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Introduction

In 1974, the International Commission for the Conservation of-
Atlantic.Tunas (ICCAT), recommended regulatory measures for bluefin
tuna (Thunnus thynnus thynnus) in the Atlantic Ocesn. Since ICES
~has been showing very strong concern with the status of bluefin tuna
stocks, a summary of the actions taken by ICCAT and a brief back-
ground of thesé actions are presented in this report.

Scientific Studies on Bluefin Tuna

Since its founding in 1969, ICCAT scientists have been closely
watching the conditions of stocks of the various species~of tunas.
The Standing Committee on Research and Statistics (SCRS) has immediate
responsibility for the study. Based on the findings of the SCRS sci-
entists, the Commission recommended, at its Council meeting held in
1972, a regulatory measure to limit the minimum size of yellOWfin
tuna (Thunnus albacares) which can be legally caught. The regulation
has been in effect since June, 1973. :

- At its 1973 meeting, the ICCAT scientists also showed serious
concern with the status of bluefin tuna stocks. At the 6lst: Statutory
Meeting of ICES (Lisbon 1973), the ICES scientists also expressed some
concern with the bluefin tuna stock conditions. Since then, all the
scientific findings and'paperé concerning bluefin tuna were exchanged

between the scientists of the bluefin tuna Working GrOups'of the both
organizations. :
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ICCAT Conservation Measures for Bluefin Tuna :

Finally, by mutual agreement of the Chairmen of both ICES and ICCAT
Working Groups on Bluefin Tuna, a joint meeting was called on Sep-
tember 29, 1974, at Charlottenlund, Denmark. The Report of this
meeting was presented at the 62nd Statutory Meceting of ICES,

held in Copenhagen immediately following the Jjoint meeting, and at
the SCRS and Council meetings of ICCAT held in Madrid, in November,

1974.

In the-meantime, the Unites States of America circulated a note »
sixty days prior to this ICCAT meeting (in accordance with Rule 8 of .
the ICCAT Rules of Procedure) indicating its intention to propose,
during the Council session, recommendations concerning the conser-
vation of bluefin tuna. During the SCRS meeting, held together with
the Council meeting, the scientists carefully studied the report of
the Joint Meeting of ICES/ICCAT Bluefin Tuna Working Groups and con-
siderably extended the studies on bluefin tuna. The pertinent section
of the SCRS Report (1974) is attached herewith as Appendix.

The scientific conclusions indicate that the catch per effort for
bluefin tuna has been declining in recent years, while many of the
-fisheries are based on very old fish and the number of relatively young
fish entering these fisheries has significantly declined. This may be
due to the increase in catches of smaller fish. The scientists agreed
that the reduction of fishing effort to the small sized bluefin will "
increase the total catch. They recommended that the long~term benefits
in terms of increased catches of larger fish will be greatest if the
reduction of effort applies mostly to one-year, and to a lesser extent,
to ﬁwo-year old fish. The avoidance of these very small fish in the
commercial fishery might be implemented by enforcing the size limit.
An.appropriate limit in the northwest Atlantic might be 6.4 Kgs.

Regulations Recommended by ICCAT

Panel 2, set up within ICCAT to discuss the management measures
for temperate tunas, held sessions at the same time of the Council
meeting in Madrid, November, 1974. The United States proposed two
measures to protect bluefin tuna in the Atlantic Ocean.



ICCAT Conversation Meaoures for Bluefin Tuna
By P. M. Miyake . | -5-

These, &s later modified at the Council, are as follows:

Proposél* of the United States Concerning Atlantic Bluefin Tuna

In view of the Report of the Standing Committee on Rescarch and Statistics
(SCRS/74/2 -— Annex 9 to the Proceedings). and the expression of concern by
several members of the Commission, it is proposed that the Council be rcqucstcd
to take the necessary action to propose to the members of the Commission, as is
provided in Rulc 9. pamgraph 8 of. the Rules of Procedure, the following:

First — Thul the (ontruclmg Parties take the nccessary measures to prohibit
any taking and landing of bluefin tuna (Thunnus thynnus thynnus) weighing
less than 6.4 kg.

