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A REVIEW OF THE BLUEFIN TUNA (THUNNUS THYNNUS) FISHERIES
OF THE ATLANTIC OCEAN

GARY T. SAKAGAWA, WILLIAM H. LENARZ AND WILLIAM W. FOX, JR.

Two species of bluefin tuna are found in the Atlantic Ocean. One is the
.

bluefin tuna (Thunnus thynnus) that has a distribution range from about 40° S lati-

tude to about 60° N latitude (Figure 1), and the other is the southern bluefin tuna’

(Thunnus maccoyii) which is found in the south Atlantic, south of about 30°S
latitude. The former species is commonly referred to as bluefin tuna,or Atlantic

bluefin tuna and is the species dealt with in this review.

The catch of Atlantic.bluefin tuna has gi'adually declined from .a‘ peak of

. ab;)ut 36, 000 1:0131532 in 1262 to 15,500 tons in 1971 (Tablé 1). lThis decline has béen
~accompanied by the demise of several f_isherie‘s (e.g., the German and Danish
bhandline fisheries) and the substantial reduction in éatcﬁ and effort in some others
(e.g., Portugese and Spanish trap fisheries). The small (40-120 cm) fish fishe;:'ies
off New _England (U.8.A,) aﬁd the Bay of Biscay and adjacent waters, on the other
hand, developed during the 1850's and 1260's, and thert; is no marked trend in the

catch of these fisheries.

Throughout this paper "tons' refer to metric tons.
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Figure 1. Locations of the different fisheries for bluefin tuna in the
. - .. Atlantic Ocean. Dash lines delineate the distributional
range of bluefin tuna. :
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The United Nations, Food and Agriculture Organization (FAQ) and the
International Commission for the Conservation of Atlantic Tunas (ICCAT) have
recognized this disturbing decline in total Atlantic cafch a;1d have urged that the
capture of bluefin tuna less than 10 kg ('78 cm) be discouraged (FAO, 1968; IClIICAT,
19'1"13). ICCAT has also recognized th‘at in order to rationally manage Atlanti‘c bluefin
tuna a thorougﬁ investigation on the dynamics of bluefin tupa ;Zs required. Thus, one
of the five proposed research activities for 1972 made by the Standing Committee on

Research and Statistics of ICCAT was research on the dynamics of bluefin tuna on

- --an Atlantic-wide basis ICCAT, 1971a). . ST L

- R . Py . P

In this paper, we report the results of a study on the dynarcucs of Atlantic |
bluefin tuna on an Aﬂanﬁc—wide basis. 'i‘he study haa the obje cti\.res of compiling
and analyzing all pertinent data on the dynamics of Atlantic bluefin tuna to proﬁde o
answers to such questions as: What is the qé:ality of available bluefin tuna statistics ?
What are the estimates of population parameters? What is the trend in production
and is the trend the same in all fisheries? What is th; "optimum'A' age at recruitment ?
Wﬁat are the effects on yield per recruit if a minimum size limit Qf_, say, 10 kg

(78 cm) was imposed on the fisheries ?

ANALYSIS OF BASIC DATA ON THE FISHERIES

Catch Statistics

Catch statistics on Atlantic bluefin tuna have been éompiled and published

. by FAQO (1968), -by the International Cofmcillfor the Ex;ﬁloration of the Sea, (ICES)
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Bluefin Tuna Working Group (Hamre et 21,, 1966, 1971), and by ICCAT (1971b,
1972). These organizations use different methods of compiling statistics and in °

some cases the total catch by countries do not agree, '

We compiled a table of Atlantic Ocean and Mediterranean Sea catches (Table 1),
gléaned primarily from statistics published by ICCAT (1971a, 1971b).3 In some cases
where the_ICCAT publications did not separate the country catch into Atlantic and
Mediterranean Sea catches, we us ed_ unpublished data (Mather, personal communica-
tion) to divide the catch. We are cognizant that some of the reported catches are
i;:t_compl‘ete or even e%roneous. For example, the U.S. A.‘ catch does not include |
fish caughi_: by the sport fishery; -the Cuban catch px;obably is not all bluefin tuma,
but inciudeé 'c-the.r '.ééecies as well; and the 1970-71 increase in catch for thé Japanese
longline fleet is too high because of inclusion of southern bluefin tuna in 'the statistics
(see Table 6).h However, we presume that Table 1 is reasonabiy accurate, and we

have generally used the statistics in our analyses. We recommend that the statistics

-be further refined, especially to a point where the catches are accurate and brokén

down by gear, country, and ocean region of capture.

3Afte—:r we had compiled Table 1, ICCAT (1972) released still another version of
catch statistics. The catches are reported by nation and a few by gear. ICCAT's
new version is different from Table 1, especiaily for the Portuguése catch, which
is several thousand tons more than that reported i._n Table 1. However, we point
out that ICCAT's statistics apparently proups Atlantic and Mediterranean catche.s

together and reports the total as Atlantic catch,



The time series for 1957-70 of bluefin tuna catches in the Atlantic Ocean
is shown in Figure 2. There has been considerable fluctuation in the catch, but

for recent years (1962~70) the trend is downward.

Small bluefin tunr;L (40-120 cm) are caught primarily off the U. S.A. (Wegtern
‘ Atla‘x;:ic) and in the Bay of Biscay and adjacent waters (eastern Aﬂanti-c). In recent
years, this size group has contributed sqbstantially to the total catch from each
region (about 50% for the western Atlantic and about 90% for the eastern Atlantic).
The total catch of small bluefin caught commercially in the western Atlantic has
been reported by Mather (Aloncle et al., 1971). Similar data on catch of small
blueﬁn tuna caught in the eastern Atlantic are unav.ailable. However, since most
small bluefin tuna are caught by fishing gears other than traps (Mather, personal
communication), and the nontrap catch of bluefin tuna cé.ught‘ by countries that fish
in the Bay of ']:%is cay and adjacent waters are avai_lable, we e_stimated the catch of
small bluefin tuna landed in the eastern Atlant;ic. Our pro_cedure was to assume
that all nontrap catches of France (Mather, personal c.-::-mmunication), Morocco -
(ICCAT, 1971a) and Spain (ICCAT, 1971a) were composed of only small fish. Of
course, it is poss‘ible thatour assumption is not entirely correct; and some catches
are not included in our estimate, e.g., small but unknown amounts are caught by the
Portugese troll fleet, but we believe that our estimates are reasonable approximations.
The catches are;hown in Figure 3. They indicate that the catch of small bluefin funa

from the eastern Atlantic has been relatively stable, more so than the catch of small
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ESTIMATED CATCH (thousands of metric tons)
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_Figure 3. Estimated catch of small blué_fin tuna (40-120 cm) from the
. Atlantic Ocean. N
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bluefin tuna from the western Atlantic. Also of significance is the substantially

larger catch of small bluefin tuna from the eastern Atlantic than from the western

. Atlantic.

ﬁather et al. (MS, 1971) has shown from tagging that smali bluefin tuna
migrate between the U.S.A. east céast and the Bay of Biscay (Figure 4), suggesting
that the fisheries in the eastern and western Atlantic are exploiting fish from |
identical stocks. The small fish catches from the eastern and western regions
were examined to determine whether they are correlated (Figure 5). No correla-
tion was found. Our result, however, is inconclusive because changes in fishing

effort, for example, could account for the absence of a correlation. Uh:fortunately,

data on fishing effort for the eastern Atlantic small bluefin tuna fishery are unavail-

gble to correct this bias, ) .

Catch-Effort Statistics

Atlantic bluefin tuna have been exploited by several fisheries for many
years, but useful catch-effort statistics are available for only a few fisheries
(Table 2). Most of the available statistics are inadequate for definitive analysis

of changes in catch-per-unit-of-effort, or apparent abundance of the bluefin tuna

- population.

For the available catch-effort statistics, catch is reported in tons, or in
numbers of fish caught. Effort is reported in numbers of traps (Morocco, Portugal,

and Spain), numbers of boats (France and Norway), numbers of hooks {(Japan), and
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Table 2, Summary of available data on catch and .effort for bluefin tuna from the Atlantic Ocean.

Catch Effort.
Nation Type of gear | Size of area | Years Size of area | Years Comments
Argentina Handline none none none none Possibly southern bluefin.
Canada Longline none none none none Catch of longline is small, mostly
’ discarded and not landed.
Purse seine 1°x1° 1963-71 iI°x1° 1963-71
Trap District 196271 none none
Sport District 1962-71 none none
Cuba Handiine none none none none Catch is small.
) Longline none none none none
Denmark Handline none none none none Catch is small. Fishery collapsed
in 1865,
France Troll RORE none none none
Iive bait none none none none
Germany Handline North 195263 North 1952-63 Effort is in fishing trips. Fishery
Atlantic Atlantie collapsed in 1963.
Japan Longline 5°x 5° 1957-71 5 x §° 1957-T71
Korea Longline none none none none
Morocco Purse seine ncne none none none .
Trap Southeast 1927-66 Southeast 1527-66
: Atlantic Atlantic
Troll none none none none t.
Norway Purse seine North 1954-64 North 1954-64 Effort is in number of boats. Catch
Atlantic Atlantic is small.
Portugal Trap District 1950-62 District 1950-62 Data by individual traps.
Troll none none none none Catch is small.
Spain Trap District 1941-70 Bistrict 1941-70 Effort is in number of traps.
Live bait none none none none
Sweden Handline none none none . none Catch is small. .
Taiwan Longline B°x5° 1967-69 B°x §° 1967-69 Data may not be representative of the -
' fleet's catch.
U.8.A. Handline State 1946-71 none none
Harpoon State 1930-71 none nene
Purse seine 1°x 1° 1962-71 1°x 1° 1962-71
Trap State 1929-71 none none
Sport none none none none
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numbers of day's fishing (Canada and the U. SA )« The first tw;o measures of
effort, numbers of traps and boats, are imprecise because they do not account for
the length of the fishing season, which can affec_t the catch. Also, if different sizes '
of traps and boats are émployed during :9. season, the measure of effoft do not

account for differences in fishing power owing to size of gear,

Number of hooks is generally a reasonable measure of Japanese longline fishing
effort. For the Atlantic bluefin tuna, however, the gear is generally not set for
this spécies but for other tunas and for billfishes. The nominal effort is therefore

4 gross measure.

Canada and the U. 8. A. have reported nominal fishing effort of i)urse seiners
in day's fishing. This appears to be a reliable measure of efforf, based on historie
use of this measure in other tuna fisheries, e.g., the yellowfin-skipjack tuna
fisheries of the eastern tropical Atlantic and the eastern tropical Pacific. However,
different sizes (classes) of purse seiners with different fishiné powers are employed
by the Americans. An illustrated example is the small (<181 tons éapacity) seiners,
or local boats, that regularly operate out of New England ports and utilize airplanes
for spotting schools of bluefin tuna. This technique has been successful and the

local boats have produced 19-100% (1962-71) of the total western Atlantic purse

" seine landings of Atlantic bluefin tuna. The larger seiners (>181 tons capacity),

on the other hand, generally are based in California, Puerto Rico, or New Brunswick

B
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and sporadically fish for bluefin tuna in the western Atlantic, usually before pro-
ceeding to the yellowfin-skipjack fishing grounds off west Africa or when fishing
“for bluefin or skipjack tuna is reportedly good in the western Atlantic. These large
seiners do not use airpianes for spotting tuna schools, and their catch rate is con-
siderably less than that for the locai boats (Figure 6). The nominal effort of the

different classes of seiners is therefore not comparable.

Keeping these inadequacies in the catch-effort statistics in mind, we
analyzed the catch rates for the different fisheries. In the eastern Atlantic, the. trend
in catch rate has been downward in every fishery for which data are ava_ilable (Figure 7).
Fisheries such as the German handiine and the Norwegian purée seine fisheries |
héve collapsed and others have substantially rédﬁced their fishing efiort, e.g., -
Portugese and Spanish trap fisheries (Tables 3 and 4). The redﬁction in effort
-is apparently é response to the unavailability of large bluefin tuna (176-280 cm), sizes

of fish that are primarily harvested by these fisheries.

Adequate data on fisheries (live bait and .troll) that primarily 'exploit the
smaller individuals in the eastern Atlantic are unavailable. 1t is wéll known, how-
ever, that in recent years the live bait and troll fleets that operate in the Bay of
Biscay and adjacent waters have expanded, ar_1d they catch significant amounts of

small bluefin tuna.
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Catch per unit of effort for two classes of

geiners in the Canadian-U.S.A. purse’

" seine fishery for Atlantic blucfin tuna,
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, Table 3. Catch and effort for three eastern Atlantic bluefin tuna fisheries.
Data are from Hamre et al. (1966).

French live bait and German handline Norwegian purse seine
troll fishery fishery fishery
Catch Catch’ Effort Catch
(metric | Effort | Catch (metric | (fishing | Catch (metric | Effort | Catch
Year tons) (boats) | rate tons) trips) rate tons) (boats) | rate
1952 147 56 2.6
1953 128 24 5.3
1954 552 90 6.1 9,451 433 21.8
1955 970 141 6.9 10,423 352 29.6
1956 549 106 5.2 4,135 244 16.9
1957 1,264 173 7.3 5,009 | 218 23.0
1958 329 67 | 4.9 3,004 157 19.1
1959 2,031 79 25,7 938 141 6.7 2,522 97 26,0
1960 553 80 6.9 418 - 106 3.9 3,280 86 38.1
1961 907 79 11,5 283 68 4,2 6,656 161 41.3
1962 965 81 11.9 181 28 6.8 6, 794 129 52.7
1963 0 0 0 129 11 11.7
1964 0 0 0 1,041 43 94,2

e ey
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Table 4. Catch and effort of bluefin tuna caught in three trap fisheries of the eastern Atlantic. Data are from
Aloncle et al. (1971, 1972) and Hamre et al, {1966, 1968, 1971).

