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SUMMARY

Estimates of growth rates of west Atlantic bluefin from recaptured fish are reviewed
to examine the sensitivity of estimates to the exclusion of observations from recaptures of
large fish which had been at liberty for many years.

SUME

Les estimations du taux de capture du thon rouge ouest-atlantique effectuées a partir
de poissons recapturés sont examinées pour déterminer le degré de sensibilité des
estimations au fait d’exclure les observations provenant de recaptures de grands poissons qui
ont passé plusicurs années en liberté.

RESUMEN

Se examinan estimaciones de tasas de crecimiento de atiin rojo del Atlantico ceste,
obtenidas en peces recapturados, con el fin de estudiar la sensibilidad de las estimaciones

a la exclusi6n de observaciones de recapturas de peces grandes que habfan estado en libertad
durante muchos afios.

During a review of the information used by Turner et al. (1991) to estimate the
growth curve currently used by the SCRS for west Atlantic bluefin, Thunnus thynnus,
some duplication of observations, one error in time at large, and one erroneous entry
were found. The impact of these problems on the estimated growth curve and the
estimated catch at age is examined.

Methods

The duplicated observations (Table 1) were removed from the data set used by Turner
et al., the error in the time at liberty (released at 51 cm and recaptured at 85 cm with
an actual time at liberty of 0.47 yr, rather than 0.74 yr) was corrected, and the

erroneous entry (80cm at release, 267 cm at recapture and 10.2 years at liberty) was
removed.

Turner et al. (1991) calculated several growth durves using various types of size data,
but recommended the growth curve based on fish with estimated or measured fork
length at release and recapture. For this review only the curve based on fork lengths
was recalculated.

Kirkwood's method of estimating growth from mark-recapture data (Kirkwood 1983)
was used as in Turner et al. (1991). Additionally the original and the revised data sets
were bootstrapped 1000 times each.



Table 1. Fork length at relesse and recapture, time at {iberty, yesr of relesse of dupticated
: . obeervations used by Turner st al. (1970).

Results fork Length (¢®) Time at Liberty (years) Year of Release
Turner et al. (1991) estimated Lwo at 380.1, K at 0.079, and t, at -0.731; with the - Relesss Recapture
revised data those estimates were Lo of 382.0, K of 0.079, and t, of -0.707. Plots of
the two curves were indistinguishable at normal scales. Figure 1 shows the revised & 27 15.9 .
estimate of the growth curve with the raw data under the assumption that the release ® 2%2 12.0 -
age was exactly as predicted by the model from the size at release. 2 w7 “.o 7%
106 292 1%.0 76

The bootstrap results indicated a broader range of estimates of size at age with the
revised data than with that used by Turner et al. (Figure 2). The estimated catches at n 26 0.2 ”

age using the original growth curve (Table 2) were compared with those estimated

from the revised curve; both relative and absolute differences are shown in Table 3. _

Relative differences ranged from +/- 0. to about +/-20%; most of the differences of « This fish ts assumed to be Canadian tag 01171 (ralessed In 1965 at B0 cm, recaptured 57 u, ot
about +/-5% occurred at ages 4 and older. _ Liberty 15.9 ysars).

Turner and Restrepo (1992) investigated the effects of uncertainty in various

components of the virtual population analysis and projections for west Atlantic bluefin Table 2. Extineted catch at age using the Turner et al. (1991) growth curve.
including uncertainty in the catch at age due to both uncertainty about growth equation e e _sotsl
used for age slicing and some uncertainty about the recorded catch. They used the 1 F3 3 3 H 3 7 (] ] (I
1000 estimated growth curves from the original data used by Turner et al. (1991) and 970 6uB69 105066 127518 20998 4062 979 18 1"s si2 3TIT 328106
from which the 95% empirical confidence intervals are shown in Figure 2. They
showed that uncertainty about the estimated catch at age had comparatively little A ™ s 200 Me M6 dm ImAw
impact on the range of the relative estimates of abundance of large bluefin, and more o asitz sesTT e s s W7 54 en 265 S0 AT
important effects on the range of relative estimates for small and medium fish in the W75 5902 74306 30k8s  TIIS 2010 159 825 1625 586 LB 12135
earlier part of the time series. w7 ssess 1986 2191 6T 3T iz 919 B9 1076 12580 122885
' 1975 43556 148026 8329 11850 8% 569 m s6s 1680 9ses 225353
Kirkwood, G.P. 1983. Estimation of von Bertalanffy growth curve parameters using 1976 412 19643 72511 2756 3038 n 187 1168 5% %109 119703
both length increment and age-length data. Can. J. Fish. Aquat. Sc. 40 wrr 1273 azws w1 s ST B 108 48 108 1615 90240
(9): 1405-1411. 1978 SI3S 0B (SEB1  6AD9 10426 AZ13 &5 sov 3% 12030 70346
Turner, S.C. and V.R. Restrepo. 1992. Sensitivity of bluefin tuna virtual population wr  ZWs 10537 e Wess s M7 s 63 521 B 6Tee
analysis and projections to uncertainty in inputs. ICCAT. Col Vol. Sci. w80 3160 16160 10855 8881 3033 2869 536 370 w02 1B &riee
Pap. 39(3): 793-802 198t 6087 9606 16550 4962 6196 360z 283 N2 2676 10867 66709
Turner, S.C., V.R_ Restrepo, and AM. Eidund. 1991. A review of the growth of wee om0 s s 3 TR e 83 3m B
Atlantic bluefin tuna, Thunpus thynnus. ICCAT. Col Vol. Sci. Pap. 35(2): 1983 4173 2438 3253 909 816 912 18 1310 1012 5761 21972
271-293. 198 868 $5 185 wEs 2110 1709 585 719 0% AT15 23059
1985 568 5510 12311 2N 416 M7 10 656 661 5652 3WTS
1986 563 5895 7TV76 333 162 1660 %% s18 33 370 27064