Notwithstanding the above rcgulatmn. the Contracting Parties may grant
tolerances to boats which have incidentally captured bluefin weighing less

: than 6.4 kg.. with the condllmn that this incidental catch should not excecd
15 @, of the number. of fish per landing of the total bluefin catch of said
boats or_ its cquivalent in percentage by welghl

Second — That as a preliminary step, the Contracting Partics that arc aulvdy
fishing for bluefin tuna (Thunnus thynnus thynnus) of those that inci-
dentally catch it in significant quantities shall take the nccessary measures
to limit the fishing mortality of bluefin tuna to recent levels for a period
of one year, : : .

Some modifications made at the Council Mecting have been incorporated.

' The recommendations were adopted by the Panel and passed to the
Council. The Council decided to subject these proposals to a mail-in
vote of the Commission, since the recommendations of a regulation must
be agreed upon by the Commission. As of the end of January, 1975,
seven (7) countries, which constitute a majority of the Commission,
sent in affirmative votes. Accordlng to Article VIII of the ICCAT
Convention, the recommendatlon became effectlve on August 10, 1975, six
months after the decision had been made, as no objection was received
in the interim. Since the second measure recommended is provisional
for a one-year period, it is. expected that the Panel, meeting at the
time of the ICCAT Commlss1on meeting (November, 1975), will agaln take
up this problem.



APPENDIX

5.c. Bluefin

S5.c.l. Catches

The catches of bluefin tuna in the Atlantic (including the Mediterranean) are
given in Table 3. This shows that the total catch has declined from a peak of a
little under 40,000 tons in 1964-65 to about 12,000 tons in 1973. The recent trends
have varied between fisheries. The surface (purse seinc and baitboat) fisheries on
small fish have declined to about half their peak catches, while most fisheries on
large fish (particularly the Norwegian purse seiners and the traps along the coast
of the Iberian Peninsula and Morocco) have declined to a very low level. The
catches of Japanese longliners in the Atlantic have declined by about 11.000 tons
from the peak in 1964-65. However they took good catches of some 3,000 tons
in the Mediterranean in 1973-74.

5.c.2. Stock separation

There is still uncertainty about the degree of separation between the tuna
caught in the Mediterranean and the Atlantic, and between the eastern and western
Atlantic. Recent tag returns have confirmed that trans-Atlantic migration of both
large and small bluefin occurs, and may be appreciable in some years. However
most tag returns, even after several years, occur on the same side of the Atlantic
as the point of tagging. Therefore it may be convenient, and not incorrect, to treat
the Atlantic bluefin as, in many ways, a single stock. However it is probable that
any management action (or failure to take action) will be most clearly felt among
the fisheries on the same side of the Atlantic as the action is taken, but will also
affect 1o some extent the fisheries on the other side.

5.c.3. Sratus of stocks

5.c.3.1. Because there are very marked differences in the distribution of differ-
ent sizes of bluefin, and in the fisheries on different sizes, it is necessary to treat
different size groups individually. Catch rates of younger fish (1 to 5 ycars old)
taken in the surface fisheries have, over the past decade or more, fluctuated around
the same levels. Estimates of the number of young fish recruiting into these fisheries
have been made, and show some variation, with no consistent trend in all sets of
estimates. In the western Atlantic, the 1973 ycar-class seems to have been good.
The present estimates of recruitment are far from satisfactory. and better estimates
are badly nceded.

5.c.3.2. The older fish however have declined, although quantitative data. e.g.
reliable measures of catch per unit effort, are generally lacking. The best c.p.u.e.
data are probahly from the Japanese longline fishery, but these can be scriously
affected by the degree to which the vessels direct their attentions to bluefin or to
other species. Counts from aircraft of giant bluefin passing the Bahamas suggest a
decrease between 1951-53 and 1974, of a third. Catches in many fisheries have
declined much more than this. It was pointed out that there are big variations in
sex ratio, and some coastal fisheries in the northwest Atlantic on large fish take
almost cntirely males.

5.c.3.3. There have been changes in the composition of the catches of larger
fish. The average size in nearly all fisheries has been increasing over a long period.
Several of these fisheries are now based on very old fish (up to 20 ycars old or
older), and the numbers of relatively young fish (6-8 years old) entering these
fisheries have significantly declined. In one or two cases, e.g. the Norwegian purse
seine fishery, the changes in length composition from year to year suggest that
there has been virtually no recruitment to the fishery since 1960. In others, recruit-
ment has been very low. It appears that the decline in the numbers of fish recruit-
ing to these fisheries may be correlated, at least in the western Atlantic, with an
earlier incrcase in the fisheries on small or medium fish -—as would be expected
in a qualitative sense. The quantitative links between the fisheries on different
sizes of fish are cxamined in the following section.