. - TTerT e s

Morocco . Portugal Spain
Catch Effort Catch Catch Effort Catch Catch Effort Catch
Year (numbers) {traps) rate (numbers) {traps) rate {numbers) (traps) rate
1927 7,297 1 7,297
1928 7,218 1 7,218
1929 8,959 1 8,959
1930 9,533 1 9,533
1931 6,368 1 6,368
1932 4,755 1 4,758
1933 12,238 1 12,236
1934 6,287 1 6,287
1935 12,769 2 6,384
1938 3,214 2 1,607
1837 11,038 1 11,036
1938 - 0 -
1939 . 3,407 1 3,407
1940 14,638 3 4,879
1941 15,353 2 7,678 42,064 5 8,413
1942 9,963 3 3,321 - - -
1943 15,589 2 8,294 76,236 4 19, 059
1944 6,459 2 3,229 63,503 4 15,876
1945 12,354 2 6,177 46,607 4 11,652
1946 9,580 3 3,197 63,131 4 15,783
1947 22,480 4 5,620 59,976 4 14,994
1948 17,493 5 3,499 43,520 4 10, 880
1943 17,675 5 3,535 - - + 80,451 4 20,113
1950 21,604 5 4,321 16,879 5 3,378 52,018 5 10,404
1951 14,132 5 2,826 17,549 5 3,510 30,057 6 5, 009
1952 11,180 5 2,236 21,481 5 4,296 44,791 6 7,465
1953 13,369 .5 2,674 24,934 5 4,987 65, 197 6 10, 866
1954 9,428 5 1,886 12,031 5 2,406 51,000 6 .8,500
1955 11,839 3 3,946 10,270 5 2,054 58,114 7 8,302
1956 17,576 3 5,859 19,260 5 3,852 62,540 7 8,934
1957 25,125 3 8,375 7,434 5 1,487 58,515 7 8,359
1958 29,038 3 9,679 5,753 5 1,151 51,885 6 8,647
1959 15,142 3 5,047 15,844 5 3,169 32,538 1 6,508
1960 17,572 3 5,857 7,702 5 1,540 41,492 5 8,298
1961 5,054 3 1,685 11,514 1 2,303 33,948 5 6,790
1962 12,713 5 3,543 5,165 5 1,033 - - -
- 1963 - - - 3,318 5 663 - - -
1964 - - - 11,246 5 2,249 - - -
1985 11,530° 6 1,922 8,286 1 8,286
1966 9,630 "6 1,605 7,784 2 3,802
1967 14,048 2 7,024
1968 5,360 2 2,680
1969 7,570 2 3,785
1970 7,119 2 3,559
1971 2,522 2 1,261
. N Crme s g o e e . S
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In the western Atlantic we find a different situation. Data are available for

- gmall bluefin tuna that are caught primarily by the purse seine fishery, but adequate

data for other fisheries, e.g., trap, ha;‘poon, and sport, that catch large bluefin

tuna are Iacking.' For the purse seine fishery, the catch rates of Class 3 seiners
(92-181 tons capacity), which are all local boats and which account for most of the
catch fron‘; the western Atlantie, show an upward trend (Figure 6). In the early
1960's the catch rate was relatively low _and the catch was high, but in the late 1960's
the reverse occurred; the catch rate was relatively high and the catch was relatively
lpw (Table 5). Since the fishery first began in the early 1960's by local boats (Wilson,
1965), this suggests that the local boats with their airplane spotters ha.ve become

more efficient in their operations. Infact, -the up‘;vard trend occurred soon after the

local fleet was controiled by one operator, who began coordinating the operations of

the boats and airplane spotters. A similar trend in catch rate is not evident for Class

6 seiners (>363 tons capacity) that do not use ajrplanes for spbtting schools (Figure 6
and Table 5), Their catch rate has fluctuated but remained relatively low and sub-
stantially lower than the catch rates for local boats, in spite of the fact that the -
Class 6 seiners use a larger net and have a larger ﬁolding capacity than the Class 3

seiners.

It is obvious from theée results that the nominal effort of the western
Atlantic purse seine fishery is imprecise, e¢specially for the local boats., Perhaps
the fishing effort of the local boats should be measured as number of airplane
spotting hours. In any event, the nominal effort should be adjusté.d for the different

fishing powers of the different classes of seiners.
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Table 5. Catch rate (tons/cay's fishing)
caught by Class 3 (92-181 tons capacity)
and Class 6 (>363 tons capacity) U.S.A.
purse seiners in the western Atlantic,

Clags 3 Class 6
Catch Catch
Year rate rate
1962 7.7 -
1963 12,0 9.6
1964 8.5 6.3
. 1965 8.0 10.4
1966 4.8 3.4
{i967 14.9 7.3
1968 9.0 -
1969 19.6 -
1970 28.3 6.7.
1971 18.4 6.3
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The Japénese longline fleet operateé throughout the Atlantic, although fishing
éffort is concentrated in certain regions during paI-'ticular months. We have divided
the Atlantic Ocean into seven regions (Figure 8) for the purpose of analyzing the
longline data (Table 6). Catch rates were computed for each regicn bjr averaging
monthly catch rates for 5°x 5° areas. The time series of catch rates (Figure 9)
indicate that in recent years the rates have generaﬁy been low and constant, except
in regions I (off the U.S.A. and Canada) and V (off Brazil) where a peak in catch
rate occurred in the mid-1960's. The highest catch in any one year occurred in
regionII. 1t is possible that the catch of”re'gion VI includes some southern bluefin
tuna; this species was reported together .with the catch of Atlantic bluefin tuna in the

Japanese statistics up to 1966.

Size-Frequency Statistics

The ICES Bluefin Tuna Workfng Group has regularly puﬁlished size-
frequency statistics for various Atlantic bluefin tuna fisheries (Hamre and Tiews,
1564, Hamre et al., 1966, 1968, 1971; Aloncle et al., 1971, 1972). The statistics
are reported in one of two forms: - {1) smoothed per cenf frequencies by 5-cm or

5-kg groupings, or (2) numbers of fish by broad weight groupings that include

- geveral age groups. For most of the major fisheries the statistics are in Form 1,

but for the small fish fisheries of the Bay of Biscay and adjacent waters the statistics
are'in Form 2. Because Form 2 groups fish of several year class together, it is
inadequate for detailed analysis of the catch., We recommend that size-frequency
statisties be compiled by 10-cm or less groupings, month, and 5°=x 5° area of

capture.
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Figure 9. Catch per unit of effort of blucfin tuna caught by the Japanese longline
_Tleet by regions in the Allantic Ocean.
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Data for the longline fishery has been published by Hayasi and Shingu (MS). -

Unfortunately, the sample sizes are small (Table 7),

Recently, Mather and Jones (MS, -1972) have compiled all the available

statistics on size-frequencies of fish that are caught in the various fisheries. This

. is a good scurce of available data. Their results show that in fisheries for large

bluefin tuna, such as the Spanish trap, Norwegian purse seine, and U.S.A. fisheries
north of Cape Cod the trend has been for larger fish in the catch. This trend is shown
in the time series of average size of bluefin tuna caught by various fisheries

{Figure 10).

In Table 8 we have listed the available data on size-frequency of bluefin
tuna by fleets. Fleets for which there are inadequate data are identified. Greater

effort should bé made to collect better data for those fleets,

Size Compositioh of Catch

Data on catch and size-frequency were used to estimate the size composition

of the catch, 1965-70, of various fleets. Since most of the fleets fish close inshore,

we divided the Atlantic Ocean into western and eastern regions. Our estimates of

the size composition of the catch are grouped according to these regions.

—_—

_—
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Table 7. Length-frequency sampies of bluefin tuna caught
by the Japanese longline fleet in the Atlantic Ocean.
Data are from Hayasi and Shingu (MS, Table 2).

Length group 1865 | 1966 - 1968 1969

110-119

120-129 1

130-139 1 -

140-149 1 -

150-159 1 1

160~169 - - 1
170-179 - 1 -
180-189 - 2 -
190-199 - 7 -
200-209 1 19 2 -
210-219 2 14 2 -
- 220-229 4 10 - 1
230-239 1 1 -

240-249 ' - -

250-259 ' 2 -

260-269 -

270-279 -

280-289 , -

290-299 . 2

Total 1 68 6 2
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Table 8. Available data on length-frequency distributions of bluefin tuna

from the Atlantic Ocean.

Stze frequengy
Nation Type of gear Size of area Years Comments
Argentina Handline none none Possibly southern bluefin,
Canada . Longline none none
4 Purse seine i°x 1° 1963-71
. Trap none none
: Sport District 1946-71
Cuba Handline none none
Longline none none
Denmark Handiine North 1862-71
' Atlantic
France Troll . hone none Some data available for broad size
’ groups, )
Live bait none none Some data available for broad size
ETOupS.
Germany Handline North 1951-62
Atlantic
Japan Longline B°x 5° 1965-69 Samplexr are small and for
scattered years.
Korea Longline none none
Moroceo Pursge seine none none
Trap none none Some data available for broad size
groups.
Troll District
Norway Purse seine North 1956-70
Atlantic )
Portugal Trap none none Some data available for broad size
groups.
Troll none none Sorne data for 1961 are available,
Spain Trap Districts 1956-70 Mostly from one trap.
Troil none none
Live bait none none
Sweden Handline none none
Talwan Longline nene nene Average dressed weights pef 5°x 5°
areas are available for 1967-69.
U.8.A. Handline District 1962-71 Samples for some years are small;
- not a complecte series.
Harpoon District 1958-71 Not a complete serieg
Purse seine 1°x 1° 1962-71
Trap District 1947-71 Samples for some years are small;
’ not a complete series.
Sport District 1956-71 Samples {for some years are small.
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A summary of the data set is shown in Tables 9 and 10, and the 1965-70 average '

- gize composition of the catch by fleets is shown in Tables 11 and 12. Since several

assumptions were used in our estimation procedure, a few comments about the

assumptions are appropriate:

Western Atlantic

Canada-U.S.A., purse seine.—-In 1965, 1966, and 1968, large bluefin

tuna were caught by purse seiners that usually fish for only small and medium-

size bluefin tuna. Length-frequency samples were obtained for the catch in those
years, hut the large fish were not samples. To convert the tonnage of large fish
caught to numbers caught we therefore assumed thét the distribution of large fish

in the purse seine catch was identical to that for the U.S.A. trap fishery.

'U.S.A., sport.--Total catch of Atlantic bluefin tuna caught by the U.S. A.

sport fishery is not compiled by any agency. Some data on large (176280 cm) bluefin

tuna ave available from tournament records, but for the bulk of the catch, which is

small (40-120 em) bluefin tuna, no data are available. Mather (personal communica~
tion) bave guessed that in some years the sport catch of small fish equals or exceeds

the commercial catch of small fish.

We therefore had to estimate the sport cateh of small fish. To do this, we
used tag recoveries by the sport and purse seine fisheries in 1964-69 and 1971

(Table 13). No recoveries were made in 1970, The estimation procedure was by

ey e B e R T e T e L A e e LT e e e g i = ey g
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Table 12. Average size composition of the Atlantic bluefin tuna catch from the eastern Atlantic,

1 2 3 4 5 6
Bay of Biscay Japan-
Length group live bait Moracco ‘Norway Portuga} Spain Taiwan
{cm) and troil trap purse seine trap trap longline Total
40~ 49 ' 3,310 1 3 3,314
50- 59 220,225 1 5 18 220,249
§0- 69 62, 102 1 4 15 62,122
' 70- 79 243,479 5 20 68 243,572
80- 89 95, 078 1 4 13 95,096
90- 99 89,355 - - - 89,355
100-109 72,007 . 6 - 72,018
110-119 11,412 10 - 1 8 11,431
120-129 11,328 19 2 18 3 11,370
130-139 4,967 37 4 38 - 5,046
140-149 6, 112 98 11 99 - 6,320
150-159 2,274 152 19 1938 3 2,641
160-169 719 233 30 299 - 1,281
176-179 290 269 41 335 3 938 -
180-189 574 311 67 509 6 1,467
190-199 189 445 98 807 22 1,561
200-209 25 558 1 109 1,034 60 1,78%
210-219 ) 688 27 123 1,082 44 1,964
220-229 904 176 142 1,216 47 2,485
230-239 953 725 145 1,300 35 3,158
240-249 587 1,242 96 870 - 2,795
250-259 207 11,236 43 359 6 1,851 .
260-269 34 561 13 86 594 _
270-279 3 137 1 9 150
280-289 1% 19
Total 823,446 5,522 4,124 979 8,384 229 842,684
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+

proportion, based on the ratio of tag recoveries by the two fishéries and the purse
seine catch. This procedure assumes that the small fish are equally available to
both fisheries and that the tags are returned in p‘roportion .to the total number
recovered. This latter assumption maj.r not hol& because sportsmen and commercial
fishermen do not return many tags they recover (Mather, personal communication),
and it is uncertain whether this behavior is proportionately identical for both types

of fishermen.

“To obtain the size composition of the estimated small bluefin tuna catch by
sportsmen, we used length-frequency- samples of the purse seine catch. This is
-reasonable because the sport fishery usually operates in the same area as the purse

seine fishery.

Canada-U.S.A., trap.--Canadian catches are reported for combined trap
and longline (Aloncle et al., 1972). The longline fraction of the combined catch is
presumably small (Mather, personal communication), " We used the combined catch

in our calculations.

Canada, sport. --Weight-frequency samples of bluefin tuna caught by the

Canadian sport fishery have been published by ICES (Aloncle et al., 1971). In our
calculations, however, we used size-frequency data that were supplied by Beckett

(personal communication). The data are not too different from those published by

ICES.
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U.S.A., harpoon. --Length—freqﬁency samples were small and from {ish

caught off Massachusetts. However, we assumed that the total Massachusetts-

Maine catch had identical size distributipn.

Bahama, sport.--The total catch is not complete but we have estimated the

size composition of the catch.

