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SUMMARY

A concern associated with existing Atlantic bluefin tuna age-based assessments using VPA is
that the catch-at-age data inputs are obtained by the cohort-slicing method, which is
approximate and might introduce appreciable bias into the results. Current custom in such
circumstances is rather to fit the assessment model directly to the basic catch-at-length data
available, under the assumption of invariance of the distributions of length-at-age of the fish
over time, with statistical models used to formulate the likelihoods maximised in the model
fitting process. Initial results are presented for a process of comparing the 2010 ICCAT SCRS
VPA assessment of the eastern plus Mediterranean stock with first a statistical catch-at-age
assessment approach which also uses the same cohort-sliced catch-at-age inputs, and then a
statistical catch-at-length method which fits instead to catch-at-length distributions. Spawning
biomass estimates for both the statistical catch-at-age and -at-length analyses are appreciably
larger than for the corresponding VPA assessment, which suggests that the specifications of the
relationships between the fishing mortality on the plus group and that on immediately younger
ages in the VPA merit reconsideration.

RESUME

Les évaluations existantes du thon rouge de I'Atlantique basées sur I'age et utilisant la VPA
suscitent une préoccupation, a savoir que les données d'entrée de prise par &ge sont obtenues
par la méthode de découpage des cohortes, qui est approximative et pourrait introduire des
biais appréciables dans les résultats. Dans ces circonstances, il est d'usage d'ajuster le modele
d'évaluation directement aux données de prise par taille basiques qui sont disponibles, sous le
postulat d'invariance des distributions de longueur par &ge du poisson dans le temps, les
modeles statistiques étant utilisés pour formuler les vraisemblances maximisées dans le
processus d'ajustement du modéle. Les résultats initiaux sont présentés pour un processus de
comparaison de I'évaluation de la VPA réalisée par le SCRS de I'lCCAT en 2010 du stock de
I'Est et de la Méditerranée avec d'abord une approche d’évaluation statistique de prise par age
qui utilise aussi les mémes entrées de prise par age découpées en cohortes, et ensuite une
méthode statistique de prise par taille qui s'ajuste plutét aux distributions de prise par taille.
Les estimations de la biomasse reproductrice a la fois pour les analyses statistiques de prise
par age et de prise par taille sont nettement plus grandes que pour I'évaluation de la VPA
correspondante, ce qui suggére que les spécifications des relations entre la mortalité par péche
du groupe plus et celle des ages immédiatement plus jeunes dans la VPA méritent d'étre
réexaminées.

RESUMEN

Una inquietud asociada con las evaluaciones basadas en la edad del atin rojo existente
realizadas mediante VPA es que los datos de entrada de captura por edad se obtienen mediante
el método de separacion de cohortes, que es aproximativo y puede introducir sesgos notables
en los resultados. Lo que se suele hacer en estas circunstancias es ajustar el modelo de
evaluacion directamente a los datos basicos de captura por talla disponibles, partiendo del
supuesto de no variacion de la distribuciéon de talla por edad de los peces en el tiempo,
utilizando modelos estadisticos para formular las verosimilitudes maximizadas en el proceso de
ajuste del modelo. Se presentan los resultados iniciales para un proceso de comparacion de la
evaluacion VPA del SCRS de ICCAT de 2010 del stock del Este y Mediterraneo con un enfoque
de evaluacidn estadistico de captura por edad que utiliza las mismas entradas de captura por
edad con separacién de cohortes y posteriormente con un método estadistico de captura por
talla que se ajusta a distribuciones de captura por talla. Las estimaciones de la biomasa
reproductora de los analisis estadisticos de captura por edad y de captura por talla son
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notablemente superiores a las estimaciones de la evaluacion correspondiente VPA, lo que
sugiere que se tienen que volver a considerar las especificaciones de las relaciones entre la
mortalidad por pesca en el grupo plus y las edades inmediatamente inferiores en el VPA.
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1. Introduction

The longer term objective of this work is the development of a two-stock assessment of the North Atlantic
bluefin tuna population which takes mixing between the fish of western and of eastern origin into account, in
particular by using new information from electronic tags and from otolith microchemistry in the model fitting
process (i.e. similar to the model developed by Nathan et al. 2011). This should provide a more realistically
based assessment of the bluefin tuna in the North Atlantic (and Mediterranean) and would also provide
Operating Models for testing candidate Management Procedures for this resource (i.e. in the planned
Management Strategy Evaluation, or MSE, process).

However a concern with that model, and indeed with the models used currently by ICCAT that assume separate
stocks, is that they are fit to catch-at-age data derived using the rather coarse approach of cohort-slicing, which
might be introducing considerable bias into the results. Given the increase in computing power that has become
available over the most recent decade, current custom in such circumstances is rather to fit the assessment model
directly to the basic catch-at-length data available, usually under the assumption of invariance of the
distributions of length-at-age of the fish over time, which considerably simplifies the analysis. Rather than utilise
VPA, which makes the assumption (the more poorly justified in cases where cohort-slicing is used to provide the
catch-at-age values input) that the resultant catch-at-age values are error free, statistical models (Statistical Catch
at Age, SCAA for age data or Statistical Catch at Length, SCAL when the length data are input directly) are used
to formulate the likelihoods maximised in the model fitting process.

Thus the first step required in addressing the longer term objective for this work is the development of SCAL
assessments for the western and eastern (plus Mediterranean) components of the fishery treated as separate
stocks as in current ICCAT assessments. In this paper, initial results are presented by way of comparing one of
the 2010 ICCAT SCRS VPA assessments (Run 13) of the eastern plus Mediterranean stock of North Atlantic
Bluefin tuna (NABFT) with first two versions of a SCAA approach which also uses the same cohort-sliced
catch-at-age inputs, and then a SCAL method which fits instead to catch-at-length distributions.

2. Data and Methods

The data utilised are documented in Appendix A. The choice of historic catch estimates that has been made is the
same as used for the assessment option Run 13 (one of the preferred runs reported, here for the scenario without
inflated catch) from the 2010 ICCAT assessment meeting (ICCAT, 2010).

The details of the SCAA and SCAL methodologies are provided in Appendix B, which also lists the values input
for certain parameters for the associated models. Both SCAA and SCAL applications fit to the same data series
for both CPUE and age (or length) information as did Run 13 of ICCAT (2010), and make the same assumption
for values of (age-dependent) natural mortality (though see below).

Some of the specific choices made within these methodologies for the analyses presented here are simpler than
may eventually prove optimal, in line with the initial nature of these analyses. To mention some of the more
important, which will be subject to subsequent sensitivity investigation:

e The stock-recruitment form fit is of the Beverton-Holt type, but for practical purposes reflects expected
recruitment as independent of spawning biomass through fixing steepness h = 0.98). The standard

deviation of the residuals of log recruitment about this relationship is assumed to have the value og =
0.4.
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e To assist stabilise estimation, the resource is assumed to be at its deterministic pre-exploitation
equilibrium with the corresponding age structure at the start of the period considered (1950).

e Though some changes in selectivity at age/length over time have been introduced to improve fits to the
catch-at-age/length data, the times of such changes have been restricted to occur outside periods for
which the data are linked to catch rate series which serve as indices of abundance. This is (for the
moment) to avoid the complications that otherwise arise as to how best to calibrate/normalise
catchability g across such changes.

e Inverse variances for individual CPUE data points (generally provided by prior GLM standardisation
analysis for each such series) are used as weights in the fitting procedure without allowance for
additional variance, i.e. the associated uncertainty is taken to be dominated by sampling variability
effects.

e Catch-at-age and catch-at-length contributions to the overall log-likelihood are downweighted by
multiplicative factors of 0.1 and 0.05 respectively. This is necessary to take account of the non-
independence of such data (fish of similar age or size tend to group together, so that the tuna caught in,
for example, the same longline set do not constitute independent samples). However the magnitudes
specified for these weights are somewhat arbitrary; the ratio of the length to the age weight is based on
the fact that there are about twice as many length classes as age classes considered in the fitting process.

For the SCAL assessment, the distributions of length at age are assumed to be normal with CVs of 20% about
their means (Figure 1 shows the growth curve and the distributions of length-at-age used for the SCAL run).

3. Results

First attempts at fitting the SCAA model revealed a phenomenon familiar with similar applications to Southern
Bluefin Tuna (SBT): there are too few very old/large fish in the catch to be consistent with the assumption that
the longline fisheries (which generally take larger fish that the other components of the fishery) cannot be
sampling these fish uniformly from the older part of the population, unless natural mortality increases very
rapidly at older ages. For SBT (see CCSBT, 2009), a combination of a domed selectivity at age (selectivity
decreasing with age at older ages) and natural mortality at age increasing at the oldest ages is used for base case
assessments. Here two “extreme” alternatives have been considered for the SCAA implementations: “Increasing
M” (SCAAL) for which the longline selectivity remains flat at large ages, but M increases above age 15 (see
Table B1), and “Decreasing S” (SCAA2) where the longline selectivity may decrease from age 15. The extent of
the increase or decrease is estimated in the model fitting procedure. For SCAL only the first of these options has
been considered thus far.

A brief summary of key results for these three models is provided in Table 1, which includes values for the
contributions of various data sources and penalties to the (penalised) log likelihood, as well as estimates of
current depletion expressed in terms of spawning biomass. The brevity of presentation is deliberate at this stage:
given the initial nature of these results, it would not be appropriate to focus on more than broad features at this
time.

Figure 2 compares the spawning biomass time series estimated for the three model implementations, and also
shows the results from Run 13 of ICCAT (2010). All the new model runs estimate spawning biomasses
substantially larger than does the VPA of Run 13; the larger values are for SCAA2, which is unsurprising
because with domed shaped selectivity there is a large component of “cryptic” (low availability) older fish that
are still alive, whereas the SCAAL assessment treats these as dead.

In contrast, comparisons of recruitment time series in Figure 3 show lesser differences, though the new model
implementations all show generally higher recruitment over the last decade. The fluctuations in recruitment for
the two SCAA runs manifest clearly high correlation with those for the Run 13 VPA, but the patterns differ for
the SCAL assessment. Similarly patterns of residuals about the assumed effectively constant expected
recruitment (see Figure 4) differ qualitatively for SCAL compared to SCAA: for both the former runs,
recruitment estimates tend to be below average in the 1960’s and 1970’s, and above average in the 1990’s and
early 2000’s, but any such pattern is much weaker for the SCAL run.

The fits to the various CPUE indices in Figure 5 are not “bad”, given the evident noise in these data. Though the
SCAA2 model provides an overall better fit to all the data (see the —¢nL overall values in Table 1), note that
this is through improving the fit to the fleet CAA data at the expense of the fit to the trends in the CPUE indices
themselves, as readily evident from inspection of Figure 5.
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Figure 6 shows the estimated selectivity at age vectors for the two SCAA runs, together with their fits (which
are generally good) to the age distribution proportions averaged over years, together with the dependence of
natural mortality M on age for the two cases. Note that sharp increases in M and correspondingly sharp drops in
selectivity are needed to fit the low proportions of older fish in the longline catches. The fits to the distributions
of proportions of catch at length averaged over years under the SCAL model are similarly good (Figure 7).
However bubble plots showing residuals to these fits by both year and age or length show some clear non-
random patterns (Figures 8 and 9 respectively).

4. Discussion

There are many assumptions and value choices that have had to be made for these initial SCAA and SCAL
assessment runs. Feedback from meeting participants on these, and on how they might be improved/rendered
more reliable would be appreciated, particularly also to inform extension of this approach to a supposedly
separate western stock.

Issues for possible further examination for this analysis for the east plus Mediterranean include:

e Allowing more flexibility in respect of variation over time of the selectivity at age and at length vectors
to reduce the systematic trends in the residual bubble plots of Figures 8 and 9. For example random
walk models allowing (but penalising) changes in selectivity over time, together with selection of age
ranges over which to normalise selectivity to maintain a comparable catchability g across such changes
(as for SBT in CCSBT, 2009), need to be pursued, Heavier penalties, or the use of parametric forms,
need to be considered to provide smoother variation in selectivity with age or with length.

o Different functional forms for the decrease in longline selectivity at larger ages and increase in natural
mortality at these ages need to be explored.

e Sensitivity to different weightings of the catch-at-age or -at-length data relative to the CPUE data in the
log likelihood requires investigation.

e Sensitivity to the assumption of starting at pre-exploitation equilibrium in 1950 needs to be examined.

e Extension of the formulation to admit the possibility of errors in estimates of annual catches by
different components of the fishery merits consideration.

e Attempts should be made through the fitting process to estimate M (at age), stock-recruitment steepness
h and the standard deviation of length at age about the estimates provided by the growth curve. Note
that the last reflects not only the actual variation, but also the consequences of the birth date for fish
within each year-class being spread over a period of the year.

e Random effects models used to reflect and estimate the extent of variation in selectivity and recruitment
variation, perhaps later extended to a full Bayesian estimation approach, should be explored.

However it seems unlikely that any of these factors would change a primary feature of the results thus far, which
is the appreciably larger spawning biomasses suggested by these approaches compared to the conventional VPA
approach used at present in ICCAT.

5. Conclusion

Essentially the difference in spawning biomass estimates provided by the SCAA and SCAL approaches
compared to those from the ICCAT VPA is a consequence of different relationships between the fishing
mortality on the plus group and that on immediately younger ages. The justifications for the specifications
utilised for the VPA in this respect are not strongly founded, and this work does suggest that they merit re-
examination.
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Table 1. Results for the two SCAA and the SCAL assessments of this paper. See text for an explanation of the
options for increasing natural mortality M or decreasing Japanese longline selectivity S with age at large ages.
Biomass units are mt, and K* refers to the pre-exploitation equilibrium spawning biomass.

SCAA1l SCAA2 SCAL
Increasing M Decreasing S Increasing M
-InL:overall -9942.7 -9958.8 -4347.2
-InL: CPUE 362.4 448.7 359.5
-InL: fleet CAA/CAL -9402.2 -9502.6 -4188.1
-InL: index CAA/CAL -941.2 -947.5 -610.8
-InL: RecRes 38.2 42.6 57.4
Sel smoothing penalty - - 34.8
K 856575 1690620 958953
B*®,000 322414 869822 612003
B%®,000/K*® 0.38 0.51 0.64
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Figure 1. Growth curve and associated length-at-age distributions assumed.
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Figure 2. Spawning biomass trajectories. The notation convention used here and below is that VPA refers to
Run 13 from ICCAT (2010), SCAAL is Statistical Catch at Age with increasing M at large ages, SCAA2 has
Japanese longline selectivity dropping at large ages while M stays fixed, and SCAL is Statistical Catch at Length
with M increasing at large ages as for SCAAL.
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Figure 8. Bubble plots of the CAA standardised residuals for the SCAA1 (left-hand column) and SCAA2 (right-
hand column) assessments. The size (area) of the bubble is proportional to the magnitude of the corresponding
standardised residual. For positive residuals the bubbles are grey, whereas for negative residuals the bubbles are
white.
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SCAL

1935 1055 1965 1975 1085 1095 2005 2015

1,945 1,955 1,965 1,975 1,985 1,995 2,005 2,015

1,945 1,955 1,965 1,975 1,985 1,995 2,005 2,015

2,015

1,985 1,955 1,965 1,975 1,985 1,995 2,005 2,015

1945 1055 1965, 1975 1985 1905 2005 2015

1945 015

1945 1055 1965 1975 1085 1995 2005 2015

Figure 9. Bubble plots of the CAL standardised residuals for the SCAL assessment. The size (area) of the
bubble is proportional to the magnitude of the corresponding standardised residual. For positive residuals the
bubbles are grey, whereas for negative residuals the bubbles are white.

Appendix A: Data

The data listed below are from ICCAT (2010) for Run 13, or as kindly provided by Laurie Kell of the ICCAT
Secretariat.
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Table Al. Catches in mt.

Baitboat Longline Purse seine Traps Other
1950 2865.0 0 2856.9 12198.0 6948.7
1951 3979.0 0 7259.3 9717.0 7840.1
1952 3786.0 0 15752.8 9831.0 7600.3
1953 3556.0 0 11281.0 14626.0 7866.3
1954 4430.0 0 13390.5 11576.0 5455.6
1955 4448.0 0 14294.6 11671.0 9199.3
1956 2791.0 0 5932.5 16323.0 23752
1957 3154.0 330 7057.6 20026.0 4045.0
1958 2829.0 2.0 7004.1 20918.0 2116.6
1959 3052.0 56.0 3628.8 14443.0 35125
1960 1198.0 481.0 67258 13320.0 22355
1961 1453.0 223.0 12015.0 10619.0 2553.2
1962 1537.0 2484.0 10777.3 11875.0 1884.0
1963 1178.0 2418.0 3119.1 6531.0 22441
1964 1079.0 882.0 4781.1 8140.0 1697.1
1965 1820.0 834.0 3846.8 9044.0 13134
1966 3347.0 581.0 4653.7 5373.0 702.0
1967 1805.0 441.0 6981.9 7877.0 2203.0
1968 1474.0 808.0 4547.0 4872.0 918.0
1969 1826.0 601.0 5148.7 5988.0 894.0
1970 3017.0 343.0 32693 3180.0 857.0
1971 3055.0 383.0 4586.8 2211.0 720.0
1972 3032.0 497.0 5045.5 1837.0 276.0
1973 31420 611.0 5257.5 1546.0 182.0
1974 2348.0 4651.0 9577.7 2382.0 168.0
1975 2918.5 4323.0 11677.0 2027.0 266.3
1976 1709.8 3291.0 14830.0 2008.0 354.6
1977 28133 24450 10989.0 1717.0 753.3
1978 3593.0 912.0 7556.0 1458.0 1125.5
1979 2033.9 970.0 6369.0 1350.0 1500.2
1980 1499.8 1255.0 8978.0 1251.0 1266.5
1981 12225 917.0 8795.0 1446.0 1393.1
1982 884.3 4255.0 12786.0 3673.0 809.8
1983 18824 3606.0 10746.0 3274.0 2294.0
1984 3961.1 2737.0 10261.0 4507.0 2961.0
1985 2281.5 1778.6 11305.0 2390.0 4255.1
1986 1413.8 1644.8 9609.2 1740.0 4839.6
1987 1820.8 1723.4 8857.0 1953.0 3865.5
1988 1936.0 2396.0 11198.0 3658.0 4929.7
1989 1970.6 2083.2 9450.0 2789.0 4768.1
1990 1717.9 2522.0 11304.0 4376.0 3326.8
1991 1592.6 6066.3 13291.0 2993.0 2485.7
1992 1298.7 6416.2 18265.0 2186.0 3679.1
1993 3495.1 5058.9 19321.0 2001.0 4391.7
1994 1979.6 92237 26296.0 2834.0 6406.8
1995 28074 12867.2 24046.0 1924.0 5646.0
1996 4989.6 12959.0 26344.0 2522.0 3992.3
1997 35249 10206.4 25006.0 4367.0 4050.6
1998 2561.5 7049.1 21983.0 4259.0 3865.1
1999 1496.4 6483.2 15636.0 3711.0 5129.3
2000 1821.9 70523 17341.3 37354 38153
2001 2275.1 7053.0 17324.4 4762.6 3190.1
2002 2568.0 5510.8 18540.3 3750.6 3400.5
2003 1379.6 5226.6 17657.5 23025 4597.1
2004 1807.0 4638.2 19862.5 21373 2935.7
2005 20229 5814.6 233459 25227 21394
2006 1115.6 4649.6 20352.1 2717.6 1854.4
2007 2031.5 4361.1 22951.5 3883.0 1288.9
2008 1794.4 4740.5 12858.3 33172 13433
2009 1259.6 3165.2 9468.4 3262.1 3072.8
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Table A2. Commercial catches-at-age used in the SCAA.