5.c4. Yield-per-recruit

5.c.4.1. The bluefin fishery is characterized by very different fishing mortality
rates on different ages. The pattern of age-specific fishing mortality depends on
the relative fishing effort exerted by different types of gears (purse scine, baitboats,
longline, etc.) as well as the fishing tactics of each gear. This complicates the calcu-
lations of the yield that can be obtained from a given recruitment, which are nor-
mally made for a constant fishing mortality above some given age. Ideally the calcu-



lations should be made for the present pattern of age-specilic F, and take into
account likely changes in this pattern. This was difficult to do during the present
meeting, because of uncertainty concerning the precise present situation, and likely
changes in fishing tactics. Accordingly, calculations were made of an idealized
fishery, with three distinct segments — 1-5 years, 6-10 years and 11 years onwards.
The yields from different combinations of fishing mortality in each of these periods
were calculated, and are shown in Table 4. Calculations were made for natural
mortality M = 0.2 and 0.4, but the latter proved to be inconsistent with the observed
history of the fisheries. With such a high natural mortality it would be impossible
for fisheries on large fish (e.g. the Ibcro-Moroccan trap fisheries) to have taken
the large catches taken in past years. Ranges of F = 0.2, 0.4 and 0.6 were consi-
dered for large fish, but the results were insensitive to the values used, and therefore
the results for F = 0.2 only are presented. The results have been expressed as the
yield in weight (tons) per million recruits at one year old. This level of recruitment
is within the range recently experienced, so the figures do provide some guidance
to the actual catches that might be expected. Actual recent recruitment to the total
Atlantic stock has been estimated, using virtual population analyses, to range
between 0.4 and [.5 million fish.

5.c4.2. Examination of the bottom row of each part of Table 4 shows that
increasing fishing mortality on the small fish causes a steady decreasc in the total
catch. This decrease is particularly marked for F > 0.2, where an extra 1,000 tons
caught as small fish can cause a drop in total catch of several times as much. On
the other hand for low values of F in all sectors of the fishery, a small increase
in the catch of small fish causes a drop in the catch of larger fish that is not very
much bigger. That is the critical factor in determining the fate of the medium and
large fish in the fishing mortality on the small fish, rather than the actual weight
caught.

5.c.4.3. This analysis confirms that the decline in the catches of older fish can
be accounted for in a general way by the increase in catches of smaller fish, and
that the observed drop in total catch, some two or three times the catch of small
fish, is to be expected from the yield-per-recruit analyses. A more precise account
requires estimates of the fishing mortality in the younger fish.

5.c4.4. The most direct estimate of fishing mortality in bluefin comes from
the results of tagging of small fish in the N.W. Atlantic. These gave estimates of F
on 2 and 3 year old fish that ranged from 0.278 to 0.995, with a mean value of 0.575.
These estimates imply fairly high emigration or other loss rate from this fishery.
If the true loss rate is lower, then the estimate of F should be decreased. On the
other hand, if correction is made for deaths at the time of tagging. the estimates
of F may have to be increased.

5.c.4.5. In terms of the idealized stock, a value of 0.575 for F would imply
that the fishing mortality on these small fish, if it is applied uniformly on ages
1 to 5, could be reduced to a third of its present value (i.e. to a little less than 0.2).
with not much reduction in the catch by the small-fish fishery, and a very great
increase in the total catch. If the true present fishing mortality is lower (say 0.4),
it could still be reduced appreciably without reducing the total catch, but there
would be a reduction in catch in the small-fish fishery.

5.c4.6. In practice, the situation does not correspond exactly to the idealized
stock, nor does the same fishing mortality apply to all groups of small fish. The
age-composition in the small fish fisheries on the two sides of the Atlantic appears
to be similar, so that it is not unrcasonable to assume the mortality rates are similar.
Also there does not appear to be any unexploited groups of small bluefin on either
side of the Atlantic. For the present, therefore, the fishing mortality is estimated
to be in the range 0.4-0.6, and is assumed to apply to all groups of small fish.