Argentina-Cuba, handline.--The total catch of this fishery is questionable,

but estimates of the size composition of the catch were made, based on length-fre-
quency samples from the Bahama sport fishery. No length-frequency samples are

available for this fishery.

Japan-Taiwan, longline.~-The size composition of the catch was estimated

on the basis of the total catch for regions shown in Table 6, and length-frequency

' sample for 1966. It was assumed that the length-frequency of the catch was constant

during 1965-70.

- Fastern Atlantic

France-Morocco~Spain, live bait and troll. --8ize-frequency samples are

unavailable for this fishery. The fishery exploits small bluefin tuna, and we assumed

"that the size distribution of the catch was the same as that for the Canadian-U. 8. A.

purse seine fishery.

Portugal, trap, --We assumed that the size-frequency samples for the Spanish

trap {ishery is applicable to this fishery.

EPpt 2 . FE PRSP URIIRSO PO 1
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Morocco, trap.--We assumed that the size-frequency samples for the

" Spanish trap fishery is applicable to this fishery.

Spain, trap.--Size-frequency samples are from catches made by primarily

one trap, Barbate. We assumed that the samples were applicable to all Spanish

* traps.

Norway, purse seine, --Complete data on the size composition of the catch

are available for this fiskery.

Japan-~Taiwan, longline. --Estimates were based on the same assumptions

as used in the we;stern Atlantic.

In Figures 11, 12, and 13, the average size distribution of the catch for
the Atlantic b11.1efin tuna fisheries are shown. It is evidént from the figures that
there are two prominent sizes of fish that are caught, small (45—120 cm) and large
(176;»280 cm) fish, and each fishery exploits primarily only one size group. This

phenomenon is evident in both the western and eastern regions.

It has been suggested (Mﬁther and Jones, MS, 1972) .that the lack of medium
size fish (121-175 cm) in the catch is the result of a recent heavy exploitation on the
small fish which decreased relcruitment to the medium- and large-size groups, ‘and
that the large catch of large fish is composed of old fish, year classes that were not

exposed to the recent heavy exploitation. It is also possible that the medium size fish

- are less vulnerable to the gears, or even the possibility that the present fisheries

are not fishing in areas where the medium size fish are available. Mather (personal
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communication) believes that these possibilities are remote, since medium size

_fish were caught in fair numbers in early years. However, it is possible that the

medjum size fish have become less available if their distribution range has con-
stricted, and their center of abundance is out of the range where the present gears

operate,

'Age Composgition of Catch

The age composition of the Canadian-U.S.A. catch was estimated based

" on modal progression for ages 1-3 years and the length-age key (Mather and Jones,

MS, 1972) for older ages. A significant feature of the results (Table 14 and Figure 14)
is the ﬂﬁctﬁation in the dominate age group. From the relative numbers of fish caught
in each age group, it is not possible to conclude that the fluctuation is caused by varia-

tion in year-class strength. However, it is possible that there is enough transatlantic

- migration '(Mathei' et al., MS, 1971) in the bluefin population{s) to obscure the actual

picture. Another significant feature of the results is that not all year classes are
represented in the catch in all years, a feature caused by fhe selection of small fish

by the purse seine fleet.

We estimated the age composition of the catch for the entire Atlantic
'(Table 1.‘3) to‘l-ﬁor‘e closely trace the progression of a year class through the
fisheries. The résults (Figure 15) shqw that in 1966 a strong (1965) year class was
recruited to the fishery as 1-year-olds and that .this year class can be traces as it
progressed through the years. After- 4 years in the fishery, it appears that the 1966

year class was reduced substantially.
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Words of caution about our results, the results for the Canadian-1J.8. A.
purse seine fishery and the western Atlantic fisheries are reasonably accurate,

because they were based on a fair volume of data. On the other hand, the results

for the entire Atlantic may be questidnable because the'age composition for the

bulk of the catch, sm?.ll bluefin tuna, was estimated from size-frequency samples
from the C;Lnadian-U.S.A. purse seine fishefy: In essence, this procedure assﬁmes
that a homt;geneous population of bluefin tuna is exploited throughout the Atlantie,
Such an assumption, although has not been demonstrated io be correct, seems
possible on the basis of (1) transatlantic migrations of small and large bluefin tuna
(Mather et al,, MS, 1971), and (2) the increas_e in average size in diiferent fisheries
on both sides— of the Atlantic (Figure ‘10;.Mathe'r and Jones, MS, 1972). _;Another

assumption is that the total catch of the Atlantic fisheries is reasonably accurate.

ESTIMATES OF SOME POPULATION PARAMETERS

- Growth

_Several studies have. dealt with growth of quefin.tuna (see Tiews,. 1962).
Mather and Schuck (1960) described growth of bluefin tuna from the western Atlantic
and formulated a length-age key (Table 16). Recently, Mather and Jones (MS, 1972)
gave a slightly different version o_f the key (Table 16). We used both sets of data.

to estimate parameters of the von Bertalanffy growth equation, The results are:

- e = T B et LTE o S, B s rTE -
ki TR il g e FTT - . s
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Table 16, Fork length (cm) at age for bluefin
tuna from the western Atlantic.

Source of data
Age Mather and Mather and
(years) Schuck (1960) Jones (MS, 1972)
0 31 38
i 60 56
T2 78 77
3 94 91
4 110 119
5 135 135
6 155 155
7 161 ' 162
-8 175 174
9 185 186
10 203 203
~11 222 224
12 232 - 234
13 243 .243
14 248 248 -

e b
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Source of data

Mather and Schuck (1960) | Mather and Jones (MS, 1972)

K (yearly) 0.055 ' 0,053
Le (cm) 437. 46 - _ 447.88
t_ (years) -1.489 -1.592

Rodriguez-Roda (1971) has studied growth of bluefin tuna caught in traps
off southern Spain. He gave the following growth estimates:
K =0.09

" Ly =355.84 cm
to = (.89 years

His estimates were based on primarily large fish,

A comparison of these three growth curves (Figure 16) shows that they are
not too different. The little difference that does exist could easilly he attributed fo
differences in fhe samples of fish used. Thus, it appears that growth of bluefin tuna
~ from the eastern and western Atlantic is similar, For our purpose, we have used

the parameters from the Mather-Jones curve.

" Several weight-length relations are available for Atlantic bluefin tuna
" (e.8., Mather and Jones, MS, 1972; Rodriguez-Roda, 1971). From data on fish from
the western Atlantic, Mather (personal communication) calculated the following .

relation: -~

W = 0. 000031712 20444

where W = weight in kilograms and L = fork length in centimeters. We used this

- relation throughout our report.
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I‘ig‘me 16. Iistimated grow th of Atlantic bluefm tuna. Curves are
f:tted to the von Bertalanffy growth equation.
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Instantaneous, Coefficient of Total Mortality (Z)

A procedure of estimating Z is by regression of catch per unit of effort

(CPUE) of a year class on age. This procedure assumes thét CPUE is a reason-

~able estimate of ‘apparéent abundance and that the exponential mortality model applies.

We used this procedure to estimate Z for bluefin tuna caught in the Canadian-U.S.A. -
purse seine fishery. Apparent abundance was measured as numbers of fish caught

per day's fishing (Table 17), fishing effort based on Class 3 seiners.

The age at full recruitment ranged fro;n age 1-3 years: age 1 for the 1962
year class; age 2 for the 1963 and 1965 year classes; and age 3 for the 1961, 1964,
and 1966 year classes (Figure 17). An i.nteresting feature of the CPUL's is the
unrepresentative catches of 4- and 5-year old fisl;.. These age groups are not as
fully avaijlable to the purse seine fishery as the younger and older fish. I.n our esti-
mates of Z, we did not use data oﬁ 4- and 5—§éar—01d fisﬁ whenever it appeared that

they were under represented in the catch,

Estimates of Z range from 0.88-1.18, averaging 1.01 (Table 18). These
estimates are quite close to the refined Z's of Lenarz et al. (MS, 1972b), which

averaged 1.28 (Table 19},

It is important to note that our estimates are approximations because of
deficiencies in the data from which they were derived. One significant deficiency
is in the measure of {ishing effort, which was discussed in an earlier section. A bias
in this measure would affect the CPUE and the estimate'of 7. Of- course, our ageing
technique is also another source of deficie11cy, although it probably is insignificant

for the smaller sizes below 120 em long; distinet modes are usually present in length-

frequency distributions within 20-120 cm.
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Catch curves for the 1961-66 year class that were exploited

L

Figure 17.

by the Canadian-U.S.A. purse seine fishery.

-
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Table 18. Estimates of instantaneous cocfficient of
total mortality (Z), and instantaneous coefficient
of fishing mortality (F), assuming natural
mortality, M = 0.1, Estimates of Z are
based on data from the Canadian-U.S.A.
purse seine fishery.

Range
of ages F
Year class (years) Z M=0.1)
1961 3-9 0. 88 0.78
1962 1-8 0.98 0.88
1963 2-7 0.89 0.79
1964 3-6 - 1.18 1.08
1865 2-5 1.10 1.60
Average - 1:01 0.91




54

Table 19. Estimates of instantaneous coefficient of fishing mortality (F)
~ and of total "other-loss" (X) for the Canadian-U.S, A,
purse seine fisheries. ‘

. 1964-68
1964 1965 1966 1967 1968 | Average
Mather et al.
- (MS, 1972)
13 0.497 | 0.326 0.202 | 0.412 | 0.767 0.441
X 1.558 | 1.506 0.697 | 0.992 | 0.838 1,120
F+X 2,056 | 1.833 0.899 | 1,411 | 1.604 1.561
Lenarz et al,
(MS, 1972b)
F 0.512 | 0.336 0.223 | 0.431 | 0.795 0.459
X 1.264 | 1.217 | o0.396 | 0.700 | 0.520 | o0.821
F+X 1.776 | 1.553 6.619 | 1.131 | 1,324 1.280

——
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Mortality Cocfﬁéients for Fish Caught by the Canadian-
U.8.A. Purse Seine Fishery

Mather et al, (MS, 1972) analyzed bluefin tuna tagging data and estimated the
instantaneous coefficient of fishing mortality (F') and the instantaneous coefficient of
total "other-loss' rate (X) for 1964-68. The total rother-loss' coefficient includes

natural mortality, tag loss, tagging mortality, and emigration.

In 1971 a double tagging experiment was conducied by Canada énd the U.S. A.
to evaluaie two types of tags. The data were used by Lenarz et al. (MS, 1972b) fo
estimate rates of ta;g; loss. Lenarz et al._ then used the loss rates' to refine the
estimates of F and X of Mather et al. The refined gnd unrefirlzed estimatés are
shown in Table 19. It is important to mention that Lenarz et al. felt that the esti-

mates of F's are probably biased downwards because of tagging mortality'.

The average X of Lenarz et al. (MI_S, 1972b) is 0.8 whﬁh is extremely high
for a longli\}'ed fish. However, this high value, as explained inhLenarz e.t al. (MS,
1972b), may be an overestimate, It also includes losses owing to emigration. If
emigration from the western Atlantic fisheries accounts for most of X and the stock
is not exploited after it passes through the New England fisheries (trap, purse seine,
sport, et., of Canada and U. 8. A), theﬁ X is an appropriate estimate of an effective
natural mortality rate, "M", for analysis of ménagement strategies in the New

England fisheries.
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Effective Size at Recruitment

- A method of estimating the effective size at recruitment was first described .
byl ILenarz and Sakagawa (MS, 1872) and later developed in detail by Lenarz et al. -

(MS, 1972a). The method is based on an equation, gimilar to that given by Beverton

and Holt (1€56):
1 =T - [ﬂK(Lw‘T’]
T Z

where K and L, are parameters ‘of the von Bertalanfiy growth equation, 1is tie av.-'éra.ge
length of fish in the catch, Z is the instantaneous coefficient of total mortality, and
lr_ is the effective length af recruitment. From a weight-length relation, lr can be

converted to W, effective weight at recruitment.

.For Aélantic bluefin tuna we used our best estimates of K = 0.0563, L = 447, 88
cm (Mather-J oﬁes growth cufve) an;i Z = 1.0 (Table 18) and estimated 1 r for three
different fisheries (Table 20). The range of 1 n for 1965-70 is.: 42,63-65.63 cm
for the Canadian-U.S.A. purse seine fishery, 55.05-61,24 cm for the western
Atlantic- fishery, and 45.86-79.95 cm for the entire Atlantic fishery.
from 1965-70, there is no discernible trend iﬁ the size at re.cruitment. The average

11‘ is 58.73 em, 70.13 cin and 60, 09 cm for the respective fisheries.

The possible effects of a minimum size regulation can be examined. For
example, if Z = 1.0 and an effective minimum size of 10 kg was instituted, the

average size of bluefin tuna in the cateh-must at least be 98 cm long (Figure 18).

PRS- PR it e < Bas




Table 20. Estimates of Lr and w_ for the bluefin tuna fisheries
of the Atlantlic QOcean.

1$65-70
1965 1966 1967 } 1968 1969 1970 Weighted
Averaoe
Canadian and U.S. A,
Purse Seine
Z 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 {cm) 83.141 63.03] 74.79| 73.48 | 85.15 | 84.85 | 78.32
1. (cm) 63.81 42.63 55.02} 53.64 | 65,93 65.61 58.73
Wy (kg) 5.54 1.72 3.60] 3.34 6.09 6. 00 4.35
Western Atlantic
Fishery .
Z 1.0 10| nof 10| 10| 10| 10
1 (cm) 109,19 77.67| 79.10}82.18 | 88.09 | 86.45 | 89.14
1. (cm) 91.24| 58.05] 59.55]62.80 | 69.02 | 67.29 70,13
Wy (kg) 15.64 | .4.21 4,531 5.29 6.95 6.46 7.28
Entire Atlantic _
Fishery
Z 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 (cm) 97.98 | 66.09| 80.67|75.87 | 98.47 { 89.05 | 79.61
11‘ (cm) 75.44 | 45,86 | 61.21 56..15 79.95 70.03 60,08
wp (kg) 10,46 2,12 4,91 § 3.82 }10.G6 7.25 4.65
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The average size of bluefin in the catch has so far been well below this size for the
- Canadian-U.S.A. purse seine fishery (Table 20). Only in 1965 did the average length
of the catch exceed this value for the western Atlantic fisheries, and only in 19¢9 for

the ebtire Atlantic fisheries (Table 20).

it _ ANALYSIS OF YIELD

Yiéld of Atlantie blugfin -f.:-urlléi“\-mas-examinéd with £wo objectives in mind:
(1) analys'is of pést Iﬁerfbrﬁnanée of the fisheries in order to determiﬁe the probable
trend in future production and (2) to détermi_ne the "optimum™ age at recruitment
in regard fo maximizing yield per rgcrﬁit and the poslsible imposition of a minimum
-size regulation. A. minimum size Iimit.of 10 kg {78 cm) was considered in our analyses

because it is the size that has been suggeste& by FAO (1968).

