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Abstract

The southern bluefin tuna population is assessed using cohort analysis, Four combinations
of natural mortality and terminal fishing mortality parameters are used to see if their
selection affects the assessment. Although the four cohort analyses provide quantitat-
ively different results, the overall conclusions, which confirm the previously recognized
critical state of the population, are not affected by the choice of these parameters.
Recruitment for the period 1950-1976 was stable, but parental biomass underwent a
significant decline (40%) from 1967 to 1975, then remained approximately constant until
1980, The 1980 parental biomass level is estimated to be 21-30% of the virgin parental
biomass. Our major concern lay with the likelihood of further decline in parental
biomass and the risk of recruitment failure which may result when the increased surface
fishery catches of 1980-1983 begin to affect the adult population. The global catch
which would stabilize the parental biomass at its 1980 level is calculated as 30 000-32
000 t per year, and is virtually unaffected by selection of cohort analysis input
parameters, This catch level can be increased by 50% by postponing age-at-first-capture
to 5 years., The relationship between catch and stable parental biomass is examined
under different assumptions regarding recruitment,
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1. INTRODUCTION

Southern bluefin tuna are a highly
migratory species. Spawned in an area
between north-western Australia and
Indonesia, juveniles (aged 1 to 8 years)
inhabit, at least for part of the time, the
continental shelf waters of southern and
south-eastern Australia, Here they form
large surface schools and are the basis of
an Australian pole-and-line and purse-
seine fishery. From an early age there is
a gradual diffusion of fish to the waters
of the Southern Ocean such that by mat-
urity (8 years of age) most lead an
oceanic, pelagic existence and have an
almost circumpolar distribution between
30 and 50°S, This is disturbed only by a
regular spawning migration during the
southern summer (September-March).
These oceanic fish are exploited by the
Japanese longline fishery. Although the
surface and longline fisheries are essent-
ially geographically distinct, and the fish
that they exploit are in different behav-
ioural phases (surface schooling and deep
water swimming, respectively), there is a
substantial overlap in the age compos-
ition of their catches, Reviews of these
aspects of the biology of southern bluefin
tuna can be found in Shingu (1978) and
Olson (1980).

Commercial exploitation of mainly
juvenile southern bluefin tuna by
Australian fishermen and tuna research
by CSIRO date back to 1938 (Murphy
1979), The fishery developed from a
small troll fishery off the south coast of
New South Wales (NSW) to become Aust-
ralia's most important fin-fish fishery.
This was due primarily to the success of
pole-and-live-bait fishing and the sub-
‘sequent expansion of the fishery to areas
of the coast of South Australia (SA) and
Western Australia (WA)., With the intro-
duction of purse seining in 1974, the
Australian catch was averaging around
10 000 t per year by the late 1970's (see
Majkowski et aZ. 1981). In recent years
(1980-1983), the harvesting capacity of
the Australian tuna fleet has increased
markedly, with corresponding increases
in catches, particularly in 5A and WA,

After a total southern bluefin tuna catch
of about 19 000 t in 1982, a catch in
excess of 20 000 t is expected in 1983,

The Japanese 'fishery directed primarily
at adult southern bluefin tuna began in
the early 1950's (Shingu 1978). Following
a rapid expansion, the Japanese catch

" peaked at about 77 000 t in 1961, Since

then there has been a steady decline to
20 000-30 000 t per year. The history of
surface and longline catches is shown in
Table 1.

The critical biological state of the
southern bluefin tuna population (i.e.
continuous and significant decline in the
parental biomass) has been identified by
CSIRO scientists (Murphy and Majkowski
1981) and subsequently accepted by New
Zealand and Japanese scientists. This, in
addition to the recent expansion of the
Australian fishery, the entry of New
Zealand to the fishery, and the lack of
any significant reduction in Japanese
fishing effort, has prompted (i) further
intensive studies {(Majkowski 1982q;
Kirkwood 1983; Majkowski and Hampton
1983, 1984q,b; Majkowski and Murphy
1983) to provide a scientific basis for
future management of the southern
bluefin tuna fishery and ({ii} the first
steps toward international management
of the fishery to be taken,

The objective of this report is to present
the 1982 assessment of the southern
bluefin tuna population and to identify
catch levels which would stabilize the
parental biomass at selected levels. The
methods used for these purposes have
been developed and used on an ad hoc
basis over the past two years {Murphy
and Majkowski 1981; Majkowski and
Hampton 1983, 1984g,b. The results
presented in this report reflect the
"state of the art" in the refinement of
these methods and the data holdings of
the CSIRO Division of  Fisheries
Research to December 1382, The results
may be subject to slight changes as new
data become available and the analyses
are further refined,