5.c4.7. It is less reasonable to assume that this rate applies (as in the idealized
model) equally to all ages from 1 to 5. On the one hand the appearance of one
year-old fish in the catches is variable, and they are usually much less well repre-
sented in the catches than older fish, though they seem to predominate in the
catches off Morocco, and in the U.S. sports catch. On the other hand. 4 and § ycar
old fish are not now common in the catches, though this may be because few survive
the intense fishery on 2 and 3 year olds, rather than because they have moved out
of the fishery.



5.48. If indeed the small-fish fisheries do not exploit fully the S or 4 year
olds, this will not make much difference to the changes in toral catch predicted (o
follow a change in fishing mortality on young fish. 1f the present moriality is re-
duced, the total catch will still increase by about the same extent, but less of the
benefits will be felt in the small-fish fishery itself, e.g. a reduction from F = 0.6
to F = 0.4 would reduce the long-term catch in the small-fish fishery rather than
slightly increase it. In the actual fishery on small fish in the eastern Atlantic, which
appears to be based only on 2 and 3 year old fish, the losses within the small-fish
fishery following a reduction in effort would be appreciable.

5..4.9. To the extent that one-year old fish are not exposed to the full fishing
mortality, the results of a general reduction in fishing mortality on small fish will be
less dramatic than suggested in Table 5. The general effects will however be similar
— a reduction in mortality will increase the total catch, and if the fishing mortality
is at the upper end of its likely range (0.6), a quite large reduction from the present
level can be made without scrious long-term reductions in the catches of the small-
fish fisheries, at least if they catch fish up to age 5.

5.c.4.10. The fishing mortality coefficients on the larger fish are less well known.
In the past they were probably low in the western Atlantic (indeed so low that the
western stock, if separate from the castern stock., was probably under-exploited
until the development of the small-fish fishery). At present they may be low in the
cast Atlantic because the low level of adult abundance has caused a drop in effort
in many of the large-fish fisheries. If the effort remained low, there might not be
much increase in total catch following a reduction in mortality in the small-fish
fishery, but it seems much more reasonable to expect that, once the abundance of

larger fish increases, the effort on larger fish will increase to take advantage of the
larger stock.

5.c4.11. The yield-per-recruit analyses can also be used to estimate the effect
of changing the size at first capture, i.e. avoiding completely the capture of fish
below a given size or age. These have shown that, unless the fishing mortality on
medium and large fish is very low (which, as discussed above, will be unlikely if
the adult abundance is allowed to increasc) the total catch would be increased by
increasing the size at first capture up to 8-10 years.

5.c4.12. Simulation studies were also made using a more realistic vector of
age-specific fishing mortalities, and estimates of the present age-composition. These
confirmed the other yield-per-recruit calculations, and specifically showed that an
overall reduction in fishing mortality oun all sizes proportionally, will tend to increase
the total catch if the present © on 2-3 year old fish is higher than about 0.35. At
high levels of fishing effort, avoiding the capture of | and 2 year old fish would
increase, the total catch. The simulation studies also showed that it would take a
long time (from about 5 ycars for the small-fish fisheries to about 15 years) for
management actions to have their full effect on the fishery.

5.c.5. Stock and recruitment

5.c.5.1. Considcrable concern has been expressed over the long-term situation
of the bluefin stock, in the light of the low level of abundance of the adult stock.
and the possible effect on recruitment. The determination of the relation between
adult stock and subsequent recruitment is difficult for most fish, and tuna is no
exception. Analyses of the recruitment during recent years have shown no con-
sistent trend, with most data suggesting fluctuations about a steady level. In the
western Atlantic sports fishery, one-year old fish were more abundant in 1974 than
in several years previously. However no clear conclusions can yet be drawn con-
cerning the relation between adult stock and subsequent recruitment.

5.c.5.2. It is clear, however, that adult stock cannot be reduced indefinitely
without effect on recruitment and, though the evidence on this is inconclusive. in
the bluefin tuna the adult abundance may be approaching the point at which recruit-
ment could be affected. If this is the case, further declines in adult stock could
seriously affect the long-term state of the whole north Atlantic bluefin fishery.