There is uncertainty as to how many stocks of bluefin are present in the
Atlantic. Mather and Jones (MS, -1972) felt that there are ‘essentially two stocks- .
for'management purposes, ‘i‘hey based their hypothesis primarily on reported
occurrence of spawning in the Car'ibbean (western Atlantic) and off northwest Africa
(eastern Atlantie), and on the locations where small bluefin tuna are caught in large
numbers, so far only off the New England coast and in the Bay of Biscay and

adjacent waters. On the other hand, there is come evidence that suggests

there is only one exploited stock in the Atlantic. For example, the pronounced
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-increase in average size of large fish in the catch of fisheries on both sides of the

Atlantic (Figure 10), the decrease in catch of large fish on both sides of the Atlantic

- (Table 1), the occurrence of transatlantic migration of small and large bluefin tuna

(Figure 4), and the greater propensity of young fish to migrate across the Atlantic
(Mather, et al., MS, 1971) suggest there may be only one exploited stock in the

Atlantic. This hypothesis, however, recognizes the fact that spawning does occur

on both sides of the Atlantic and perhaps by genetically distinet subpopulations (Mérr,

1957) but mixing oceurs before the fish are recruited to the fisheries. Thus, under
this hypothesis from the management point of view there is essentially one exploited
stock in the Atlantic. Qur analyses of y1eld per recruit were performed Wlth
‘consideration of these two hypotheses; (1) two stocks, with bluefin tuna in the

western Atlantic a homogeneous but separate stock from that in the eastern Atlantie,

and (2) one stock'in the entire Atlantic,

Pfoduction and Total Fishing Effort

Our previous review of catch and effort statistics for Atlantic bluefin tuna
identlﬁed the available statistics and the fisheries for ;whwh statistics-are deficient.
We have graphed catch against fishing effort for fisheries with adequate statistics:
German handline, Norwegian purse seine, and Spanish trap ﬁsheries (Figure 19),
Japanese longline fishery (Figure 20), and Canadian-1. 8. A, purse seine fishery
(Figure 21). Total fishing effort for the Canadian-U. S, A. purse seine fishery was

estimated on the basis of (1) the CPUE of Class 3 seiners,and (2) the CPUE of

" Class 6 seiners.
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. large (176-280 cmy) bluefin tuna.
\

1

Catch of bluefin tuna as a function of fishing effort for three. _
.- -fisherics of the eastern Atlantic. The fisheries catch primarily
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Catch of bluefin tuna as a function of fishihg effort in two regions
in the western Atlantic.” Data are for the Japanese longline fleet,
1957-70. (Region II = off Canada and the U.S.A., Region VII =
off Brazil) ' :
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The German handline, Norwegian purse seine, and Spanish trap [isheries
catch primarily large (176-280 cm) bluefin tuna. | In each fishery, catch is a lineaxr, .
increasing function of fishing effort (Figure 19).- In recent years, the catch and effort
of the German handline fishery has decreased to a negligible level. For the other

two fisheries, catch and effort have also decreased to a low level. Apparently, these

- fisheries have responded to the low availability of large fish by decreasing their

fishing effort proportionately to the catch. .

Since 1956, the Japanes.e longline fleet has operated.in the Aﬂanfic. The
trend of Japanese longline ca.tcﬁ and effort for twag regions in the western Atlantic is
somewhat a curvilinear, increasing function (Figure 20). In rgcent years, 1968-70,
the catch haé been only a fe“T hundred fish per region aithough effort per region has

been a few thousand-11 million hooks (Table 6).

The Ca-nadian-U.S.A. pursé se‘ine fish.ery began in 1962, Figure 21 shows
that the catch is a linear, increaéiné function of fishing effort. The fishery has
apparently adjusted its effort proportionately to variation in catch. Not accounted
for in this analysis, however, is the fact that the local boats have become more
efficient in their operations in recent years, as was discussed in an earlier section.
The center of the fishing afea has aiso shifted from Cape Cod'.Bay in 1962 to an area
south of Cape (_Zod, Cape May~-Montauk Point (Figure 22), wherel small bluefin tuna
are now caught. " In recent years, beginning in 1964, very few schools of small bluefin
tuna have been sighted nortﬁ of Cape Cod (Mather, personal communiéation). This
was not the case in early_ years, wh_en small bluefin tuna were frequently caught in

Cape Cod Bay and off Maine (Wilson, 1965).
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" Simplified Beverton and Holt Model of YieldPer Recruit

The Beverton and Holt yield-per-recruit model may be simplified such that

it is a function of three ratios:

c=1_/1,
E =F/(F + M) or F/(F +X)
and Q = M/K or X/K

where W, .L and K are parameters of the von Bertalanffy growth equation and 1.

o?
is the length at first capture (effective minimum size). Y', relative yigld per recruit,

is tabulated extensively by Beverton and Holt (1966} for combinations of C, E, and Q.
Their range of values, however, is not sﬁfici‘én't for this study so that & computer pro-
gram, YPER, was written to compute Y' for values of C, E, and Q. With this approach,
the effects of Wide ranges in the parameter estimates can be examined. Two hypotheses
were examined: (1) the bluefin tuna of thé western north Atlantic were assumed to be a
single stock and that F, X, and Z estimates (Table 19) of Lenarz et al. (MS, 1972Dh) are

reasonably accurate; and (2) the bluefin tuna of the Atlantic were assumed to be a single

stock.,

The range of estimated values for the various parémeters under hypothesis 1

are as follows: F =0.223-0.795, X = 0.396-1.264, and Z = 0.619-1.776 (Table 19),

K =0.05-0.09 and L, = 355.8~540,0 from Mather and Schuck (1960), Mather and

Jones (MS, 1972), and Rodriguez-Roda (1971), Using our most reasonable parameter
estimates of K = 0,05, X = 0.821, and Z = 1.280 (average of Lenarz et al's. estimates),

a reasonable range for E and Q was established by allowing either the numerator or

. denominator of the ratio to be one of our most reasonable estimates. Therefore,

e i+ —iekmieies o e
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E = 0,17-0.74 and Q = 7.92-25.28 are the ranges, and E = 0,36 and Q = 16.42 are

- the point estimates. Table 21 contains optimal values of Lr for the ranges in E, Q,
and L ; the underlined value in the center of Table 21 is the most likely value of
the optimal length at first capture, a.bouf_:'46 cm (2.1 kg), for the mortality rates esti-
mated for 1964-68, Using the widest range in our parameter estimates, the range for
Ir is about 17 em {E = 0.15, M/K = 26.0, L., =355.8)t0o133 cm (E = 0.75, M/K = 8.0,
L, =540.0). I, for the moment, we assume that recruitment is knife~edged at 40 cm
(1.4 kg) which is the current absolute minimumgsize at recruitment, and that the fishery
cqu.ld be regulated such to obtain knife-edged recruitment at any desired size, then by
decreasing 1. from 40 to 17 ecm (0.1 kg),' on one hand, we estimate a 39% increase in
tl_le yield per recruit, but, on the other hand, if we increase I;_ from 40 to 133 ecm
(46.7 kg) we estimate a 205% increase in yield per recruit. Taking our most reason-
able estimate of 46 cm, raising 1, from 40 cm would prévicle ..only about a 1% increase
in yield per recruit. With the apparent paradox emanating frorﬁ the range in our
parameter estimates, we can offer no géneral solution és to which way the size at re-

cruitment should be shifted under hypothesis 1 to obtain the best yield per recru.it.'

The effective minimum length at recruitment is c:_urrently about 70 cm (7.2
kg; average for 1965-70, Table 20) for the western Atlantic fisheries. To obtain an
optimum yield per recruit with our most reasonable estimates of K, Lco , Zand X,
a reduction in the effective minimum size to 46 cm would be required. The increase
in yield per recruit is about 18%. If a minimum length of 78 em (10 kg) is imposed

on the {ishicries, the yield per recruit would decrease about 6%.
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Under hypothesis 2 a different approach was taken with regard to the estimates

of mortality parameters. Beverton and Holt (1959) examined the ratio of M to K for

"a number of species and concluded that a common ratio may exist within related

species groups. A species related to Atlantic bluefin tuna, 'for which reasonable esti-~
mates of M and K have been made, is thc.a' yellowfin tuna of the eastern Pacific with an
M/K on the order of 2. With M/K of abbut 2 and K of 0.05-0.09, M is 0.1~-0.2, which
seems reasonable for a species like bluefin tuna that lives 14+.years. Ranges for

M = 0,1-0.2 and K = 0.05-0. 09 give Q = 1.11-4, 00. An estimate of a reasonable range
for E is difficult since we have no estimates of F or Z on an ocean-wide basis. We

chose, therefore, to compute lr for E in thé range of 0,1-1.0,

Table 22 gives the optimal values-of 11_ for the ranges in E, Q, and L_. The
estimates of 1 range from 62 cm (E = 0.1, M/K = 4.0, L__ = 355.8) to 405 cm

{(E=1.0, M/K =1.0, L =9540.0); all values are above 40 cm, the current absolute

‘.minimum length, and 60 cm (4.6 kg), the current effective minimum length, If we

again initially assume that the fishery has knife-edged recrqitment at 40 cm, then
increasing lr'from 40 to 62 cm (5. 17 kg) would increase the yield per recruit by 1%’
and fo 405 cm (1186 kg) would increase the yield per recruit over 300 fold. Taking
our most reasonable estimates Q@ = 2.0 and L. o = 447.9 cm, though, this range in
increase of yield per recruit is reduced; with E = 0,1-0.7 the increase in yield per

recruit is 2% (E = 0.1) to 225% (E = 0.7). Similarly, with our current effective minimum

length of 60 cm (Table 20) for the entire Atlantic fisheries and our most reasonable

parameter estimates, the maximum inercase in yicld per recruit ranges from 1%
(E=0,1, M/K = 2.0, L, =447.9)to 169% (E = 0.7, M/K = 2,0, L =447.9). Increas-
ing the minimum length to 78 em (10 kg), results in about 1% (E = 0.1) to about 2 1009

(E = 1,0) increase in yicld per recruit.
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Table 22. Optimal lengths at first capture as a function of the exploitation rate and M/K for three values of I—bo

-

. .....Jl'ABLE'TOF'..OPT IMUM_LENGTHS .AT_FIRST. CAPTURE == L {INFINITY) = _ 0,355800F _03 . ————— e

EXPLAITATION _RATE _ -
T MK o 0410 . 0,20 .. . 0.30 D.40. 050 __0.60 0.79 0.80 0.90.-—__.1.00. -
—1.000_ 114,92 148,37 172,21___191.42___ 207,79 222.38 246,93 257,26 . _266.85__

235,18

._.__!.500__4._100.35__.130.22 —=151.93 . _ 169,36 ___1R4,30___ 397,11 .._208.85___.219.53___ 228,78 ._ 237.32_.

2000 _____88.95 __ 115.99 _ 135,92 __ 151,93 _ _165.45_ _ 177,19 187,86 _197.47__ 206,01 __ 213.48 .
— 2,500 80,06 ___ 104,96 _ 122,75 137.6%9 150.15 161,18 170,18 129,32 187.15 193,91 .
——3.000 ____72.94 . _ 95,71 . 112.43 125,95 __ 137.34.___ 147,66 . -~ 156458 166,38.....171,50...._177.90. ..
L -.--3e500. __ 66,89 ._._87.48 103,54 1].5..99‘_‘ 126.66_. 135,92 ___ 144,45 _ . 151,93 _.*,-153.3?-5 ~ — 164,38 .
---_-5-&0.0 61,55 R1.48 98, T 107,45 117.4] 126,31 134.14 140.90 166,95 152,66
- .‘.._TABLE_!JEL..OF'_TI!-!UILIrENGTHS_AI_EIRST.-CAE’J'DRE_-_-_.LU.NEINLTXJJ_J,LQATQO,BE_O1 . _ - -
' EXPLOITATION RATE -
— MK .10 0.20 .30, 0440 .50 0,60 0.70 9.80 8490 1400
1800 146,67 186,17 215,18 260,97 261,57 219,94 296,86 310 .84 123,813 335,93
—=1500 126,31 163,93 191,25 213,20 232,01 - 248,14 262.92 276,35 288,00 298,75 ..
——2e000_ 111,98 ___ 146,02 ___ 17} .,10_____191. «25 _.__20.8.22_223.05,,.._ ~236.49__ 248,58 __259.33 ___P68.74__
—2a500__. 100,78 132,12 154,53 173,34 189.01 202.90 214,99 225,74 235,60 244411
34000 91.82. _._120.49 ..._._141.54.- —— 158,56 ____172,89 ___ 185,68 197,08 206,93 215.B9. . 223,95 __
lB.I.85...._191“25_199.32'_7‘--206.93_.__

3.500____ 84,21 .. _110.63 __.”130.3‘-_146.02__159.45_..__-1.71 <10

. —JABLE OF OPTIMUM EENGTHS _AT_FIRST CARTURE -= LUINFINITY)} = 0.540000E 02

FXPLOTTATION BATE - n
MK .10 0,20 0,30 L 0.4%0 .50 0,60 - 0.70 0.80___ 0,90 1.00.._.
——las000 174,42 225.18 251,36 290,52 315.36 337,50 356.94 AT4.126 '390.47. 405,00

' .__1-500.__152-28 — 197464 _.__230,58___ 257.04 __279.72 . 299.16._ 316.98 333,18 347,22.. _. 380,18 . _

2.000_____135,00___ 176,04 ____206,28 _- 230,58 ___ 251,10 268,92 285.12__ 299.70 312.66_ 324,00 ...
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. . 3,500 101.52 133.38 157,16 176,04 ___ 192.26 206,28 _ . 219.24 ... 230,58 240.30. _ 249,48 __.
e B0000___ 93,42 123,66 _ 145,26 __ 163,08 __ 178,20 _1591.70_____203.58 213.84 223,02 231.66__*




The general conclusion is that any increase in the minimum size would likely
increase yield per recruit provided the assumption that a constant rate of fishing
mortality is applied to the entire life sp{.th of the bluefin tuna subsequent to recruit-~

ment is fulfilled.