2. DATA AND  PRELIMINARY
METHODS USED FOR THEIR
ANALYSES

2.1 Catch Data

Basic to most of the analyses presented
in this report are statistics of global
catches {in number of fish) by nation,
geographical area and length class.
Details of the methods for collecting and
processing these data are presented in
Majkowski (1982b). The global catch
data used in this study refer to the
calender vyears 1952-1980, inclusive
(Japanese fishery: 1952-1980, Australian
fishery: 1963-1980) and are assumed to
represent the entire catches of southern
bluefin tuna taken during that period.
Australian catches prior to 1963 were
not considered as no length frequency
sampling took place at that time. More
current data could not be used at the
time of report preparation because of
the wunavoidable delay in receiving
Japanese catch-by-length-class statistics
{see Majkowski 1982p),

2,2 Age Determination

The method used to convert the catch
length composition to age composition is
based on the following age length relat-
ionship:

t=t, ~1/K[In(1-L/t )]~ )

where t is age in years and L is fork
length in centimetres. When this equa-
tion is used to estimate the age of a fish
from a length class, L is assumed to be
the midpoint of the length class. The
parameters L, , K and t; are est_i{nated
as equal to 207,6 cm, 0.127 yr ', and
-0.394 yr, respectively (Kirkwood 1983),
Full details for deriving the age
composition are given in Majkowski and
Hampton (1983, 19844,) Note that the
growth parameters used in those papers
had been preliminary estimates made by
Kirkwood (unpublished data). Although
by no means perfect, this is the only

ageing method available to wus at
present, In this study the notation
defining age classes is changed from that
used in previous papers. Fish aged
between 1.0 and 2.0 years are now
referred to as belonging to class 1+
(previously age class 2). The results of
applying the ageing procedure to the
data are presented in Table 2a (catch age
composition by cohort (e.g. the 1960
cohort includes all fish spawned during
the 1959-1960 spawning season)) and
Table 2b (catch age composition by
calender year of capture).

2.3 Age-Length-Weight Schedule

The schedule of age, length and weight
(Table 3) is required for a number of
analyses described in this report. It is
constructed first by converting age to
length using a simple transformation of
equation (1) and then converting this
length to weight using one of the
following equations:

W =3.13087 x 10° L 2-9058
for L <130 c¢m (Robins 1962)

W = 2.50470 x 10 ° L 3-4229 3)
for L > 130 cm (modified from Warashina
and Hisada 1970).

(2)

where W is whole weight (in kilograms)
and L is fork fength (in centimetres). A
conversion factor (x 1.15) for gilled and
gutted to whole weight has been incor-
porated into equation (3). Because the
conversion of age to length is a trans-
formation rather than a statistical est-
imation, it is thought appropriate to use
the growth parameter values specified in
the previous section even though they
were derived using a regression of age on
length. The two equations (2) and (3} are
necessary because they were formulated
on the basis of samples of fish of
restricted length ranges. In previous
studies (Murphy and Majkowski 1981;
Majkowski and Hampton 1984}p), equation
{(2) had been used for estimating weight
from length of fish regardless of length.



3. POPULATION ASSESSMENT
3.1 Methods

Murphy (1965, 1966} described 2 method
of estimating the instantaneous rates of
fishing mortality and population abun-
dances for age classes from a cohort
when catch numbers by age class for that
cohort are known, This technique, andits
subsequent refinement by Tomlinson
(1970), has come to be known generally
as cohort analysis. Calculations
associated with all cohort analysis
results presented in this study are
carried out using the computer
programme COHQRT developed by
Dr william Fox (U,5, Department of
Commerce, National Oceanic and
Atmospheric Administration, National
Marine Fisheries Service, Southwest
Fisheries Center, La Jolla, California)
and which is based on the equations of
Tomlinson (1970).

Cohort analysis requires two additional
input parameters, namely M, the instant-
aneous rate of natural mortality, and F,
the instantaneous rate of fishing
mortality for the oldest age class
considered in the cohort (terminal rate
of fishing mortality), If the relevent
information is available, M may be speci-
fied individually for each age class. In
this study, however, M is assumed to be
constant for all age classes.

The reverse solution option of program
COHORT is used for all cohort
analyses. This option takes advantage of
the convergent properties of cohort
analysis results (especially recruitment)
over a range of F_-values (Tomlinson
1970}, Majkowski and Hampton (1983,
19844) have shown that errors in catch
by age class estimates are of acceptable
magnitude up to age class 12+ only. For
cohorts 1968 and older, the reverse
solution of cohort analysis is applied
using age class 12+ as the starting age
class, For these cohorts, the same F_-
value is assumed. It is expected that

5

Japanese fishing effort data will be
available in the future, and weighting of
F, for different cchorts may then be
possible. For cohorts more recent than
1968 (for which the most recently fished
age classes with catch data available are
11+ or younger), the catch of the oldest
available age class is used as the starting
point and the average fishing mortality
rate, F, for that age class from the three
previous cohorts is used as F_,. This
technique enables better estimates of
recent recruitment levels than those
made in the past (e.g. Murphy and
Majkowski 1981). This is because
recruitment estimates become more
sensitive to incorrectly specified values
of Fe for younger terminal age classes,
By using values of F which are
representative of the actual F's of those
age classes (rather than arbitrarily
specifying), our confidence in the
recruitment estimates for those cohorts
is increased. Initial (i.e. at the beginning
of the year) population numbers for age
classes ¢+ + 1 to the age class
representing the cohort in 1980 (to a
maximum of 20+) are calculated using
the following equation:

N s 4q=N;exp (-M-F,) (4)

where N. is the inital abundance of age
class €.

