasfindose en estos datos, se

efectud un andlisis de rendimiento por recluta.
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1. Introdgction.

The Joptk Aslantic albacore population is captured by means cf
two Tishirg metheds — longlire and surface fisheries. The surface
fishery, however, is not all o the same type, but includes varicus
methcés, the most important being baitboat and trolling. {Conzal ez~
Carcés and iejuto, SCRS/B4/61).

In recent years the aituation analysis cf this population was
done using production models (Gonzalez~Garces, 1981; Gonzalez~Garces
and ejute, 1984) or multicohort analysis {Antoine and Conzalez—Gar—
ces, 1932, 1833; Bard and Conzalez~Carces, 1980). Ecwever, cohort
analysis have not deen realized for serveral years. The most recent
ones were thise dcne by Bard (1978), Bartoo (1979), Le Gall (19717)
and Le Gall et al (1975).

The bhegis problems which made the researchers avoid the use of
cohort analysis was the difficulty in making a demographic table of
the capture @f longline fishery due to the problems in obtaining a
precise age and size specific key for individuals of more than five
years of age. The most often used method used until now to.obtmin
the age—-specific capture of longline fishefy was the use of gquarter—
ly size-age keys (Bartoo op. cit., Morita, 1977) based on. the growth

equations of Bard {1974) and Beardsley (1981),

Based on the results of these cohort analyses, estimates of yleld
per recruit were made (Bartoo, op. cit.) 3Bard and Gonzalez-Garces
(op. cit.) zlsc estimated the yielé per recruit cf the population
by means of simulation of the equilibrated population using multi-~cohort
analyses.

As consequence of the above it was seen that it would be useful
t$c Teview the situation of the populaticn of the North Atlantic
albacore by me:ns of cohortd axalyses. It would also be useful io
estimate the yield per recruit of the general popultaion as well as
that cf the surface and longline fishery using a new demographic
table of captures that would nct only attempt to improve the system
of assigning an age tc each size, but would also teke into account
the updeting cf the total catch in the population made by different
souniries., Size ssmples for longiine fishery would be included
rot crly for Jepan but aleo for Korea and Taiwan.

i pev method was used for tkis to estimate the catch by age for
longline fishery base? on the "strength of the age group" (see chapter
on methocclegy) that was applied to a review p? the estimates of
:ton ty size cbizined frcim tie data of catches ard size samples for
small aress and total catctes cf the population supplied by the

Tntesneticral Comsission for the Conservaticn of atlantic Tuna, (ICCAT)



2, Data assessed

The data used to assess the yield-per—recruit of North Atlantic
albacore were from three categcries: the total yearly catch by
country and gear type froem 1561 thrcugh 1681, toe total yearly age—
specific surface catch frcm 1962 thrcugh 1681, and the tctal yearly
length-specific longline catch Irom 1965 through 1981, The taree
categories are discussed irdividually.

The total yearly catches by country and gear type were frem ICCAT
(1981, 19823, 1982y, an 1983). These data provided total catch
levels tc which age and length-specific da'a in the remairing two
categories were raised,

The yearly age—specific surface catches were based on Spanish
and French baitboat and troll data from Antoine and Gonzalez-Garces
(1983), Bard and Gonzalez-Garcés (1979, 1980), and Gonzalez—Garcés and
dejuto (1984). Canary Islands length-Zrequency cata were provided by
A, Santos, I.E.Q,, Tererife. For purposes of substitution these data
were divided intc four groups:

A. Spanish and French yearly age-specific baitboat catches
from the Bay of Biscay.

B. Spanisk yearly age-specific baitboat catches from the
Canary Islands.

C. Spanisk yearly age—specific catchss fronm the fall baitboat
fishery near the Azores and ladeira.

D. Spanish and French yearly trolling age-specific catches
from the Bay of 3iscay.

Where countTy or gear strata lacked data substitutions were made
using age-structured data rron the wmost appropriate of the abeve

groups, These substituticrs, oy country, were as fcllows:
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Spain -~ For Canary Islends catches during the years 1662 thrcugh
1972 we used group B, year 1576,

Portugal - Fer the period 1962 through 1972 group B catches from the
same years were used, For the Azcres Tishery, 1974througsh 1981,
group A data from the same periocd were used., Group B deata, years
1974 through 1981 were used for the iadeira fishery for the same
pericd.