Ricker Model of Yield Per Recruit

Another classical approach of analyzing the effects of changes in fishing
intensity and/or changes in size at recruitment is with the Ricker yield per re cruit
model Ricker, 1958). We used our best estimates of growth (Mather-Jones curve),

fishing intensity (or F) of 0.1-2.5, and M = 0.1 and 0.8.

3

With. the two-stock hypothesis, and an M of 0.8 and F = 0.5 (Table 19) for

the western stock, the optimum yield per recruit is with an age at recruitment

below 1 year (57 cm or 4.1 kg)-—-'—Figure 923. That is, if the western fisheries

operated in a knife-edgé fashion aﬁd exploited all ages starting with the youngest

fish available, the maximum yield per recruit would accrued. The fisheries vcurréntiy

exploits fish 40 ¢m long (about 3 months old) and larger, with an effective minimum
' length at recruitment of 70 cm (age 1.6 years). Decreasing the current effective

minimum length of 70 cm to, say,. 40 cm would result in about 10% increase in

yield per reqruit. On the other hﬁnd, an increase in effective minimum length to

78 cm (10 kg or age 2) results ina very small decrease in yieid per recruit, If we

consider only the szadiah—U.S.A. purse‘ seine fish.ery, however, an increase in

the effective length at recruitment from the current 59 cm (age 1.1) to 78 cm, would

decrease yicld per recruit as much as 16%.
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With the one stock hypothesis, M is probably 0.1 and F is unknown, but per- .
haps equal to 1.0, based on estimates of Z from the Canadian-U.S. A, purse seine

fishery (Table 18). The optimum yield pér recruitment in this case is obtained with

> an.age at recruitment of about 10 years (206 cm or 166 kg)-~Figure 24. The current

effective minimum length at recruitment is 60 cm (age 1.1) for the entire Atlantic

" fisheries. I the length at recruitment is increased from 60 to 206 cm, yield per

recruit would increase by 529%. With a more modest increase in the current effective

length to 78 cm (age 2 years), yield per recruit increases by about 64%.

These results indicate that depending on the stock siructure of bluefin tuna,
yield per recruit can increase or decrease if the size at recruitment is altered
from the current levels. & is also evident from the results, that by increasing fishing

effort with M = 0.1 or 0.8, there is little gain in yield per ré'cruit.unless the size at

- recruitment is 'also altered.

Size-Specific F Model of Yield Per Reeruit

-

Analysis of yield per recruit utilizing size—speciﬁc F has been described by
Joseph and Tomlinson (MS, 1972) and Lenarz et al. (MS, 1972a) for Atlantic yellowfin

tuna, We used this approach for Atlantic bluefin tuna,

Size-—sﬁeciﬁc F's were estimated from average (1965-70) length composition
{by 10-cm groupings) of the catch (Table 23). Because the reported catches of bluefin

tuna by Argentina and Cuba arc suspect, for reasons stated in an earlier section, we

&
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Table 23, Average, 1905-70, sizc composition of the catch of bluefin tuna |
from the western Atlantic and entire Atlantic
fisheries by gear

Western Atlantic

Entire Atlantie

Length | Purse : - Purse
. Sport Others | Total Seine, | Sport Others Total
Interval | Scine . .
Live bait
and froll
T 40 481 114 5956 3,792 114 3 3,909
50-59 30,503 7,932 - 36,435 | 250,728 7,932 24 258,654
60 8,167 | 2,050 10,217 | 70,269 | 2,050 21 72,340
70 48,567 | 6,344 54,911 | 292,045 | 6,344 93 298,482
80 22,806 { 1,773 1| 24,580 117,884 | 1,773 18 119,675
20 24,781 1,360 - 26,141 | 114,136 1,360 - 115,456
100-109 13,593 | 2,545 - | 16,138 85,600 | 2,545 12 88,157
110 2,608 399 .2 3,009 14,020 399 21 14,440
120 3,753 267 214 | 4,234 | 15,081 267 256 15,604
130 1,597 153 16 1,766 6,565 153 95 6,813
140 1,918 198 14 2,130 8,030 198 222 8,450
150-159 866 58 244 1,168 3,139 58 611 3,808
160 325 18 54 397 1,041 18 615 1,677
170 161 8 278 447 451 8 926 1,385
180 189 21 455 6565 763 211 1,349 2,133
190 43 71 1,469 1,519 232 71 2,840 3,079
200-209 53 71 8,947 4,007 78 71 5,710 5,795
210 58 261 2,984 3,068 58 26| 4,949 5,033
220 64 98 | 3,253 3,415 64 98| 5,738 5,900
230 64 158 | 2,527 | 2,749 64 158 | 5,686 . 5,908
240 48 177 271 496 48 177 3,067 3,292
250-259 43 75 603 721 ~ 43 75 2,453 2,571
260 22 3l 117 170 22 31 812 865
270 6 12 39 57 6 i2 189 207
280 1 5 7 13 1 5 26 32
Total 160,717 | 23,836 | 16,495 201,048 954,163 123,836 | 35,736 1,043,735
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performed analyses with and without the Argentina and Cuban data. Computer runs
were made with M ='0.1, 0.2, 0.6, and 0.8, and with (1) the average length com-
position of fish caught in only the western Atlantic (Table 23), and (2) the average

length composition of fish caught in the entire Atlantic (Table 23, and Figure 25).

With M = 0.6 or 0.8 we were unable to obtain reasonable estimates of size-
specific F's for the western Atlantic fisherieé. The criteria used to judge whether
the estimates were reasonable were by comparing thc; estimates with the exploitation
rates (E) estimated by Mather et al. (MS.,‘ 1972): E=0.2 fc_)f a single season's
returns and E of about 0.3 for all season's returns for bluefin tuna ages 2-4 years
('f8-—115 cm) caught in the New England fisheries, ?‘ht_a revealing features of our
results are that the estimates of X by Mather et al (MS, 1972) are probably unrealistic

estimates of the combined effects of natural mortality and emigration (X~ 0.8), and

that their estimates of exploitation rates are too low.

With M = 0.2 we were also unable to obtain a reasonable fit of the catch data.
with rates of exploiiation comparable to those of Mather et al. (MS, 1972). Cur
best results were with an initial I = 0,032 and F = 0. 035 (Figure 26), which are low,

On the other hand, with M = 0.1 a reasonable fit of the data was obtained with high F

© values (Figure 26) that agree with thoseé estimated by Mather et al. The results
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" were the same with and without inclusion of the Argentina-Cuban catches. Again,

our results suggest that Mather et al's. estimates of X and F are questionable.
Thus; our most reasonable estimates of size-specific F's are with M = 0.1 and initial

F=0,05.

The esﬁmﬁted size-specific F's with M = 0.1 and iﬁitial F = 0. 05 for ihe
western Atlantic fisheries (including Argentina-Cuban handline fisheries) were
partitioned into F's for three types of gear (Figure 27) - (1) purse seine, (2) sport,
or rod and reel, and (3) "other' - traps, hé.rpoon, etc., - by proportion of catch.
Th_is division of fypes of gears was based on the fact that purse seiners catch pri-
marily small fish (40-120 cm), rod and reel cé,tch 'primarily small fish but also a
fair amount of large (176;280 Qm) fish, and all other gears catch primarily large fish,

A noiable feature of the size-specific F curves by gear is the low exploitation rate for

bluefin funa between 130 (5 years) and 190 cm (9 years) long., This feature may

actually be an ai'tifact, caused by variable year class sirength, or the short time
series of data we used in our analysis. Further analysis based on a longer series of

data on the size composition of the catch is recommended.

Estimates of yield per recruit for the western Atlantic were made with M = 0.1
and 0.2 and our most reasonable estimates of size-specific F's. An examination of
the results with respect to effective size at recruitment indicated that the relative

values of yield Iﬁer recruit depended little on whether the Argentina-Cuban data were
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included (Figure 28). Our subsequent analyses, therefore, included

~data from the Argentina-Cuban fishery. The results with both M =0.1and 0.2

indicate that a substantial increase in yi‘eld per recruit can be obtained for the
western Atlantic fisheries as a whole with increase in the effective size at recruit-
ment. The change in yield per recruit by types of gear, with'increase in effective
size at recruitment is shown in Figure 29. An increase in the effect_ive size at
recruitment is most beneficial to the “others'' category of gear and to the sport
fishery., These are the fisheries that exploit large bluefin funa. Although a small
increase in yield per recruif with increase in size at recruitment would also result
for the purse seine fishery, any increase beyond about 80 em (11 kg) long would.

produce a decrease in yield per recrunit, .

Since the average size of fish in the cétch is important_, especially to the
sport fishery, it is instructive to examine the change in average size with alteration
in ;che effective size at recruitment., In Figure 30 the results for the westiern fisberies
aré shown. They are based on a constant M = 0. 1 and our most reasonable esti-
mates of size-specific F, Average size of {ish caught by "dthers” increase only
slightly with increase in the effective size at recruitment. On the other hand, the
average size of fish in the catch of purse seiners and sportsmen increases con-
siderably with increase in the effective size at recruitment, beyond 70 cm long.
For example, if we increase the effective length at recruitment from our current

59 cm for the Canadian-U.S.A. purse seine fishery to 78 cm (10 kg), the average

~weight of fish in the catch increases from 16 fo 22 kg. We can demonstrate a similar
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increase for the sport fishery, Thus, there appears to be some advantage in

increasing the effective size at recruitment from the current level, We indicate,

however, that for the purse seiner ﬂee?, and probably the majority of sportsmen

who fish for small bluefin tuna, any significant increase in the effective size at .
recruitme;nt would probably result in a ciecrease in yield per recruit to these users, unless.,
of course: these users shift their fishing effort onfo large bluefin tuna. Presently,

it is uncer"tain whether the purse seine fleet can make this shift, since there is no

major éoinestic (Canadian or U.S.A) market for lérge bluefin tuna. Itis also

doubtful that the majority of sportsmen would make the shift, since sport fishing

for large bluefin tuna is relatively expensive.

We also examined the effects, under current conditions of fishing intensity = 1

and effective length at recruitment of about 70 cim, on yield per recruit of increasing

fishing intensity in the western Atlantie fisheries (Figure 31). With our reasonable

estimates of size-specific F'sand M (M =0.1, F = 0. 05) if fishing intensity is, say,
doubled, yield per recruit decreases by about 35%,. On_' the other hand, if fishiné;
intensity is reduced from ouf current Ievel to 0.5, there is no change in yield per
recruit. The bimportant conclusion from these results is that increasing fishing
effort without increasing the size at recruitment would result in decrease; in yield

per recruit.

The average size composition of the catch of blucfin tuna caught in the
entire Atlantic (Table 15) was utilized to estimate size-specific F''s. With esti-

mates of M = 0.1 and 0,2 we were able to obtain size-snarifie Fle with o wide
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range of initial F values. Since there is no estimate of exploitation rate of bluefin
tuna on an Atlantiq—wid_e ba.éis, we were unable to select any one series of size~
specific F's as most reasonable. However, we arbitrarily selected (1) the highest
series and (2) a series with approximately half the values in the highest series for .

examination (Figure 32). With series 1, generally, yield per recruit increases |

* with increase in size at recruitment (Figure 33). With series 2 the opposite effect

occurs; vield per recruit decreases with increase in size at recruitment.

The effects of changes in fishing effort on yield per recruit was examiried.
Figure 34 shows yield per recruit as a function of fishing intensify with fishing
intensity =1 as the cﬁrrent level and effective length at recruitment of about
60 cm. The results indicate that there is little, if any, gain in yield per recruitment
with increase ip fishing effort, On the other hand, with size-specific F's of series 1

a decrease in fishing effort would result in a substantial increase in yield per

recruit.

We caution the reader that this model assumes constant recruitment and our

earlier analysis of age composition of the catch suggests that recruitment is variable,

DISCUSSION
Since 1965, there has been a downward trend in total c.atch of Atlantic bluefin
tuna and the démise of several fisheries for large (176-280 cm) .bluefin {una. It has
been suggested tll;at the decline is attributable to inereased exploitation of small blue-
fin tuna along the New England coast and in the Bay of Biscay and adjacent waters

(Iamre, MS). Mather et al, (MS, 1972) and Lenarz et al. (MS, 1972b) have presentied.
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*

data that indicate the yate of exploitation of bluefin tuna ages 2-4 years in the New

England fisheries has indeed increased from 0.281 in 1964 to at least 0.590 in 1968,

Our analyses of available data on Atlantic bluefin tu.na indicate that the average
size of fish in the fisheries for large bla:zefin tuna has increased and the catch rate
has decreased. Based on data from the Canadian-T, S, A, purse seine fishery, it
appears that the catch and the average size of fish caught by fisheries for small blue-
fin tuna has remained relatively stable. Evidently, then, the decline inthe total

Atlantic catch is due primarily to poor recruitment into the large fish fisheries.

