REVIEW OF INFORMATION RELATED TO ATLANTIC BLUEFIN TUNA EAST-WEST

SCRS/1994/074 MOVEMENT

Col.Vol.Sci.Pap. ICCAT, 44 (1) : 191-197 (1995)

Turner, S.C., J.E. Powers

National Marine Fisheries Service, Southeast Fisheries Center,
75 Virginia Beach Drive, Miami, Florida 33149, USA

SUMMARY

Information from recaptures of tagged fish is examined for indications of movement between

areas; the sensitivity to one of several assumptions of a model of transfer rates is also examined.

RESUME

L'information sur les recaptures de poissons marqués est examinée 2 la recherche de signes de
déplacement entre zones ; le degré de sensibilité 2 I'une de plusieurs hypoth&ses d’un modele sur le taux de
transfert est également étudié.

RESUMEN

Se examina informacién de recapturas de peces marcados, para obtemer indicaciones del
movimiento entre dreas y se examina la sensibilidad a uno de los varios supuestos de un modelo de tasas

de transferencia.

Introduction

Mark and recapture data is being used in combination population
models which incorporate mixing in assessments. The importance of
the mixing rates to the assessments indicates that some exploration
of that data with respect to release conditions and recapture
distributions might be useful; thus the first part of this paper
focuses on (1) aspects of the data and (2) the mixing assumption.
In addition some exploration of sensitivity of an model for
estimating transfer rates to underlying assumptions is presented.
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Materials and Methods

Data on released bluefin tuna in U.S. and Spanish data bases were
examined. The VU.S. data (data file MRFISH.DAT) contains
information from 1954 - 1990, while the Spanish data consists of
information from 1976 - 1992 obtained from ICCAT.

Results and Discussion

Roughly 27,000 bluefin were released in the west Atlantic from
1954 through 1990 and about 17,100 of those fish were released
after 1969. During the entire time period 3863 fish were
recaptured with 1924 of those released from 1970 onwards for return
rates of 14% and 11%, respectively. Spanish releases of bluefin
have occurred in the Bay of Biscay and the Mediterranean Sea from
1976-1992. Approximately 5200 bluefin were released in the Bay of

" Biscay and about 3650 were released in the Mediterranean. From

those releases about 225 Bay of Biscay releases and 44
Mediterranean releases have been reported recaptured for return
rates of about 4% and 1% respectively. The majority of those tag
returns occurred within 6 months of release; the returns rates for
recoveries out more than 6 months were 1-2% for the Bay of Biscay
releases and less than 1% for the Mediterranean releases. In
contrast the bluefin tagged in the west and returned after at least
6 months at liberty represent about 8% of west Atlantic releases.
The very low return rate after 6 months of the Spanish releases
indicates that either fishing mortality rates are very low, or
somehow tagged fish are being lost. Such loses could be due to
tagging induced mortality, tag shedding and nonreporting of tags by
fishermen.

The Mediterranean releases were primarily age 0 fish, while
Bay of Biscay and west Atlantic releases have been dominated by 1-2
and 1-3 year olds respectively (Tables 1-3). Higher mortality
rates of age 0 fish could be one explanation for the lower return
rates of the Mediterranean releases.

Two of the of 44 recaptures of Mediterranean releases were
caught in the east Atlantic. However most were recaptured within
six months, all in the Mediterranean. Two of the four fish in this
data base that were recaptured after at least 6 months at liberty
were caught in the east Atlantic. Cort and de la Serna



(SCRS/93/81) included more recent data in their analyses and
reported 20 recaptures out more than 6 months; 11 of those fish
were recaptured in the east Atlantic. No bluefin tagged in the
Mediterranean Sea have been recaptured in the west Atlantic.

0f the roughly 225 bluefin recaptured from Bay of Biscay
releases about 90% were recaptured from that area, about 1% were
caught in the Mediterranean and about 10% were caught in the west
Atlantic (based both on data on recapture locations in the data
file and in Cort and de la Serna). About 60% of the Bay of Biscay
releases were recaptured within 5 months. Oof the bluefin at
liberty longer than 6 months about 20% were recaptured in the west
Atlantic.