Baitboat 1 [ £} 4 5 [ T 8 9 10 1 12 13 14 1% 16 17 18 1% 20 2 2 23 24 25
1950 L] 1767 1202 1271 21856 17533 4987 TEE L] [ L] 0 L] 0 L] o [ o (] o [} o o o o
1951 (1] 2453 1668 3154 30354 24350 6926 o9z L] o o o (] o o o (] o (] o L] o o 0 [
1952 o 2334 1583 3001 28881 23169 6590 1039 L] o L] o L] o L] o o o 0 o [ o o o o
1953 o 2193 1492 1819 27127 IIT6L 61B0 976 0 o [ o [ o L] o [ o L] o L] o o o o
1954 L] 2731 1889 3512 33T ITII0 TTHL 1216 L] o [] o L] o L] o L] o L] ] L] o o o o
1955 10395 SI416 66228 24365 17474 10152 21539 303 (] o L] o L] o L] o L] a L] o L] o o o o
1956 4983 15054 32025 121202 13402  BE9E 2364 369 (] o [ o L] o (] o [ o (1] (] 0 0 o 0 0
1957 5531 28170 35108 12892 15981 10256 2TM 417 L] o o o L] o L] o L] o L] o L o o o o
1958 4910 25028 31022 11359 4484 9323 2481 390 L] o [ o 0 o L] o L] o L] o L o o o o
1959 Ta46 36930 46906 16510 11986 6330 1613 249 L] o [] o L] o L a o o o o L o o o o
1960 2740 10306 12080 6490 5958 %40 w50 162 1 ] L 0 L 0 o 0 o 0 o 0 L 0 0 0 o
1961 4286 15519 18526 10080 5957 2983 759 141 18 0 L] o L] 0 o o L o (] o [} o a o o
1962 4732 17303 20695 11022 6019 2862 T4 135 20 o o ] o o o o o o o o (] o o o o
1963 3315 13004 15400 7455 4983 2564 658 s 1] o L] o 0 o L] o L] o L] o o o o o o
1964 3156 13030 15411 6823 4364 2125 338 3 8 o L] o L] o [ o [ o L] o L] o o o o
1965 S4B4 II008 27151 11575 S530 2114 480 " 13 6 63 173 M1 198 106 38 1z 4 L] o L] o ] o o
1966 6462 TI0B6 TE93E 16734 4278 929 51 5 1 3 36 136 303 251 160 55 15 8 & 1 1 0 0 0 0
1967 4332 26641 42612 10051 TER 151 104 ki 44 7 4r 111 268 290 210 89 30 10 2 1 1 o o o o
1963 19422 23073 14220 10766  3B0M 664 | il 2 1 ] Bl 215 09 X 193 105 33 4 1 1 o o o o
1969 19810 68778 211490 6010 802 180 17 o o 0 & 11 I 286 it 146 6 T 1 1 0 0 0 0 0
1970 36432 63297 20359 14239 6900 2969 1054 297 [ o 1 55 358 545 T3l 519 213 . 1 4 2 o o o o
1571 2790 54543 20368 11773 11888 3030 659 178 o 3 15 71 M4 524 TIT 659 389 29 68 28 1R o o o o
1972 2143 52188 T6S0 4293 TTI 6333 3114 1198 302 o 1 71 358 665 B0 TR 430 283 T4 2 1 o o o o
1973 2360 4T65% 15576 3018 1963 21278 3611 3531 2649 206 El 2% N9 498 Te2  TI0 M8 402 130 M 16 8 2 o o
1974 2702 5334 3@T0 7107 1949 470 68 27 a7 o1 1% 116 156 250 459 456 382 34E 134 159 52 & 5 1 i
1975 17806 108264 10507 5287 e 357 28 3 4 5 mn 108 254 T 589 699 733 810 328 28 40 is 34 39 2
1576 1862 43438 10729 1363 1190 B35 m 40 (] 1 [ 173 0 238 575 583 320 462 02 152 202 3 o o &
1977 10184 85175 18740 6492 559 195 161 68 L] 39 o 13 300 592 338 605 624 668 194 216 125 155 69 53 38
1978 56071 67289 9T 13989 X479 1319 154 6 8 238 350 604 1274 842 1230 1027 681 17R 26 13 3 7 18 % 43
1979 12520 12345 15490 14030 3851 1313 497 100 674 430 &2 100 234 132 28T 148 0T 444 220 95 93 n 16 %
1980 49709 23591 TE49 1973 2620 2242 1215 160 104 44 131 225 252 147 (1] 270 131 B9 66 47 38 1o 3 0 2
1981 31335 36300 4160 1337 636 554 398 153 ¢ 37 m 47 54 2 1T 154 45 1 &0 55 43 26 7 o 2
1982 17659 29546 6998 1379 1540 545 490 235 47 o z 46 3 o 33 £l 24 a 1] L] 5 o o o 3
1963 176457 43237 4094 1MD 188 82 13 45 2 126 209 366 265 130 42 63 66 41 1E3 L} 8 4 1 1 1
1964 42596 14684 27394 TIET  TEIS  3E9E 658 k1 2 193 97 2 1 o 9% o o a L] o L] o a o o
1985 61077 92483 30022 5444 1402 63T 105 @ 13 6 (13 182 130 a9 65 6 13 o L] o (] o o o o
1986 S60TE 42511 4W4E 4590 214 3n 47 1 19 24 44 4 10s 36 31 19 10 9 o o (] o o o o
1987 31544 118753 2425 3827 013 1388 170 2 w2 13 1 (2] 2 11 51 51 L] o L] o L o o o o
1988 09888 ST499 64D 2146 1559 9 336 9 L] 0 o 0 o 0 L] 0 L 0 L] 0 0 0 0 0 0
1989 143974 ST060 6926 an 856 a7 110 B 3 o o o (] o (] o (] o (1] o L] o o o o
1990 S0BTE 35906 21056 3653 4879 612 4 4 5 o o o o o 0 o L] o o o 0 o o o o
1591 51216 63539 TII0 4448 1266 BOO 444 174 68 122 32 o 51 o L] o L] o L] o L] o o o o
1992 36473 63479 B86 1902 809 493 49 3 ] o L] o (] o L] o o o L] o L ] o o o
1993 32171 1577ET 46818 14318 3301 1391 184 B [] o L] o L] o L] L] L] a L] o L] o o o o
1994 110962 31765 14425 6608 3850 347 5 4 n F:J 14 n 2 36 prs 36 36 o o o (] ? 0 0 0
1995 149749 TEGIE 36625 4479 26 230 n 3 [ o L] o a o 5 o n o L] ] 2 1 17 n s
1996 261506 80919 75309 28217 8897 631 124 35 43 93 k4 34 39 i 7 39 12 11 4 19 & o o o 3
1997 9BB46 56027 4317 11435 3876 313 0 18 262 324 N7 253 192 1% 353 375 359 IO 157 1M 13 2 3 o 19
1998 54041 ST0T0 28668 I36TF 143 89S 390 17 6 &0 9T 182 167 11E 97 Ll 92 62 a8 8 33 o o o o
1999 6847 5419 4282 12411 12990 2712 698 101 76 46 is 33 5 13 T 21 0 0 1 o 7 0 0 0 0
2000 39115 20077 12013 4244 SEOO0 3395 1005 1359 831 293 137 66 9 16 4 2 2 1 gl o (1] o o o o
2001 1066 104849 24086 5157 1418 1984 1190 295 662 30T 222 192 110 34 21 13 2 6 4 3 2 1 o o o
2002 31353 SET01 44277 429 1145 258 184 436 461 3ITE 31 155 T £l 25 9 7 1o 2 1 1 1 1 1 2
2003 4882 34256 12039 1045 1802 968 17 479 1401 916 486 285 8% i 19 L} 4 2 1 ] L] o o 1 1
1004 62230 60361 G066 6033 1581 705 65 W7 X S33 0 490 131 86 54 is 1 [ 1 2 o L] o o o o
2005 121336 44510 25260 3449 2890 s 170 80 51 B4 .t 184 T4 1 0 B 3 1 (1] o (] o o 0 0
2006 27126 20420 15081 6863 1334 1116 503 a9z 66 e N5 40 85 2 2 o [ o L] o L] o o o o
2007 1 33743 18087 18227 6673 1990 09 1% 105 5% 188 110 S8 1 9 Ll 3 i L] ] L o o o 1
2008 s 33856 24367 15960 2541 no 427 248 316 336 m 225 121 82 48 19 8 L] r | 1 1 1 1 1 1
2009 47 13463 15304 5695 2181 32132 9M 341 317196 161 99 40 30 16 8 3 2 2 o [ 1 1 o o

1 2 i 4 5 [ T B 9 10 1 12 13 14 1% 16 17 1% 19 20 2 n n ] F]
1957 0 L] o 0 [ 2 4 10 8 10 33 54 25 16 [ 2 L] 0 L] 0 0 0 0 0 o
1958 o o o a o o (1] 1 (] 1 2 3 ! 1 [ o o o o o () o o o o
1959 [ L] L] o o 3 7 7 14 17 56 91 42 ki 0 3 o o 0 o L] o o o o
1560 o 0 L] in 136 184 101 631 1202 s63 159 201 61 o L] o L] o L] o [ o o o o
1961 [ L] L] 13 37 ” 4z 252 s06 281 85 102 47 12 T 4 2 1 (] o L] o o o o
1962 (] L] o 203 708 w05 2 3621 6114 2488 761 1076 174 1] o 1] L] 0 o o 0 0 0 0 0
1963 44 80 1ns 157 578 1043 47 1918 791 3558 1123 1110 853 ) 7 15 51 65 15 o (] o o o o
1964 35 T0 36 30 a7 173 176 552 1856 1270 S 462 175 &0 47 ¥ L] o L] o L] o o o o
1965 k| 144 47 61 121 n 159 437 1136 683 M5 406 560 315 17T BS 44 2l 5 2 1 o o o o
1966 56 1s % m i 123 92 195 431 438 331 327 382 22 143 75 43 2 L] 4 1 o o o o
1967 15 is 46 4 1) 2 126 9 M0 S45 98 165 168 B3 6 62 43 3 0 9 5 3 1 1 1
1968 63 105 106 108 46 146 m 27 452 810 565 349 413 249 367 BS 53 a5 il 0 9 L] 3 2 2
1969 42 70 n T0 50 14 137 415 491 435 M6 281 297 172 165 W 86 58 26 18 13 g ! ! o
1570 2 4 ] 2 10 30 67 09 173 W7 R 4% T4 £l 61 73 nr 130 89 o8 51 £l 16 12 4
197 o [ & 2 5 9 121 106 16 %2 262 155 141 81 73 37 63 53 2 39 23 el 12 6 9
1972 12 18 8 30 16 149 53 ig8 365 397 191 127 313 182 96 53 2 20 3 o L] o o o o
1973 10 20 3 4 28 77 58 177 75 435 156 S0 413 M 159 &0 156 2 [ o o o o o o
1574 137 407 2587 27T I8 NI 400 1541 1346 3413 2661 3137 4217 2990 1821 TAl 06 4N 163 96 2 2 6 12 16
1975 18 226 182 189 673 L] 515 936 1035 2764 3985 4674 5412 3976 258 1260 41 TOB  S62 259 155 60 15 u a4
1976 2 63 116 172 397 474 is4 490 76 1184 1903 1990 3865 1814 1779 BE6 511 751 201 132 &4 2 iz - Exd
1977 (] 5 46 ™ 81 364 T0 1396 1980 1812 1948 1392 1425 1036 1156 488 314 58 B o 16 o o B o
1978 0 0 34 166 a7 264 399 219 530 33 s 13 48 w1933 3 15 42 50 o 145 12 o 145 369
1579 [ 3 50 165 234 195 1382 6% 176 583 N8 99 5 EE] 43 2 k| 8 5 3 L] o o o o
1580 [] ] 120 100 198 258 a9 To3  e31 929 1183 635 376 187 92 a7 16 n 16 2 4 L] o o o
1981 9 18 84 33 121 125 423 916 Eaz 641 755 632 168 178 147 63 105 113 2 20 36 6 6 o 1
1982 L ER) 206 255 204 846 1286 5065 769 938 2563 2112 2384 6083 BA2 ns 06 390 384 159 207 41 4 a1 o
1983 2 187 363 516 1235 1420 2186 2551 208% 4134 1984 1133 1753 1270 B3l 1% 1T 53 4 o 2 4 o o o
1584 30 161 175 216 473 733 1031 2006 3862 2827 2082 907 802 453 199 215 M9 46 55 -} 8 8 8 o o
1965 4 248 269 201 a7 599 698 608 613 B49 1082 1023 1433 1034 645 330 272 161 127 A2 63 EL 9 26 i
1956 53 267 477 366 L] 876 s 560 TO0 1% 1SK1 1147 1199 855 312 o4 48 n n i 3 1 1 1 2
1987 L] 155 108 195 209 641 108% 1002 994 1022 985 1000 1126 1033 622 394 157 82 23 5 [ o o 0 0
1988 9 n3 365 361 58 540 1374 1730 1742 1763 1811 907 1184 7S SR 227 159 B4 40 ki e 19 2 o 1
1989 17 651 941 874 685 919 1692 1583 1432 1282 1160 419 GBS 67 31 239 W6 99 62 8 63 H H 85 240
19490 434 141 002 S0 775 1151 1551 2038 2T4T 2067 1849 924 607 502 45 3% 16 62 30 63 0 n 30 7 a
1591 2528 1060 997 968 72 1382 2374 2629 7735 T214 6889 2456 1383 68T 375 264 21T 148 160 138 269 22 104 198 205
1992 1302 2176 986 1626 2542 1843 1699 2644 S05E 3798 SETI 3675 3IT4 1895 1726 645 480 390 109 116 T4 -} b o o
1993 2785 8503 1542 1491 I8 3425 2580 1489 1592 21963 3237 2067 1780 1212 1036 304 a9 272 a1 192 624 a8 175 102 T4
1994 25505 20297 3650 376T 2606 2646 6630  STIE 5307 S403 4396 2041 4193 2902 2764 TO2 2426 105 529 03 18 o o o 1
1995 S04 1048 1037 1324 2909 B3E9  64TE 4587 6948 4953 S1EF 5383 6051 4088 2505 2557 1851 1421 48 617 483 73 185 &7 781
1996 942 3299 723 1351 1994 2942 5257 6297 7934 7538 7062 5278 5329 3762 2975 2417 1726 1388 1022 567 437 300 194 ne w7
1997 30499 29510 B4T% 3831 3758 3559 5180 VIS 9246 TIT4 6827 4418 3348 2123 1243 1215 T49 SBO 336 232 115 37T 89 15 168
1598 o 38 139 393 543 1428 2580 3196 5273 T2 7245 3605 3081 2255 820 1003 496 3R 322 189 49 17 3 14 3
15495 671 454 o1 2585 4TO4 2350 4108 TI89 6024 6412 5037 3306 2113 1171 358 382 223 139 6T 102 S8 i 1 n 3
2000 722 1152 568 3692 3087 4411 3271 5499 7496 6290 4535 3M2 489 27 1163 09 T2 33 5 n 16 4 5 in L
2001 1044 4296 6989 1557 1179 4202 9391 §584 BlI1 4977 4406 2303 1513 T Tae 431 60 102 33 o 6 14 4 o o
2002 1512 5244 3558 1667 1278 1496 3939 BO30  B3S6 4266 3519 2270 1467 608 312 21 81 T 13 13 a7 £l 2 21 6
2003 6375 65TE 6604  3TE0 3124 3360 3048 3B0B 5165 TO92 3666 1961 1020 ST6 382 182 19 91 2 34 30 2 2 15 17
2004 2462 3999 1975 2313 1954 1863 4200 3316 2888 4244 3527 2458 1435 606 417 452 183 122 v 98 18 s 9 z 14
2005 257 1781 1003 1185 2058 2656 3337 3660 4706 FE33 5590 3144 1697 645 400 294 6l 40 £ 2 7 9 3 2 8
2006 TE1® 11257 17521 1530 1307 2664 3151 2946 2450 21557 1177 1MO0 1019 601 5SB 131 67 S0 35 n 33 6 8 I 17
2007 1200 30270 7423 3307 12 2131 2343 4403 3843 3167 2737 174 1160 646 498 170 88 41 108 30 3 L} L} 2 12
2008 43 25642 BI9T  TOST SN2 2569 5255 S441 3733 3BBS 2692 ITIT 1373 TR0 Té0 373 13 77 1 1 45 9 4 i 10
2009 798 ™7 3723 1978 1257 6747 3666 2896 3211 1728 1074 702 306 285 213 mt n 43 19 7 24 ] 4 1 7
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Table A2 cont.