“There are sevéral actions that-can be taken to boost the production of bluefin
tuna. Our study hﬁs examined two possible aqtions: (1) change in fishing effort,
and (2) change in the size at recruitment,. The result‘s indicate that the appropriate
action depends 611 the stock structure. If tiiere are scparate stocks in the Western
and Eastern Atlautic, the results using the constant fishing mortality approach
(silﬁ'plified Beverton and Holt and Rickes models) Witi; high values of.X (e.g. , 0. 8)
suggest that a loss in yield per reeruit would oceur if the effective size at recruitment
is increased. However, the results with the size-specific VF approach suggest that
considerable gains could be made by increasing size ﬁt recruitment. The conflict in
the results of the two approaches i; probably caused by the high values of X used in
the constant F approach, Lenmrz et, al, (MS, 1972h) suggested that their estimate
of X may include tagging mortality and thus may be too high, Oh the other hand, the

results using size-specific I are dependent on the assumptions of constant recruitment,
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which is p;-obably iﬁvalid. We can venture a guess that the real effects of increases
in effective size at recruitment, if indeed there are two stocks in the Atlantic, lie
between the results of theAtx;.roﬂapproaches. If there is only one stock of bluefin

tuna in the Atlantic, our results from bc;th approaches suggest that gains in yicld

per recruit would be substantial if the effective size at recruitment is increased,

" However, we wish to point out that with recruitment probably quite variable, an

Increase in the effective size at recruitment should be considered jointly with any
infended catch (uota (see Lenarz et. al., 19'72:1)"

Over a number of years there has been a considerable amount of studies on

‘the Atlantic bluefin fisheries, but information on many of the components of the

population dyhamics of bluefin tuna is lacking (Table 24), If rational management

of the fisheries is to he achieved, the quality and quantity of data on the fisheries

must be improved.
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Table 24, Status of available information on the population dynamics of
Atlantic blucfin tuna. Rating is on a decreasing scale of

adequate, poor and none.

Types of Information

Western Atlantic

Eastern Atlantic

Catch
Effort

v

Size composition

.Subpopulations
Length-weight

Growth’

Natural mortality
Fishing mortality
Size-specific F
Virtual population
Surplus production

Yield per recruit

Adequate
| Poor
‘Adequate
Poor'
'Adequate
Adequate
_Poor
Poor
Poor
Poor
~ Poor

Adequate

Adequate/poor

Poor
Poor

Poor

Adequate

~ Adequate

None
None
Poor
None
Poor

Adequate




PSS S e
-

LITERATURE CITED

Aloncle, H., ‘J. Hamre, J. Rodriguez-Roda, and K, Tiews.” 1971. Report from

the Bluefin Tuna Working Group. 'Observations on the size composition of
bluefin tuna catches from 1970. Intern. Council Exploration of the Sea,

C.M. 1971/3:2, 19 p,

1972, Report from the Bluelin Tuna Working Group. Observations

on the size éomposition of bluefin tuna catches from 1971. Intern. Council

Exploration of the Sea, C.M. 1972/J: 2, 26 p.

Beverton, R.J.H., and 8. J. Holt. 1958, A review of methods for estimating

mortality rates in exploited fish populations, with special reference to sources

of bias in catch sampling. Cons. Perm. Int. Explor. Mer, Rapp., 140(1): 67-83.

. 1959, A review of the life span and mortality rates in nature,

and their relation fo growth and other physiological characteristics, Ciba

Found. Colloq. Ageing 5: 142-177,

. 1966, Manual of methods for fish stock assessment. Part 2.

BCF.

Tables of VYield functions. FAQO Fish, Tech. Pap. 387, 67 p.

1967. Fishery statistics of the United States 1965. Burcau of Commercial

Fisheries, Washington, D.C. 755 p.

. 1968, Fishery statisties of the United States 1966. Bureau of

Co;nlllel'cfal Fisheries, Washington, D.C. 670 p,




S © NP

93

1969. Fishery statistics of the United States 1967, Bureau of

Commercial I'isheries, Washington, D. C; 490 p.

FAO. 1968, Report of the meeting of a group of experts on tuna stock assessment,

FAO Fish. Rept. 61, 45 p,

. Fisheries Agency of Japan. Annual report of effort and catch statistics by Area

on Japanese tuna longline flshery 1962 -70. Research Division, Flsherles

Agency of Japan,

Hamre, J. (MS) Review of the bluefin tuha fisheries and research in the Nor{vegian

coastal waters and adjacent seas, Institnte of Marine Rescarch, Bergen,

Norway, 3 p,

-Hamre, J,, F. Lozano, J. Rodriguez-Roda, and K. Tiews. 1966. Report from

the Bluefin Tuna Working Grokup. Intern. Council Exploration of the Sea,

" Stat, News Letters, 26, 34 p.

. 1968. Report from the Bluefin Tuna Working Group. Intern.

Council Exploration of the Sea, Stat. News Letters, 38, 27 p.

Hamre, J., C. Maurin, J, Rodriguez-Roda, and K, Tiews. 1971, Fourth report
of the Bluefin Tuna Working Group. Observations on the size composition
of bluefin tuna catches from 1967 t0 1969. Intern. Council Exploration of the

Sea, Coop. Res. Rept. Ser. A, 23, 49 p,

ERTnY




CL

94

Hayasi, S., and C. Shingu. (MS) Comparison of population structure of bluefin
and southern bluefin tunas, Far Seas Fisheries Research Laboratory,

Shimizu, Japan, 5 p.

ICCAT., 1971la. Report of the Standing Committee on Research and Statistics. -

ICCAT, SCRS/71/53, 27 p.

1971b. Statistical bulletin, Vol. 1. ICCAT, Madrid, Spain,

.+ 1972, Statistical bulletin, Vol. 2. ICCAT, Madrid, Spain.

Joseph, J., and P. Tomlinson. 1972. An evaluation of minimum size limits for

Atlantic yellowfin, Paper presented at ICCAT Special Working Group on Stock

Assessment of Yellowfin Tuna, Abidjan, June 12-16,. 1972,

Lenarz, W.H., W, W, Fox, Jr., G.T. Sakagawa, and B.J, Rothschild. MS, 1972a.
An examination of the yield per recruitment basis for a minimum size regula-

tion for Atlantic yellowfin tuna. NMFS, Southwest I'isheries Center, La Jolla

]

Calif,, 45 p.

Lenarz, W, H., F.J. Mather, IH, J.8. Beckett, A. C. Jones, and J. Mason.
MS, 1972b. Estimation of rates of tag shedding of northwest Atlantic bluefin

tuna. NMFS, Southwest Fisheries Center, La Jolla, Calif,, 10 p.

Lenarz, W.H,, and G, T. Sakagawa. MS, 1972. A review of the yellowfin tuna

fishery of the Atlantic Occan, NMFS, Southwest Fisheries Center, La Jolla,

Calif, 69 p,



95

. Mather, F.J., I, J. de Ciechomski, J. Collignon, R.C. Griffiths, J. Hamre,
8. Kikawa, E.A, Kwei, J.C. LeGuen, 8. Moura, A, Percier, J. Rodriguez-Roda,
G. H. Stander, S.N. Tihbo, K. Tiews, J. Troadec and H, Vilela, MS, 1971.
Final report of working party on tuna and billfish tagging in the Atlantic and
adjacent seas. FAO Fish. Rept. 62 p.
Mather, F.J., III, and A, C. Jones. MS, 1972. A preliminary review of the stock

structure of bluefin tuna in the Atlantic Ocean. Woods Hole Oceanographic

Institution, Woods Hole, Mass, 25 p.

© Mather, F.J., III, B.J. Rothschild, and G.J. Paulik. MS, 1972, Preliminary
analysis of bluefin tagging data. NMFS, Southeast Fisheries Center, Miami,

Fla., 25 p.

' Mather, F.dJ., III, and H, A. Schuck. 1960. Growth of bluefin tuna of the western

North Atlantic, U,S. Fish Wildl. Serv., Fish., Bull, 61: 39-52.

Marr, J,C., 1957. The problem of defining and recognizing subpopulations of fishes,
p. 1-6, In: J.C. Marr (ed.), Contributions to the study of subpopulations of

fishes. U.S. Fish Wildl, Serv., Spec. Sci. Rep., Fish., 208 p.

NMFS. 1971, Fishery statistics of the United States 1968, National Marine

Fisheries Service, Washington, D.C. 578 p.

' Ricker, W.E. 1938. Handhook of computations for biological statistics of fish

populations. Fish, Res. Bd. Canada, Bﬁll. 119, 300 p.




i . Py s . . o . . ;
P T PY VU S ©' SV SN - b & B A S o nkin L

96

- Rodriquez-Roda, J. 1971. Investigations of tuna (Thunnus thynnus) in Spain,

p. 110-113. In: Report 1970-71 ,. Part II, International Commission for the

Conservation of Atlantic Tunas. Madrid, Spain,

Tiews, K. 1962. Synopsis of biological data on bluefin tuna Thunnus thynnus

(Luinaeus) 1758 (Atlantic and Mediterranean), World scientific meeting on

the biology of tunas and related species. FAOQ, Species Synopsis No. 12.

Wilson, P, C. 1985, Review of the development of the Atlaniic coast tuna fishery.

Com. Fish. Rev., 27: 1-10, -



st T

VR

Maare Bininens Forea, Ing. T

: -
[,
T e .
i v et
. »

it

%
i

ADDE Nty 1

T4 iy A S dn dh i 0

SUNEET S Tipia ©I0M THE. AT ANTIC ACEAA

Rt Rt Sor Ll L) ﬂ-‘..‘-(.‘-:'--'.e'.‘f'..L*f--21-‘.}5}-*5{3-4-:)'%%!}C--!P-Zl‘-!‘r#{?{:—ﬂ“.i-%

&

P EATY

AR AR e

SE AR 4H IR Eb g R R

.”FIGWT

1o b S et gn gy

Abdritstdeaaranie s

Ay

E

*

SR GOt B S

@+ A » P i K E-3 L= [} * Yo 1S
%’}-ZS-!1--,‘:--3H3—’..-€_ribv'\§~,:~-:Z--Z'--.!-i.v'.‘-w”.‘-*i:— .:--,‘ﬁ-‘?'.’.“fi"—‘#&’.ﬂ".‘-‘}"‘i?*-"--'f-ir-ﬂ'ﬂ'-'_‘"?-:‘ bl I .:-’.‘a*-.‘:vi’e‘,:-‘.:-%#-'é-:}-:iﬂs‘ai-"{i-
@ 4, = Th.7 & .43 @ EFR T 2.l ® Nel7
@+ Al1.0 * 1< 1 i+ 1.3 -+ 2,349 i P& 3 nNn.=22 i
+ LN fR,5  + 1,54 # 3,872 & 3.2 = V.27 =
-3 G0 4 le.a ) 1,75 i 3,5 i j_7 -3 .31 1
@ G4, = 17.3 = 1.3 & dals  # 4. # N.36 =
&+ a5, n 1 177 2% 7.1 L O G £ w9 1+ N, 4l %
& 4fh,n o [?e] % 2.4 = 4,72 Dals # TeatS
2+ LT .0 fad 13,5 5 2. 20 ks L ] 3 AN i A .50 i
i LH L * 1a,9 % AN Y = 5 e tt & N2 #* 05 -
+ 45,10 4+ |k ] & 2. .57 1+ S.Aa7 =+ 7.1 3 0,59 i
# Eh.0 - = 19,7 = 2.7 # TR 1.7 = N.64 =
<+ C1,r a 20 1 it 213 4+ & .37 e .3 i+ RIS -
» s2,.0 i AN, S % EIH TN ALT4 = & 4 D74 &
) Sk N = =AU + Kk ik 7,12 ) FA 4 n_ 75 # -
#+ Sa.n @ 21,1 =» EN AR T.57 o« 15,0 = L 0,A3 &
2 55,1 = 21,7 0,50 % 7,791 = 19,6 & L
* S5hH,0  # A B 2 3,0 = .35 = 1.1 = 093 =
o S7.0 >3 @ R4 = AR ) 1.7 3 n,92 &
# SH.0 AR w L P03 EE T 12,3 # 1.02. =
e g3,.0 23, 441" o 3,72 % 12.a A 1,07 =
L 0,0 23,6 @ L Al ing=1 = 13,5 = l.172 %
“+ Al.N = ShoY % 4 3R DAL A i 14,0 = 1,17 =
it - S P2hgi S,0G a2 11.723 = la,6 = le22 =
w A3.0 & 6,3 w 5.4 u 11,74 15,2 = 1.27 &
# ARa,n 2R.2  # SeH8 7431 u 15,2 = 32 #
2 AL,A & 2% e Do N4 - 12, 68 2 1At = .37 »
#* oI AN ERTE Al 1346 * | S AP fats? =
# AT 0 _ = Phaa @ RedR % 14,00 17 A % lats? 2
@ AR.0 w A TR fube % lg,A7 14,2 = 1.51 =
* A L,N 2.3 = 5,55 @ |S,37 = JEN IR 1,86 «
@ Th.n = Pl 6 % T P4 = 15,%7 = 194 = .61 =
* 71,0 & 2U.) w 7,58 TE Ay 2y.n n 1,66
# 72,0 = e Tada = 17,33 = 2.6 w 1a7F «
o 3.0 = Ju.F a Q. 1% u IR NE 21,2 B 1,76 &
# 74,0 = P31 o+ R,51 12,77 = 21.2 ¢ 1.32 »
3 5.0 40,5 & R,35% = 108,52 2P .4 4 1,37 =
# TEO0 = fa,a Q.20 = #N,28 & 23,0 1.92 =
# FT.0 = 3N, G.he6 & 21,07 = LT 1.97
# RN & AN, 1 0 = [,.37 2187 o 24,7 & Pail?  #
L 73,0 i 311 <F 1H,232 ks 22,70 &+ 2 1 2,17 k]
* £0 .0 » T L,H in,sa  # 23,346 @ 25,4 # 2,172 &
) 1,0 1,9 = 1,07 = i g ful} P # Pel7?7 =
# AP0 2 LT B 1137 » 25,29 = AR,T % PeRR .
B «2.n W2 7 t1,3a = 24 28 n 27,1 & A 2H &

*ﬁi}ﬁzii‘*ﬁt‘ﬁi."’-‘{}%-}ﬂ%i.‘—%-:.‘ﬂv-.‘r\-"-:-

-:}_Q-.’?-.‘:_-‘ii-ﬁﬂ'fl'-:}\'}-‘.:-i.lﬂiﬁiﬂ--}ii-ﬂ'-:f--..‘!}‘..‘-i}‘.i‘.‘l-i?i'eir

2RHE L SRR R ETEC FE R N




L L U VRO U

.