Of the roughly 3850 recaptures of west Atlantic releases from
1954-1990 which could be assigned a recapture location about 98%
were recaptured in the west, about 2% in the east Atlantic, and 3
fish in the Mediterranean Sea (Table 4). Of the fish at liberty
more than 5 months, about 3% were recaptured in the east. Two
thirds of the transatlantic recaptures of bluefin tagged in the
west and at liberty at least 6 months were released before 1970,
while only about 43% of the tags out that long were released during
1954~1969. During 1954-1969 about 4% of recaptures out over 5
months were caught in the east Atlantic, and during 1970-1990 less
than 2% were caught in the East Atlantic.

Examination of west Atlantic recaptures at age (Table 5)
suggests that the recovery rate of younger bluefin may be higher
than that of older bluefin.

Given the larger catch at age of bluefin in the Mediterranean
Sea compared to the east Atlantic (Table 6) during 1976~1992 when
Spanish Bay of Biscay tagged fish were at liberty, especially for
younger bluefin, if the Bay of Biscay fish were randomly mixing
with bluefin in the Mediterranean Sea, higher numbers of tag
returns from the Mediterranean would have been expected. This
suggests that either tags are not being reported at the same rate
in those areas or the Bay of Biscay fish are not randomly mixing
with the Mediterranean fish. The similarity of numbers of
recoveries of fish tagged off Mediterranean Spain and out several
months indicates that at least some Mediterranean bluefin travel
into the east Atlantic.

If reporting rates differ among fisheries, our perception of
the randomness of the mixing and the transfer rates may be
affected. Future programs designed to investigate mixing rates
should include methods for estimating the reporting rates or should
be designed to eliminate the problem of reporting by fisheries
personnel through the use of tags which report jin gitu or through
the use of biological tags.

Current analytical systems which calculate transfer rates from
tagging data assume that a fish which transfers from area A to area
B has the same probability of returning to area A as all other fish
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in area B (ie that movement to the other area is an actual transfer
and not just mixing on the fishing grounds). Markers (archival
tags or biological markers sensitive to identifiable environmental
parameters) to record movement histories will be needed to address
this question.

Transfer Rate Model Sensitivity

Another SCRS document presented at this meeting (SCRS number
not yet available; title is "Report of the National Research
Council review of Atlantic bluefin tuna"; referred to here as the
"NRC report") presented estimation models using tagging data which
estimate transfer across the Atlantic Ocean (Page 42 of NRC
report). Here we explore these estimates by utilizing an
alternative model which is quite similar to the NRC approach and
the results will be compared so that one can infer the rigor of the
estimates.

The NRC model equations for the catches when "t is
sufficiently large® are:

C,./P, = N, F, [(M+S+F +T,) (1)
C/Py =N, F, T, [{1/(M+S+F,)} —{1/(M+S+F +T)}]/(F, - F, +T)) (2)
C./P, = N, F, [(M+S+F +T,) 3)

Co/P, = N, F, T, [{1/(M+S+F,)} —{1/(M+S+F +T,)}]1/(F, = F, +T,) (4)

where
M = Natural Mortality rate
S = Shedding rate
Cow = catch of fish tagged in the west and recaptured in the west
Cue = catch of fish tagged in the west and recaptured in the east
C = catch of fish tagged in the east and recaptured in the east
C,. = catch of fish tagged in the east and recaptured in the west
F,, F, = tishing mortality rates in the east and west, respectively
Tw = transfer rate west to east
T, = transfer rate east to west
N,, = initial number of fished tagged in the west
N, = initial number of fished tagged in the east
P, = reporting rate in the west
P, = reporting rate in the east



The NRC uses ratios of egquations (2)/(1) and (4)/(3). Their
Yestimation models are then:

solve for T, from C,/C,. = P, T FJIP, FF, + S + M}] (6)
where F_ is found from a VPA function of N,
P.. M, S, and C's (NRC Table 3-23 and page 67).
Note, in this function F,, does NOT depend on T,
and

where F, is found from a VPA function of N_,
P,, M, S, and C,'s {NRC Table 3-22 and page 67).
Note, in this function F, does NOT depend on T,

solve for T, from  C_JC,, = P, T.FJIP F(F, + S + M})] (7}

where F, and F_ are found from the same functions above

Note that the NRC approach in their Tables 3-22 and 3-23 used
terminal F and terminal N assumptions with backward calculation to
get the P's and F's. They then call the P's estimates. An
equivalent procedure is to assume the P's and forward calculate to
get the F's and terminal conditions. Results are the same either
way for equivalent assumptions. I will use the latter approach
(assume P's) for ease of comparison with the alternative model.