5.c.5.3. In the long-term. the abundance of the adult stock is determined by the
fishing mortality rates at all ages. This is shown in Table 5, which gives the biomass
in thousand touns, per million recruits, of large (10-+) fish for the different combi-
nation of mortalities used in the earlier yield-per-recruit calculations.



5.c.5.4. The figures decline very greatly from the top left of the table to the
bottom right, and a stock exposed to heavy fishing on all ages may have a biomass
less than onc per cent of that of a stock fished only when old. In the long term.
if a moderately high level of adult stock is desired. this can only be done by
ensuring a reasonably low level of fishing mortality on all ages.

5.c.5.5. For the short term. in reference to the present situation, restrictions
on the catching of small fish will have no affect on the adult stock for at least five
years, --- until the fish involved have reached maturity. Serious concern has been
expressed by some people about the level of adult stock over the next few years.
The Committee, therefore, examined the likely trends in the adult stock. Clearly the
biomass of the giant fish now dominating the large fish fisheries will decrease, even
if not fished, as losses through natural mortality exceed growth increments. These
losses normally will be countered by recruitment of fish now of medium age (5-8)
to the adult stock. The magnitude of this recruitment is expected to be small,
because these fish were exposed to heavy fishing when young. In recent years,
these ages only appear in any numbers in the Spanish baitbpat fishery and in the
Japanese lonpline fishery in the castern Atlantic. It is possible that they are so few
that the adult stock will decline even Turther; on the other hand. it appears from
some analyses that the fishing mortality on small fish in 1968-71 was somewhat
lower than in the preceding period. In that case recruitment to the adult stock in
1975-78 might be expected to be rather better than carlier (though still low), and
the adult stock could be maintained at its present level, or even increase slightly,
if the fishing mortality on these fish does not change appreciably. However, it ap-
pears that higher prices are resulting in an increase in effort on large blucfin in
the western Atlantic. On balance, thercfore, unless action is taken to control the
catches of large fish, it is likely that the abundance of large fish will decline over
the next five years. The cffect of such a decline on subsequent recruitment cannot
be predicted with any confidence.

S.c.6. Management actions
5.¢.6.1. Two actions have been considered by the ICES/ICCAT group. which
were:
“a) short-term reduction of fishing intensity on giant fish, to protect spawning
fish,
b long-term reduction in purse scine fishing of young fish to permit escape-
ment of maturing fish.”

In discussing these proposals it was considered that examination should also
be made of the effect of reducing fishing of small fish by other gears.

5.¢.6.2. The consequences of the first are not entirely certain, In the short run,
it is clear that beeanse among these fish natural mortality exceeds growth, there
will be some loss of catch. The long-term effects depend on the changes in adult
stock and subsequent recruitment. If, even without such a measure, the adult stock
would not fall below the 1973 level, recruitment would be likely to be maintained.
and there would be no benefit. On the other hand, without controls, the adult stock
might fall enough to have serious consequences on recruitment, which could take
drastic controls in future ycars (o remedy, and in that case a reduction in fishery
on large fish, or at least a limit on effort to the present level, could be beneficial
in avoiding serious losses. If the Commission takes the view that it should mini-
mize risk by insuring against possibly serious losses, it should consider such con-
trols. It should also be noted that any action to protect the spawning stock would
not be effective in the long term if the fishing mortality on juveniles is high.

5.¢.6.3. The consequences of the second action depend on the ages of the fish
affected. Long-term benefits, in terms of increased catches of larger fish, will be
greatest if the reduction of effort applics mostly to onc-year old, and to a lesser
extent, 2 year old fish. It is technically possible in the commercial fishery to avoid
onc-ycar old fish, while still catching 2-5 year olds, and to do so would increase
the total catch by several tons for cach ton by which the catch of one-year old
fish is reduced. The avoidance of these very small fish in the commercial fishery
might be implemented by enforcing a size limit. An appropeiate limit in the nocth-
west Atlantic might be 6.4 kg.