Purse seine 1 2 3 4 5 [3 7 8 9 10 1n 12 13 14 15 16 17 18 19 20 2 2 B 24 25
1950 26672 30835 260 714 1853 19600 TIZ4 351 44 481 19 109 95 6l 34 " 6 2 o o o L] o L] o
1951 3209 3790 2003 3435 6784 19700 35706 11286 1967 7T 102 242 7 139 76 3l [} 3 1 o o o o o o
1952 827 992 1506 109F 2342 20794 35733 SI0BT 27808 445 1999 117 S 351 1 79 a2 1 i o o L] o L L]
1953 2478 2922 1819 I6TE  GOBS 1052 IBOIG 29192 1B6S3 SE24  1TEF 1041 558 340 185 T e 9 o o o o o (] o
1954 aTIe 4308 2 176 1863 3155 10865 64321 13085 15637 180BS 10228 4291 2115 1090 408 a2 a“ 4 o o Ll ] L] o
1935 399 9973 215 SATS T3 12961 TG4E  11TO8 8237 10138 14836 12334 6667 2632 1187 30T k) a2 ] o o o a (] o
1956 m 6851 14753 san T2 2265 1060 1070 764 1621 3001 SE39 S4IB 3349 I871 913 389 L) u 15 2 3 2 (] o
1947 27 GETA4 4801 S440 604 3310 11106 6548 S611 4816 5802 5000 2687 998 378 119 40 3 s 2 L] o 2 [ o
1958 1001 12187 19090 7573 19917 15866 5718 5935 3107 2305 2270 2297 1553 1587 1226 TIT 30 152 19 14 1 Ll ] L] o
1549 172 4298 5248 3398 186 134 &M 392 1223 1402 497 3281 IBAL 2068 1196 S04 [65 48 1 o L] o o o o
1960 1778 9577 11448  SB69 16760 11713 3447 2895 2314 3152 3860 4402 2823 2112 1064 53] 238 &4 19 3 o 1 o 0 o
1961 197 16279 19360 9199 20921 14256 4042 1066 2245 SI5H 6442 43 B162 M1 3251 1832 896 342 M EM 12 1 o L o
1962 2129 10942 12295 5468 11252 6999 1962 469 407 690 2454 TI09 SBI9 7499 S1EI 3070 1502 625 162 78 10 3 o 0 o
1963 2476 12317 139W0 4959 B39 S314 14TE 35T 435 1483 1518 683 438 23T 160 128 102 66 20 17 3 L] 2 1 o
1964 8707 31093 30371 1231% 10845  S98R 1665 ) 3 199 621 1259 1102 1138 1118 1200 1060 T7S4  00  14) i) 33 n £l 4 2
1965 6136 20209 17423 791 4515 17T 486 T k2 61 124 434 a6 1660 213X 1915 1181 695 42 163 T2 36 6 2 4
1966 27950 38519 52656 25601 BOGS  M13 5T6 41 L] 142 4x 2 407 S TIZ 21 6T4 42T 8 115 0 16 14 3 12
1967 53138 44623 64081 31959 10092 3208 w02 a7 187 286 278 313 608 E14 1079 1418 1398 1096 K49 448 257 158 67 E a1
1968 2209 24018 41360 29153 8542 2TE0 453 s & 13 130 211 281 38T 479 448 4T 20 20 120 B 4 M B
1969 12767 46185 52608 27367 984T 1839 B43 149 777 297 261 361 376 483 637 T6T TR 03 2T I 1R w u 7 [}
1970 2206 12850 15132 5689 3133 3366 2701 1607 1912 1514 1890 1149 153 158 s 151 133 95 202 I1n 116 68 36 27 9
1571 661 34538 29440  4BI0 B2S 1121 2982 4285 3817 2099 976 4T3 366 415 Al4 492 462 430 315 341 213 166 M 45 B
1972 3308 98314 TIIE6 13414 2864 1146 529 544 32 49 276 405 499 673 333 a5l w5 47 187 9 435 45 14 7
1973 4397 35931 62813 9029 2356 1TAX 2025 478 3TO2 1003 612 426 301 SRS €92 M1 437 427 282 28 1M 13 T 8 a3
1974 41382 90507 35112 45733 7901 2461 2553 1594 6458 1460 960 W9 1251 1441 796 1271 969 898 516 536 312 231 136 n 106
1978 63169 241398 TO4M4 17106 9436 6339 3643 2050 2911 1643 1018 1883 ITA1 1996 17001 11T 793 T48 381 383 7R 319 1TS 122 387
1976 14540 153206 219064 45867 16293 4623 2663 1361 2172 1058 1070 1248 1845 1659 1799 1534 1187 BT6 699 534 260 198 T4 78 181
1977 S6314 190801 62129 38392 SEBO T4 2733 T3 399 511 963 9RO 1852 1536 1830 1606 1230 1063 883 776 473 396 1TT 162 306
1978 35326 111386 120410 10168 1551 440 1801 1074 725 1911 1046 B34 642 T28 992 970 391 431 33 a7 s m 36 21 20
1979 3193 F2509 6T9RS  31IB6 %04 s 247 324 X5 1130 1003 556 1263 1623 H162 S04 963 898 238 335 167 2 o o o
1980 B555% 106562 100271 32111 6883 2152 802 S0l B39 1507 1595 1358 1661 1751 1326 928 1134 635 271 132 u3 B4 as n )
1981 35363 268896 106041 14055 9231 4137  1TI3 14 1210 1072 1363 B85S 756 415 353 08 132 N7 B3 115 63 L U 57
1982 40081 224967 164062 32388 S1SF 1486 1032 1075 OBl 1219 1378 1499 1217 TE3 496 189 |94 198 73 50 45 16 12 0 26
1983 153996 138046 111887 25280 9386  2IBR0 8362 1696 1799 4726 1379 BT 1339 1084 1067 218 138 £ 11 5 T k] 1 1 1
1989 TOS9T 3B1448 4TEI0 17843 7SS 237 244 1641 1243 1631 1458 17H] 2861 1326 913 STE 3T 1M1 119 % LER ] £} 9
1985 38750 205131 219191 43017 7978 3410 554 81 61 597 B39 1181 897 5ST4 226 166 %0 2 ] 1 L] 1 o o o
1986 334437 153847 GTTE0 MMTO TELL 3126 1804 TIO TI3 393 4%0  8T0 674 600 3OS B8 &2 o 28 24 21 ? 1 L] 10
1987 ISISE1 271050 121151 26330 6849 2544 1291 664 674 1086 607 450 353 111 123 ki 3 4 2 o o o o o o
1988 372753 125231 104977 4OLI1 TO4 4036 1929 1M1 1130 420 TIZ S40 4 15T 81 n oM 9 9 3 El L] 7 8 2
1989 IS1764 265245 B4560 45605 11208 976 230 BIB 29 T3 i 35 307 172 12 120 65 % n 17 B 14 n 25 &
1990 263400 266844 165449 47367 27448 1844 508 912 1175 1562 677 3% 32 07 120 n 66 &8 17 13 10 7 3 2 2
1991 145243 316817 170422 43184 32919 1617 53T 1043 2230 3262 2086 9% 642 358 197 148 14 nm &4 % B 9 2 L] 19
1992 TI716 420931 264517 44504 14155 8383 TSIE 4238 3516 STAS 3540 1816 826 241 138 194 7 g 5 4 4 L] ] L] o
1993 166624 490063 293453 41460 14507 #8580 TI11 6438 3456 5693 4955 1859 Tes 439 362 M2 59 89 60 3% iz 1 L 1
1994 102244 416511 134161 39531 26305 17099 14716 12815 13044 14941 12973 9748 3730 1133 660 430 272 204 175 use L2 32 3 4 m
1995 153156 21TI20 247772 L3029 41265 20134 11362 9628 3611 TITE 11903 8660 3425 1039 406 17T 99 ¥ 0 9 4 L] 2 L] 2
1996 9B966 548430 223708 132284 30964 13313 9437  TOOE 6956 T00I 12966 6060 2776 1129 168 n 36 (] o o o o o L] o
1997 108959 35TTT2 102776 B46B4  J6TUI  FO2I2 16441 15497 16891 15878 3136 556 3B4 240 363 85 ¥ 169 B 136 36 L L] L L}
1998 223427 369253 219617 10TTET 41848 65530 3139 2258 TEE 1131 996 1042 1183 540 189 M43 180 112 91 48 26 23 (b} 1 3
1999 221130 217003 119200 67612 13620 4133 2680 1854 14584 BS30 1236 2096 79 65§ 147 16 T i3 1 0 1w 3 o o
2000 T9019T 333SAF 169TI3 IITSG  J2THS  IS603 3896 2481 1449 1158 1186 989 TR TR 443 229 181 177 137 WO T 45 3B 93
2001 10630 300220 T9I24 TI693 15972  EITI 15154 S491 2468 18855 BI6E 1611 853 419 64T 362 365 am 9 a a 6 9 (] a
2002 13436 343202 132866 52357 24410 10450 3366 2526 3TE3 5486 15350 2104 2058 BOT 1464 323 TO3 361 340 147 166 0 M L] 63
2003 13809 100143 34121 24070 32167 15693 10035 7168 3320 10397 13912 9874 2648 1323 1242 1062 108 181 516 388 2] 7 n o 54
2004 9953 139077 132007 19999  TTA2 16906 20318 2833 B99E 14336 1733 2633 1900 1081 1329 1903 396 188 341 62 &4 92 1B 0 o5
2005 106541 300103 74815 51666 17397 14177 12852 B831  S9BS 25267 21217 4699 459 156 182 1 178 1 1 o 176 o 1 o o
2006 148481 TE9S3 193607 32933 TIS4 19480 3691  S046 33143 982 T3 SSEE G104 29T 46 13T 14 & o o o L] L} L o
2007 (] 29529 14173 112495 S1103 15921 12166 4395 1BT00 11110 25308 S0TS 912  B64 431 263 348 242 284 9% o S0 o 0 335
2008 1 o T34 36021 3765 ISTIS 9126 TOS  T4I0 844 2370 2207 IETO IS0 TOI 22 399 1M 135 & s 30 17 2 12
2009 ] ] 276 41530 18756 17663 IS0B0 12904 3863 3125 9256 654 201 175 141 100 ™ 48 26 12 18 12 5 3 Lh]
Traps 1 2 3 4 5 13 7 8 9 10 1n 12 13 14 15 16 17 18 19 20 2 2 pi] Pl 25
1950 159668 184607 N6TE 4483 8665 TTO2 14157 13436 21187 10813 4165 1163 %69 364 206 86 33 10 o o o L] o L] o
1951 23332 27579 14796 12688 4677 6057 10383 10344 16612 87T 4122 2122 ISTR 1011 551 n &6 n 8 o o o o o o
1952 2384 2889 M487 3368 4962 TO30 12252 12088 19205 10023 4577 2179 1566 1013 $5T 1T 91 ar 0] o L] L] L] L L]
1953 9734 11518 TSEF TII0 T2 10447 BE3T4 17984 28599 14755 6524 2931 2004 1287 TIE 305 119 M4 o o L] o o [ ]
1954 6608 TETY 461 1331 5341 BO036 13458 13643 11933 13655 6904 2157 1291 930 518 115 135 3 7 o Ll L ] o o
1955 %0 3 366 1504 SE1S 8674 Q4611 14TO2 23228 15859 TS 1140 166 251 180 6 T 3 1 o o L] o L] o
1956 53 121 684 2115 9131 13085 212929 22306 37026 21239 9638 1412 175 268 17 82 2 2 1 o Ul L] o L] U
1957 13 391 1503 9TST TMAT 1910 37179 26043 13887 19266 14033 5023 439 26T1 3318 1362 M8 6 ! o o o o L] o
1958 15121 373 445 7441 24322 22920 I7E26 26990 211391 9861 12178 9688 383 T8 4116 1983 182 268 T 1m0 206 3 p) o o
1549 16 n 11 1981 3139 9727 1013 12837 19710 18108 12717 T 4381 210 7 32 (E] L} 168 111 L] L] o a o
1960 g 16 1s 1302 4184 B415 10891 17276 23978 17100 9411 5433 1045 IS8} 655 » n 11 1 83 o L] ] o o
1961 ] 2 3 106 1T9F TTAE . SIS4 1051 23230 16718 V462 3196 1736 B49 M3 99 M 1”2 2 L] L] L o L o
1962 2 3 7 804 3457 9693 5763 15898 21893 16297 9930 4105 2405 984 384 106 61 42 10 U] o L] ] 0 o
1963 an 43 56 $33 2188 3197 3362 1308 3153 9530 9391 4380 2541 1115 39T 110 98 82 t] o o o o L] o
1964 185 589 8 6180 TTS 3346 6543 3065 2265 5196 10099 ET06 4712 1653 860 210 65 o o o o o ] 0 o
1965 282 s 472 2681 2659 MB2  TITB 3041 1579 2320 4067 6757 8592 S208 2667 1319 T 29 6 o o L] o L o
1966 kit ) [ 1672 4432 G592 4807 3240 2T00 2114 316 3203 T2 W76 982 151 48 n o o o o o (] o
1967 801 10 674 1439 SI74  §983 12157 1523 3601 6353 3596 2295 3906 33SR 4B 1200 368 173 0 el 19 o ] 0 o
1968 o 0 m 862 TTE 1678 8274 4368 150% 1861 3063 2132 2388 1131 1083 845 339 134 28 L} o o o L] o
1969 487 1749 48 613 3535 3528 2690 4530 2769 2390 2323 2793 3151 2161 1756 1406 TR4 TST 1 138 19 o L} o o
1970 T 16 4 119 s 1551 1634 2419 2915 3354 2390 1283 1688 TE0 452 432 168 184 30 13 4 o o [ o
1971 o [ k) 4 160 614 1515 1843 1THD 1180 684 40 608 B9S 620 604 440 34D W4 2 5 o o L] o
1972 7 18 39 108 132 n 858 87 908 765 1526 973 984 512 513 443 130 B 33 9 B Ll ] L] 1
1973 257 9 E 76 (- R 32 698 0% 1063 696 B3E 630 496 290 26T 119 M a2 12 3 L] ]
1974 o o 2 67 3la 474 707 587 816 B6B 1480 B34 1031 T46 1280 601 47 183 103 58 6 o o (] 5
1978 s ) o 103 476 483 440 364 443 404 690 RS 1402 1140 999 &3 39T 223 ™ 3 19 10 B o L]
1976 ] 0 1 48 266 513 468 268 166 345 574 B33 1149 1028 988 677 427 309 1M 105 36 17 9 25 3
1w & " 1" 2 104 EL ! 294 M9 4T2 686 T S8 K13 850 458 392 B35 118 82 EE] 1% 9 L a2
1978 [ o o (] 69 m 3 437 406 416 421 702 715 604 TOZ 493 2N 08 133 145 62 38 3 L] o
1579 o 0 L] 16 20 458 aM 602 73T 46 B24  #6T  STO 83T 414 81 M3 i85 3% 60 01 i o o o
1980 s 2 - &0 103 218 582 385 406 674 717 688 TI0 544 460 356 4 124 2 17 m o o 0 U]
1951 o @ 176 47 445 9RO 1521 1995 BT B35 1MB  B6S TSR 04 202 K30 %6 39 0] 13 L] L3 3 3 1%
1982 o [ 91 Ehi ] 862  §5% 2339 2480 2777 2384 2065 2661 2075 1416 696 443 256 284 1) 16 1% 4 2 4 4
1983 0 b B 165 T 14 6 1324 1388 3142 2006 1691 2217 1499 1544 169 194 M [ a7 ™ 1 o o o
1584 210 1106 686 526 BB 1430 1563 2057 4521 5206 393 M6 1708 8T MO0 %6 TO 158 91 2 21 42 o [ 0
1985 3837 0 70 482 37 817 583 626 860 1810 2017 1742 1621 963 519 M0 219 116 &8 30 1o 27 6 6 n
1986 4712 238524 1133 o o L1 213 175 289 448 929 1426 11T9 813 51 320 24 &4 n EL 7 2 L] 1%
1987 ] 3 91 1085 w3 580 558 498 694 771 1140 1547 1323 937 599 371 213 83 a4 2 26 & 1 o 14
1988 28 a8 5% 38 193 47 1070 G088 BEI  S40 2214 1TS4 30T6  2e4S 1683 1025 A7 EIL I ] % 17 4 6 T o
1989 236 [ 3 3 31 1447 2351 2595 1TB3 1324 1581 1009 1333 1145 54 403 336 258 09 63 13 u 19 6 4
1990 L] 0 4 L T82 1656 3634 5665 7084 1109 862 307 3290 331 86 4 49 3 15 10 9
1991 381 21539 4194 1644 1896 2706 1290 1762 2810 402 370 309 345 344 128 T4 66 18 6 o 3
1992 L 146 o1 8 434 164 2438 2073 1966 mooar 93 2 n s 0 o o o o
1993 B 7 30 78 B6 228 302 649 1149 595 1013 497 238 158 129 T 45 6 4 40 15
1994 4620 1 23T 47T 2988 4SB4 2387 1160 1064 T S66 435 99 ITT 13 16 12T 99 9 36 149
1995 308 o 8 281 48 5 382 569 1600 533 301 389 28 150 140 19 64 66 38 W 04
1996 466 30 123 1680 38215 1725 916 gax M7 733 08 616 686 437 10 201 208 133 0 52 k)
1997 a 38 156 1552 4382 3137 1889 2894 QT3S 173 611 789 M6 46 128 108 139 ” an n a5
1998 L] 0 & 55 8L (E)) 1910 2244 3759 1248 756 823 350 214 118 100 7 2 13 7 %
1999 o o 258 578 367 07 B850 1234 1446 1304 1099 1037 293 99 197 118 n 60 u 13 68
2000 o a Ll 13% 3267 2985 2418 2980 324 987 9 M I W02 B4 1" 2 3 2 L
2001 L] 40 958 2639 3501 361 3362 383% 4T3 1156 479 230 127 98 70 39 n n 12 8 4
2002 o n ST 1226 1469 1463 1443 2121 2876 182 T s27 19z 106 Bl 6 3 17 7 4 B
2003 o 1 43 403 B4 1070 881 ITIT 3432 RERE O O 2 ] 3 2 4 5 17
2004 [ 16 82 182 439 492 4n 619 1824 829 463 M1 b4 Bl 6 B 10 iUl 3 0 o
2005 o @ 57 108 267 473 836 1468 1837 AT 265 176 7B &0 14 3 5 1 o L 3
2006 o L] 44 463 Tz 1285 2821 2931 0T 1438 656 353 90 106 36 El EL . o
2007 o 1 i ] 291 736 3340 3379 3738 2554 1002 1510 2107 1704 1455 1276 56T 270 172 9 3 3 Ll ] 0 1
2008 15 ELL] L 182 294 407 531 1219 2886 3301 452 2288 141 893 892 524 152 37T M0 178 i | L} L] L}
2009 o [ 16 20 767 841 BO6 1620 2363 2151 1830 2331 2486 1881 1299 489 220 &S 0 26 15 & 4 2 3




Table A2 cont.