Because estimates of M and Fqio* (0.2
and 0,1 vyr ', respectively (Hayashi
et al. 1969 Murphy and Majkowski
1981), are uncertain to some degree,
cohort and subsequent analyses are per-
formed using four different combinations
of M and Fqp,, ie, (i) M = 0.2, Fyg, =
0.1, (i M = 0.2, F12+ = 0,15, (iii) M
0.2, F12+_=1 0.2, and (iv) M =0.'.IS, I.?12+‘=
0.15 wvyr . Such an examination is
referred to as ordinary sensitivity
analysis {see reviews in Majkowki 1982,
1983)., These combinations are chosen
for the following reasons, Recent
analysis of tagging data indicates that
total mortality, I, of adult fish is
between 0.3 and 0.4 yr-1. Therefore, the
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sum of M and Fq,, values needs to be
within this range. Because of increases
in Japanese fishing effort and a large
decrease in the adult stock during the
developmental period of the Japanes?
fishery, it is considered that 0.1 yr ~
is probably the lower Ilimit of likely
values for F194+e Accordingly, the first
three combinations use different levels
of Fqp, (0.1, 0,15, and 0.2 yr *1), and the
best estimate of M (0.2 yr ). Tag re-
turn data show that southern bluefin tuna
are very long lived: tagged fish have
been recaptured at up to 21 years of age
(J. Hampton unpubl. data). Because of
this, we feel that if there is an error in
the best estimate of M, it is one of over~
estimation, i.e. the real value ,?f M may
be somewhat less than 0.2 yr ~'. There~
fore, the fourth combination is chosen
with a reduced value of M (0.15 yr ') but
which still satisfies the condition that
0.3<2<0.4yr .

The parental biomass is assumed to be
the combined weight of all fish in the
population of ages 8.0, 9.0, ..., 20.0 years
at the beginning of the year [the mid-
point of the spawning season (Shingu
1978)]. The age at first spawning is
based on the observation of gonad indices
by Shingu (1970) who noted that sexual
maturity is reached at a length of about
130 cm (approximately 7.5 years of age).
Given our previous assumption that
spawning occurs at the beginning of the
vear, the first spawning opportunity
would then be at age 8.0 years. The par-
ental biomass for a particular year is
obtained by multiplying the initial popul-
ation numbers of classes 8+ to 20+ by the
respective weights given in Table 3 and
summing them, Because the parental
biomass is assumed to include fish to age
20,0 years, the extent of the catch data
allows calculations only for 1967 onwards
(the oldest cohort being that of 1947).

3.2 Basic Results

The basic and most useful results from

the cohort analyses described are
estimates of initial population abundance
of age classes 1+ to 20+ and estimates of
fishing mortality rates of age classes 1+
to (t=1)+, This information is presented
for the four cohort analyses in Tables
4a-d and Tables 5a-d respectively, For
convenience, the tables are constructed
by year rather than by cohort. -

It is apparent from these results that the
age structure of the population derived
on the basis of cohort analysisis strongly
dependent upon the choice of M and F_.
In general, increasing the value of B\
decreases the number of older fish and
increases the number of younger fish in
the population, For example, if M is
increased from 0.15 to 0.2 yr ', the
initial population of age class 20+ is
reduced by approximately 30% and the
initial population of age «class 1+ s
increased by approximately 25-70%,
Increasipg the value of F_ from 0.1 to
0.2 yr ' results in a redtuction in the
initial population of age class 20+ of
about 75% and a reduction in the initial
popul ation of age class 1+ of 12-30%.
Sinlqarily, increasing M from 0.15 to 0.2
yr decreases F for all age classes but
especially for the younger age classes
(about 25% for age class 2+ and 7% for
age clags 10+), Increasing F, from 0.1 to
0.2 yr ' increases F for all age classes,
particularly the older age classes (15-
30% for age class 2+ and 50-65% for age
class 10+),

33 Recruitment

Fish first became susceptible to capture
in Western Australian waters towards the
end of their second year of life, Because
it is convenient to define recruitment to
the fishable stock as the initial
abundance of an age class, it is defined
here to be the number of fish at age 1.0
years {i.e. the initial abundance of age
class 1+), The number of recruits by
year is presented in Tables 4a-d for the
four different cohort analyses. Because



of the convergent property of the
reverse solution of cohort analysis,
recruitment is relatively insensitive to
the value of F_ chosen, at least for
values not approaching zero. However,
higher values of M vyield significantly
higher recruitment estimates. Increasi_r;lg
M from 0.15 to 0.2 yr (Ft =015 yr )
results in an increase in the recruitment
estimate of 25-70%. Despite these
quantitative differences, all four cohort
analyses indicate that recruitment to
1976 had been relatively stable
Although on average, recruitment is
slightly lower in the second half of the
record, we do not believe that this
constitutes a significant decreasing
trend, Subsequent to 1976, recruitment
cannot be reliably estimated by this
method due to insufficient numbers of
fished age classes within the recent
cohorts,

For the stabilizing catch procedure
considered later in this report, a
constant level of recruitment must be
specified, For this purpose, an average
recruitment level is wused, and is
calculated for the second half of the
data record (1964-1976), as it is thought
that this period best represents the
present situation regarding
recruitment. The 1964-1976 average
recruitment levels and their standard
deviations for the four cchort analyses
are presented in Table 6. The 1950-1963
averages and standard deviations are also
presented in Table 6.