U.S.A. = Group D data were used for the period 1972 through 19561,
U.S.S.R. - Por years 1979 and 1981 group T data for the same years
were used.

The third category, yearly length-specific longline catches,
was based cn the length—freguency data available from Japan, Korea
and Taiwan. Based on the type of information available the countries
were divided intc three groups to make the estimates - Group 1 includes
Japan only; Group 2: includes Korea and Taiwan, Group 3: includes the
rost of the countries that fish with longline — Cuba, Panama, the
United States and Venezuela.

The estimates for each group were made in the following way:

Group 1. = The Japanese length freguency samples in 1.0 intervals
were weighted by the number of fish captured in the 5 degree sguare
from which the samples were taken. The number of fish in each square
was taken from catch-strength statistics for the Japanese fleet. Due
to the lack of informatiorn on size frequency in 1970, this was
substituted by that of 1971,
Group 2. - Due to the relatively unimportant number of size samples
existing in Korea and Japan, the size frequency of the same area and
quarter of cne country was considered rapresentative of the catches
of any of the countries. In this case tue area used was the IUTAT

ares. The 'size samples that appeared in 2 cm, intervals, were
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transformed into samples of 1 em. intervals, by means of simple 3. Hetbodolosy

givisicn by two in each interval, The size frequencies in 1.0 cm. This aralysis was ccrdusted in Five princial steps:

intervals were weighted by the number of fish captured in the ICCAT 1. Calculate a year class sirength index based con surrfece gear
areas from which the samples were teken. The nuaber of fish in age frequercy tc be used as cre weighting factor in the

each area was estimated from the capture and effort statistice of technique for aging longline caught albacore (next step).
Korea and Taiwan., The lack of data in certain years made neocessary 2. Establish longline are frequencies from length frequency data

the following substitutions. "by means of a weighted—probability matrix aging technique.

Year without data Substitution 3. Combine longiine age rIrequencies with existing age freguencies
1965, 1966 1967 for surface caught albacore tc form catch table from whkich
70, 71, 71, 71 &nd 74 1975 cohorts are formed,

4, Conduct cchert aralysis ard in so doing find the average

. - lack of availability of data, the year b ear
Group 3 Due to lac avai.ia o4 ! ¥ vy age—epecific fishing mortality vector.

ize distribuf of Group 2 vwas applied tc the joint captures
size distribution P ppl J P 5. Perform a yield-per-recruit analysis for surface and longline

? a tries,
of all these countrie caught albacore, both individually and combined.

T X ic date used ir this third caetegory were provided by
he basic data gory F Year class-Strength Index, A year class strength index was used

3 LT, Data for groupe 1 and 2 were processed b
the Secretary of ICCA are & F P Y as one of two welghting factors used to weignt the probabllity matrix

' 1 IEO, adrid, Spain), Data for group 3 were processed b,
P, Pallares ( , ¥adrid, Spain) group P d as described belcw, The index consists of one value for each year class

C. Shaw (SLFC, La Jolla, California, U'_S'A') used in the '‘analysis anéd was found by the following procedure:

1. Calculate the age-specific catch rates for each predcminant
age class in the surface fisanery (ages two through five) Zor
all catech years or portiors therof used in the cohort analysis.

2. Determining the Lighest value among all catch years or portions
for each of the predominant ages.

3, For each zge class, find the proportion of the highest value
for each individual catch year in the analysis. i

4. PFinally, averare the values Tor the predominant age classes

within each cohort.

Age Longline Catches. The ages of albacore caught in the North Atlantic



lorngline fisbery were estimated by using a weighted probability
matrix method which previcus and cngeing research has shovn to be a
nethcdology less prone tc bias than other technigues for estimating
ages in catches or fish. This procedure takes inte account the fact
that there is measureable variability around a given growth curve ané
this informaticn can be used to aveid the error of, ror example,
calling a large six year cld fish a nine year cld fish, The steps
taken tc age the catches with procedure are as follewss

1. Define the growth parameters tc be used. The von Bertallanfy

growth function was used in this study:
1= Lw& ~ exp = k (t = to)]

where:

1.+ the length at socme given time t,

Loo = the theoretical largest average size,

k = The von Bertallanis growth parameter, and

ty = the fitted x—~irtercept.
The specific parameters for Forth Atlantic albacore (from Bard, 1974)
ares

Loo = 134.4

k= 0,18}

£, ==0.35

2, Determine the variability in the size of fish of each age
around the deterministic curve. Because no information
_regarding tbis variability was available to us for Norta
Aﬁlantic albacore we used the variability ar uge for albacore
in the North Pacific where growih characteristics appear to be
quite similar. In North Pacific albacore the variability in

sizes increases consistently with size, thus providing a
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constant coeffizient cof variation (the standard deviation divided
by the mean) of C.82, Ve employed tiais coefficlent to generate

a CGaussian curve around the von Bertallanfy curve at the midpoint
of each age interval up to and including ase six, Ages seven and
older were assumed tc Lave the same variability o3 age six, for
want of information, real or theoretical, to indicate whether,

as the fish azproach thedir assymptote, the variability in growth
increases, decreases, or stays the same. Tae end result of tais
step is an unweighted matrix with the number of rows equal to the
pumber of size intervals (cam. ) and the nuuber of columns equal to
the nuaber of age intervals. The value in each cell is the

probability of a fish of a given size being a particular age.

In the unweighted matrix described above, the area under the curve
‘Por each age 1is the same (each is equal to one by definition of
the Gaussian curve)., Weighting these curves differently is
necessafy to account for the fact that some ages are wore likely to
be caught than others, but assigning weights is a difyicult, para=-
doxical problem because truly precise weighting factors would
depend on apriorl knovledge of the age structure, wiich, in turn,
would make this exercime. unnecessary. However, a sensitivity
dnalysis in progress at the SVWFC bas shown that a reasonable and
gtraightforward approximetion is poesible by first aging the catch
by using the age-bresk method and using the proportions oI each age
as weighting factors for the probability watrix aging technique.

In this study the yearly length frequencies vwere individually aged
with the age~break method although in situations where length frequency

data are cornsistent, the length freguency could be combined and then



aged ic provide oversli veirkiing faciors. A seccnd set of

£

eipnting factors wss aisc used to weigut the ages differently
and this was the year class sirength index described previously.
This set, given egqual weignt wita the first set, essentially
re—weighted each age class, depending on the strength of the
cohort to which it belongzs. Kote that esch set of weighting factors
or combination of sets must ecual one when summed across ages 10
ensure that the numper of Tish in all =e groups is equal to the sum
of fisk in the original length freguency.

Combine date sets. The age-apecific surface and longline data

were ccmbired tc fcru a single'catcb table from which 13 coborts
(cobort yeaxs 1959 through 1971) were formed.

Cohort analysis. A cobort anslysis was sued to estimate the
average fishing mortality () vector for the 13 cchorts described
in the previous step. This analysis was conducted using an
algorithm described by Gulland (1965) implemented on a micro—
computer. The Tiehing mortality at the oldest age was estimated
for each cohort by subtracting the assumed natural smortality (¥)
of C.2 annually (from Murphy and Sakagawa, 1977) fron the total
mortality (Z), as represented by the slope of the catch curge at
the oldsst ages. The individual F vectors were then averaged to
produce she average I vector. This F vector-was decomposed into
a surface ? vector and a longline F vector by apportioning the
value of F at each age on the basis of the average surface and
longline catches at that age.

The yield-per—recruit. The yield-per—-recruit for the surface,
longline end total fishery was estimated using the computer program
MGEAR (Lenarz et al 1974) bazsed on the algorithm of Ricker (1975)
These computations were made

implemented on a micro-computar.

page nine
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with a time step of ore year, the assumed natural mortality
as stated previcusly and tne velghts at each time step fronm

the length-weight relaticnsip parazeters of Beardsley (1971).

4. Results za2nd Cenclusicrs

Table 1 presents the capture by gears of the albacore pogsulation
of the Nerth Atlantic ir the period 1967 through 1981, Captures that
are neither longline nor baitboat are included in the trolling gear data.

Table 2 presenis the yearly demographic distribution obtained for
the population of North Atlantic albacore. In 1961 through 1964 only
surface fishery catches are included, while in the rest of the years,
1965 thrcugh 1981, surface fismery is included as well as longline.