What is the alternative model?
The alternative model is simply this: given N's, P's, C's, M and
S, equations (1)-(4) can be solved for the four unknowns of Tyr Tys
F, and F,.

What are the differences between the two approaches? The
following table will help illustrate this.
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—NRC mode) —.Alternative model
Inputs:
M=0.14; S=0.26 same
Nu~20951; N.-5663 same
C,=3037; C_=65; C,=339; C_ =17 same
P, P, various values same various values
Assumptions:
{1) Basic catch equations (1)-(4) same
(2) Equilibrium same
(3) F. F, T, T,6 constant
over ages (1-10+), years same
(1960-91)
(4) No "Type I"™ (initial) same
tag loss”
(5) No round trips of same
transatlantic transfers
(6) F, does not depend on T, and T, F's and T's are

and allowed to be
F, does not depend on T, and T, interrelated

The NRC asserts on page 77 that their model is robust to tag
loss as long as it is the same on the east and west, due to ratios
used ([ratios of (2)/(1) and (4)/(3)). However, with the NRC
approach, the solutions of the F estimation models (NRC Tables 3-22
and 3-23) will change with Type I tag loss whether the loss is the
same from the east and west or not. Hence, the ratio used to
estimate the T's will NOT be the same if there is tag loss.

As can be seen by the above table the differences between the
two approaches are essentially a relaxation of assumption (6) in
the alternative model. The NRC makes the assumption that tag
recaptures and the fishing mortality rates that cause them are
linked to transfer rates on one hand (equations (1)~(4)) and then
assume that they are not on the other (Tables 3~22,23). This
appears to be an inconsistency in logic. Indeed the ADAPT results
with mixing (NRC Table 4-10, page 101) show that F's and T's do
appear to be sensitive to one another. Hence, the alternative
model should be "hetter" in that it makes fewer assumptions. We do

not argue that the estimates themselves are better, because several
of the assumptions of both approaches have probably been violated.



However, the alternative model does make fewer assumptions.

How do the two approaches perform? The following table
explores that. [Note: the simultaneous solution of equations (1)-
(4) was done by first analytically solving equations (1)-(3) as a
function of F.; and then numerically seolving (4) for F,,
constraining solutions to include only those in which the F's were
positive and the T's non-negative).

Also, the NRC report did not include the tagging from the
Mediterranean from Cort and de la Serna (SCRS/93/81: Table 3 in
their paper). When these data are included through 1991, then 3187
fish are added to N, and 61 fish are added to ¢, (C,, remains the
same). This option zincluding Mediterranean data‘S was also tested
with the alternative model.

NRC_model Alt ve
without Med!terranean wulth Mediterranean
Tv T‘ FN FB Tll TQ FU F. TN TC L ] [ ]
P, ».9147 P, =.1330 0.0099 0.0316 0.0256 8.2606 0.0257 0.0148 0.0802 0.3395 0.0351 0.0076 0.0819 0.2095
P, =.4400 P, =.1330 0.0127 0.0262 0.0710 8.2606  0.0328 0.0148 0.2126 0.3395 0.0451 0.0076 0.2187 0.2095
P, #4400 P, =.3616 0.0130 0.0179 0.0710 0.0656 0.0328 0.0097 0.2126 0.0813 0.0457 0.0057 0.2187 0.0579
P, =.9147 P, 3616 0.0099 0.0216 0.0256 9.0656 0.0257 0.0096 0.0802 0.0813 0.0351 0.0057 0.0819 0.0579
P, =.2659 P, ».1330 0.0347 0.0147 0.3202 8.2606 0.0503 0.0148 0.5397 0.3395 0.0702 0.0076 0.5635 0.2095
P11 P et ~evs POt tested woo-nnanos 0.6253 0.0206 0.0721 0.6273 0.0345 0.0092 0.0737 0.3348
P, =1 P, =08 - not tested ---- 0.0253 6.0339 0.0721 1.2898 0.0345 0.0116 0.0737 0.5332
P =1 P, =05 -==- not tested --o-comsous -=- no positive selution -- 0.0345 0.0582 0.0737 4.2619

The above table shows that using the same data and the same basic
equations, but with a relaxation of assumption (6), an opposite
conclusion is reached, i.e. that tranfer rates west to east are
higher than those east to west, except at extremely high eastern
fishing mortality rates; rates at which sustainability in the east
comes into question. It is also interesting to point out that the
NRC solutions are generally unable to predict the observed
recapture values. Again, likely violation of assumptions may alter
these estimates from either method.