3.4 Parental Biomass

The 1967-1980 levels of parental biomass
for each of the four cohort analyses are
presented in Table 7. Changing M from
0.15 to 0.2 yr ' produces only minor
changes in parental biomass {increases of
1-6%). However, the effect of choosing
different values of F_ is much more
signifi_c nt. Increasing Ft from 0.1 to
0.2 yr * results in decreases in parental
biomass levels of approximately 407%,
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Regardless of these differences, the
trend over time (a continuous reduction
from 1967 to 1975 of 45 - 50%, then
approximately stable to 1980} is
essentially the same.

For comparative purposes, an estimate
of the virgin (pre-exploitation) parental
biomass is made for each cohort analysis
by generating a "cohort® from the 1950-
1963 average recruitment level (Table 6),
discounting successive age classes for
natural mortality onfy. This recruitment
level is assumed to be representative of
that produced by the virgin parental
biomass. The parental biomass for this
"cohort" is used as ar estimate of the
virgin parental biomass and ranges from
500 894 to 697 270t depending on the
M/Ff; parameter values used. The 1980
parental biomass, expressed as a
percentage of the virgin parental
biomass, ranges from 21 to 30%. These
results also are presented in Table 7.

4. DETERMINATION OF CATCH
LEVELS WHICH STABILIZE THE
PARENTAL BIOMASS.

4,1 Methods

The following analyses were undertaken
in order to estimate the stabilizing
(sustainable) catches which could be
taken from the population, The method
used has been described (as method 1) by
Majkowski and Hampton (1984p). We
regard this method as superior to their
method | because stabilizing catches
having a predetermined age structure
which are estimated using method I may
be difficult to harvest for practical
reasons (the southern bluefin tuna fishery
has [imited control over the catch-age
structure), This difficulty is eliminated
in method Il where the age structure of
the stabilizing catch is compatible with
the catchability coefficients of the
fishery.
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The estimation of stabilizing catch
requires estimates of catchability
coefficients by age class, average fish
weights at the beginning and in the
middle of the year, natural mortality

rate(s}, the level at which the parental

biomass is to be stabilized, and the level
of recruitment which is generated by
that parental biomass. Because each of
these parameters depends on the M/F
values wused in cohort analysis, the
stabilizing catches corresponding to the
four cohort analyses presented in Section
3 are estimated.

Estimates of catchability coefficients,
q for the 1980 calender year are used.
They are derived on the basis of the
following equation:

a;=C;/IN; exp (-M/2)] (5)

where C. is the 1980 global catch (in
number) of age class i {Table 25) and Ni
is the initial abundance of age class 7 in
1980.  Because the N.'s for 1980
estimated on the basis of cohort analysis
are the most uncertain (they are derived
directly from the estimated or chosen
F,'s), an alternative method is used to
obtain the 1980 N.,'s, We. assume that
the initial population numbers for 1976
(Tables 4g-d) can be estimated with
reasonable confidence on the basis of
cohort analysis if M is accurately
known. Using this population as a
starting point, subsequent population
numbers to 1980 are derived using the
Pope (1972) catch equation,

N£+ 1= N'i exp (-M) - Ci exp (~M/2) (6}
assuming that recruitment for the period
1977«1980 is constant at the 1964-1976
average level, Four sets of a; 'a
correspending to each combination of
M/F . parameter values used in cohort
analysis are presented in Table 8. The
most recent estimate of parental
biomass (1980) (Table 7), the 1964-1976
average recruitment (Table 6), and the
weights-at-age presented in Table 3
comprise the remaining input parameter
values required for the stabilizing catch
estimations,

In addition to this basic analysis, we also
examine the effect of postponing the
age-at-first-capture, T¢, to various ages
up to 5 years. This is accomplished by
setting q.'s for age classes younger
than Tc to zero {only integer values of
Tc are considered). Also, the relation-
ship between stabilizing catch and
parental biomass level is examined
assuming (i) recruitment is constant at
the 1964-1976 average level for all
parental biomass magnitudes, and
(ii) recruitment is dependent upon
parental biomass through a stock
recruitment relationship, The
relationship used is that of Shephard
(1982) and takes the following form:

R=aP/1+(P/K)B ) (7)

where R is the number of recruits and P
is the parental biomass which gave rise
to those recruits, The parameters a, K,
and R take the values presented in
Table 9. They are calculated from the
1967-1976 parental biomass data and the
corresponding recruitment levels as
outlined in Hampton and Majkowski
{(submitted).