Other 1 2 i 4 3 [ 7 8 ] 10 1 12 13 14 15 16 17 18 1% 20 21 2 23 24 1
1950 40881 4TIB0  SE6 1516 42O 14589 11833 7936 12114 6119 2315 464 146 93 53 ] @ 2 [ o [] o o o o
1951 TRS3 a1l 5153 5099 5190 9641  1T403  10B11 13278 6471 28T1 89T 838 345 IBE 76 n 13 3 o L] o o o o
1952 1211 1466 2781 1729 2804 6538 11852 14290 14039 5782 2638 1354 1019 801 4T4 211 78 8 12 2 0 2 o o o
1953 4190 4960 3267 3121 3965 5850 10914 10802 14972 T6S3 3566 1546 1026 0T 37T 159 63 15 8 o L] 4 o o o
1954 471 5185 200 386 1790 2706 5029 4TI0 7938 SIT4 4019 2496 1693 978 573 261 134 67 E 2 9 15 o o o
1955 2248 10894 19138 TE98 4311 6069 9033 S1TH 13701 TETI 5339 3B44 2397 1393 629 297 66 38 0 o L] o o o o
1956 186 3641 TH4L  3M8 314 581 220 541 1460 200X 1724 1183 1239 871 sS4 158 110 32 1m0 4 L] o o o 5
1957 mn 68E0 14791 5525 554 751 1482 1094 1580 2104 2652 2760 2511 1457 773 394 156 @9 2 4 18 14 15 7 51
1958 130 3261 TO7TT 3215 1027 378 1097 15T1 1282 636 569 915 5RO 778 630 382 95 0B 29 13 Ll 7 ki 3 25
1959 170 4239 9365 3555 V4§ 745 566 TE6 1671 1825 1367 1478 2584 2166 1219 549 186 96 34 15 n 8 9 4 iz
1960 239 2921 6428 BB 16T 1284 2043 1477 1663 1358 36T S0 T91 690 346 107 32 11 L] o 2 o a o o
1961 318 4268 B949  B0B2 2976 2706 2020 1624 1815 1472 1020 385 484 386 471 150 69 19 17 4 L] o [t} o o
1962 &4 1446 2813 3088 13 3919 443 016 1234 695 o aTo 383 277 213 226 &9 24 3 13 12 o o o 0
1963 196 4440 B484  TE40  3B3] 2524 2849 1566 383 659 606 462 29 298 120 4 3 2 1 o L o o o o
1564 1400 8626 13234 1124 3195 1BM4 214 12 177 186 111 589 16 k) 33 ) 3 15 4 4 1 1 o o o
1965 1391 5191 5901 6328 2600 2052 2682 1184 218 267 181 6 » 42 8 (2] 48 1% 2 2 1 o o o o
1966 4649 495 EEN] 824 1285 3889 1084 538 56 34 1w 89 L) i 12 o L] o L] o L] o o o o
1967 Tan 95 425 4E9 1154 2051 2819 405 505 1008 T61 697 655 482 60T 539 318 190 128 51 30 33 3 1% 63
1968 o 0 2 228 9223 594 1901 911 218 n 170 156 297 93 95 129 T 45 42 7 33 i} 15 13 20
1969 o L] L] 0% 1236 1120 Te8 1081 31 316 147 232 75 182 187 122 93 107 16 4 3 o o o o
1970 ER} | 787 184 s £+ 2 9 143 ™97 846 11T T2 164 158 12 15 L 5 2 o L o o o o
1971 [ L] o H ] 55 204 170 174 165 145 166 235 36T 398 286 175 100 48 8 17 o o o o
1972 102 249 280 295 106 2 54 44 50 2 32 5 93 147 155 125 ) 37 13 7 3 o o 0 o
1973 698 382 0 3 3 E-) 52 EL) 40 o] 26 R 47 56 7 47 30 18 L 4 2 o o o o
1974 668 0 34 42 6 2 E 40 39 45 33 4“4 60 62 56 34 2 17 6 3 1 o o o o
1575 M7 2088 1379 30 139 62 38 &7 88 L2 52 T2 97 T 41 a2 2 10 3 1 1 1 o o 1
1976 696 1 T 56 42 aa Al Ll 3121 158 175 199 159 B8 61 50 52 13 9 5 2 o 1 2
1977 718 459 132 91 43 129 212 172 150 280 3o 389 03 6 251 1712 116 ™ 48 is 16 B 1 4 14
1578 7174 9523 2187 2427 1202 34 100 94 125 155 156 18 2 294 329 186 153 159 L] B2 9 i1 a & 14
1979 156 1473 1959 1776 1194 286 588 1017 689 496 501 383 305 4TE 454 403 396 M4 131 93 46 30 16 16 4
1580 17768 9424 3449 1147 1635 1477 84S 36 436 41T 363 2T 308 299 07 131 141 76 41 8 8 o o o 1
1981 2487 18442 3932 1055 902 it 482 63 S10 531 694 555 391 T 178 128 63 69 it u 1 9 6 6 2
1982 16666 7012 2516 452 42 159 147 162 162 183 214 201 165 208 161 50 6 B4 T k] £ 9 8 9 o
1983 236225 13457 2006 649 281 144 234 209 191 534 353 163 08 154 134 4 0 2 5 o (] 3 o o o
1984 49086 65476 4448 3W02 2053 TR0 403 53 774 1068 982 999 B4 626 384 219 173 108 89 0 -1 20 15 L] 3
1985 2262 29337 23398 37TE6 1317 1605 1074 1435 1583 1678 2114 1673 1204 1184 T4 3T M 0w nrooum s 9 11 9 18
1986 170290 28410 6154 MM 1134 18T T TIT 1390 1398 1691 2060 1963 1943 1015 342 232 159 96 33 7 2 43 3 4
1967 50691 35633 6605 3990 3457 2624 4828 IBEE 1197 1538 1446 1265 TAZ 604 303 267 119 47 10 1 3 6 92 % 14
1988 204492 17893 9637 2510 1543 2875 554 1825 1467 1737 1712 22001 1002 526 480 144 96 48 n 4 36 80 5 49 233
1989 161223 356353 11436 1786 2078 1383 2756 1312 1028 1305 1160 1679 1421 867 411 233 134 k4 120 93 101 76 102 124 48
1990 §2283 21928 T960 1266 3308 2087 1232 1743 1802 1651 1976 991 385 319 T4 129 64 33 103 140 82 3 10 7 26
1991 40903 16274 3251 2099 1404 BSS 495 585 1892 1753 2752 78S 358 144 3T i [ 6 iz 41 iz o 1 1 a
1992 113825 39164 5956 2287 1149 780 1388 1727 2203 3733 1341 53 241 Erid u n 3 20 13 ] 1 o o o 40
1993 78940 91819 18241 6764 4076 2782 1343 T8 1160 1021 2067 985 591 367 330 113 179 54 99 52 108 ! 84 52 148
1994 61516 33721 19469 6331 46B2 3572 3845 4566 4221 3837 2817 1515 1389 835 1046 365 690 58 134 75 £ o o o 4
1995 139367 23704 10117 M438 8321 9003 38T0 2904 2487 1399 1430 1447 T03 624 499 342 188 13T 68 v a4 8 3 4 16
1996 B2526 3TIIT 12520 TORD 4978 3TES 2337 1134 1461 1451 1683 B9 TR0 TTe 430 192 N8 97 kL] P » o 4 o 3
1997 TI304 30874 13606 60T 7760 4978 1887 1718 2011 1961 1330 733 641 336 a7 208 126 kL 67 15 4 10 6 4 20
1998 68200 48140 2TI8B2 6740 1352 TE35 1251 2969 3231 1621 618 3E3 163 197 120 76 El 10 12 3 2 1 2 1 27
1999 61762 49809 12949 8TSE 5331 3266 1974 1618 S0 3270 1151 SE6 254 138 I 122 144 53 60 40 £l 16 10 6 871
2000 59591 34214 13089 8402 11182 ST36 1652 1722 1727 1162 1075 682 407 243 161 95 93 60 43 in bl 7 4 3 19
2001 3242 60566 20173 8013 2889 268 2060 1930 1730 2281 1030 281 131 100 64 63 ar 19 n 16 8 4 6 4 6
2002 13516 52092 28516  S001 3220 2385 1981 1523 1870 1252 1445 821 426 265 144 B4 a5 n i Pl 16 16 o 5 20
2003 5968  ST445 17767 4841 4967 2354 30EE 1555 2132 3283 4108 %48 622 196 194 66 31 14 3 4 8 1 o o o
2004 34036 30471 9693 4568 1193 2223 2389 1178 1063 ITIZ 2119 618 390 259 159 138 96 65 44 33 3l 27 22 16 21
2005 87608 TI625 24447 2890 2164 THO 99 61 8 138 17T 66 52 3l 12 12 n 9 6 4 3 2 3 2 4
2006 45681 SI819 29308 3170 1213 1484 390 [1E] 66 2% M s M4 62 kL) n F7 18 12 10 8 L} 6 5 7
2007 308 34485 28T S196 1903 1868 1598 Tad 1196 519 1070 36T 48 7 3 r 0 i 1 1 1 1 1 1 1
2008 m 3271 1662 6927 5867 5363 3953 2950 2185 708 546 44 467 S0 32 290 320 143 n7 53 68 38 | 9 EL
20409 S04 1238 1171 3373 1605 2332 2550 1457 654 298 697 0T 41 = 20 5 3 2 1 1 1 o 1 o 2

726



Table A3. Commercial fleet catch-at-length used in the SCAL.

Baithoat 40~ 50 60 To BO S0 100 10 120 130 140 150 160 170 i80 190 200 200 220 230 M0 280 260
1950 L] o o o 93 ] 587 o &7 1684 10B4% 21759 6411 3386 2125 262 L] o L] o L] 0 (]
1951 L] L] L] o 1241 13 816 L] 93 2616 15062 30220 8904 4703 2951 364 L] o L] o L] o L]
1952 L] L] L] o 181 1135 T o 88 2489 14331 28754 B4T1 4475 IS0 46 o o L] o L] o L]
1953 [ ] L] o 19 1066 729 L] 83 1338 13461 27007 7957 4203 2638 328 ] o [ o L] o o
1954 o o o o 1381 1328 908 o 103 2913 16770 33645 9913 4236 3286 405 L] o L] o L] o L]
1955 L] L] 3487 9411 28221 20373 20065 36B59 14308 10540 9577 13441 3781 1TM 1089 131 L] a L] o L] o L]
1956 (] (] 1671 4512 13734 9964 14068 17670 6874 5486 TOBS 11446 3272 1629 996 123 o o (] o o 0 0
1957 [ [ 1890 5327 15395 10899 15859 19248 8015 6053 BI06 13167 3768 ISB2 1153 142 L] o L] o L] o L
1958 o o 1719 4713 13832 9479 14357 16665 TI3T 5307 7345 11952 3421 ITI3 1082 130 L] o o o L o L
1959 [] L] 2576 689 J04T3 14153 20314 25392 10483 TI98 6424 8689 2409 1129 672 B3 L] o L] o L] o L
1960 o L BB 2202 SM6 3693 5730 6191 A1TS 2995 3133 4681 1327 656 408 65 L] a o a o 0 o
1961 o L] 1350 3343 8924 5695 BS31 9766 6430 4493 3305 4l64 1047 532 330 68 n o o o L] o L
1962 L] L] 1515 3685 10080 6229 9737 10714 TOTS  AB42 3386 4049 1104 S04 311 66 12 o L] o L] o L]
1963 [] L] 1184 2633  TEAS 4258 8021 T2 4945 3187 2738 3488 964 45T R4 S0 L] o o o L] o L]
1964 0 L] 1226 2523 118 3926 8638 71 4666 2774 2424 I 788 an 231 39 5 0 L] 0 0 0 L]
1965 L] o 2201 4345 14480 6666 15663 11431 BOIE 4488 3242 3050 TES 339 M9 M 8 13 91 18 36 18 47
1966 o L] 1829 6849 41043 28660 34375 42702 10957 G960 2730 1739 389 7S w0 2 1 6 60 213 380 233 0TI
1967 [ o 1187 3360  1442% 10753 18878 23686 6819 4283 195 237 86 7 k] n 6 1 196 374 3100 118
1963 o L] 5901 13458 12849 BAT4  STSE K167 6560 ATES 2505 1602 339 37 ] il 13 1 152 76 3w A
1969 o 0 BRIE 21676 40806 26027 9446 11968 3983 1575 514 mn 157 sl o o (] o 197 an 483 160
1970 L] L] 10915 25901 37630 23917 T80 11821 9679 2 4142 3T09 1631 4 695 99 o ! 157 618 1011 751
1971 o o 506 30T 32214 20712 9116 12040 6887 3554 TIES 5828 1617 651 416 &0 L] 3 152 551 1032 127
1972 L] L] 1% 1930 31256 19617 37213 3883 28507 2045 2746 6664 35E0 2676 2080 TIX 181 o 164 695 1251 14138
1973 L L a7 1915 218235 18052 6970 B6I3 2045 1314 TIO 1711 1586 1903 2796 3553 1770 206 T3 485 1055 1708
1974 L o m 3341 30924 20530 15323 19034 4890 3096 1199 9IE 45 104 ] L 2 %1 138 298 617 1473
1975 o o 4809 14921 65181 40509 4432 5945 3343 1295 655 596 188 56 4 Fa] 1 7 193 509 910 2837
1576 [ 0 264 1624 11279 20512 6508 4512 671 B8E &40 TS0 533 M1 T kL L] o 107 38 TeD 1813
1977 [ 61 241 8629 3783 4MIE 10065 G446 4551 1988 417 1s4 103 128 03 31 L £l 154 661 S95  27M
1978 [ 4 14796 41952 44226 20813 4138 S545 5977 BSR0 3S3E 1266 T4 158 3T ) (EL 1) 1025 1392 1578 1889
1979 0 L 3618 8559 4918 7413 7226 T894  TOST T35S 2110 1E86  BOS 405 200 160 700 289 07 224 342 1289
1980 o 44 19156 30874 13561 9507 4485 3152 1211 935 1391 1809 1399 961 W45 E8 67 6 136 315 16 M9 608
1581 [ 28 11373 20492 26490 8292 2139 2343 9T0 501 443 387 374 288 15T T3 7 31 214 se 465 251 467
1962 [ 166 6334 10731 12748 13901 376 3973 1572 1260 1089 552 342 369 265 181 20 o 8 46 0 ¥ 1
1983 [ 4769 51814 114988 13765 32803 3679 1972 902 518 183 33 55 15 0 ] 1 4 123 531 M9 97 oS
1984 o 51 5353 36463 36463 104621 18831 17836 8208 2957 §951 1848 3074 1190 244 262 15 191 97 1 L 95 L
1985 o 16 §2584 56445 38248 26040 18268 13398 3134 3408 825 649 420 128 22 o L] 26 L] 198 08 91 2
1986 L] 249 33367 60367 BA61 26852 9436 2645 1875 3025 645 462 211 49 L] 1n 0 14 i 108 9% a1 ]
1987 o a8 TS96 24473 T4264  L0BTS 3169 1397 1557 2128 755 1814 TEO 130 a3 0 o 0 1 75 21 0 0
1988 (1] 4861 103483 95600 38746 20285 4599 358 1349 1323 1042 TI5 407 403 4 ] L] a [ o o 0 o
1589 0 170 20776 109225 72168 22753 TE45 1I7F 1283 1164 B 267 W7 @ 21 3 2 o 0 o L o o
15490 (] 1826 21980 30312 13237 29567 12443 10013 1567 2922 3643 1476 301 14 2 3 4 o o o L] o L]
1991 [] L] 3333 43068 26779 3TTOE  28TS 4548 2300 2733 204 402 M43 412 M3 B4 68 103 16 s L] o o
1992 L] 2196 15658 18657 15958 37892 1BOZD 1699 1324 1111 577 433 353 16 43 0 8 0 o 0 L] 0 L]
1993 7 466 GBS4 10694 G4TT®  AS321 21083 215513 B963  TI0E 2337 1196 6ES 498 8 ] o o o o L] o 0
1594 o 12 2278 49293 65513 12950 15623 4602 4011 3B33 3680 Ml44 366 38 10 n 2z 2 2% 7 50 2 T
1995 o 317 428B4 96816 18451 33376 S58S1 10009 4338 1993 607 264 162 16 4 3 o (] o Q o ] ”
1946 o 1263 119510 1321501 S2680 36563 AT4E9 23613 15510 15208 6210 Q854 XT3 170 7O a2 43 @1 82 a » 38 60
1997 3 1120 38146 S4064  I3S11 31120 49436 9046 5779 2 321 134 02 T 7 a2 255 285 138 340 11 493 1238
1598 6 1801 38600 13191 30854 21873 15648 14126 18234 5000 908 608 604 482 242 43 4 26 8 283 W5 18 %
1599 L] 53 3153 3612 312 2111 2221 1514 T3I9 6512 9668 3205 1674 TET 156 T4 53 54 £ 8 47 1 46
2000 [ 41 1476 33465 17035 7469 5589 4306 3TI4 2108 2873 4262 1981 621 861 1114 T3S 334 160 87 42 13 T
2001 o o 37 1856 61949 40689 13463 10428 3588 2193 1034 773 1309 1164 292 31T 438 296 155 203 82 35 43
2002 L] [ 12568 17459 15089 S6243 36966 15260 3363 1674 BOO 31T 118 BS 200 398 378 369 M0 152 T8 a1 is
2003 0 0 9 3145 0754 11215 11160 4443 643 375 &M 1237 538 134 144 516 1240 979 531 23 &2 35 4
2004 [ o 207 51313 S4662 15202 4951 4524 4254 1606 B11 666 369 332 153 B0 194 485 Sl0 258 99 6l 23
2005 o o 1 103899 47472 10375 22193 433 1919 1456 2081 900 300 6 113 & 58 47T 6 158 19 13 10
2006 [] L] L] 19261 23361  6T13 11124 261% 5167 1289 698 380 621 670 163 61 T4 87 i6s 77 100 7 L
2007 o L 0 a 8771 23116 4315 13690 15147 4146 3845 3397 655 TI3 283 105 24 426 168 100 60 20 2
2008 o L] 1 41 13803 16780 18814 10130 8336 6682 2002 270 68 288 42 202 260 312 182 M7 143 83 44
2009 [ [] ] EEd 2185 9384 TTET  Te9d4 5536 1788 1276 1431 2306 1166 316 305 251 196 0163 108 48 2 18