Additionally, in order to get an idea of the variation in
these estimates a simple bootstrap example was constructed using
our alternative method without the Mediterranean data. In this
example an annual number of releases in the east was selected for
each year (1976~91) from the observed releases per year (NRC page
44}. Then a proportion of transatlantic returns was selected from
the yearly observations for each year and a proportion of same-side
returns selected for each year (also, from NRC page 44). The random
selections were used to get numbers of recaptures of each type for
each annual batch of releases. These were summed over years to get
bootstrap samples of N,, C_, and C,. Similarly, bootstrap samples of
N, C, and C_ were constriucted for 22 years corresponding to 1960-
81 on NRC pages 48, 64 and 66. Three combinations of P, and P, were
run. Results are shown below in the table and in the scatterplots
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(Figures 1-3).

T T
l0xtile meditn POXtile 10%tile med{an POXtile

JR : W,
Pu = 0.9147 P' = 0.1330 0.0128 0.0273  0.0541 0.0047 0.0163 0.0513 2302
Pu = 0.2659 Pe = 0.1330 0.0218 0.0465 0.1020 0.0061 0.0192 0.0592 3630
Pu » 0.4400 P. = 0.3616 0.0142 0.0295 0.0623 0.0046 0.0112 0.0251 1890

Based on these analyses it is difficult to

isolate any

partict_xlar set of transfer rates as being the most appropriate for
inclusion into a vpa framework.
- Rowwk v 6367 Suast » 8.118 Poort 282 feenpime
. "
— P A R A
" -

Figure 1. Bootstrapped pairs of transter rates
(T,and T) with P, = 0.9147 and P, =
0.1330.

0.1330.

Posk v 5000 Posnt = B.XM
[E )

Figure 2. Bootstrapped pairs of transfer rates
(T, and T ) with P, = 0.2658 and P, =

s
2.0 a5 L=

Figure 3. Bootstrapped pairs of transfer rates

(T, and T ) with P, = 0.4400 and P,
0.3616.



Table 1. Spanish relesses st age of bluefin tum in the Mediterransan Sea. The oldest observed sge wes 3.

relesse release year
age

B3 84 B85 8 87 @88 & 90 N 92

0 331, 30. Q. 0. 0. 0. 0. 536, 2099. 468,
1 1. 9 0. 1. 0. 0. 0. 0. 211, 0.
2 1. 0. 0. 0. 0. 0. 0. 0. 6. Q.
3 Q. 0. 0. Q. 0. 0. 0. 0. 0. a.

total 333. 0. 0. 1. 0. 0. 0. 536, 2316. 468,

Table 2. Spanish relesses at sge of blusfin tune In the Bay of Siscay. The oldest cbeerved age was 7 years.

relesse release yesr
age .