4.2 Results

Calculated catches stabilizing the
parental bjomass at its 1980 level are
presented in Table 10. They appear not
to be seriously affected by the selection
of M/F_, values. This, as explained by
Majkowski and Hampton (19845), results
largely from the offsetting effect of
recruitment and natural mertality in the
stabilizing catch procedure. The slight
differences in the results presented in
Table 10 and those derived by Majkowski
and Hampton {1984p) are caused mainly
by the different age-length-weight
schedule used, Postponing Tc has the
effect of increasing the stabilizing
catch., The analysis indicates that the
stabilizing catch may be increased by
approximately 50% if Tc were postponed
to 5 years,
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Possible combinations of stabilizing
catch and parental biomass assuming a
recruitment level independent of the
parental biomass are depicted in
Figure 1, The four curves reflect
differences induced by the choice of M
and F, values in cohort analysis and the
resulting M, qi's, and R used in the
stabilizing catch procedure. Figure 2
shows the same set of curves but with
recruitment dependent upon parental
biomass consistent with the stock
recruitment relationships defined in
Table 9. The level of stabilized parental
biomass which maximizes catch ranges
from approximately 190 000 to 250 000 t
depending on which M/F, parameters are
used, In each case this level is
substantially higher than the
corresponding 1980 parental biomass.
Stabilizing catch declines sharply at low
stock sizes (cf. Figure 1) because of
falling recruitment, This is probably a
more realistic picture than that in Figure
1 in which recruitment is assumed to
remain constant even at intolerably low
stock levels,

The effect of postponing age-at-first-
capture under assumptions of constant
and stock-dependent recruitment s
shown in Figures 3 and 4, respectively.
The besgfstimates of M (0.2 yr“1) and Ft
(0.1 yr ') and the resuitant cohort
analysis outputs are used. Again, we
believe stock-dependent recruitment to
be the more realistic assumption and its
effect is pronounced at low stock sizes
where it forces convergence of the Tc
situations depicted.

5. CONCLUDING REMARKS

The results contained in this report
confirm  the previously identified
(Murphy and Majkowski 1981) critical
state of the southern bluefin tuna
parental biomass. However, there is no
evidence from the population assessment
in Section 3 that fishing activities have
had any effect upon the level of

recruitment until 1976, Because
parental biomass appeared to be stable
from 1975 to 1980, we can logically
expect that cohort analysis estimates of
recruitment to 1980 (when sufficient
data become available) will behave
similarly to those of pre-1976. However,
we have no scientific basis for assuming
that lower parental biomass levels will
be able to sustain recruitment at this
magnitude,

It is apparent that the activities of the
global fishery have  significantly
decreased the parental biomass from its
virgin level, The ratio of 1980 to virgin
parental biomass level is sensitive to
changes in input parameters for cohort
analysis, but is likely to be in the range
of 21-30%. No generalizations regarding
what fraction of the virgin parental
biomass represents a "safe" (in terms of
consistently providing adequate
recruitment) level can be made; it is
likely to vary considerably for different
species. It is therefore impossible to
specify a "safe" level of parental biomass
for southern bluefin tuna; it could only
be determined by deliberately reducing
the parental biomass until recruitment
failure was observed. This approach is
clearly unreasonable because recovery of
the population could be slow and would
require draconian restrictions on
fishing, Therefore, it would seem
imprudent to allow further significant
decline in the parental biomass at the
risk of recruitment failure. Hampton
and Majkowski (submitted) have shown
that the continuation of the 1982 fishing
regime is likely to result in further
significant reductions in parental
biomass. We firmly believe that this
fishing regime (1982) is not sustainable in
the long term.

The stabilizing catch analyses in Section
4 give some indication of the sorts of
fishing regimes which are likely to be
sustainable on a long term basis. It is
apparent that in order not to allow
further long term reductions in parental
biomass from the 71980 level, either



(i) global catch must be reduced, {ii) the
age-at-first-capture increased, or (iii) a
combination of actions (i) and
(ii) introduced to allow more fish to
survive to maturity.

The results provided in Section 4 are
supported by observed data. The
apparent stability of parental biomass
during 1975-1980 was the result of levels
of surface fishing from the early 1960's
to the early 1970's (average catch
approximately 8000t) and longline fishing
from the early to late 1970's (average
catch approximately 31 000t), This total
catch (39 000t) can be interpreted as
stabilizing the parental biomass in the
same sense as the estimates provided
in Section 4. This figure is in fact
directly comparable to the estimated
1980 parental biomass stabilizing catch
since the levels of stable parental
biomass are about the same. The lower
stabilizing catch calculated in Section 4
(31 784t) results because it refers to the
1980 catch age composition which is
substantially younger than that of
the 1960's and early 1970's, This
comparision suggests that there is good
agreement between empirical data and
the stabilizing catch methodology.