5.c.6.4. However the present catch of one-year old fish in the commercial tish-
eries is not large though in some years U.S. sports fishermen make large catches of
small (mostly one-year old) fish, which may total as many as 100000 fish. Also it
appears technically difficult to avoid 2-year old fish, while still fishing for the
older groups of small fish. An appreciable increase in the escapement from the
small-fish fishery, and in the recruitment to the mature stock, can only be achicved
by a more general reduction in fishing mortality on the suall fish,

5..6.5. The yield-per-recruit analysis suggests that if the current fishing mor-
tality is as high as estimated from tagging, then the fishing mortality could be
reduced by at least hlf, without a great long-term reduction in the catch of small
fish, and with substantial increases in the catches of large fish. The reductions in
the catch of small fish will be only minor if the fishery does now, or can in the
future, exert a significant fishing mortality on the 4 and § year old fish.

5.c.6.6. The fishing mortality may be difficult to estimate and control directly.
and the control may have to be effected by a catch limit. The limit that has to be
imposed to achicve any desired reduction in mortality in the 1975 or later scasons
will depend on the stock abundance in those scasons. If a catch limit is applied at
a time of falling stocks, without taking account of the reduction in stock, it may
be quite ineffective in limiting fishing mortality. Fortunately, it appears that in the
northwest Atlantic, the 1973 year-class was relatively good, and the catch, and pre-
sumably the purse scine effort, was lower than the average of past years. Thus the
abundance in 1975 is likely, if anything, to be higher than recent averages, and a
catch limit sct at say 25 % below the 1973 level would ensure that the fishing
mortality would be reduced by at least 25 %. Similarly, any other reduction in
effort that the Commission might adopt as a target could be achicved by an ap-
proximately proportional reduction in catch. If this were done, and provided recruit-
ment is average or better, there should be some increase in abundance, so that the
catch quota to achieve a 25 % effort reduction could be increased in future years,
or a further reduction in effort achicved with little reduction in catch,

5..7. Future activities

5.c.7.1. Tmproved analyses of the state of bluefin stocks, and better advice on
the results of management measures, are made very difficult by the absence of
basic data from several important fisheries. The need for improved sampling was
stressed by the 1ICES/ICCAT working group, which recommended a minimum
standard of at least 500 fish/fishery/year of large and 1,000 fish/fishery/ycar for
small fish, In view, of observed differences in sex ratios, and the importance of
age data, sampling should also include information on the sex of the fish, and
collections of otoliths made. It was noted that a technique has been developed by
U.S. scientists for the casy collection of otoliths from giant bluefin, It was also
reported that Japan is aranging for direet sampling on board longliners, which
will provide more reliable data, with better detail on the time and arca of capture,
The Committee thercfore strongly recommended that all countries catching bluefin
should implement a sampling scheme to at least the standard suppested by the
ICES/ICCAT group.

5.¢.7.2. Data on catches and effort are also partly unsatisfactory  Statistics of
satch are incomplete for some fisheries and for nearly all fisheries improvements
in effort data are needed, and for many it is still unclear what measure of ¢.pue.
provides the best index of abundance. The Committee therefore recommended:

«) that all countries not yet reporting full catch and effort data should do so
as soon as possible, and

b) that studies should be made to determine the best indices of ¢ pue to
use, especially in the large-fish fisheries.

5.c.7.3. Better information is needed on the stock structure of Atlantic bluefin,
Tagging has given good information on the movements of fish in the western At-
lantic, and similar work is necded for the castern Atlantic. Tn addition it appears
that morphometric studies (on the size of the second dorsal fin) may be uscful in
separating stocks of groups of fish. The Committee, therefore, recommended:



a) that tagging of small (especially 0- and 1 to 2 group) fish in the castern At-
Jantic and Mediterrancan should be intensified,

b) that further studies should be made of the uscfulness of morphometric
measurements as a method of stock separation.

5.¢.7.4. In addition to identifying the above actions to improve the supply of
basic information, the Committce also noted that further analyses could be made
of existing data, other than the analyses reported in documents presented to the
meeting, and some made during the meeting. Specific studies that should be made,
and reported to the next session of the Committee, include:

a) further studies using the method of cohort analysis for cach side of the
Atlantic,
b) better estimates of recruitment, at one-year old, using c.p.u.c. data, tag

returns and cohort analyses,

¢) further estimates of yield-per-recruit, using a more detailed breakdown of
age-specific fishing mortality,

) studies of the relation between adult stock and recruitment, using the recruit
ment estimates obtained under b),

¢) estimation, from c.p.u.c. data and cohort analysis, of the trends in abundance
of each age-group.,

Table 3. Bluefin Tuna' Catch (Thousand metric tons) in the Atlantic Ocean, 1963-73

ToraL:

Atlantic

Mediterranean
Subtotals™ |

Longline
Cuba .
Japan

Baitboat!
France
Spain

Purse Seine .