¥ T ™ 79 8 8 82 83 84 B5 B a7 88 8% % 9 92

0 Q. Q. a. 0. 0. a. 0. 0. 0. 0. 0. 0 . 0. 0. 0. 1
1 0. 121, 125, 9. 28. 67. 216. 34, 1. 30. 800. 0. 1127, 117, B841. 29, 0.
2 1. 6. 41, 90, 7. 231, 0. 330. 390. 227. 26, [ 26. b 6. 1. 0.
3 0. 0. 6. 1. 0. 1. . t. 97. 50. 4. 0 1. 0. 0. 0 0
3 0. 0. 1. 0. 1. 0, 27. 1. 8. 2. 1. 0. 0. o 0. 0. o.
5 0. 0. 0. 0. 1. 0. 1. 2, 6. 0. 1. 0. 0. ] 0. 0. 0.
] 0. 0 0. 0. 1. 0. 1. 0. 0. a. 0. 0 . 0. 8. 0 0.
7 0. 0. 0. 0. 9. 0. 0. 0. 2. . 0. 0. 0. . 0. . 0.
total 1. 127. 17, 100, 38, 299. 392. 368. 504. 309. 632, 0. 1154, 123, #7. 30, 1.
Table 3 continued.
Table 3. West Atisntic releases ot mge of bluefin tuna.
release release year
age
relesss release year
age 70 T k3 £ T4 4] 76 7 78 ™ 80 1.3} 82 83 84 85 86 87 a8 &9 90
54 55 56 57 58 59 60 61 62 63 23 65 66 67 68 & 0 2. 1. 1. 42, 10. b, [y 46, 23, 4. 8. 5. 0. 15, 0. 1. 0. 0. 3. 1. 2
1 210, 160, 110. 42, 1334, 13, 70, 75, TS4, 87, 54, 137, A7, 50, 8. 35, 7. 18. 45 13 25.
[} [ 4. Q. 1. 4, ] 0 1. 2 1 0 0. t. 1. 13 T. 2 29, 161,  T6&. 190. 204. BS. 963, 1622. 567. 72. 1938, 33. 3. 40, 55, 28, 9. 9 29. 33, S0.
1 20, 52 5. 28, 5. 1N 3 B0, 23 3. 184, 552, 2395 2. 5. 5. 3 66. 11, 6. 2. 137, 17. 588, 15. 10. 104, 205. 15, 3 3. 1. 3B4. 9 7. 3. 19. 19
2 93. 82, 9. 1. Y4, 5. 20 17, 18, 16, 54, 535. 1110. S76. 175, 129, 4 1. 5. 0. 0. 1. 38, 0 10. 1. 15, 68, Q. 1 7. 4 16. 8. LS 0. 22, 17.
3 5. 6. 29, 0. 9. ] 3. 10, 5 4. 69, 0. 7. M. & 24, 5 1. 0 0. 0 0. 7. 1. 1. 7S, 0. Q. 7 0. 3. 2. 0. b 3. 8. 3.
4 0. 9. 4. 2, 0. 4 30. 2. 19 13, 90, 8. 0. '] 1. 4 1. 1. 1. 0. 0 3. 0 0. 40. 78, 0. Q. 0. 0. 2. 0. 0. 2, 3. 8. 4.
5 0. 7. 1. 1. [4 5. 10, 4. 0. 17 3. 0. 0. 0, 0. 0. 7 0 0. 0. 0. 0. 1. [ 1. 0. 98. 0. 0. 1. 0. 0. 1. 0. 0. 1. 1. 4.
6 g. 1. Q. 0. 0, 16 13 1. 2. 4. 3. 1. 1. 0. 0 0. 8 2. 0. 1. 0. 0 1. [} 1. 25, 20, 1. 0. 5. 0. Q. 0. 0. 1. 1. 0. 0.
T 0. 2. 0. e. 0 33 97 2. 0. 4, 3. 0 5. 0. 1. 1. 9 19 5. 2. 2. 0. 2. 1. 0. 4. 1. 0. 0. é. 1 0. 1. 1. 1. 0. 1. 1.
8 0. 1. 1. 0. 0 1 [} 2. 4 4. 3. . 57 2. 1. 3. 10 45, 7. 7. 2. 7 9. G. 5. 5. 6. 1. 0. 2. 3. 1. 0. 1. 0. 1. 0. 0.
9 0. 0. 0. 0. 0 2. 2. T.o 1. 0, 8. 6. 12, 7. 2. 11" 101 25. 28, 16, L} S 2. 9. 1. 0. 1. 0. 9. 5 1. 3. 3. 1. 0. 1. 0.
10 0. 8. 17, t. 0 10 10 13, 18 65. 26 4. 32, 27. % 21 12 47, 28, 32, 17, . 5. 8. 33, 32, 1382, 1. 1. 9. 5, 1. 4. 3. 1. 2. 0. 1.
1" a. 2. 16, 1. 0 9. 2. 4, 11, 8. 32, 37. 42, ar. 107, 59. 13 3. 6. 10 4o 8. 6. 9. 63, 58. 18, 2. 1. 13, 5. a. 2. 2 0. Q. 0. 0.
12 ¢. 2, 1. 3. 0 2. 1 4, 5, 1. 23, 3. 28, V. 92, 70, 14 4, 0. b, 3. 2. 2 10, 72, 9. 49, 0. 1. 1% 5. 0. 0. 3. 2. 2. 0. 0.
13 a. 1. 0. a, 0 0. 3. 0. 0. . 5, 2, 13, b, 16, 40, 15 0. 0. 1. 0. 2. 2. 7 25. 19, 0. 1. 4 1 a. 1. 2. 7. 2. 1. 0.
14 0. Q. 0. a. ] Q. 1. 0. 0. ) g, 0. 1 1. 3. 1. 16 [N 0. 0. 0. 0. 1 1 7. 9. 3. 0 0. 0 3 0. 1. i 1. a. 0. 0.
15 0. 0. 2. 0. 0 0. 0. Q. 0. 0. 0. 0. 0. 0. 0 0. 17 0, 1. Q. 1. 0. 0 0. 0. 1 0. 0 0. 2. 0. 0. 0. 4 0. 0. . 0.
16 0. 0. 0. o. 0. 0. 0. 0. 0. B 0. 0. 0. 0. 0 0. 18 0. 6. 0 0. Q. 0. 0. 1. Q. 0. 0 0. 0. o, 0. 0. 0. 0. 0. 0. 0.