!

SR T

Wk,

g o

LAY S

[

Moate Baingit Farms, Inc, 4

e e e

~,'.l N hd ’ B ‘ ’ ’ ‘
57 G ond o os el . e oy i jg P
- - . .
- » -~
-
- r
ARDEwNTY 1 1 =nnru,y. T [5dTe AN L50 OF B OETT) TIvA FONY THE AT ANTIC OCFAMLCAMTTAIED

e L At R i B R UL et et Bt ot St T id e ko St O L Rt i R RS SN R TR SR R R R R PR R Rt R R - s R R ) )
= [ S ] L] A TT = afF @+
B "okl ol o e I A e A Al et Sl Vet e St B8 T e e A AT At 2 R Ll + s B i T B Rt R R R R PR R e T R e Y
*+ v » Pl + W @ LA & 140} L4 ¥ i .
R R e e e <l R e ot A AT b b T s e el Fo TR et o ol et T T T R SR R R R R R - N R R R R Rk D
* Sh,0 = R P2.30 0 @ 27,17 o« 279 % 2.33 =
-3 AT N 3 2 = i 12,73 i+ 20,17 e 28 = n 2,38 i
# 3 AA.n % 3,7 s 13,17 % 29,06 29,7 w .43 &
5t d7 N 2 34 .1 & 13 42 4 Ain_ 017 i* 20 G & 2 .48 £
2 1 BALN WA s 16,03 F 31,05« N,4 # 2.56 ©
# " oaAan N n ECLE 14, 3% & AP N3 3,1 i 2,89 @
w0 gn,0 = 354w 15,01 = R 1.7 % P.64 ©
-] 2.0 = a5 0 = AR S ) G .22 @ NP3 2,69 &
o+ Gge.n e KPS 14_.07 & 35,37 = 33,0 0w .75 =
¥ 93,53 % 16 4 14,831 = A G o A3 A @ O L T 2
o+ =T 370 = 17,08 # 17,40, * Ia,P  w 2,35 =&
e s, 6 & AT .6 17,99 # 3p,75 & 4.9 .8 2.9 =
% Sh,.O 27,8 » 18,13 = 39,37 = 35,5 # Pe9h #
i+ a7 .n 2 K- i tg_ADQ - a4l o2n & 348 2 % 3,01 %
» 95,0 = iR, @ 12,25 # 4P bb = 35.8 # 3.07 #
o NQ.n i ER I T 19,489 = a,73 ¢ A7.5 @ 3,12 u
& 100,06 = A, w Ph.al # 45,01 - 4,1 7 # .18 =
i 11 .00 & d2.= 4 21.61 4+ G4 A % A SN .23 a
$ 112,0 = an,p2 = Pl.n2 = LT 5T 159,46 ® 3.78 =+
&t 1A}, 0 it 40 A = Er- N b L3 N4 i 45 .1 f 3,34 Erd
* 1, # G @ & PP LRE & S, L4 W 4.7 % 3.30 =
) NS K 17 I S 23,52 « % NN S 4 0 i A
@ InA,0 = 41.7 # Pa1a 0w 53,31 # 47,0  # A.50 =
% LAZ.n = 49,1 # 24,85 o Sl 20 - B, 3.54 3%
# ina.6 = 42,5 % -8 .57 o« SRR # 43,4 0 # J.61 =
) wge.n s w2 3. ELNS- - NS S =S N Lo N & A AT
* 119,0 = 43,7 # PhLE83  # 59,% ¢ G4,7 # 1.73 =
3% 111,49 % 43,7 3 27 A4 g BN S & PR 3,78
* il2.1 # G4, 2 28,37 = 02 .5% * 4,1 ® F.H4 *
3t 13,0 * 46,5 -] 22,11 iz Sl 1O & Lt T 4t .89 2
o 114,0 = Ha, 3 & 20,87 & AG 9% @ 47 4 # 1,85 =
& 15,0 aS. g AN A4 Sy B ) GV % P70 I B
® 11h.N 4,7 @ ER A 49,26 ® br,2 w06 w
- 117,05 GE LV 32,21 = 71,0 “n - 49 4 P -
" 119.0 = PRI S 3. 0P = 72,7 = 50,1 = GglH B
3 113, 0. = PAT-IPS - it T SR i S IHh .50 & Sf A # I~ T N
Rd 120.,0 = a2 % 3,67 = ThAeR 91,5 & 4,29 @
-3 121,03 a7 F 35,51 & 78 26 & - S52.2 % LAo3C  x
# 122.0 = Gl,0 34,37 = 8.19 = 52,0 # L 4t #
L 123.0 = 42,4 0% L SR T . 22,11 @ 53,4 & A B
& 1P L, w 5,13 0w Ragah 4,3 # 4,52 =
o 125,00 = 43,0 o it o I e G- ST & 3.0 PR - T -
* 125,060 = 4,8 w Q.36 & B R EOR 55,7 &, GehL &
@ 127,.0 = ca.n e A7 & SN.11 S5 4L % Ly X S
» 129,00 @ Sh.a # 41,31 @ 33,15 @ 57,1 ® 4,74 @

-

L L R L R L R R - S Sy hr L SR R o e R T L T R R R D Y T LT T o




! .
; ¢
- B
:
-
2
F
-
'l
: .I ]
i
‘.
|
4
'
1
|
PR
[
L)
R
-
L
.
-
i -
£
3 5
K
5 <
-
2
i
H
1 g
.
]
H
H
[y
4

. R N - s
. i .. . .
[ : - e T, 0 .' .
RN TR & - S Bl a b eedoe e 0 CERSY D e
- .
' -
-~ L]
-
. ¥
AoDE: Ty 1 | B S Tl ol e o Army AST AC oy esETsr TygsaA el L ATE ATIC ACE ArlCHnT JIHED
- ¥ — = i3

.;;.g}..:».*_x.‘_g_.-,q:.a_-‘..-.a'v_..-g.-_-ﬁ.;;.J(,.'.4.&.«».&.;‘.-L.-g.:-.A:,.-v.n..r_ﬁ.ﬁ{_-.;:,u.-tgt.:;..;pa;u-\..-u_s.-‘.g. BT Tk D Rt i g S 48 Th Ip b SRl 3% 0 4F ST SE AL R IN
o | it Te - AFIGAT <+ L1 &+
*ﬁr_{tﬁ{:.:;.::.na'.:_s-:'-.'"'..';-}q',._'L.'i-‘}.-’..'t..'g..‘:..‘):\-l}-.;:—,‘ ST A 2% rhodte o 3 2h e g S) An o g d% 2 IS S 4t g R G b 5L SR 2 S 4F dF . 22
s o a IR * Wi ) 1 = EH Ml % Yid &

qa;*ﬁguﬁaaq*qv*bﬂﬁ%ﬂnuﬁ*nn$ﬂ%ﬁau4%41¢a4¢w4Wﬁanw*hﬂ“&n#rn*ﬂ;%ﬂq%*ﬁuu

e 129, = wi,e @ -1 Ya 20 # STk * 4 ,Rp =
g 13an_n e 51 .2 . 473, T4 k12 s L3 e =5 (o HB 2
T 131.0 # 51,/ 4 P - B LA DA 4,54 @
Y320 ] L2 0 i Wt (T2 1o sl ir 54,0 3t 5N E.3
hd 133,00 # "D ® 46,74 ¥ 103,04 # T B G 06 =
23 134, = [ =] 3 47 TA A 105 30 = Al b 3 S.12 ]
e 135.0 & 83,0 #  4B.41 @ 107,80 & 52,1 % 5,182
P [ TN 1 [ - aG s 2 145,97 5p,38 & E VNS
@ 137.0  # 53,9 % an,G4 9w 1iR.30 = A3~ ® .30 ®
2 155 0 ) =43 a® SD N3 % 11,50 i a3 ETS ol V=N 1
* 13%.0 0+ - R4.7 “3,13 % 117.13 # Anm,h S.42 ¥
) Lad O ¥ == i3 -4 Ao 4% 139 S5 I a5 2 -3 LY % =
* 141,09 # HR.5 # 48,33 ® 122,060 # Hh,,5 # S8
i+ 142 0 frd ) 2 e 37 i 12452 i LT .2 o3 (=N | -3
& 163.0 Sh,3 BT ARG w 127.19 ® AR LD S.hk
* Vépds 0 -y ) ou a7 a4 10 70 # AR T + -y i T
* 1ah,n w CY A 6n,07 #  132,42 = A3 .5 % .79 %
2 1A, 0 8 7.5 i 5Y  2H i 135,99 4 In. 2 = L= 1 2
¥ 147.0  # 7.9 «2,50 & 137.RA5 ¥ 7Tr.0 & 5491 o
3 16R,0 % eI V. £ 78 @ 160 B4 ¥ 1.7 = .03 %
E 149, % ca,7 % a5, 01 = 143,30 #* L 72,5 Aefll
3+ 150,10 # =, 3 AL DA 4 tLs B2 4 2 - . -2 N i T
* 1510 % SRG.4 AT ,57 # 14R .97 = Ta b & 5,17 »
i IR =3 ,a9 _ # AR oav w18} RS ® o 2 A .23 B
i 153.1 AP Tn,Pn s 154,77 ¥ The.5 # her9 &
3 1G4, 0 AN e b L LS R S R . B, - a1 3 H.36 @
¥ 1RE.0 -® 41,0 ® TR0 #  1An TP @ 7.1 # bobg
m TEA N AV NER ) (- L T L - 774 4 AT
- & 147.0  # Al LB ® TR RT  # 1A 472 # T~ & R.S5 ®
3 1654 .0 3 - ir K i* 149,933 * 73,4 b L RD i
# A159.0 # A2,A  # 7a,50 % 173,07 # | HA.P # .68 2
3 1en o % A0 TG oS oo (Fe 20 W ay . n_# A 75 %
* 1A1.0 = L.4 0w A1.G1 % 179,47 = A1.8 # .81
& 182 .0 <4 E i+ 49 po ® 122 79 * a2 .5 % A48 i
2 1R3N # rh.2 ®  —4.33  ® laR.0p @ N T B POLTA
2+ 1406 0 3 Al B = DA ] + RO s Ay - 24 ) g 7,01 it
* 165,07 = FRD 47,47 ® 192,73 % Ba,G = TR #
it 15 B = [ 3+ 4Q 97 33 | =T KA i a5 7 i T.14 I
& TR7.0 P A Ggn_.31 # 1yQ,33 ¥ 4h .5 7.21 0%
¥ LI ) e 1 14 - - I P LN Ry, 3 s T 29 %
-] 19,1 * [ e AR, 77 i+ A AT 3 53,2 1 7.35 L)
o 17n, 0 * L] S 08 34 i+ Zih,l1a [ RGN0 I 741 -
0 1T1.0 ® £1,3 4 GR,I3 ¢ PIR,T7e w My e Toud  ®
2 172,0 @ LR ma, 43 @ )7 A8 @ gn .4 ® 7,59 @
> i73.0 ¢ Fug,lo® 10N, o PRlLla ¥ 9]l.8 0% 762 2
E L R R o R e A -'}-r.“'?(!-l‘.‘i:vLt&ﬂ-il\}ﬁ“ﬂi?i}*{!{é*(:ﬂ}ﬁﬁ*ﬂﬂi.‘{&-ﬁ&**ﬂﬁK-ﬁ-}*i?ﬂ*ﬁ%i#%ﬂ**%%%#&

S ——

Bekfniisicn,



4

BN 0 o o e b biasn e

4 oy - v -
. - i i
1 - ) hd " ) N
! PRI .
! o _ f . .
oelein L ) o - o, ES S K%ﬂ P R - -V L = i
-
v -
B . . L
¢ b o
~§ N -
~
v
L]
P] Aoty ] L =0 ke, uE TAAT At ARC )T By o E Y TlieA £ e ATE ANTTO NOE AMWCONTYSIED
Ip o4 2 b 3 4 3ty i b TR R 25 ap St ey 0 n S L SR L R JL S S Mok g o s ok gt

e+ 58 2 b =

Y

Moore burinen Form, Ing.

&

BB BL g

=

R R RSy W R T P Er Rt

fFIART

kg

TRt L R KR R R IR R PRI R A R T D TR T !

AfRF <+

S b L dp g b 4 I

L3

~

L]

T™ L

wr.