Canada
Norwiy
U.S.A.
Sports*
Canada

Traps

NS ALNtI

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972

30.1 38.5 300 - sE24.90 1 = 333 224 215 18.3 234 138
6.0 - 3270, 293 192 RAR 14.3 1.8 12:1 16.5 8.0
4.1 5.8 5.7 57 9.9 7.8 9.5 6.2 6.8 i)

8.1 12.8 9.8 il 33 1.8 0.7 0.4 4.6 0.7
4 3 0.1 0.5 2.4 1.4 0.5 0.2 e
7.8 12,6 9.6 2.5 0.8 0.3 0.1 0.1 1 0.6

32 6.0 7.4 9.6 9.1 9 6.8 5.0 4.5
1.6 2.8 1.9 2.8 9 1.9 1.8 l'? 2.6
31 2.7 §:2 6.8 6.9 7.0 4.9 33 Ly 0

3
.2 7.0 i 2.2 4.2 1.7 2l 4.9 5.0 A
0.3 0.6 0.5 1.3 0.9 0.3
0.2 1.8 20 1.0 9 0.9 0.9 0.4 0.6 Gl
5.7 4.9 2 1.2 23 0.8 | 3 3 2

0.1 0.1 0.1 0.1 0.1 U2 0.2 0.2 0.1 U
4.7 23 54 34 4.6 il 23 1.9 0.7 0.2

Portuguese Island cateh is excluded.

Included in yellowlin,

Italian catch reported in Atl. excluded due to double counting.

. Southern bluelin tuna not included.

. Some minor countries’ data still missing (Algeria, Greece, Libya, Malta, Turkey)
LIS, Sport cateh data not available. : ‘

Breakdown consists of major fishery only.



Table 4. Catches of bluefin tuna, in tons per million recruits at 1 year old,
under different fishing mortalities on small and medium fish

(M = 0.2, F on large fish = 0.2)

(a) F on medium fish =0

Fonsmallfish, . . . 0 0.1 0.2 0.4 0.6

Ciitoh SmBllP  ahd o s — 4.062 6.086 7.195 6.903
Medium . . . - - - - - -
Lagiver Iy i) 16.796 10.187 6.179 2.273 836
Total . A ; ¢ 16.796 14.249 12.265 9.468 7739

(b) F on medium fish == 0.2

Fonsmall ish. . . . 0 0.1 0.2 04 0.6

Catch  Small i - 4.002 6.086 7.195 6.903
Medivm . . . 14.763 8.954 5.431 1.998 735
Large . . g g 6.179 3.748 2,273 8§36 308
Totali < . 5 . 20.942 16.764 13.790 10.029 7.946

(c) F on medium fish == 0.4

Fonsmall fish. . . . 0 0.1 0.2 0.4 0.6

Catch  Small . . : " —— 4.062 6.086 7.195 6.903
Medium : L . 19.956 12.103 7.341 2700 993
Large . . . " 2.273 1.378 836 308 113
Total . 4 - . 22.229 17.543 14.263 10.203 8.009

(d) F on medium fish == 0.6

F on: shialigish o0 v v 0 0.1 0.2 0.4 0.6

Catch  Small 5 e NS - 4.062 6.086 7.195 6.903
Medium I ’ ) 21.680 13.149 7.976 2934 1.079
Liivge. AP Lt 4 s 836 507 308 . 113 42

Total BEEESETg T USRI RSTS 17.718 14.370

10.242 8.024

Table 5. Biomass of large fish under different patterns of fishing mortality

F (large fish) = 0.2 F (large fish) == 0.6

F on medium fish
F on small fish 0 0.2 0.4 06 (- 0 0.2 0.4 0.6
0 84.0 30.9 1.4 4.2 332 19:2 7.4 2.6
0.1 50.9 18.7 6.9 2.3 316 1.6 43 1.6
0.2 30.9 11.4 42 1.5 19.2 7.1 2.6 0.9
0.4 1.4 4.2 1.5 0.6 Vel 26 0.9 0.4

0.6 4.2 15 0.6 0.2 2.6 0.9 04 0.1