There are nctable differences hetween this table and those used
by other authoras in crdsr to apply cohort analyses.

Bard (op. cit.), Le Gall (op. cit.) and Le Gall et al (op. cit.)
use the same method to make their demograpnic tables. The most important
differences in the method used in the present document are: the use by
the above-uenticned authors or si.s frequencies proceding only from the
Japanese fleet, while in this study the size frequencies of Japan,
Taiwan, and Korea wers used; the use of a fixed size (or length)-age
kay for all the years —~ this key doesn't reflect the possible variations
of recruitment, while the present study bases 1its calculaticns of )
captures for age groups precisely cn the "strength" of the age groups and
on the differences in the total captures as much in surface fishery as
in longline (basically on the latter) due to improvements in the
countries' statistica, and read justments of tae division of the captures

betvean Northern Atlantic and Southern Atlantic stock of any country.

On the other hand, the three above-mentioned articles, as well as the

present one, used the growth equation of Bard (1974) Tor their calculations.



Bartoo's demographic table {op. cit.) difZeres from the present ons
in its use of nsize frequencies for lonsline Tishery of Japan and Taiwan,
but not for that of Korea; the use o a fixed length~age key for all
the years ~ this key Jdcesn't tasfe inilc account possibvle variaticns of
recruitment; the use cf Beardsley (1971) growtn equationand differences
in the total yearly captures due to the same causes explained previously.

Table ] presents the tctal mortality (2) obtained for each of the
cohortes of 1959 through 1971, as well as the natural mortality (M) used and
the fishirgmortality (Fi = 23 ~ M) obtained and used as instant mortality
rates for fish ¢ the last age class (Ft) as introductory informaticn
for the cohort analyses.

Figure 1 presents the median peréantage of capture by age groups
in surface and longline fisheriesfrom the period 1965 through 1981, It
shows clearly how surface fishery captures fundamentally, and almost
exclusiveiy, age groups 2, 3, and 4, and in an important way age Sy
while longline captures fundamentally ages 6, 7, 8, 9, and 10,

The average P vector broken down into a surface F vector and a
longline F vector is shown in Figure 2. It can be seen here how surface
gear produces fishing mortality basically in ages )} and 4; while longline
fishery produces its maximum fishing mortality in ages 6, 7 and 8. It is
interesting tc point out that neither surface gear nor longline produce
a great effect on mge group 5. This is due perhaps to gear recruitment
problems since this age group is not still recruited totally by surface
gear, but not yet totally recruited by longline.

This is due to the fact that the albacore begins to maturse
sexually at thia age. As maturation does not occur at the same time to
a hundred per cent of the individuals, those that do not mature sexually
continue tc be accessible tc surface gear since their bebavior does not

change, btut thcose that do mature sexually beccme accessible to longline

7ishery due to their behavior change in the migrations they make and in
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the depth in which they live, However, it appears that tecause of
these behavior changes there uay be a part cf the individuals that are
not accesible to longline or to surface gears. This benavior change
might explain the slight capture of this age group by both fishing
gears.

The abundance of individuals of age group 2, obtained from cohort
analysis used as .recruitment index, is shown in Figure 3, It demonstrates
clearly the similarity in tendencies and fluctuatione compared to other
estimates of recruitment obtained through cohort analyses {Bard, 1978),
multicohort analyses (intoine and Gonz lez-Garces, 1583) and through
capture tendencies per unit of efrort (CPUE) of age group 3 (Conzalez-
Garces and Mejuto, 1984).

The results of the yield-per—recruit are presented in the form of
"yield lines" (isopletes) of the total population (Pigure 4), of surface
fishery (Figure 5) and of longlire fishery (Pigure 6).

The global results of the North Atlantic population, with their
average yield-per—recruit of the period 1959 through 1971 of about 3.8
kilograms, are lower than those obtained by Bartoo (1979), 4.03 kilos,
for the period 1963 through 1971, but higher than those obtained by
Bard and Gonzalez-Carcés (1980) of 3.29 kilos for the period 1962 through
1972, These differences are certainl, due tc the differsnt demographic
tables used in each case.