Also, the simulation results of Hampton
and Majkowski {submitted) show that, as
would be predicted by the method used
in Section 4 of this report, catches
higher than the calculated stabilizing
catch will cause further reduction in
parental biomass. These consistencies
make us confident that the stabilizing
catch method is a valuable tool for
fisheries analysis.
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Table 1. Annual southern bluefin tuna catches in tonnes and thousands of
fish. Values enclosed in brackets are preliminary estimates.

Year TNSW "SA WA Aust Total NZ Japan Total

t no t no t no t no t no t no t no
1952 227 18 556 i} 783 24
1953 435 34 3809 49 4244 83
1954 605 48 2183 27 2788 75
1955 4315 34 2915 36 3350 70
1956 841 66 14948 186 15789 252
1957 982 77 21878 400 22860 477
1958 2024 159 12417 225 14441 384
1959 2008 158 63896 1032 65904 11990
1960 3072 242 75672 1188 78744 1430
1961 3402 268 77491 1209 80893 1477
1962 5136 404 40852 675 45988 1079
1963 2610 207 3589 225 6199 432 59200 1009 65399 1441
1964 2261 276 5317 379 7778 655 42718 743 50496 13198
1965 2246 160 4730 259 6976 449 40595 721 47571 1170
1966 2144 169 5994 417 8138 586 39607 683 47745 1269
1967 3672 362 3385 245 7057 607 59086 931 66143 1538
1968 5129 603 2926 263 80455 866 49482 828 57537 1604
1969 5885 691 3255 428 299 69 9439 1188 49644 844 59083 2032
1970 3611 393 3123 334 708 189 7442 916 40622 699 48064 1615
1971 5033 451 2817 344 600 121 8450 916 38120 697 46570 1613
1972 6133 340 4374 454 757 129 11264 923 39604 806 50868 1729
1973 1811 81 6635 696 308 69 9107 B46 31205 651 40312 1497
1974 5276 297 6988 756 EF]) 60 12585 1113 33924 672 46509 1785
1975 24606 225 4842 599 1236 218 8544 1042 24118 441 32662 1483
1976 308 32 6938 865 289 23 7535 920 33714 634 41249 1554
1977 4814 248 8789 1160 982 137 14589 1545 29595 536 44184 2081
1978 4332 224 4934 548 1999 495 11265 1267 22974 451 34059 1718
1979 3611 159 4318 632 2267 450 10216 1241 27715 520 37931 1761
1980 3427 138 6855 1083 2661 568 12943 1789 130 1 29474 521 42547 2311
1981 3267 17 9877 819 31327 727 16471 1663 173 2 {25000) 463 (41644) 2128
1982 1648 122 12748 1184 4345 734 18741 2040 257 4 (22000) (407) (40998) (2433)
1 As the NSW season is concentrated at the end of the year, small portions of catches accredited to a year

may have been taken early in the following year.

As the 5A season is concentrated at the beginning of the year, small portions of catches accreditedtoa

year may have been taken late in the previous year,
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Table 2a Global southern bluefin tuna catches (in number) by age class and cohort.
CUHORY
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Table 3. Southern bluefin tuna age-length-weight schedule.

Age Length Weight Age Length Weight
(yr) (cm) (kg) (yr) (cm) (kg)
0.5 22,4 0.3 10.5 156.1 80,7
1,0 33.9 0.9 11.0 159.3 86.4
1.5 44,7 2,0 11.5 162.3 92,2
2.0 54.8 3.5 12.0 165.1 97.7
2.5 64.3 5.6 12,5 167.7 103,2
3.0 73.2 8.2 13.0 170.2 108.4
3.5 81.5 11.2 13.5 172.5 113.6
4,0 89.3 14,6 14.0 174.7 118.6
4.5 96.6 18.4 14.5 176.7 123.4
5,0 103.5 22.4 15.0 178.7 128,0
5,5 110.0 26,7 15.5 180.5 132.5
6,0 116.0 31.2 16.0 182.1 136,7
6.5 121.7 35.9 16,5 183.7 140.8
7,0 127.0 40,7 17.0 185,2 144.8
7.5 132.0 45.4 17.5 186.6 148.,5
8.0 136,7 51.2 18.0 187.9 152.1
8.5 141.,1 57.1 18,5 189.1 155.5
9.0 145,2 63.0 19.0 190.3 158.8
9.5 149.1 68.9 19,5 191.3 161.8

10.0 152.7 74,8 20,0 192.3 164.8




16

Table 4a Initial population numlz?rs estimated on the basis of cohort analysis using
M =0.2 and Ft =0,Tyr .