Lomgline 40 50 60 ki) 80 90 100 10 120 130 140 150 160 170 IS0 150 200 210 230 230 M0 250 260
1957 [ [ L] o o o [ L] o o o o o o 4 & 10 4 33 51 33 1% 2
1958 [ o L] o o o o o L] o L] o o o o o 1 o 2 3 2 1 L]
1959 o L] L] o [} o L] L] L] o L] o L] o T 10 17 T 59 87 56 i1 i
1960 o 0 0 0 0 L 0 o L] 5 107 B4 148 68 9 777 1133 g 147 276 L] 0 L]
1961 o L] L] o o o L] L] L] 2 44 36 62 2 41 326 477 181 76 138 20 15 7
1962 o o L] o o o o L] o 26 339 430 TS4 351 510 3936 5737 114 T 139 0 o o
1963 L] L] 2 48 a1 £ 51 n 60 124 450 402 TB4 276 853 3114 4633 2322 1007 1593 280 02 145
1964 L L 17 38 31 Fil 15 n 18 12 14 36 180 124 152 1170 1719 834 558 513 124 64 9
1965 L L] 3s 77 65 42 17 34 34 35 98 76 159 114 141 716 1055 438 260 619 496 276 145
1966 o o n 62 2 35 3 50 45 38 13 56 88 65 104 258 395 384 346 416 36T 210 140
1967 [ L] 7 17 16 13 21 L 4 ol 12 2 61 S8 130 2% 440 457 280 197 153 108 182
1968 [ L] El 7 6 £ 44 68 61 43 18 66 105 80 11T 27T 415 5T0 358 448 40T 4 137
1965 [ L] 0 45 M 26 » a6 a1 i3 b1 63 k] BT 161 488 422 386 2601 362 19 115 19
1970 0 L 1 2 2 1 L] 1 1 2 8 18 15 a6 139 189 126 1o 485 B2 51 73 612
1971 o o o a o o o 5 1 2 3 A 41 102 68 155 163 284 223 160 156 101 1M
1972 [ o 3 11 8 6 n 0 12 15 4 s 43 25 103 207 363 33 N3 30 ¥ 170 81
1973 [ o 5 1 9 [ 14 v 21 2 L] 3 kL) 42 95 189 X4 383 3 401 434 M6 332
1974 [ L] 4 133 16 2% 12601 1293 BT 1383 1532 1088 2199 1131 1037 85T 1498 3133 2974 4192 4657 2909 2042
1975 o [ ] 19 121 50 7 102 330 688 362 457 449 39F  S02 836 1104 2983 476D 5936 5834 3866 3649
1576 o L] L] 2 9 33 48 45 5% 180 9 271 155 2197 267 456 571 1205 1988 25R1 4430 2410 2446
1977 L] o o o 13 4 is 1 a a1 55 163 IT4 501 1012 1200 1631 1796 1926 1714 1443 1565 1017
1978 o o o o 0 L 19 L] 115 6 164 203 6 116 a8 123 280 127 as 174 372 1935 901
15979 (1] [ o o 2 s 26 18 93 T2 -1 375 948 1145 1979 1752 1168 357 143 108 57 L2 62
1980 0 [ L] o o 13 55 58 £ 40 113 14 1M 297 532 616 %43 TTT 1130 683 M7 M43 1M
1981 (] 2 1 2 17 2 40 38 2 i ke 63 201 291 610 7R3 678 642 695 667 262 220 368
1982 [] L] L] o [} ” 1 e 306 15 133 200 629 594 3220 1900 622 1421 2284 04T 6909 1411 1679
1983 L] L] 3 9 b3 127 170 218 241 415 BO6 696 1076 1704 1891 1707 1845 4083 1TIS 1865 1948 1052 431
1984 (1] 1 u L] T3 68 64 23 164 166 233 391 528 843 1126 2086 3521 2372 195 1240 656 381 621
1985 o [ 16 21 114 106 124 148 133 144 266 332 390 55T 519 355 695 BEE 1166 1846 1358 962 1048
1986 o o o 14 s 180 161 Ex] 176 267 549 601 537 407 536 48T TT0 1426 1581 1596 1025 412 157
1987 o L] L] o T 61 49 63 111 104 157 3a4 873 763 AT 84T B0 971 1077 1343 1211 980 518
1988 (1] [ o 3 9 63 139 m 30 219 132 192 628 1001 1066 1553 1350 1753 1618 1333 1193 793 550
1589 L] L] L] 15 21 393 364 664 491 404 462 S48 77T 1158 1189 1265 1081 1095 1164 65T 906 652 1013
1590 1 ki | 296 7 358 653 493 486 M6 334 M0 679 860 1080 1364 2031 2297 2510 1883 1126 &% 535 687
1991 4802 3342 245 216 an 433 465 371 127 518 665 511 991 1322 2129 3049 TSE2  TSS6 5405 2851 1262 538 1788
1992 B8 453 554 652 1251 610 438 674 802 S92 1245 1577 1406 1517 1905 2097 4678 3655 6194 4064 4027 2333 1736
1993 100 1349 662 1935 6101 1200 1186 229 852 1155 1776 2037 2062 1433 1475 1495 1518 2765 3369 2TO0 1723 1408 3325
1594 2937 12T 13993 5371 13113 3763 97T IITD 2449 1684 1023 2032 1626 125 4634 4623 SO0 36T 4555 ST 3573 2047 4120
1595 136 431 123 231 548 362 353 336 858 B9E 1983 1851 6184 S5T0 3942 4470 6BA1 4648 5501 TIBE 5976 41S6  ETOT
1596 L] 2 204 505 2203 1151 364 343 4 9B 1089 1258 1787 2784 4661 SBS6  TI4  TM4 7254 6BRE 5921 4310 8306
1997 (1] 2576 21557 3396 16242 12742 5990 2931 1791 2853 2502 1127 2455 3572 4228 6489 BT TM42 6996 S0M3 31T6 2. 3645
1598 L] L] L] o 8 23 15 a1 211 139 135 474 961 ITOZ 2206 2429 4915 T9S9 TAES 4603 2713 1980 2331
1999 o 14 4z 433 85 124 203 529 m 1678 2101 2836 1561 2404 4509 S420 6ST2  SER3  S361  AT9S 665 BSD 1113
2000 o 166 404 140 877 145 149 1053 1765 1516 2033 1522 IRI3 2596 440 4546 TST4 6400 4850 %44 3253 1TS1 379
2001 L] o 2 485 609 2060 6636 2366 803 936 TO4 1172 3392 S50T 8116 T3S 6420 ST69 4453 2660 1304 1183 460
2002 98 11584 333 175 2814 2150 1930 1663 1076 1051 636 969 1013 3TI4 6246 13136 11067 TI2$ 5260 3240 1601 ST 453
2003 0 3234 5089 1453 3330 3106 3422 3003 1908 1698 1483 1963 1436 2259 2531 3324 5096 6430 4177 2234 1012 590 458
2004 E 959 B30 870 2402 1126 1552 1085 930 1222 1253 1260 BS54 2152 3418 2845 2B10 3828 4353 2787 1116 697 930
2005 o 36 3 81 446 575 1136 435 376 819 1001 ITAZ 1713 1768 2535 2901 4713 6214 S6TT 3008 1424 631 483
2006 o 53 119 4440 6360 6285 13812 3897 1180 600 771 1013 1338 2148 2543 2377 2120 2144 2598 1324 1128 S8 3%8
2007 L] 846 18 426 6530 22440 2736 4713 1874 1708 1307 1059 1344 1444 2957 3477 3387 3148 2761 1826 1017 78T 403
2008 0 o 9 513 17741 227 6018 3792 3878 2189 2981 2658 1742 2139 4607 4T3 4TI 3564 3000 1912 1360 6 639
20409 [] 1] 220 STS 1110 TITE 2256 1081 1240 864 654 85T 6960 11646 2521 4961  S657 2800 1646 8B5S 556 303 284




Table A3 cont.

Purse seine  40- 50 (20 0 0 90 100 110 120 130 140 150 160 17O 180 190 200 210 220 230 240 250 260
1950 13699 o 9746 20233 1T041  10MET 107 153 129 468 498 SIS0 10664 10047 1866 436 106 459 211 123 106 58 n
1951 3384 L] 172 2433 1030 1342 814 1190 997 1550 1837 8982 S083 21878 23651 S1S8 1891 673 1107 173 244 130 49
1952 308 (] 299 631 23 368 40 1379 535 381 659 2747 10489 26165 27850 52613 17223 4329 1859 1244 662 331 128
1953 43343 o 01 1884 1573 1043 B 1082 BBE T3l 2164 7Tl 5364 13057 26657 24761 14398 ST43 1637 1139 634 31T 116
1654 154 [ 1359 821 L3TE 1466 s ” 320104 1026 1390 2006 6955 6174 G057 LITHL 15SE5 18270 10360 4677 2211 858
1955 o L] 98 390 464 9412 16196 5311 5991 2405 5326 5007 9796 6046 3511 10183 TE26 8524 16499 13528 6514 2817 375
1956 L] L] 67 268 319 6466 11127 3627 4091 1397 340 1104 1474 611 TTX TR 705 1182 3361 6548 G0EE IS0 1419
1957 L] [ &7 269 320 6487 11163 3639 4104 1402 309 486 3006 TAEE 5323 3537 SIS0 4121 6685 S48 2644 90 T2
1958 o o 432 1371 3455 7822  J4IB1 4909 S663 3312 O4T4 IB580 6283 3473 3511 4659 2833 2038 2774 2306 2146 2209 1223
1959 L] L] a2 168 00 4083 6974 2273 2864 §T6 169 119 101 436 397 S48 1103 1266 2630 3432 3818 438 TI8
1960 956 o 896 1916 5943 2486  TI09 4350 4014 3204 TO4T 14572 4279 2266 1T42 2166 2101 2394 4672 4447 35T6 2374 TS
1961 11583 L 1612 3175 10347 4094 12589 7263 6403 4509 10001 17723 SI2I 273X 1797 847 1997 1891 6766 10499 90T 6672 308
1962 13T 0 1098 1921 TIT1 2620 K311 4087 3697 3280 8343 8713 2866 1330 88T 336 381 8T 28T S048 11108 10036 5450
1963 764989 (] 1242 2111 BI3T 2892 9409 4581 3722 2151 4205 6590 1962 1003 GBS 236 646 1505 1376 692 3TD 265 344
1964 18780 o 4481 B46]1 18968 TTIS 19356 11006 BSS3 4626 5460 TS96 218D 1134 TS0 208 23S 785 1267 1184 1232 1903 2650
15968 A5 [ 350 09T 12011 5045 11009 6358 510 3172 212 M4 64D 1w s a8 #0127 41 1398 3330 4407
1966 280125 30740 2668 6972 17555 17590 27131 25BSE 16108 11025 4413 3964 1293 n 6 o 186 468 271 509 141 2251
1967 451068 55717 2857 6998 19369 21489 34261 30237 20492 13405 5696 5390 1842 133 08 152 134 BT 40 T4 1363 sS4l
1968 469193 0 634 1977 4708 1394 28401 13619 19235 11172 4484 53R 1836 ELL I L ] 67 146 191 41 524 206
1969 12600 O 6312 13402 12957 24851 33007 22886 15271 13625 4909 2211 1059 873 752 605 299 263 465 S04 BT3 2930
1970 19637 L 833 290 6071 6574 T469  T609 3307 1399 1803 1M9 2199 1490 985 1846 1885 1610 T2 155 24 1358
1971 40386 T8 3% 8354 11780 27028 14310 6151 2964 1379 XTI 416 1043 3110 3558 IT43 1378 B30 432 513 80§ 2600
1972 748 142 1208 3525 23148 TTT4S 44093 21567 10251 5670 1539 100l T49 381 514 1296 294 269 M6 60T 897 1978
1973 o 3 563 6225 14500 26819 41276 17734 S5O0 2412 1S40 1175 1284 21514 3702 2643 BO9 59 490 TA4I 935 23I0
1574 2419 2133 31733 11016 20874 66167 21373 15342 23384 23009 4406 3148 1364 1738 2914 5389 1365 1000 1169 1845 2412 4850
1975 38162 3766 36469 26919 76577 IS1008 50342 30414 BSO2 10671 5748 5183 38SE 1729 1826 2341 1535 1081 2675 3181 2409 4501
1976 1001 408 2374 19003 27TS 97544 165373 BOMTE 31208 18402 13176 4919 2839 1155 926 1938 1066 1124 1752 2232 2387 53%6
1977 B598 13424 27861 J60B4  SEBSE  BTAT4 49009 32496 30773 10275 X483 3183 2841 1042 443 336 582 1038 1415 1924 2638 6793
1978 1 ns 6051 27313 72026 31855 TO245 53147 11753 4245 IS11 39 408 659 B0 607 1978 1016 874 962 1314 2823
157% e 14 A8 1333 STTS 20283 46829 11513 23369 10942 3130 1163 338 140 199 161 1058 1086 TT3 2109 1671 3300
1580 244 21 37055 40478 44417 69638 66628 33461 20102 6886 3930 2031 M7 677 675 1350 1646 1775 2237 2002 313
1981 2096 956 15549 22720 106741 141136 92706 30616 8638 3289 6704 3923 1292 1090 923 958 1443 1019 716 469 1084
1962 1340 13558 112255 187158 153434 101502 140535 66861 31548 11513 4106 1736 963 782975 940 1155 1467 1786 1220 02 884
1583 160 73TE 97319 117019 53123 TTR60 103466 32226 18680 BO063 5544 4450 1799 4847 1631 1813 4425 1277 1565 1513 1182 414
1984 1 195 16915 82917 1521169 167116 ASE63 20109 9556 9957 4842 IT09 1607 1331 969 1277 1247 1748 21587 2169 1440 1442
1588 15 G52 9653 20827 6776l 11SBN0 95634 119476 43153 14381 3839 2630 2614 384 XM 263 398 1021 12T 926 430 3N
1986 152 6507 164062 138185 40609 BO4TE  TI4TI 39287 46520 11810 3214 3049 2045 943 497 578 3T6  57% 963 Bl 539 383
1987 58 3270 SDI44 SGITT 106531 156479 E63T3 2668 18131 9954 4746 2430 1062 633 S0 733 9S54 S84 480 358 195 103
1588 199 G988 125440 203164 38350 60442 124113 63424 34119 14839 6760 3307 2313 1296 B61  137E 905 6T s66 28 42 140
1989 69 2816 39909 99828 120166 135896 54563 47153 30499 22962 6118 1079 575 IT98 575 651 491 30 407 294 204 306
1990 1626 35548 130396 1221515 143523 107600 109674 40111 28499 18540 5136 13212 496 664 699 1069 1418 671 395 353 174 244
1591 A5 14255 64610 85124 154803 134984 117169 48117 28641 18508 4233 20014 5n 624 1016 2416 2983 1909 10485 621 336 S08
1692 L] 35 15277 39367 167260 245831 165299 $9390 36900 TESE 1559 11306 4571 5355 3781 3369 5761 3315 1993 TIE 178 184
1993 o 1647  11TOR0 T9S09 21472521 333TIE 114164 63G1E 213E9 10724 111921 6121 S3SE 4696 4399 3998 S163 4077 IS0 669 893 350
1594 64 1069 18982 11BTI1 225023 114481 97110 49943 24049 19503 15198 15199 13019 8001 TEI® 11461 14961 1349 TS34 2686 1136 1396
1995 16 951 45007 109400 65096 145386 156499 95574 27991 18357 18516 29512 10407 T606 SOTE 4973 TE9T 11912 E216 2534 614 319
1996 o Lo 23353 95391 460007 B1352 121556 102010 64874 31919 14036 420 9241 4900 4915 6505 9685 10261 6204 2658 273 96
1597 o 3300 12120 100216 107281 207354 TI0MT  TES42 44385 334TT 28582 2417F 16248 GEO0 13263 13996 13260 2562 641 398 433 616
1998 L] 477 41245 267921 88409 165618 197701 58916 S0TI0 52005 19992 38801 32333 1425 1158 962 BS5 1108 1366 1054 391 736
1959 L] B9SS 30083 17BI29 SSS4B  1SS101 39670 BISTI 43656 212095 9114 5540 1679 1372 1409 14773 BIS6 1251 Q156 B33 5TT 408
2000 0 4T4SET TIZ20 273NI0 O35S 19E3SS 54863 20560 20258 18613 1ST6) 18472 10249 1903 1910 1238 1131 1207 1046 900 B33 1490
2001 o o 3 127 B9619 55528 42665 64176 34309 11264 9112 4497 STSS 2720 4822 3071 17563 B364 1669 E54 7M. 108
2002 1" 515 11032 141812 168128 113593 39165 28443 15346 13383 10THE 6006 1681 2082 3220 6833 14247 2685 2059 1464 2387
2003 33 s o 14598 33488 52839 20860 14159 13941 122TE 20407 11734 11436 3650 6476 4176 BG6I 17661 6247 3023 1836 1291
2004 L] o o 3B3ST  TTE26 S4791 104753 36013 139EE 6599 4353 6215 13BI3 BI76 1024 10051 14354 17200 2446 1903 1329 3464
2008 L] L] 201 101942 GH9E9 225846 S0431 36253 17964 GRS 12790 9E61 4938 16600 430 6978 24744 20630 4699 635 182 389
2006 L] L 4885 TOIIE 91586 8523 |12272 TEI9 20488 4888 174 S64 445 169 140 8 T4 46T 2T 560 114 298
2007 o o 0 o 4152 2976 207 34357 20367 16344 18530 14373 2755 1309 829 1004 1060 1271 740 989 803 1619
2008 o o o o o o TEE G362 11474 14830 16193 1186 3203 614 909 063 3319 23885 TI 2191 118 1628
2009 o (] o ] o L] ] 760 11514 9930 E269 1500 BT4 417 490 1072 962 T03  S0T 264 207 344
Traps Al 50 &0 0 50 0 100 10 120 130 140 150 180 ™ I80 190 200 200 1200 230 240 280 260
1950 B2003 L SE340 121120 102012 62796 @ HE4 995 1123 3871 3502 3048 5549 10027 9573 14115 17208 9775 3759 1141 636 349 129
1951 24606 O BR2Z O ITTO2 14908 9T6T 6089  ET0T  THOL  ST69  IB46 2397 4284 T4 TI6D 10939 1330% BIS9 3861 LTI 1778 WS 3%
1952 888 o 863 1819 1510 1067 1443 4044 1B3E 1998 3038 2771 4980 8656 B39S 12736 15774 9376 4261 2315 1763 9% 370
1953 170234 o 3538 TI9E 6179 4NT 3100 4351 3930 3E0S 4546 4081 T42E 13001 121580 18987 23356 13TBS 6044 30B4 1281 1136 45T
1554 73 [ 418 002 a8 2619 188 176 413 1082 3230 33TI 5313 9420 S464 14176 IB4M4G 134138 5330 2197 1459 886 376
1955 45 L] 82 189 160 16 263 104 376 1107 3511 3761 5497 10166 10313 15064 20029 15918 5300 969 251 m 169
1956 53 o 19 a0 3 5 457 217 6B 1T SS5EE SW9 ETIS 1187 288 265 158
1957 1 L] 5 Lkl 8 5 9 Te4 31T TS 4230 SOTR 23TA2 3067 3091 4603 1387
1958 139 299 10159 1410 438 &4 30 132 1124 4949 12424 14935 13826 19995 19578 13454 15463 10101 12812 94218 4774 SIS2 2980
1955 48 L] & 12 10 @ i3 104 1214 2B3 1084 2504 641 TIB6 BTE3 12656 17316 17I16 12391 8591 3383 1685 329
1560 EL) o 4 Ll 7 8 2 83 584 609 2634 3538 7207 THIS 10736 18314 19009 13911 8946 130 2535 1144 220
1961 336 L 6 1 9 10 s 55 E21} 480 638 31921 5385 3BB6 4831 15206 19408 12732 6909 3213 419 633 116
1962 3416 L] F o 2 1 4 13 207 Tel  IR99 6319 4553 2455 G204 16523 17934 13883 8949 4053 1948 634 200
1963 146836 (] n 23 19 4 M4 N 96 409 914 1721 2526 2400 1429 2286 4169 4673 1807 826 292
1964 350 26 87 L] 134 343 645 11%6 21766 2659 2607 1965 2127 4662 2848 1681 2109 TITT 3390 1353 233
1968 El o 134 73 230 147 % 28 s 9T s 28%6 5240 2038 90T 2178 8709 8703 4277 2168
1966 4113 452 9 0 ” n £ 114 72 1478 1625 3335 3410 3284 1953 2196 3950 3610 1605 255
1967 T899 976 P4 5 L3 4 7 16 38 TED 2058 6705 BI74 1600 2600 35E0 3348 4684 3736 1613
15968 988 L] L] o L L] [} o 61 T4y s 247 S0 83 13 120 2321 2206 152 103
1965 E 46 384 385 1298 &2 16 B 36 308 1635 1499 1196 3410 3281 2137 3397 3308 2571 2959
1970 200 o 4 g 7 5 1 4 33 11 118 1376 1185 1703 1893 2823 1620 1411 816 651
1571 2946 L] o o o o o L] 2 4 5 445 12 821 1179 1328 K 825 835 1377
1972 T L] 3 9 8 & 8 42 33 46 7 178 448 479 783 611 1391 7. 724 636
1973 16907 438 2 5 1 3 6 10 17 &0 B85 133 122 239 458 493 T 872 616 04
1574 16058 L] o o o L] 1 I L L ] 74 20 45 STL 538 T O1023 1398 1280
1973 o (] 12 2 5 (] o o n s 98 jo1 e 1 3 33 1143 1650 1402 1283
1976 o L 0 o o o 0 L 7 48 139 360 M9 208 144 131 1143 1385 1426 1699
1977 L] L] L} 16 - o o L] o 1% 60 44 300 s I 2N 12458 1360
1978 L] L] 0 o L] o ] U] 0 L 31 193 m 21 . 3 932 1219
1979 o L 0 o L o ] o o 15 us 345 i a7 2 626 578 T
1580 o e 174 o o o 4 o EE] 3% 67 198 405 403 238 359 688 T4l
1981 160 o o o Ll 1 62 151 119 167 160 T20 1062 1626 1082 620 261 55
1982 o o o L] o 10 434 409 192 523 4% 931 1692 1763 2343 2064 1132 1066
1583 L] L] o 3 o 38 3 20 8 43 M2 484 687 225 941 1334 1872 708
1984 o 7 ki 42 518 462 166 455 308 350 310 912 1125 1367 2644 3638 916 647
1588 1% 435 2966 o o o 7 49 163 341 142 aX 466 464 602 B 855 M7
1986 L] k) B66 5007 14948 TITE @82 312 o L] o 53 169 150 176 306 748 655
1987 o o o o L] 2 3 m 52 T4 582 336 387 406 427 659 886 693
1585 L] 26 133 82 3l 1 15 ELl (1] 43 61 681 T2 816 684 837 2387 1796
1589 128 430 142 o o o 2 L 6 ] 1291 1589 2462 1165 1566 B3 1185
1990 o L] L] o o 0 0 4 17 n 610 1355 2360 4691 4086 6290 1064 1173
1991 Ll s %0 0 83 1401 1496 2495 1173 833 953 1768 1026 1147 1624 2681 531 1259
1542 o 0 16 u 109 13 a6 50 4 n 4 119 1624 1685 1623 1801 296 342
1593 L] 1 3 7 1% 4 6 15 2 L 56 173 208 413 650 1123 1278 118
1994 o o o o o 1 53 184 274 311 1508 2475 1660 1364 T80 1001 BED 1524
1995 o n 280 o o L ] 2 154 185 243 286 265 363 T46 1519 508 1243
1556 1 42 44 9 0 2 25 1§ #2039 2030 1487 996 64 TI0 S50 946 T 2644
1597 o [ o 1 15 33 26 130 653 2015 M4BT 2058 2016 14T 1938 1839 481 1001 1953
1998 o o o o o (] 1 4 10 2 465 1164 1476 1580 1929 3576 1187 1576
1999 o L o o L o 7 e 346 185 364 406 76 610 912 84T 1450 1586 1972
2000 L] L] o o L o o 7 496 1249 1930 1213 1782 1816 1377 1408 2498 o 630
2001 o L] o o L] 37 348 616 1537 1531 2081 2087 2635 2556 2648 40014 3485 W 612
2002 o o o o 1 n 185 328 744 668 BBT  B32 1060 1036 1467 1972 2413 1126 %01
2003 o o o o 1 o 1 un 107 93 s03 T43 TIZ 676 850 4TI 2501 589 395
2004 L] L] [ o o [E] 20 76 108 130 283 328 307 A2 336 905 1842 697 423
2008 L] L] o o L] 9 0 4z 63 8 147 2% 366 620 1061 11TO 1377 427 307
2006 o o 0 0 o 3 19 53 34 237 480D 6% 1934 1711 2504 1561 18T4 1078 637
2007 o o ] o o o i3 435 165 155 S48 819 2896 2456 3047 2008 2159 1730 1044
2008 L] L] 1 18 "7 (L] 4 63 '- 144 1785 182 326 367 633 1632 1817 1380 1649
2009 ] [] o o ] a o 2 107 325 425 599 515 ) 1021 1T40 1902 1816 778