*

.=

AR LRI N S b e 2 SRR R VL I S D2 Ao A Ob g dE b e d S5 4R S 40 R 1R SR OE

ﬁ “)

* ) "

R4 AP RSP IR O b 4b 33 45 g oy A 2p 43 7R G5 4% SR 4R 3

# 176,09 RELE# RPN % P24 ,RT o« NZ,3 = 7,59
i 175 .0 £ 0w THR_FY & 7P AR i I U -3 A SN
id 176.0 = AIL3 ® 1AR 46 & P3P 4R L T I T.83 =
® 177.8 = 20T w107 16 % 334 3D Ga, 73 7.an s
# 178.0 = TRl % 1R .94 % PAN PP % 95,4 & 7.97 =
k- 1720 #* 1.3 i in, 75 = 2an .15 ] Sn 6 [ £ .04 4
& R0 .0 = TAL,9 2 112,55 % 247,14 = 97.3 ® .11
2 yal . n o= 21,3 o _1V4 33 2zt YF 9a_1 o 4,18 2
“ te?,n = V1.7 = 117827 & pRA,23 0 Q9,0 w 125 n
) 124,10 % 2.0 = 1ta 29  #  zen Ju ow Q%A A, 32 o
# 1H6 .0 # TP 2 110,37 #  PR4,59 = 10,7 = 3,39 =
& L 75 .0 121 .83 " &%  Zaa &0 101.5 = A 4Lb &
. IHAN 2 7,2 4 §F3.E0 o 272,33 & 102,4 o« A.53 =
) 137,10 = .8 % 1¥S Fh ow DFF DI s 173,33 a A} a
* 13K 2 rha w127 .71 % PR1.35. @ 1046,1 # BeHR &
2+ 1ey N Thats & 123 4249 & 2e= .92 185 .0 = AL 7 4
& 30,0 = 74,3+ 131,43 % 2oA A3 » 103,99  # H,82 =
) 193 . n = o 2 .= 133,72 2us 79 i 104 @ 4 3. an 2z
& 15720 # rE * 158, 7A # 247,.3n0 In7,6 = H,37 3
& 1a3,.n #* 7e.N i 17 32 i el iy P L L X 3 Q.04 =
- 194 ,.0 * Th.ts * 14Q, 31 B A0H L 44 109,.4 = 17 #
2 196 .0 & - N N T v . R e LS T ) 119,33 @ 9,10 =
ES IR0 = TT.2 % YLb 14 w0 ZVTNIT O+ 111,72 - & Q.27 ¢
@ 67,0 @ T2, % 16, PR # 333 57 i 112,1 # G.36 " &
+ 1980 # T2, % 1eR,4&A% w0 227,72 ¢ 1l1i.0 Q.42 #
45 195,04 72,3 % A T N % - 1 13,2 = D50 4
#* 200,60 # 74,7 152,45 *» 335,67 = 114,92« EP YA
|2 201,00 » TR, 0w 1-5,03 2 941 ,.3G 115, 3 & Q.AS o
] AO2.0 2 7a,5 @ IRV ,.33 0% i4s 4R = 1i8,7 = .72 &
i 203,00 Fa gy 155,50 = S0y [RA7 = 117,64 = LR
#2060 w BAL3 % 181,30 # 0 354,93 & 14,5 @ ERPT
] el ) 02 I SR Y- & D NY o 119, 5 & -
* ARA,N Hl,1 PO TRRLRE  ZATLIH w 120,46 & 11,03 =+
* 207, 0 & A1,8 % 1mA,G1 %  a72_3a o« 121,31 & 16,11 =
® Ma,n = 1.3 % 171,79 # 277,871 = 122,313 = 19,19 =
had 2na9,0 8 47, v 173,AR0 AL GR 4 123,92 @ 10,27 =
° 21,0 = AP.7  w 3TAL1P? w0 AR 2A v 124,72 & 10,35 =
i# 211 . n = <311 it 172,57 i* e LY * P25 .1 had 10,43 4
& Pir.0 H3,5 0+ 11,03 & uu,)l o 126,11 = 15,51 i
#* 213, 0 i w6 i 143,513 it GlA Y i 127,10 1+ 1.5 3t
i+ Fia 0 @ CECE Peh 06 % &l 18 t [23,0 = 1D,/87 =
4+ qu‘ﬂ + M e * 'f‘-'«:l.’:,h 3+ (.]C\.‘f!.. 3 'I)Q-f\- i 1{]_7‘-‘; k-3
* 21,0 = TR T D I B T I E R 126,9 « in,"3 =
2 2176 > LA 2 1,73 427 07w IR 19,91 4=
L I * W3 * lvra32 432,29 4 1319 % 10,99 i+
ﬁ-%d.‘.\ﬂ--:l-{:-#ﬂ'-ﬁ-ﬂ*}--.'}iﬂln!-*?--‘.‘v".‘i&ﬂJ‘.)"lil‘-::—‘.'.--I‘I-if"}-ﬁ-ﬂ‘-:}'}-Z!--:i--::—’.‘-l.‘c'-:."-'n"!l".?a':-I:--:?--b«:}’.t-‘.)ﬂﬂﬂ&{i{}b'##%}%}#%ﬂ-#ﬁ#ﬂ




s e s 1

VRN T R,

Maore Durinass Farmy, lac, |

:
&
JLadd T 5 A
® -
-

FAT g

ADDFLNT %

1, PRy Thty

CIE AT .

AN LAF A S BEFTA Toath F2AA TwE AT

ANTIC OCE AM=COMTTMHFD

R R e e At e i Bt et R R R L Rt R T T G

et e L i e Tk o St I L e e ol B~ e S

<

LT

K825 345 55 35 47 25k LE 4R AL A0 s sp h

=

Rk LR

wE[aRT

+r

R R R R R R R R R R R A R

»

AL R

& ot 5 Tt Iy (s <+ t -+ i MY Y2 "
ek Rt o oh el ol L} & Rt AUl St el e e ke e S R e et e L et BT e R R R R B R e R R = RS
* 219.0 = 164,95 & 43Q,60 = 137, % 11.07 -
- 22,7 = M I T T T A T3ia,9 4% 1t tA &
« 221,47 = P4 ,PT #4503 o 136,90 # 11.74 =
1y 222,.n o ANe Y7 it LLe  Da it 135, G 3t 11,32 ko
# PR = PU0LAT w LA2,2P B 136,9 & 11,41
* 2r4.Nn B 212,433 & ad”w 33 o 137,99 = 11,43 =
" 225 n % 2IR.2Y 9 ATL 42 = 144,89 ¢ 11.53% =
i PR N i 217,52 * u~n, 57 2 135,49 * 11 ,.65A 3t
] 27,0 » A AT D o 4eAR TR & Tal,n = 11«75 =
7 A8 0w 59,3 & 237 A% & 403 0% @ la?.0 = 11,93 =
# Fl o T L w2 ® 23A.30) % 4-5,34 % 143,17 = 11.92 =
i& 2300 i* 40 LA i D0, I i cns 7n =) 144 .0 & 12,00 k=3
LW 231,00 o H .S 2HEP P9 e RI2,1Y # 45,1 = 12709
.3 2392, 0 % 91,3 & 235 .23 4 S0 57 las,]l = 12,12 &
4+ 2193,.,n & -1, 7 “* PAINfm @ BAR NG * 147,72 & 1227 1
% 234,00 . ar,y 2 2ey,fea o w3y, a7 = 16,2 & 17,33«
* 235,060 = Q2,5 % 2ui4 017 0w 33,20 & 149,3 = 17244
@ L 32,8 % DT P20 @ GLh QT o IS0 % 12,53 =
@ 237,00 = R L o I 195i.6 = 12.62 =
® 2230 & G, 7 % 2= Y =TSR LG 4 152,55 & 12,71
-3 234,00 0w 4.1 # PoALA ¢ RS, a0 1T93.6 174 A1) #
#* 30,0 4 Sid VRO GE 4 G735 27 4 156,77 % 12,49
#* 2416 = S L & . B A= P KR 195,484 12.93 =
* 242,01 = NEL3 B 3AR KO @ Wkea I o 155,939 » 13,437 =
o+ 3.0 o GR,7 % PAL_1N & Tul, Pe B I95.4 % 13,16 =
k4 R ShL.1 #2773 # eAp R % 153,1 &= 13.,72A =
# Fab,n CHALR e RTE RT3 pn? 5 ® 1AY,2 =+ 13.35 =
# Anwm HA LA PIRHA 4. 146,75 = 1A1,3 13,494 =
#* 247.0 % 27w A2 17 * FAR N7 i Y W 13.94 &

) #* 23,0 & B7.F 246 .38 @ 2204 i+ 163,464 = 13.63
o N L L P T V- S 1A4,7 % 19,73+
o 260N & i b > 2942 219 i Lty BT T L 4+ 13,52 i+
# 2510 » 48,8 @ AUR B4 a9 RRT TS 3 187,10 & 13.9”2 %
I+ 2R2,0 = wa o 5 e S N T T L 14~, 1 1t 14,91 4
= 233,00 = L F i Y L T TR ) 1a-3,3% #» 1a.11 *
# 284,.0 @ INALN w ANE N2 - wTL,AT w " 173.8 4 14,21 = )
® 255,00 @ Inhes4 2 371Q9.%6 4 RAD2 .40 i* 171.A = 14,30 =
% T4 .0 % 100,813,074 eun, 3 I V72,2 @ 1a,40 %
#* 57,0 @ THhl,2 % la,k4 & AUl N7 e 174,040 * 14,50 &
» 252 . Int.a #2023 & N6 3G % 175,72 # 14,50
®O2B9,0 @ 1)2,0 # 3A23,33 & 713,37 & 1Tnes #1470 %
1 260,00 T2, oW 2 A27,49 = 222,70 =« 177 4 = Jau,3n o
i Pel.0 = 1A2,% % 371,17 #  7FiAn,10 = 174,33 & 14,90 » )
* 2R2 N kS 107t B3 WAL AT i* TG 2+ 0 M L3 15,100 i
* 53,0 = N3 .5 v RN 93 = T4k LT w 141,72 % 19.1n
Ed

L-X: R R R R R

I A A S A R I R i R S S M G R G R S AR AP AR S b A




. Moone lmirm: Farmy, Ing. 4

- ’ ’ . . v
i - e . ; H
) ' i H
; i
o - . 1ok
#55 T, . = L . &
a Y 4 =, e SURIN 1 TR RN VS R £ I [P b IR SN/, Frcy i S -
) -
L4 .
- n
. ’ ..
ADDEOTY 3, I TWATS, SCTAMT, AN ARC OE Sy OFFTy TIMA E s fuE ATL AMTIC ACEAM=C T IalE S

LB S b

vt} e dp b RS

SRR R R R R R R e R Y

o 1F AR +
A R R e Sl AT R e e A MR LR T T s e R L TR S
¥ et * A7) & Y- 3% "
> o Tk R R Rkt R R Rt Al LT R Rt T R R R R Y
L 1 * EL Y- T4 & 142,68 * 19.721 =
i* 1 = b 1D i 143, 7 & 14 .3 %
* . 154,77 % 369,353 [34,9 = 15,41 =
2 2 192.1 = A< 77 B TA4A 2 @ 15,52 =
® 103,88 337,43 ¥ 147,46 % 185,62 @
n | PAE,3 % 313150 = b7 15,73 =
P 16,7 @ 1&m, 43 #* tan,n e 15,43 *
o 172,77 % 359 3z #* 1212 = Joaua
# z rL e 343,35 * 132,85 & 1n,94 &
% 273,09 = 1rz,s = 377,3% # (IR DU ) la.15 =
* P4 N 17,9 w* ELES I @ EL % T 3 19%,1 -3 1h .26 L
T 2780 % PR, % WS 44 % 963,75 & 1964 & 1437 4
* PTA.A0 = PN, 7 = 3In9,5> & 553,78 & 17,7 = 19,48 =
2 277,60 10,1 G 84+ 3n7. 8 oo 12,1 4 15,59 =
# 274,00 = Vh3.a % 3A9T7,7H # mTa 4G oa 2Vi.6  # 15,70 » .
i 273,10 i+ 142,13 # a0 3% 4 S5 14 4% 201 .7 1+ 14_29] i .
i FHNL O PiR.2 = 40&,18 2 sug e & 23,1 0 15,52 =
# 291,060 = 1NN,k % 410 37 2 wnsn 72 o 204 h B 17.04 _ %
@ PR, = PPren & 414,57 5 cla,ln = 216,87 = 17.15 =
2 Ze3.n -] P11 .4 ) alld, 3] < - i 237 2 i 17,24 i3
TR PHAN e R w 493029 e 433,08 % P0<,8 8 17.38 =
* 285 N i+ 112,22 = L e A T L B 209, i 17.49 3
i* 28h,0 = 11249 #4196 # 042, PT7 o Pl % | 17,61 =
k) PE7 0 13,01 LI - - L R T T 212,77 _=» 17,73 =
2 PAKLN T13.4 & aan, 78 # 97 ¥4 =+ Pla,] = 17.84 =
» 235, 0  x 113,73 & 445, D& o Q91 5o 215,58 % 17,96, &
* 26,0 = Pla,?2 & 455,72 8 <oyl a7 = 217.,0 o« 1A.n3 =
ki1l AR I ) Lldar =4S4, 24 o A001 .44 % 212 A # 14 20
# P5P.0 = TIR,N & 4%A 79 2 1011 .46 = 219,80 = 13.32 =
4 293,10 & 115,48 % 423 37 # 1027.26 = 221 .3 & 12 44 =
" AdYa,n 115.7 % 4=7,99 = 1n3)],.72 = 222,80 W 12,57 =
% A * 1141 = 473 42 = _jhay g # 2y 3 ] 192 89 i+
1 PYR,T # THR.E & &T77,.P234 & 152,23 = 2Ps,7 0w 4,281 +
i 267 . n * 114,93 i L4t .94 F 1ARD SO - 2372 * 13,96 #
= 798 .n 17,3 = 4-A, 7Y = 16073,02 o 2AH,8  # 13.0r
» 200,90 & 7,7 & 691,47 8 ¥InsT.51 4 230,33  # 19,19 =
o nn.o = 113,1 % 4%A,28 & 294,07 2il.% = 9,32
-n'ﬂr-’}-T!-—!!-%ii--:f--:!\'i-’i--'.‘-{.'-".‘-’!-\’r-‘.:--!.- ! R R A ‘:-~::v-:1-?:-i.‘-‘,l-‘?4:—-‘!'-:&-'.‘.-GG{F-{‘-E-#%’.P-:—-‘-I-%-:#-H-'U'-.‘I-
e e . - - . . e e - . .