AGE 1948 1949 1952 1951 15952 1953 1934 L95% 1938 1957 1938
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Fable 4b

Initial population numbe

M =0.2 and Fe =0,15yr .
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is estimated on the basis of cohort analysis using
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Table 4c initial population numg?rs estimated on the basis of cohort analysis using
M =0,2 and Fe =02yr ",

age 1948 1949 1950 1951 1992 1933 19%a 1935 1958 1957 1958

1 156p45% 2019197 3353426 4ATS24s #8744 ple2972  S3IS98A8 4485995 4BTRIR1  45ZIITI SIeSkde
2 126122y 16%3179 274SS5Y  3osdP20  I[2¥37%  Spa%waLa  43pAZAY  TadSdp)  YIBARAS  AL93N4%
3 1932601  1353%08  224T86% 299944k 4194825  a1¥p1ed  JSU2TRT 98Nl SReSI7S
L] 835822  (1@B1%% 184399 2a56mes  ¥A3a4lY  3Zs2Nie a9a182% 41913
9 692173 87284 1526762 2010887 245 LBTH 279190 2369347
& Sebtel Ta2734 1233633 164b347 2302143 01813
b ap3bd2 aaba%l  1#09946 1547594 (847922
] 519419 W9TAb2 825321 1dsd014
9 bLIY Y 398103 (31311
[} 1rsan i
1 110009
oE 1954 1960 1901 LT 1943 19464 1969 1944 1907 198 1989

o 9T9LATs A139213  491qgent 1648728 aafbi3a 38A3275  3as%aie 3957586  4Q6939%  ar2e86Y  S68159s
2 Q395929 ATa{98s  A2RT63L  a¢#32wa 34weAST  IETIPG3 31ize%a  28AT&le Jarli1e 3351739 ssansay
3 33334 X599022 BaAQUpS  %4dq917  $2RATAY SPRA139 279sa79 2929168 224T4e3  38e457  229774%
4 ThE9e4 2811197 FALLLEL X172 231528 2654194 2275187 2126774 1863770 1118477 1684519
S 19T3TYY 2180830 239079y 23R8 2577574 22%b452 1972128 1680224 14712718 15771%8 1278751
b 1913512 1548578 1774542 1438617 1927196 2ugnara 1743%61 15Aqb87 1275546 1183511 1082848
?
[
L]

1788451 1492625 1282468 1377245 1459987 1491611 1599874 1305578 1159899 saT01 876345

1489782 13a5a8n 1453%2 LEALTT) 145089 1AA585) L112Bare t2arsee 1952992 54%62] rT2gsey

Ragaza 9852880 733521 sA1S81 617591 o?2813 T23%es 178542 853748 688811 571458
12 4R2631 4712512 499727 312931 Ahai111 LEELTYY 420928 4T8v2) Se79ar Seratps 437308
11 (9798 aT4A9p 234794 27550 118802 1659993 182677 282317 122909 297127 381889
iz 842351 112871 16914n 117635 147288 L 125029 116384 196936 2008357 §8TTe9
13 SpaTs 75527 1135342 THALY $8594 56318 Tayat 78812 13ép18 13462%
14 TESA San2t THane 525657 113} 39185 arTise 2293 [.TT1]
15 25370 55938 Snan 35431 a33Ra 26213 Jis2? 35953
14 1raLe 22748 34150 25158 LT 17571 21208
17 11602 15249 22891 15920 19928 11778
14 1643 1eaa 1534% 12672 13344
19 312l (111 1adde 71133
E{] 5aje 439 (11}
agt 1978 197 1912 1973 1914 1978 197 1977 1978 1910 FALL]

baB8AGY aaTeles ApRtea] A2RPN1S SpAp At a1ap2r2 A1{T919 jeaasLe LELETT B 7338738

aS57259  A927629  368T18@ 3331174 3p@2537  oSTd64S  32I3@9T 3245162  2364Sed 3965008  SelD1eZ
2032953  Xg9ssap  ANGIAIA 2Tu3dss 2546224 2830571 M@¥2e7e  22926@1  R1BY12Z  L4B9eTI  2TANNAY
16%3368  1842A22  22%327a%  2aR0AT 2ma8593 1792547 1Tapssg 2342933 t4o8342 1%11184 Yea15d
1PATSIY  12%4h3s  1394TSA 1523847 §611312 1865808 1367277 1193377 eTIA3IL LE11406 L8360
974959 CETY LY 18T 1913248 114887 1414818 118617 1048874 892227 1235593 TapT7S
Te9387 Ta433A 6957473 5935333 73928% 199476 Be155g a98iad 8429138 beLBa7 ALITET]
s34984 Seedve 555712 281039 496609 526107 sR2T27 28824 643915 39085 (L3 IT]
arpsag 439384 81006 386350 351791 123798 165894 1957718 3934998 495657 57520
AT&8456 FLITT™ 2%9h61 215548 2%53m 193172 196553 FLR 1T Y 222189 /T2 338147

-k k. a e
O AR O T N b

259489 198204 169528 1ae71? 128588 138702 112663 LT L 119349 IELLIY] Legs2e
196651 169202 11928% 96003 197 7829 90269 bibbb So84} 89272 43454
125429 131819 LPT 38R 79959 habh21t s1RTY 52187 8589 41336 37969 13808
ep2a2 Rela3 [LETS] T19848 53598 43337 aae3T 15942 [LLTY] 2TTRS 25454
59314 60494 56937 59230 68253 35928 29n34 FIITT 23458 27189 (Y114
73497 39Ty LEATE ) 37898 39703 52345 FLI.LE] 19063 18394 151a9 18225
18241 157%@ Pubs2 27180 25489 2sba 21881 L1143 13047 12330 V1341