1987 1513 13268 9104 5508 (1 2621 %21 1341 1053 3908 43871
1988 4850 8995 11843 3814 4182 4138 2408 1592 1553 4709 48084
1989 786 12864 1675 3626 1841 2017 2644 1861 1429 5509 34250
1990 2363 4216 1T 1844 amne 1915 1538 2303 1605 e 40732
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Table 3,

wro
1971
1972
973
17
1975
w76
w7y
1w
w79
1980
1981

1982

1984
1985
s
1987
1988
1989

1990

Relstive_and sbsolute differences in estimated catches st age estimated using the grouth

~total

-1

curve estimated by Turner st al. (1991) and the curve from this paper. Relative
differances sre relative to the catch at age astimated from the Yurner et al (1991).
age
1 2 3 4 S 6 7 [ [ 10+
0.000C 0.0000 0.0000 -0.0218 0.0803 0.1216 0.0659 -0.5826 -0.0129 0.0199
(] 0 8 -457 326 19 12 -87 -7 ”»
0.0000 0.0000 0.0000 -0.0012 -0.0261 -0.0614 -0.0445 0.0959 -0.007% 0.0206
0 0 -1 -53 . -17 -58 ;-89 %2 -9 124
0.0000 -0.0001 0.0001 -0.0476 0.0422 0.0342 -0.1167 0.0399 -0.1065 0.0119
] -9 2 -169 170 4 -60 2 -28 66
0.0000 -0.0001 -0.0008 -0.0043 -0.0905 0.1336 -0.1576 0.0363 0.0768 0.0138
[ -8 -4 M -182 213 -130 .59 45 62
-0.0006 -0.0095 0.0084 -0.0003 -0.0175 0.0253 0.0305 -0.0030 -0.027% 0.0081
-25 -185 by -2 -55 1" 28 -29 -30 102
0.0000 -0.0001 -0.0652 0.0374 0.0578 0.0844 -0.0193 -0.1912 0.0143  0.0109
[} ~14 -543 443 52 48 -6 ~108 2% 104
<0.0011 -0.0067 0.0011 -0.0454 0.0428 0.0995 -0.0802 -0.0017 -0.1128 0.0065
-6 -132 | J =125 130 37 -15 -2 -58 92
-0.0149 -0.0008 -0.0457 -0.0021 0.0851 -0.0222 0.1306 -0.0787 -0.0064 0.0129
-9 -17 -4%3 -6 440 -7 14 -38 -105 176
~0.0146 -0.0037 -0.007F -0.0339 0.0043 0.0885 0.007% 0.0629 -0.0987 0.0050
-7 -40 -152 -217 45 37 H 32 -3t 80
0.0000 -0.0129 -0.0012 -0.037% 0.1751 -~0.0326 0.0556 0.0553 -0.0653 0.0062
0 -136 -20 -560 598 -1 151 35 -34 76
-0.0016 -0.0011 -0.0431 0.0097 0.0887 -0.0356 -0.G388 0.0913 -0.0372 0.0110
-5 -1 ~458 86 269 =102 -206 346 -3¢ 135
-0.0010 -0.0034 0.0025 -0.1046. 0.0581 -0.0297 -0.0092 0.0267 +0.0430  0.0293
-6 -33 3B -519 360 -107 -26 .4 <115 kal.]
<0.0048 -0.0129 0.0%%6 0.0578 -0.0685 -0.0055 0.0227 -0.087% -0.0960 0.0464
-17 -48 24 30 -23 -4 " -42 -7 wr
0.0000 -0.0103 -0.0058 0.0132 -0.0221 -0.0055 -0.0072 -0.0420 -0.0227  0.0246
0 -25 -9 12 -18 -3 -10 -55 -23- 142
-0.0426  0.0021  0.0086 -0.0508 0.0156 0.023% 0.0171 -0.100% -0.1085 0.0437
-37 16 » -101 33 40 10 - 72 -110 206
0.0000 -0.0160 0.0031 -0.032& -0.0209 0.030 0.0%48 00549 ~0.1059  0.0209
0 -83 3 -88 -B8 1r - 15 36 -7 118
0.0000 -0.07S8 0.06¢5 -0.0254 0.0275 -0.0258 0.0734 -0.0019  0.0030 0.0069
0 47 [s -86 32 -43 ke s -1 1 k14
G.0000 -0.0121 0.0057 -0.0015 -0.0261 0.0764  -0.1006 6.0626 -0.0038  0.0274%
[} -1 52 -8 -113 185 -143 Bh. . -4 107
0.0000 -0.0295 0.0372 -0.0336 -0.0368 0.0101 0.0963 -0.0352 -0.0670 0.0484
B --265 2% <128 - -154 42 232 -56 ~104 228
0.0025 -0.0013 0.0084 -0.0480 0.0505 -0.0377 0.0091 0.0043 -0.0812 0.0448
-2 -17 1% -17% 3 ~T6 2% [ ] -116 %7
-0.0042 -0.0050 0.0083 -0.0553 -0.0077 0.061% ~0.0540 -0.0491 0.0461 0.0352
-1 -21 [ -102 -21 "wr -u3 113 7% 152

-1
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Figure 1. Revised estimate of west Adantic bluefin tuna
growth with the raw data shown under the assumption
that age at release was exactly as estimated from the
model and the size at release.
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Fig.ure 2. Bootstrapped 95% confidence intervals about

estimated growth curves for west Atlantic bluefin tuna

f&;m Turner et al. (1991, error bars) and this paper
ines). ' ) ' -