Table A3 cont.

Other 40« 50 60 70 80 90 100 1o 120 130 140 150 160 170 N80
1950 20996 [ 14937 31011 26119 16084 305 281 402 1339 2270 4402 B6S2 109TE 6447
1951 8387 L] 2905 6034  SOB1 3334 2186 2995 2676 2538 2697 4100 5336 114350 11672
1952 451 o 438 924 767 2 T29 2053 928 998 1591 1797 4147 8532 8675
1953 73184 L] 1523 3185 2660 1773 1390 1877 1709 1736 2301 2542 3893 TIST 8085
1954 185 [ 1634 3391 2859 1767 109 " 160 366 1078 10S4 1901 3495 3382
1955 il [ 785 ITTT 1618 BS46 143385 479E 5525 2530 2843 IS4 4300 6459 6014
1956 L] L] 36 143 169 3437 914 1918 1T4 T43 149 423 164 86 313
1957 [] L] &7 267 36 6437 11084 3607 4064 1408 173 293 658
1958 L] L] kN 127 151 3077 5289 172F 1996 TIT 136 281 156
1959 o L] 42 166 198 4019 6921 2251 1576 86T 168 549 343
1960 613 L] S0 41 217 2217 4424 2217 3S62 2629 1652 1127 631
1961 5084 L] 14 307 278 3158 6309 2819 5020 3433 1191 1993 1818
1962 56175 o kL 55 0 1132 2124 97 1728 1773 1193 3041 1482
1963 393548 0 41 174 166 3485 2 2200 4648 2990 1656 2543 1951
1564 5150 L] 653 1482 1266  S648 9677 3806 TINT 4522 1527 2257 1063
1965 179 L] TI0 1490 1266 27H2 4060 1873 3411 3165 S19 1929 930
1966 60318 6619 1M 263 24 149 132 4 3 4 99 3418 891
1967 TS 89N 1 a8 43 64 118 79 137 216 09 1464 1418
1968 99240 0 0 o [} o 0 3 16 1m 397 218 489
1968 o L] L] o o o L] L] i 1 551 1130 42
1970 603 L] [kl ELL EL m a1 184 307 285 149 2 87
1971 ar1o4 L] o o o o L] 5 L] u 13 an 50
1972 15977 1] 51 126 m 82 19 178 169 156 33 ¥ 21
1973 38113 o8 n 46 342 20 a7 126 45 L) 21 21 2
1974 38113 968 5 n 9 7 £ 23 23 M 13 13 17
1975 3M973 984 6 143 1214 807 610 0 M0 169 8% L 39
1976 38080 987 13 EE] 90 &1 36 41 30 i3 n 26 3
1977 125508 8426 10 54 148 296 k] 68 56 43 0 45 105
1978 105399 6965 1272 5076 6953 2407 1153 )220 884 1668 T6S 502 197
1979 17403 696 12 107 318 B66 1053 994 41 1480 S5T3 219
1580 524 529 6386 11279 S396 3855 2017 1417 693 555 BB 1118 938
1981 101 L] 6638 17088  SI64 6641 1816 2502 1168 T4 502 184 216
1982 E2419 6541 3727 EB6E  4SB] 2802 1667 1348 591 226 167  BS 95
1983 289906 41904 73435 153369 B419  T408 1982 913 368 394 212 ux a3
1984 17001 T92 21816 26236 13944 3S44T  TI01 3639 2084 1658 1208 515 400
1985 13596 13124 6432 10849 96T 14956 9863 15051 3532 174 BRO 1002 1049
1986 22639 11137 S6269 100191 15292 9805 4421 2961 4163 1389 411 985 643
1967 90018 1B61E 17619 26155 18599 15010 3429 3532 21705 1916 1822 2020 1841 3340 2543
1988 28501 3983  EBS620 09877 16524 8236 7875 5028 2195 1211 1130 1088 2230 3910 2612
1589 17220 12301 53834 74240 39581 24280 3247 7602 3144 1382 1556 82T 1030 1855 1588
1990 40609 30019 23654 45337 11998 11208 4970 2250 1326 1564 2208 1751 1139 946 1091
1991 66454 44TEE 6157 23538 10867 6719 1357 1756 1517 1002 960 54T 512 389 319
1992 40143 1TE90 67438 41106 11868 21554  BIE6 2125 1727 1096 TE6 524 402 T48 B6T
1993 11276 5998 43807 30405 45740 43610 10998 BTI0 4735 1248 1883 2436 1973 131 918
1594 13139 12000 13653 38423 14605 14058 11988 11217 4004 2909 2846 2689 2115 2873 1996
1995 34866 24351 31502 BTTI3 9454 I23E2 12969 4103 3061 3398 480 6036 5498 3023 2012
1996 31303 20034 44326 23TS4 2BRES  TIl4 TS 5660 41885 3877 3249 23E2 2365 17T B33
1997 1159 6485 44594 22502 10973 16795 9305 S504 3061 3305 4493 4460 3288 1529 14TE
1998 1% 4404 36625 36475 15144 19975 23953 S6T0 4129 1677 546 3899 4231 6l 1476
1599 122 616 6906 55157 13304 34464 4011 10659 4880 3063 3933 1691 1450 1386 1125
2000 1 9234 14664 31277 23424 13441  BS28 3883 4237 5637 6374 6061 3025 1128 1166
2001 o 144 1312 1492 28647 21609 12091 10628 4804 2011 1922 1730 1506 1592 1045
2002 L] 269 1909 9556 19111 29128 20562 TEO4 3713 2291 1796 1753 1513 1506 17
2003 (] 70 1186 5561 33817 19438 13017 STIE 2465 1916 2115 M2
2004 47 BSE9 4918 18097 17666 11040 6677 4404 1296 1656 1342 1511
2005 612 1914 7503 73478 56086 19536 20327 3588 881 211 48 k|
2006 32% 10014 2718 33TTE 48431 11160 14248 1487 624 719 TE2 200
2007 [ " 6 78 512 1808 175 39 164 141 123 18 44 97 T4
2008 [ L] 7 139 1635 1233 325 406 615 1458 1704 2605 2005 ME 812
20409 220 163 136 129 118 543 214 128 436 397 378 144 269 15T 270

150
8253
10431
14854
10867
4923
9462

a1z

935
1365

318
1214

1431

T34

1164

EL

178

85
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220

593

139

156

200
@789
10601
10576
12104
6555
11247
1044
1568

827
1627
1337
1320
1203

178

m

ki

1403
1167
1017
1356

1294
1562
EFEE)

34
1843
1189

) 1)
5395
1450
1499
1438
1872

37
0
a7
is4

1012

483
1001
m

a6

1o
B2
1064
156

Fil
4

13%
296
159

ELE]
498
182
559
0
1716
1322
1
1584
1188
1402
1950
2329
a2
3
1268
1478
1802
1604
3145
1085
19493
1381

1950
163
230
52
473

2074

2449
3350
3867
132
1015
2383
93
1291

1078
193
195

s

14
191
177
952
155

30
35

167

156

423
211
1436
1636
mz
4
1246
092
988
1Mz
1
444
338
633

a0

751
142
261
EEES

n
a7
3Tz
[543

238

s
485
ELY

251

888
1442

2421

1049
1706

516
iy

634
248
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141
281
141
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1313
1854
538
605
554

m
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452
nuun
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491
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Table A4. CPUE series used — values followed by associated standard errors are given.

Mor&Sp_Trap SpBB SpBB_hist JPLL_EastMed NorP38 JPLL_NEA
Units numbers biomass biomass numbers biomass numbers
1952 - - - - 501.78 17.82 - - - - - -
1953 - - - - 457.50 24.50 - - - - - -
1954 - - - - 428.84 17.30 - - - - - -
1955 - - - - 496.75 17.35 - - 36.20 1.00 - -
1956 - - - - 537.53 17.38 - - 21.25 1.00 - -
1957 - - - - 468.33 17.97 - - 28.61 1.00 - -
1958 - - - - 356.49 17.32 - - 24.13 1.00 - -
1959 - - - - 365.99 18.07 - - 3241 1.00 - -
1960 - - - - 299.89 17.56 - - 46.83 1.00 - -
1961 - - - - 269.75 17.33 - - 51.84 1.00 - -
1962 - - - - 236.13 17.59 - - 64.67 1.00 - -
1963 - - - - 309.28 18.91 - - 1.67 1.00 - -
1964 - - - - 266.71 17.80 - - 33.98 1.00 - -
1965 - - - - 291.83 19.10 - - 69.60 1.00 - -
1966 - - - - 306.86 18.21 - - 35.71 1.00 - -
1967 - - - - 289.25 20.18 - - 61.06 1.00 - -
1968 - - - - 393.57 19.70 - - 23.53 1.00 - -
1969 - - - - 325.86 19.77 - - 28.06 1.00 - -
1970 - - - - 519.46 21.67 - - 42.76 1.00 - -
1971 - - - - 373.73 19.78 - - 43.52 1.00 - -
1972 - - - - 385.24 20.37 - - 43.05 1.00 - -
1973 - - 475.37 37.00 - - - - 42.15 1.00 - -
1974 - - 549.35 39.00 - - - - 45.72 1.00 - -
1975 - - 578.55 37.00 - - 1.90 0.15 38.00 1.00 - -
1976 - - 53541 38.00 - - 2.15 0.12 21.16 1.00 - -
1977 - - 803.94 37.00 - - 3.53 0.14 42.44 1.00 - -
1978 - - 536.42 37.00 - - 1.50 0.15 12.28 1.00 - -
1979 - - 698.39 37.00 - - 2.70 0.14 3.75 1.00 - -
1980 - - 734.46 46.00 - - 1.69 0.16 20.14 1.00 - -
1981 3145.86 58.40 171.46 40.00 - - 1.63 0.17 - - - -
1982 4151.93 33.70 378.39 39.00 - - 3.32 0.13 - - - -
1983 4402.08 33.70 1327.25 43.00 - - 2.12 0.13 - - - -
1984  4854.68 33.70 1510.94 41.00 - - 1.62 0.12 - - - -
1985 3288.16 33.71 835.48 37.00 - - 1.75 0.15 - - - -
1986 1556.12 27.05 580.21 40.00 - - 1.32 0.14 - - - -
1987 1713.63 27.04 793.36 39.00 - - 2.16 0.13 - - - -
1988  4026.80 27.02 849.48 40.00 - - 1.35 0.14 - - - -
1989  2091.12 25.09 813.43 36.00 - - 1.05 0.16 - - - -
1990  2433.10 22.46 813.93 36.00 - - 1.41 0.14 - - 0.35 0.32
1991 2871.90 21.50 672.37 40.00 - - 1.21 0.13 - - 0.44 0.27
1992 1256.65 22.48 392.98 41.00 - - 1.03 0.14 - - 0.77 0.16
1993 123391 21.53 1864.38 38.00 - - 1.04 0.14 - - 0.75 0.14
1994 1370.23 22.48 630.19 38.00 - - 1.12 0.16 - - 0.90 0.16
1995 888.94 22.50 1607.43 36.00 - - 1.42 0.15 - - 0.95 0.13
1996 1598.01 22.47 1502.25 36.00 - - 0.50 0.22 - - 2.53 0.13
1997  3754.01 22.45 1620.72 36.00 - - 0.53 0.21 - - 1.62 0.13
1998  3950.27 22.44 791.59 37.00 - - 0.71 0.17 - - 0.85 0.16
1999  4463.56 22.44 618.75 43.00 - - 0.64 0.22 - - 1.19 0.15
2000  3411.81 21.50 583.83 36.00 - - 0.74 0.20 - - 1.22 0.12
2001 5907.80 21.49 1515.54 46.00 - - 0.96 0.17 - - 1.44 0.12
2002 4240.52 21.50 1502.02 37.00 - - 2.05 0.15 - - 1.11 0.13
2003 2417.06 22.49 389.33 49.00 - - 1.70 0.13 - - 1.14 0.14
2004 1319.61 21.53 993.04 42.00 - - 0.82 0.18 - - 1.03 0.12
2005 2598.59 21.51 856.22 37.00 - - 0.88 0.15 - - 0.74 0.11
2006 2456.74 21.51 638.35 41.00 - - 1.91 0.15 - - 0.87 0.11
2007  3690.98 21.50 734.34 38.00 - - 0.94 0.19 - - 0.89 0.11
2008  2455.05 21.51 1102.28 43.00 - - 1.22 0.17 - - 1.06 0.12
2009  3330.17 21.50 686.62 44.00 - - 1.04 0.24 - - 1.54 0.11
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Table A5. Catches-at-age associated with the CPUE series used in the SCAA.