749% 952¢e 1essa (S LTTY 18220 17029 17848 14333 Les2y 8res 8248

8948 5292 638% rary 11974 12243 11a1% 11954 yra2 Ta% FTTY ]

29 479% 5998 3%48 4ape 4Tus 228 disy 76351 LLH a330 ade




19
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Table 4d Initial population numbers1est|mated on the basis of cohort analysis using
M =0.15 and Ft‘=0'15 yr .
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Table 5a Fishing mortality ratesI estimated on the basis of cohort analysis using
M =0.2 and Fe =01 yr

AGE 1953 1955 1958 1957 1958 1959 LY 1961 1942
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Table 5b  Fishing mortality rates estimated on the basis of cohort analysis using

M=02andF =0.5yr

aGe 1954 1958 1956 1957 1958 1959 1960 1961 t962
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Table 5c  Fishing mortality rates estimated on the basis of cohort analysis using

M=0.2andF, =02yr

AGF 1954 1958 1954 1957 1958 195% 1982 1961 1962
CLASS
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Table 5d Fishing mortality rates

elstimated on the basis of cohort analysis using
M =0.15 and Fe=015yr
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Table 6, Mean values of southern bluefin tuna recruitment and their standard
deviations.
Period M/Ft combination used in cohort analysis
0.2/0.1 0.2/0.15 0.2/0,2 0.15/0,15
1950-1963 mean 6 199 916 5 419 609 5029 19 3477 226
s.d. 851 866 775 884 761 748 507 955
1964-1976 mean 5 266 970 4 685 897 4 494 638 3424 210
s.d. 897 459 815 480 806 806 656 033




Table 7. Southern bluefin tuna parental biomass (tonnes).
Year M/Ft comb‘ination used in cohort analysis
0.2/0.1 0.2/0,15 0.2/0,2 0.15/0,15
1967 358 816 266 053 220594 251731
1968 340 889 248 822 203 756 237 566
1969 321 478 232 537 189 054 224 628
1970 295 423 210 974 169 713 205 654
1971 272 253 192 549 153 734 189 762
1972 251 630 176 164 139 523 174 572
1973 228 852 158 589 124 687 158 420
1974 213 731 145 032 118 001 149 597
1975 201 892 140 878 111726 141 064
1976 199 090 141 331 113 699 140 026
1977 193 994 138 042 111 422 134 952
1978 198 442 141 106 113 612 135 111
1979 209703 149 805 121702 141 750
1980 209 082 147 695 120 148 140 533
Pre-exploitation 697 270 609 513 565 605 500 894
1980 x 100
Pre-exploitation 29,99% 24,23% 21.24% 28,06 %
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Table 8.,

Southern bluefin tuna 1980 catchability coefficients
Age class M/Ft combinati?n used in cohort analysis
0.2/0.1 0.2/0,15 0.2/.2 0.15/0,15
1+ 0.0403 0.0453 0.0473 0.0605
2+ 0,2604 0.2961 0.3101 .0.3900
3+ 0.1906 0.2201 0.2319 0.2863
4+ 0.0612 0.0715 0.0757 0.0905 -
5+ 0.0773 0.0958 0.0958 0.1047
6+ 0.0586 0.0775 0.0775 0.0866
7+ 0.0585 0.0773 0.0773 0,0864
8+ 0.1136 0.1488 0.1659 0,1656-
9+ 0,1571 0.2068 0,2383 . 0.2301
10+ 0.1572 0.2069 0.2463 0.2224
11+ 0.1316 0.1832 0.2242 0.1910
12+ 0.0959 0.1411 0.,1844 0.1407
13+ 0,0602 0.0932 0.1282 0,0884
14+ 0.0388 0.0644 0.0962 0.0575
15+ 0.0217 0.0350 0.0507 0.0298
16+ 0.0056 0.0089 0.0126 0.0072
17+ 0,0052 0.0085 0.0124 0.0065
18+ 0.0025 0.0041 0.0062 0.0030
19+ 0.0023 0.0040 00,0060 0.0028
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Table 9. Parameter values for the southern bluefin tuna stock recruitment
relationship.
Parameter M/Ft combination used in cohort analysis

271 «2/.15 2/.2 .15/.15
a (recruits 1) 34,88 43,03 54.73 32.24
1.5 1.5 1.5 1.5
K (t) 345 935 250 322 182 748 247 927
Table 10. Catches stabilizing the parental biomass at its 1980 level for a
series of ages-at-first capture (Tc's).
Te M/Ft combination used in cohort analysis
0.2/0.1 0,2/0,15 0.2/0,2 0.15/0,15
1 31784 31546 32100 30706
2 32 928 32 642 33 208 32 006
3 ~ 40 988 40 395 41 078 41 315
4 48 250 47 217 47 990 51 640
5 50 439 49 191 49 970 54 931
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