17 0. 0. 1. 0. 0. 0. Q. 6, 0. 0. 0. 0 0. 4 0. 0. 19 Q. 0. 0. 0 [ 1. 0. 1. 0. Q. 0. 0. 0. 0. o. . 0. 0. 0. . 0.
18 0. 0. 0, 0. 0 0. Q. 0. 0. 0. 0. 0. 0. [ 0. 0. 20 [} 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. Q. 1. 0. 0. 1. 2. 5. 1. a. a.
19 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 21 0. 0. 0. . 0. 0. 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. Q. G. Q. e. Q.
20 0. 0. 2. 0. 0. 2. a. Q. 0. [ 0. 0 0. 0 0. 0. 22 0. 0. 0. 0. 0. 0. o. ¢ 0. 0. 0 0. 0. 0. 0. 0. 0. 0. Q. 0. 0.
21 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. a. 0. 0. 0. a. 0. 23 0. 0. 0 0. 0. 0. C. 0. 0. 0. c. 0. Q. 0. Q. [ [ 0. 0. g. 0.
22 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 24 0. 0 Q. 0. 0. 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0. [ 0. 0. 0. 0.
23 0. 0. 1. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 0 0. 0. 25 0. 0. 0. 0. 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 9. 0. 0. . 0. 0.
24 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 0 0. 26 Q. 0. Q. Q. 0. 0. 0. 0. 0 0. 0. o. 1. 0. 0. Q. 0 1. 0. 0. 6.
25 0. 0. a. 0. Q. 0. 0. 0. 0. 0. 0. 0. 0. ) 0. 0. 27 0. 0 . Q. 0. Q. 0. 0. a. 0. 0. 0. 9. 0. 0. 0. 0. 0. a. 0. 0.
26 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 0. 0. 28 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. '8 0. 0. 0. 0. a. 0. 0. 0.
27 g, 0. 0. 0. 0. 6. 0. 0. 0. 0. 0. 0 0. 0. 0. 0. 29 0. 0. 0. 0 0. 0. 0. 0 0. 0. 0. Q. 0. '8 0, 0. 0. 0. 0. 0. g.
28 0. 0. 0. 0. 0 0. 1 0. 0. Q. 0. 0 0. 0. Q. 0. 30 0. Q. 0. 0. 0. 0. . 0. 0. 9. 0. 0. Q. 0. 0. 0. 0. 0. 0. 0. 0.
29 0. 0. 0. 0. 0 0. 0. 0. Q. 0. g. 0. 0, 0. 0. 0.
30 0. 0. Q. . 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. total 559. 421, 219. 343, 1727. 322. 2298, 2079. 1661, 1111, 2279. 194, 209. 143, 86, 130. 51, 64, 96, 108. 126,
total 168, 282, 9. 38 32. 100. 195. 171, 120, 203, 50N, 1234. 3704, 707. 501, 448,
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Prop is the proportion of the tatal

Recapture locstions are Mediterrenean Sea (med), east Atlantic (east) snd west Atlantic (west).
recaptures for one of the periods of time a Liberty.

Recepture locations of west Atisntic releases and recaptures 1954-1990 for fish caught in less than 6 months end fish at liberty more than 6

nonths.

Table 4.

Age and year at recapture of bluefin tuna relessed in the west Atiasntic between 1954 and 1990,

Table 5.

recaptures

n

releases

release

recapture year

recapture
age

time out & months or more

time out < & months

year

67 49

65

&1

55 56 57 58 59

54

west

east

total

west

east

total

0.
1.
9.
15,
20,
0.
0.
Q.
0,
0.
0
0
1
0
0
Q
0.
0.
0.
0
0.
0.
o.
1]
0
0
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¢
1]
0
46,
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Table 5 continued,
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Teble ¢ continued.
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