Mor&Sp Trap
2 3 4 5 & 7 8 ) ] 1 12 13 14 15 16 17 18 19 20 21 2 23 M 25
1970 7 16 4 5 46 132 465 900 2001 2740 1779 1013 1245 737 427 281 168 104 30 13 4 o o o o
157 o [} o 1 4 El E. kL 271 417 461 360 421 381 398 326 191 128 3l L o o o o o
1972 7 18 i 53 16 7% 90 162 217 208 408 345 419 282 152 139 3 19 o a [} o o o o
1973 297 9 15 17 @ 63 2 201 341 491 617 464 476 282 M40 B8 64 M4 o 3 12z 3 [ o
1574 o o 2 2 2 L] 3 9 19 0 24 2l 28 18 14 7 5 3 o a [ o @ o o
1975 15 E ) o o & o o 15 35 102 276 188 371 324 316 135 1 0 16 10 15 6 2 o o
1976 o o [ o [ o o 15 17 142 209 317 327 297 2T 200 103 123 35 20 u o 7 1 o
1977 L 19 [ L] 4 o L] ur 152 318 45T 402 383 274 287 148 90 B0 17 ] 16 3 1 o o
1975 0 [ 0 [} [} 10 3 167 195 122 138 309 393 260 158 105 82 70 34 4 15 o o o o
1979 o a o [ 8l 176 226 343 556 674 497 270 270 193 161 129 70 18 17 9 L o o o o
1960 231 o o [ 39 126 483 270 254 421 473 459 461 290 266 128 1M 2 27 14 8 o o o o
1981 o o 0 o 174 831 127 1713 570 318 &4 379 4 3 96 2 26 o o o 0 o o o o
1982 o o o 3 162 265 2069 2044 2170 1667 1301 1844 1373 992 419 9T 163 189 b o o o a o o
1963 0 o o [ 1 2 2 291 519 1822 1486 1394 1707 1084 1133 188 142 oS4 4T 4T 94 1 o [ [
1984 0 o 3 84 139 177 616 1231 3140 3749 IBS3 2469 1236 ST9 417 49 0 127 6 1 11 42 0 0 o
1985 o a T 481 263 651 537 541 TI0 1465 1642 1437 1380 77T 431 380 154 L 58 2 10 27 4 4 7
1986 2476 12363 595 L] o 43 m 139 229 358 T43 1138 941 &8 438 256 163 75 42 e 26 6 1 o 14
1587 o 3 o o 10 124 in 290 447 S04 BTl 1233 10SE  TS4 488 290 179 ™ 42 n 26 L} 1 o 14
1988 186 i9 ] L] 188 859 990 819 745 BO0 1840 1450 21529 20085 1373 B3T 472 178 &1 9 18] 4 4 5 a
1989 136 o b 3 283 1062 1684 1912 1419 1086 1190 748 989 B30 428 281 231 17T S8 46 16 19 14 11 M
190 0 o o 40 T06 1527 3371 5075 6426 2332 1745 611 1260 977 TRl 153 276 18D T3 0S4 41 1B 13 8 3
15 8 2259 41 184] 1774 2361 1113 1446 2340 2715 1626 §4% 509 320 304 ME 267 278 12 57 51 19 5 o 18
1wz 31 148 ” b ils 984 2022 1482 1434 1733 IMT 833 837 M3 168 ™ 70 % 29 n 1% o o o o
1993 8 -l 2 L 28 9 164 420 894 1087 1190 1108 592 545 933 468 223 M3 18 30 39 i S 37 6
1994 3178 [ 5 76 1740 2947 1606 795 802 1041 ISTS 900 900 723 843 436 285 176 126 113 113 %8 48 35 148
1995 o o 2 T 98 42 59 279 1080 1105 1224 TIF 539 409 23 2TE N5 113 8B 76 42 49 EL 26 2
1996 o o 5 log m 235 258 287 664 S04 1104 596 B06 VI3 S0 600 6B4 435 03 183 W7 133 22 2 28
1997 o o 30 463 2092 2347 1491 1390 2607 2647 4521 2204 1852 1165 603 TBE M2 240 120 106 137 L1 a0 3 46
1998 o o 2 42 298 1072 1490 1755 2983 2433 3131 1960 1664 T 578 &3 20 167 &9 76 ] n 10 L] 19
1999 0 [ 1] 30 4 486 659 1198 1310 1635 3262 2169 1639 1083 68T  B36 213 156 117 108 7r 5% 11 10 62
2000 o 1] ] n 602 649 1225 2382 2904 3365 3787 1935 98BS @42 360 2134 156 81 62 i6 92 2 o o 1
2001 o o o 49 1180 1624 1987 3159 4414 4260 3B13 2683 1416 1071 405 193 14 &8 58 a7 14 14 ? 8 1
2002 o [} o 6 7 201 399 1711 1384 3315 3114 2513 2033 1132 TSI S04 18] 58 k] X 24 13 5 3 o
2003 o o o 3 235 364 654 1376 3363 2247 1693 1062 861 691 373 182 108 a8 15 9 3 o o o o
2004 o o o o 62 164 182 451 1700 3213 IT1S 1200 968 BO6 447 239 2% Bl 28 7 10 10 3 o a
005 0 0 13 3 60 252 665 1340 1438 3250 3150 2000 1227 715 155 175 78 58 14 5 5 0 0 [ o
2006 o o o 131 434 2054 2259 2779 1884 1754 1367 ISIT 904 1404 641 351 89 106 35 9 35 35 26 26 o
2007 o o o 216 T3 3336 331 36ls 449 920 1391 2052 1679 1427 1250 S61 89 171 80 3 23 o o o o
2008 o o 1 2 k] 147 362 1045 2477 3208 2382 2226 1884 RS2 BRS 90T 135 374 M0 178 E] 1 o o o
2009 o a o Pl 461 653 629 1520 2295 2106 1774 2176 2442 1859 1283 481 214 82 38 i) 17 5 2 1 1]
BB hist
1 2 3 4 3 & ki 8 ) ] 1 12 13 14 15 ] 17 18 19 20 21 n 23 P FL]
1950 o 1152 T84 1481 14258 11438 3283 13 ] L] o a o o o o o o o o o o o o o
1951 0 1784 1214 2293 22069 17704 036 794 o [ o 3 o ] o o o o o 0 o o 0 o o
1952 o 1456 91 1872 IBDIE 14455 4112 648 o o o ] o o o o o o o o [} o o o o
1953 '] 1458 992 1874 18034 14467 4113 649 ] o o L L] o o o o [ [ a L] o o o o
1554 o 2128 1448 2736 26326 11119 6007 M7 o ] o o o [ o [ o o o o o o o o o
1955 10395 350543 635634 23242 6665 1481 73 4 o (] o [ o ] o o o o [} o o o o o o
1956 4983 14119 31463 11142 3195 e 3s 2 o L] o [ o o o o L] o (1] o o o o o o
1957 5316 15847 33564 11886 3408 757 37 2 o 0 0 0 o 0 o 0 o 0 o o [ o o o o
1958 4469 21728 28215 9951 2865 636 31 2 U] o ] o o o L] o o o o o o o o o o
1959 6966 33867 43979 15574 466 2 49 3 o o o o o o o o o o o o o o o o o
1960 2298 7731 9448 5467 1403 47 24 16 11 [ o o o o o [ [} o L] o L] o o o L]
1961 3769 12684 15492 E96E 2300 408 k) ko 18 0 o 3 o 0 o 0 o 0 o o o o o o o
1962 4009 13450 16481 9540 2446 432 40 » 0 0 o 0 o 0 o 0 o 0 o o [} o [ o o
1963 2256 7591 9274 5369 13T6 244 3 16 nu o o o o o o o o 0 o o o o o o o
1964 1662 5593 6835 3957 10M4 178 17 12 8 o o o L] o 0 o L o o o o o o o o
1965 2578 8677 10600 6137 1574 e 27 20 13 (] o L] o o 0 o o o o o o o o o o
1966 1314 48037 44435 SIM 978 195 15 3 o [ o ] o o o o o o [} o o o o o ]
1967 658 19015 19911 1534 93 n 18 10 4 [ o 3 o o o [ o o o o [ o o o o
1968 16599 2568 8433 249 28 ] o o o o o o [ o o [ o o o o o 1] o o o
1969 14072 18309 7957 3150 270 23 o o 0 o o o o o L] Q o o o o o o o o o
1970 29070 29779 TT4T 3391 4 L] 3 o o o o o o o o o 0 o o o o o o o o
1971 680 21026 11448 2688 2047 A0 88 i) o o o o o o o o o o o o o o o o o
1972 1037 20862 3984 1429 I8 1969 9T8 T4 92 0 o [ o 0 o o o 0 o 0 [} 0 0 0 0
1973 1497 27806 9201 1557 304 34 o 0 o 0 o 0 o 0 o 0 o [ o o o o [ [ o
1974 926 18661 11316 1837 388 127 ki (1] 0 L] o [ o [} L] 1] ] 0 ] o L] o 1] o o
JPLL EastMed
1 2 3 4 5 & 1 8 9 ] 11 12 13 14 15 13 17 18 19 20 21 n n P a8
1970 0 [ [ [ 3 5 9 [T TR 3 5 10 0 4 0 1 [ [} 0 [} o [ [ [
1971 o o 5 L o 2 b 53 16 148 175 73 49 b 27 6 23 T o o [ o o o o
1572 4 o 7 92 L] I 26 131 0 284 113 144 213 108 L] 37 16 16 3 o o o o o o
1973 o o o 5 5 10 3 7 68 42 14 268 M1 1853 N b 135 15 5 o o ] o o o
1914 127 386 2517 20109 2449 3026 358 1454 1186 3247 2521 2985 4044 2E78 1751 T2 491 414 188 9% 51 21 6 11 15
1975 13 17 169 1170 662 642 492 B84 943 2654 3866 4575 S298 3S08 2542 1242 930 TOI 559 B IS4 60 15 M M
1976 2 43 o9 63 2 3 204 354 405 1017 1793 1690 3567 1751 1671 85D 497 T3l w5 129 82 50 3 ) 36
1977 '] 18 kS 42 54 30z 632 1224 1736 1591 1727 NTT 1233 923 1025 436 262 5l k] o [H] o o 7 o
1978 o o 12 62 143 157 252 114 2 26 a7 64 ils [ 1397 o o 2 40 o 11 93 o 121 308
1979 o 3 b ] &6 154 1072 1160 2264 1460 387 89 4 12 3 3 1 & o 2 2 o [} o o o
1950 0 [ 73 43 92 172 358 539 680 693 912 479 e 42 $3 12 13 13 12 2 1 o o o o
1981 B 16 13 2 3 %0 247 653 22 456 SM 37 217 188 130 55 2 m 20 18 L] H 3 o 1
1982 o o 37 200 k) 432 850 4691 199 336 1282 1637 2135 ST 86 ™ 276 318 35 14 20 40 40 40 o
1583 4 4“4 182 sl 1003 1303 1997 2327 1861 3812 1801 971 1648 1198 e 191 163 47 19 o o o o o o
1584 1 o &5 15 k2 635 947 1924 3684 2678 1962 806 T3 411 22 197 133 a1 52 9 8 8 L} o o
1985 9 53 139 127 99 402 §T2 503 451 652 896 B9 1243 89T  S40 286 225 136 118 48 56 33 s n 3
1986 1 11 55 116 358 35T 33 410 54T 1076 1047 776 $97 414 255 45 36 18 14 2 ks 0 1 1 1
1987 o o 16 41 (1) 451 9 821 T8l TV TI9 681 825 T46 472 281 n: 53 19 5 o o o o o
1988 ] 8 19 87 85 k2l 939 1187 1078 989 1026 486 737 530 337 165 10 Lol 35 H 28 9 2 o 1
15989 o o 6 165 204 451 1220 1085 890 819 653 206 311 272 1M 8l LE] 3 34 4 13 4 4 15 40
15990 o 5 46 6% 439 837 1356 1690 2280 2169 1073 519 339 92 1M 131 83 52 38 a1 U] i L 2 ™
1991 9 180 270 729 203 1207 2084 2055 3856 3415 2334 963 664 427 337 M6 26 138 133 119 M1 i 9% 191 198
1992 0 15 250 992 18T0 1472 1379 1979 3244 2286 3240 2248 U831 1278 TI9 34T 215 165 0S4 s & 7 W 0 o
1993 o 2 130 1018 2179 2789 2027 1233 1228 2138 2188 1215 1104 751 649 154 206 182 3 129 489 25 95 53 547
1994 12 2 B8 386 e 1031 3480 2519 2467 1624 1210 BB3 1293 695 T4 211 456 T 80 ] 18 o o o 35
1595 o 2 207 1332 1489 6617 4514 2933 4191 2340 2200 2347 2208 1256 TR4 679 600 185 155 112 55 o 7 27 56
1596 o o 116 615 976 1683 3198 3598 4396 3428 2618 1485 1173 46 B35 317 434 219 2 L 10 20 i 45 36
1997 o o 15 116 403 1208 2316 3B90 %671 2570 1508 1840 TIT 500 262 L] 155 (] 48 11 [} 43 o ] 86
195 0 o 3 195 281 928 2061 2847 4068 4799 3791 2034 1097 679 336 208 10 132 62 65 10 o o o o
1599 o 184 18% 1231 2814 1536 IS46 4739 3833 3347 292 172 512 41 137 46 39 15 4 7 ] o 7 13 o
2000 o 7 71 662 1066 2539 2031 3462 4299 2Td46 1884 1352 T2l 668 375 104 36 7 9 o [} 14 o 19 L]
2001 o 1 2 98 w07 2658 6072 5442 3521 1580 BT 323 13 322 34 M8 2 1 L] o o o o o o
002 0 13 5 37 7 180 2132 5984 6159 2141 1611 1141 569 291 96 100 48 M o ] 29 o o r i [
003 21 181 ki 1908 1987 2612 2360 2439 3232 5099 2313 1038 428 1M 138 81 47 o [ s 29 o o 13 17
2004 26 339 258 696 28 1056 3319 2751 1738 2786 2615 1449 S04 226 175 238 23 48 33 w0 o o o o o
2005 L] 133 219 266 412 646 1778 2131 3059 3612 3696 1478 3TH 62 81 26 0 o L o o o o o o
2006 L5 ] o 319 109 485 342 1632 1891 1630 1735 1406 621 409 142 33 [ o o o o 16 o ] o o
2007 26 83 1824 1424 1267 1410 1416 3041 436 1819 1638 971 426 189 128 61 29 8 kL 9 L] o o o o
008 11 127139 171 380 1510 4418 4426 2620 2534 1753 1004 7T 407 431 S0 40 43 11 0 40 5 0 0 0
09 0 i 17 40 205 5744 2020 2281 2690 1138 486 179 122 67 79 2 k) & 7 i 15 1 0 1 0
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Table A6. Catches-at-length associated with the CPUE series used in the SCAL.

Mor&Sp Trap

40- 0 &0 To 80 20 100 110 120 130 140 150 180 170 180 190 200 210 220 230 240 250 250
1970 200 o 4 8 7 3 1 4 4 g 28 42 132 316 659 1000 2116 2406 1635 1254 1293 648 551
1971 2045 o 0 ] 0 0 0 ] 1 1 2 15 15 29 47 12T 293 411 444 40 555 535 e
1972 99 o 3 g 8 6 8 42 6 21 4 28 62 0 112 133 1 228 416 432 42 1M 157
1973 16907 438 2 5 4 3 & 1o 10 B 4 i3 2 39 100 179 323 510 606 559 475 2213 1N
1974 1608 o o 1] [} o 1 1 2 o 1 4 4 4 4 1 I8 19 b 2% 0 0 14
1975 o o 12 2 5 o o o [} 3 5 o o o 3 29 L1} 128 267 295 453 435 331
1976 L] o o L] L] o o (1] [} a [} o L] o 1 g 17 163 248 402 400 383 498
1977 [ o 6 16 2 o o 0 0 2 2 o 2 38 82 120 140 345 470 484 372 397 333
1978 [ o a o o o o [ () a o o 8 17 106 146 159 105 189 419 412 336 295
1979 [ o o L] [} o [ 1] [} 3 52 63 154 178 182 427 508 380 458 345 303 218 MB
1980 [} 29 174 L] o o o o [ 4 29 a7 128 344 38 127 243 442 508 S4B 455 39 403
1981 160 o o [ [ o [ [} [} o 3s 445 613 5B 1441 832 377 S0 614 667 271 105 6
1982 o o o o o o o o 0 31 -1 75 755 1499 1499 1891 1524 1473 1593 2066 1409 73T 672
1983 L] o 0 L] o 0 o o [ 0 L] 2 1 o 53 476 535 1828 1684 1583 1841 1417 565
1984 [ o o o o o o 1] 0 68 g0 &5 144 465 786 1711 2516 3565 3179 2308 1129 &M 4l
1985 4 o o [ 0 o T 49 165 337 117 406 319 437 406 510 681 1659 1540 1763 1329 TIE 45
1986 [ 135 455 2631 785 3T 521 169 [} o o 16 42 133 119 140 243 380 929 1204 1037 306  SM4
1987 o o o o 0 2 o 0 o o 1 El BT 29 232 0 424 529 1039 1449 1188 TOS 586
1988 L] 21 109 67 2% 1 (L] 39 14 43 39 320 614 670 T4T 618 720 861 1927 2117 3162 1949 1469
1989 128 430 142 o o o 2 o 6 26 142 351 929 1134 1768 925 1238 1006 1135 31 1M0 639 836
1990 L] o o [ L] o L] 1 14 60 555 153 1230 2134 4245 3680 5696 1808 1678 770 1802 951 984
1991 o b1 290 [ 783 1401 1496 2495 1T 827 B78 1586 1536 £9% 935 1350 2225 M2E 1469 TO0 508 431 998
1992 [ 10 16 24 (1) 15 43 31 40 2 184 356 964 1372 1304 1117 1333 1685 1408 832 40 132 183
1993 [ 1 3 7 19 4 L4 T 1 1i] 4 23 12 B4 113 282 433 910 1111 1183 1283 843 1198 113§
1994 [} o o [ o o 13 13 25 %0 860 2212 1894 1125 932 536 789 1105 134 1135 1019 B2 4T4
1995 o o o o o o o 2 2 15 72 33 a3 55 149 428 1103 1007 1228 774 62T 368 86D
1996 L1} o o L] o o 1 7} i3 41 155 1 194 169 234 M1 T46  ET1 1060 T45 1087 T2 1584
1997 o o o o o o 1 28 186 681 1262 1339 1610 1054 1731 1727 2388 2689 4453 2478 1948 591 1928
1998 L] o o L] [} o [ 1 7 Lol 172 364 912 1150 1237 1512 2808 2238 3122 2332 1612 907 1212
1999 [ o o o o o L] 92 & 25 1) 141 475 45% 877 804 1319 1718 3355 2381 1746 1081 1447
2000 [ [ 0 [] o o ] (] 24 107 402 508 326 BB 1840 2040 2268 3777 3421 1802 1202 65T 533
2001 [} o o L] 1] o [} 5 167 420 670 852 1302 1522 1E89 3568 3208 4261 3RTT 2489 1582 6B4 489
2002 0 o o o o o o o o 19 54 51 199 402 1016 1712 2244 3148 3IBI 2687 2065 1061 812
2003 L] o o o o o L] L] o 35 148 346 344 47T 28 1380 2433 1223 1571 1118 1026 359 3l
2004 o o o o o o [ 0 o 3 39 a2 97 121 207 777 1740 3052 1749 1279 1211 6T 419
2008 L] o o o o 1 (1] [} o 13 33 58 224 487 951 1076 1206 3419 3188 1953 1268 41T 296
2006 [ o o o o o o o ol 66 329 499 ITET 1563 2393 1411 IT36 1723 1547 1307 1694 1053 632
2007 o o o o 0 o o o 130 108 541 827 2893 2432 2951 1922 2080 817 1794 2270 2006 1697 1023
2008 [} o o L] [} o 1 0 o 14 46 62 130 261 525 1471 2432 2808 2514 2542 1581 1363 1613
2009 (] o o (] o o [} o 1 ! 251 S00 364 450 934 1672 148 1937 2017 2627 2864 1796  T49