The analyses of the yleld lines of the total population seem to
indicate that effort variations would not cause a strong variation of
the yield—per—recruit.' Instead it appears that gains would be obtained
by increasing the age (or aize) of the firat capture, in this paper
considered to be at about 2 years of age, in that period.

£ FFOAT
In the case of surface fishery it also appears that strength



variztions do rct implicate important variasticns in the yield-per-recruit
and that increases of age (or size) or the first capture édo not cause
impertant increases in the yield per recruit until 4 years of age, and
toat higher apes at first capture would cause losses.

In longline fishery, cocnsidering a first capture age for this
gear of about 5 years, for the period studied, it appears that gffort
changes dc not implicate important changes in the yield per recruit.
And at the same time, it dces nct appear that age (or size) increases

of first capture produced important increases in the yleld per recruit.

CONCLUSICKS

In view of the results obtained in this paper it may be con-
cluded that :

Fishing mortality in this pcpulation is not exercised in a uni-
form way throughout the lire of the albacore, showing two maximims
in fisbﬁng mortality, one centered around the ages of 3 and 4, and
the other arcund the ages of 6,7,3 and 9, and especially around the
ages of 7 and 8. The first maximum is due to the preasure of sur—
face fishery and the second to long line. The recruitment evolu=-
tion confirms the resulte other authors has obtained previously.
During the ceriecd studied, cohorts from 1959-1971, the most note~
worthy fact is the variability of the recruitment withcut clearly
defined tendencies.

The results of yield per reoruit seem to indicate that the
cohorta from 1959 to

1971 were oaptured with a fishing effort

‘that preduced yields per recruit close to maximum. However the
age (or size) of the first capture was somewhat low, and increases

in this first capture age could result in an increase in yield per
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recruit.
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Trolling (TROL) Beit boot (8B) Longline (LL)} TOTAL (TM)

YEAR

42122

135

11959
17 558

18517
18139

30028
33945
30796
33072

1957
1958
1959
1960

Year /Age

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

1979

1980
1981

Table 2.- Demographic table of yearly captures of North Atlontic olbacore. For the period 1961 through

52 448
49912
52 492

945

599
1281

1964 only surfoce fishery is included. For 19635 through 1981 the total coptures of both- surface
fisheries

924 200
648 400
1032899
824 600
3210199
701116
1599300
1114700
464 800
2546270
879598
856325
202501
128352
379201
659 366
421403
2374950
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842062
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64 354
40387
47 234
58 567

15868
14731

20428
20112

28058
25544
22791
30669

1964
1965
1966
19467

4 461200

5195901
4080200
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chie 1.- Captures of North Atlantic albacore by fishery, and total,
1957 through 1982.
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Cohort Z M F
chor t

1959 0.547 0.2 0.347
1960 0.465 0.2 0.265
1961 0.818 0.2 0.618
1962 0.510 0.2 0.310
1963 0.717 0.2 0.517
1964 0.591 0.2 0.391
1965 0.562 0.2 0.362
1966 0.510 0.2 0.310
1967 0.404 0.2 0.204
1968 0.643 0.2 0.443
1969 0.603 0.2 0.403
1970 0.838 0.2 0.638
1971 0.553 0.2 0.353

Table 3.- Instantonesous mortality rates of the cohorts in the period
1959 through 1971 of the North Atlantic albacore population.

7 = total mortality. M = natural mortality. F = fishing morta-

lity.
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Figure 1.~ Average parcentoge for the years 1965 through 1981, of the

capture by surface fishery and by longline of the North Atlan-

t: wolbacore. ~-317~
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Figure 2.- Average vector of fishing mortality (F) decomposed into on
average surface vector (Fs) and an average longline vector (Flll

The F vectors were averaged for the cohorts from 1959 through
1971,
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Figure 3.~ Recruitment in abundance of fishes of age 2, of the population

of North Atlantic albaocore.
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Figure 4.-Isopleths (yield lines) of yield per recruit of the total
fishery of North Atlontic albacore.
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Figure 5.~ lsopleths (yield lines) of yield per recruit of the surface
fishery of North Atlantic albacore.
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Figure 6.- Isopleths (yield lines) of yield per recruit of the long-

lina fisharv af Narth Atlantic alhacnea