SpaB_hist

40- 50 60 o 80 %0 100 (311 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
1950 o o o o 583 560 383 0 44 1229 7075 14195 4182 2209 1386 171 o o o [} o o o
1951 L] o o [ 902 867 593 (1] 67 1902 10951 21972 5474 3420 2146 265 o '] o o o [} o
1952 0 o o o 737 TOE a84 o 55 1553 8941 17939 5283 21792 1782 216 o o o o o o o
1953 [ o 0 (] 737 709 485 o 55 1554 5549 17954 5290 2794 1753 216 o o o o 0 0 0
1954 [ o o [ 1076 1035 T08 (1] B0 2269 13064 26210 7712 4079 21360 316 o o o [1] o [} o
1955 o o 3487 9412 2TTBO 19948 28775 36859 14275 9609 4213 2679 580 9 8 ] o 0 o o o [ o
1956 [ o 1671 4512 13317 9863 13794 17670 6843 4606 2020 1284 278 48 4 1 o o o o o [} o
1957 [ o 1783 4813 14206 10201 14715 18849 7300 4914 2155 1370 297 5l 4 1 o [} o o o 0 o
1958 [ o 1499 4046 11942 BSTS 12370 18845 6137 4131 1811 1152 249 43 3 [ o o 0 [ 0 o 0
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Appendix B - The Statistical Catch-at-Age Model

The text following sets out the equations and other general specifications of the SCAA followed by details of the
contributions to the (penalised) log-likelihood function from the different sources of data available and
assumptions concerning the stock-recruitment relationship. Quasi-Newton minimization is then applied to
minimize the total negative log-likelihood function to estimate parameter values (the package AD Model
Builder™ (Fournier et al. 2011) is used for this purpose). The description below includes more options than used
in this paper, but they have been included here for completeness as they may be used in later extensions.

B.1. Population dynamics
B.1.1 Numbers-at-age

The resource dynamics are modelled by the following set of population dynamics equations:

N, =R, (B1)

y+1,1

Ny+l,a+1:[Ny,ae_Ma/2_chf,aJ g™Me? foril<as<m-2 (B2)
f

My, /2 f My, /2 M, /2 f M, /2
Nyﬂym:[Ny]m_le : —ch'm_lJe ! +[Ny'me —ZCy,mJe (B3)
f f

where
N,. isthe number of fish of age a at the start of year y (which refers to a calendar year),
R is the recruitment (number of 1-year-old fish) at the start of year y,

M, denotes the natural mortality rate for fish of age a,

C! is the predicted number of fish of age a caught in year y by fleet f, and
m is the maximum age considered (taken to be a plus-group).

B.1.2 Recruitment

The number of recruits (i.e. new 1-year olds) at the start of year y is assumed to be related to the spawning stock
size (i.e. the biomass of mature fish) at the mid-point of the preceding year by either a modified Ricker or a
Beverton-Holt stock-recruitment relationship, allowing for annual fluctuation about the deterministic
relationship:

for the modified Ricker:

R, = aB) exp l_ ﬂ(Bip—ly }e(gy e (B4)

and for Beverton-Holt:
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where
a, pand y are spawning biomass-recruitment relationship parameters,
Sy reflects fluctuation about the expected recruitment for year y, which is assumed to be normally

distributed with standard deviation og (which is input in the applications considered here); these
residuals are treated as estimable parameters in the model fitting process.

B} is the spawning biomass in year y, computed as:
m mr
P _ p 2
B, = Z fyWyaN, e * (B6)
a=0

where spawning for the stocks under consideration is taken to occur T° months after the start of the year (here
T° = 6) and some natural mortality has therefore occurred,

W', is the mass of fish of age a during spawning, and

1‘y'a is the proportion of fish of age a that are mature.

B.1.3 Total catch and catches-at-age

The total catch by mass in year y is given by:

C, = Ziw;,a C;,a = szlw;,a N, . g2 S;,a I:yf (B7)
7 T az0

a=0

W,y o denotes the mass of fish of age a landed in year y by fleet f,
f . . . .
Cy’a is the catch-at-age, i.e. the number of fish of age a, caught in year y by fleet f,
Syf,a is the commercial selectivity of fleet f (i.e. combination of availability and vulnerability to fishing gear)

atage a for yeary; when S, , =1, the age-class a is said to be fully selected, and

Fyf is the proportion of a fully selected age class that is fished by fleet f.

The model estimate of the mid-year exploitable (“available”) component of biomass for fleet f is calculated by
converting the numbers-at-age into mid-year mass-at-age (using the individual weights of the landed fish) and
applying natural and fishing mortality for half the year:

B, =>.w,.S,.N,e™"*1-5/,F/2) (B8)
a=0

B.1.4 Initial conditions

For the first year (yo) considered in the model, the numbers-at-age are estimated directly for ages 1 to a*', with a
parameter ¢which mimicking recent average fishing mortality for ages above a*, i.e.
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Ny 2 = Ngarta for 1<a<a™ (B9)
and

Nearta = Nytartat€ 2L (1- S, 1) for a® <a<m-1 (B10)
Netartm = N 1€ "™ 1A= 4S5, 1)/A-€ MM (1-4S,,) (B11)

For the applications considered here however, the population starts at its pre-exploitation equilibrium level (K)
with an equilibrium age-structure, with:

T m-1
s
T a-1 —EZMa.

S

-—— > M, e a'=1
Ny = K Zf S A Y I —
start,1 start,a start y start,m "~ “start,m _Tfst (BlZ)
l1-e?

B.2 The (penalised) likelihood function

The model can be fit to (a subset of) CPUE, and commercial catch-at-age or catch-at-length data to estimate
model parameters (which may include residuals about the stock-recruitment function, facilitated through the
incorporation of a penalty function described below). Contributions by each of these to the negative of the
(penalised) log-likelihood (- #nL ) are as follows.

B.2.1 CPUE relative abundance data

The likelihood is calculated assuming that an observed CPUE index for a particular fishing fleet is log-normally
distributed about its expected value:

I =ilexpls!) or & =£n(l‘y)—£n(f‘y) (B13)

where

Iiy is the CPUE biomass or abundance index for year y for gear/flag combination i,

ZWY aS; Ny, e M- Sy Fy '/2) is the corresponding model estimate of biomass or

A

l, =g ZSy Ny, e M- S yf /2) is the corresponding model estimate of abundance,

Ai

q is the constant of proportionality (catchability) for the CPUE series, and
i .
&y from N (O, (G'y )2 )

The contribution of the CPUE data to the negative of the log-likelihood function (after removal of constants) is
then given by:

i 2
—mLE=Y Zn( (0! f +(0heq ) ) 8) R (B14)
O'IAdd)ZJ

y 2|_O'
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where

o, is the standard deviation of the residuals for the logarithm of index i in year y (which is input), and

O'de is the square root of the additional variance for the CPUE series, which can be estimated in the model
fitting procedure but has been set to zero in the applications considered here.
The catchability coefficient q' for CPUE index i is estimated by its maximum likelihood value:

mg' :1/niZ(Inl;—In Bjx) (B15)
y
The model is fit to the following abundance index series (see Table A4):

1) Mor&Sp_Trap: Moroccan and Spanish (combined) trap

2) SpBB: Spanish bait boat

3) SpBB_hist: Spanish historical series for baitboat in the Bay of Biscay

4) JPLL_EastMed: Japanese longline fishery in the east Atlantic (south of 40N) and Mediterranean
5) NorPS: Norwegian purse seine from Task 11

6) JPLL_NEA: Japanese longline fishery in the Northeast Atlantic (north of 40N)

f
y.a
values of the index are available. More complex formulations are necessary should selectivity-at-age change
over that period.

Note that for the applications considered hear, selectivity at age S, . is year-invariant over the period for which

B.2.2 Commercial catches-at-age

The contribution of the catch-at-age data to the negative of the log-likelihood function under the assumption of
an “adjusted” lognormal error distribution is given by:

—n LCAA = WCAAZZZ [gn (O-cfom / p;,a )+ p;,a (Kn p;,a —n ﬁ;,a )2 /Z(O-cfom )ZJ (516)
f y a

where

p;’a = Cyf'a /ZC;Va. is the observed proportion of fish caught in year y by fleet f that are of age a,
~

f);a = éyfa /Zéyf’a. is the model-predicted proportion of fish caught in year y by fleet f that are of age a,
=

where

Jf f f-M, /2

C,.=N,.S,.Fe (B17)

and

acfom is the standard deviation associated with the catch-at-age data, which is estimated in the fitting

procedure by:

Goom = \/ZZ p/(tmp!, —mp! fIY 31 (B18)
y a y a

The log-normal error distribution underlying equation (B16) is chosen on the grounds that (assuming no ageing
error) variability is likely dominated by a combination of interannual variation in the distribution of fishing
effort, and fluctuations (partly as a consequence of such variations) in selectivity-at-age, which suggests that the
assumption of a constant coefficient of variation is appropriate. However, for ages poorly represented in the
sample, sampling variability considerations must at some stage start to dominate the variance. To take this into
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account in a simple manner, motivated by binomial distribution properties, the observed proportions are used for
weighting so that undue importance is not attached to data based upon a few samples only.

Commercial catches-at-age are incorporated in the likelihood function using equation (B16), for which the
summation over age a is taken from age aminus (Considered as a minus group) to ays (& plus group).

In application of this approach ages are often aggregated to avoid values of pyf’a or f)yfa that are too small in

the interests of estimation robustness. In this paper individual ages have been maintained between the selected
minus and plus-groups to provide potential discrimination of different shapes for the selectivity functions at

older ages in particular. This however does mean that there are certain cells for which pyf'a values are zero. That

2
does not cause any problems because the limit of p;’a(ln p;va) as p;’a — 0 is 0, so these terms can be

omitted from the summation in equation B16. One could argue that they should nevertheless be included in the
summations in equation B18, but exclusion seems more appropriate as the structural zero contributions then

included would seem likely to bias the estimates of &cfom downwards.

The W.,, Weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-age
data (which tend to be positively correlated between adjacent ages) to the overall negative log-likelihood
compared to that of the CPUE data. Here, W,, = 0.1

In instance where catch-at-age data corresponding to a particular CPUE index is available, the data are treated in
exactly the same manner as described above, with a specific selectivity S; estimated for that index.

The model is fit to CAA data for each of the five fleets assumed in the model (baitboat, longline, purse seine,
traps, other) (see Table A2) and CAA corresponding to the following CPUE series (see Table A5):

1) Mor&Sp_Trap: Moroccan and Spanish (combined) trap
2) SpBB_hist: Spanish historical series for baitboat in the Bay of Biscay
3) JPLL_EastMed: Japanese longline fishery in the east Atlantic (south of 40N) and Mediterranean
B.2.3 Commercial catches-at-length
Commercial catches-at-length are incorporated in the likelihood function in the same manner as the catches-at-

age. When the model is fit to catches-at-length, selectivity is estimated as a function of length and then converted
to selectivity-at-age:

Syf,a :IZSyf,IAa,I (Blg)

where A, | is the proportion of fish of age a that fall in the length group I (i.e., Z Aa', =1 for all ages).
I

The matrix Aa,l is calculated under the assumption that length-at-age is normally distributed about a mean given
by the von Bertalanffy equation, i.e.:

L, ~ N|L (1—e™C%)}e?] (820)
where
0, is the standard deviation of length-at-age a, which is modelled to be proportional to the expected length-at-

age a, i.e.:
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0, = AL, ([1-e ")) (B21)

with g fixed here to 0.2.

Furthermore, in the model fitting to CAL, the weights-at-age used to compute the CPUE indices are weighted by
the selectivity for the corresponding fleet:

W;,a = zsnyWl Aa,l/sei\,l (B22)
[

i
y.a

W, is the weight of fish of length I;

W is the selectivity-weighted mid-year weight-at-age a for fleet f and year y; and

The following term (replacing equation B15) is then added to the negative log-likelihood:

~ 2
—n L =, Y3 o, b b pi(npl, - g, P r2(ol, ¥ |
oy (B23)
The W,
length data (which tend to be positively correlated between adjacent length groups) to the overall negative log-
likelihood compared to that of the CPUE data. Here, W, = 0.05

weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-

The model is fit to CAL data for each of the five fleet assumed in the model (baitboat, longline, purse seine,
traps, other) (see Table A3) and CAL corresponding to the following CPUE series (see Table A6):

1) Mor&Sp_Trap: Moroccan and Spanish (combined) trap
2) SpBB_hist: Spanish historical series for baitboat in the Bay of Biscay
3) JPLL_EastMed: Japanese longline fishery in the east Atlantic (south of 40N) and Mediterranean

B.2.4 Stock-recruitment function residuals)

The stock-recruitment residuals are assumed to be log-normally distributed. Thus, the contribution of the
recruitment residuals to the negative of the (now penalised) log-likelihood function is given by:

— Ll = i[gj / 205] (B24)
y=y1+1
where

Sy is the recruitment residual for year y, which is estimated for year y;.; (1951) to y, (2009) (see equation (B4)),

oR s the standard deviation of the log-residuals, which is input (here cr=0.4).

B.3 Estimation of precision

Where quoted, 95% probability interval estimates are based on the Hessian.
B.4 Model parameters

The model input parameters are given in Table B1.

B.4.1 Fishing selectivity

For SCAA, the commercial fishing selectivities-at-age, S

ya’
selectivity is assumed to stay flat after ag, if not otherwise specified. The selectivity is unchanged over a period,
but can differ for each of specified different periods.

are estimated separately for ages aminus t0 apis. The
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For SCAL, fishing selectivities-at-length are estimated rather than selectivities-at-age. These are estimated
separately every 10 cm from lyinus t0 s, @assuming linear changes from the lowest to the highest length in each
10 cm group . The selectivity is assumed to stay flat after Iy, if not otherwise specified. The selectivity can
differ over fixed periods. Details of the fishing selectivities used for both SCAA and SCAL are shown in Table
B2.

Because of otherwise particularly large residuals at low ages in the fit to the trap CAA, the selectivity for age 2
(and for length 40cm in the SCAL model) has been estimated separately for the years 1950, 1951, 1985, 1986
and 1994.

A penalty is added to the total —¢n L to smooth the selectivities by penalising deviations from straight line
dependence (the choice of a weighting of Wssmeoth = 3 for the analyses of this paper was made empirically):

penSEI = ZZWSsmooth (Sl_f—l - 28|_f + SLf+1
ot (B19)
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Table B1. Input parameters (units are gm, cm and year as appropriate) (Length-weight, von Bertalanffy growth,
maturity and natural mortality at age to age 15 from ICCAT, 2010).

Model plus group

Length-weight

Von Bertalanffy
growth

Maturity-at-age
Natural mortality
Increasing M for 15+

Flat M for 15+

Stock-recruitment

25

a=0.0000295, h=2.899
K=0.093, Li=319, to=-

0.97
50% maturity at age 4, 100% maturity at age 5
10-
1 2-5 6 7 8 9 15 16 17

049 024 020 018 015 013 010 0.25 0.40

049 024 020 018 015 0.13 010 010 o0.10
Beverton-Holt, h=0.98, cz=0.4

18 19 20+
0.55 0.70 0.85

0.10 0.10 o0.10
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Table B2. Details of the selectivities estimated.

Fitting to CAA Fitting to CAL
A 4 Number of | | Number of
PlS  parameters | MM P parameters Comments
on - om estimated (cm)  (cm) estimated
Commercial fleet:
Bait boat 1 10 9x2 60 160 10x2 Two selectivity periods: 1950-1964, 1965-2009
Two selectivity periods: 1950-1969-1970-2009.
Longline 1 20 14x2 70 250 18x2 S=1 for age 15+/length 250cm+ in the case of
increasing M from age 15
Purse seine 1 16 15 40 170 13
Traps 2 18 16 40 250 19 igasml.nui/éné.gus f;ggitgeg:eparately for years 1950,
Other 1 17 16x2 30 200 17x2 Two selectivity periods: 1950-1966, 1967-2009
CPUE indices:
Mor&Sp_Trap 5 10 5 140 260 12
SpBB - - Selectivity same as bait boat fleet
SpBB_hist 1 8 7 60 160 10
JPLL_EastMed 4 10 6 140 260 12
NorPS - - Selectivity same as purse seine fleet
JPLL_NEA - - Selectivity same as longline fleet
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