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SUMMARY 
 

A model-free exercise was carried out to determine the plausibility of the high 2004-2007 recruitment 
estimates that resulted from the VPA base run for Eastern Atlantic bluefin tuna. Information on year 
class strength from the base run was compared to information on year class strength present in the 
catch at length data for the Japanese Northeast Atlantic longline fishery and the trap fishery. The 
analysis revealed inconsistencies: while the VPA results suggest the 2004-2007 cohorts are of near 
equal strength to the 2003 cohort, the catch at length data suggest that the 2003 cohort was certainly 
stronger. In addition, the catch at length information was somewhat more compatible with alternative 
VPA runs that indicate lower recruitment and lower biomass in recent years than the VPA base run 
does. This analysis suggests applying some assessment approach which will result in a reduction in 
the size of the 2004-2007 cohorts relative to the 2003 cohort. However, the analysis did not allow a 
quantification of the extent of change in VPA specifications that would best reflect the available data 
as a whole. 
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1. Introduction 
 

 
Results from the Virtual Population Analysis (VPA) and Stock Synthesis 3 (SS3) show different patterns of recruitment 
in recent years for Eastern Atlantic bluefin tuna (EABT), with biomass being estimated to be much higher for the VPA 
than for SS3. While SS3 results suggest that only the 2003 year class was strong, the VPA suggests year-classes of 
similar size to 2003 for the next four years (2004-2007). In the VPA, estimates of recent recruitment are very sensitive 
to the addition of the terminal years of data. In particular, the addition of the 2015 data results in very high 2004-2007 
year classes that were not particularly evident in earlier retrospectives, which raises concerns about the plausibility 
that these high recruitment estimates reflect reality. While SS3 should, in theory, be better informed as the model 
makes use of both length information and direct age information to estimate age composition (available for only part 
of the years and ages covered by the assessment), SS3 results may be compromised by seeking a longer period 
summary of conflicting datasets. To attempt to resolve these differences and assess the plausibility of the high 2004-
2007 recruitment estimates, we compare VPA results to information present in the catch-at-length (CAL) data in a 
model-free way, following the methodology described below. 
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2. Methods 
 
 
 
2.1. Comparing CAL information to the VPA base run results 
 
 
We compare proportions-at-age estimated from the VPA base run with those provided by the CAL for two fisheries of 
interest: 1. the Japanese Northeast Atlantic longline fishery and the trap fishery (i.e., Spanish-Morocco trap up to 2011 
and Morocco-Portugal trap from 2012 onward). The comparison is made over the years 2006 to 2015 to focus on the 
2003 to 2007 cohorts that are of particular interest. 
 
 
Annual proportions-at-age (𝑃𝑃𝑦𝑦,𝑎𝑎

𝑉𝑉𝑉𝑉𝑉𝑉) are calculated from VPA estimates of numbers-at-age (𝑁𝑁𝑦𝑦,𝑎𝑎
𝑉𝑉𝑉𝑉𝑉𝑉) as follows: 

 
 

𝑃𝑃𝑦𝑦,𝑎𝑎
𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑁𝑁𝑦𝑦,𝑎𝑎

𝑉𝑉𝑉𝑉𝑉𝑉/�𝑁𝑁𝑦𝑦,𝑎𝑎
𝑉𝑉𝑉𝑉𝑉𝑉

10
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(1) 

where 𝑦𝑦 is year and 𝑎𝑎 is age (using a plus group of 10+ in accordance with the base case scenario for the EABT stock 
assessment). 
 
 
Proportions-at-age from the CAL data (𝑃𝑃𝑦𝑦,𝑓𝑓,𝑎𝑎

𝐶𝐶𝑉𝑉𝐶𝐶 ) from each of the two fisheries are calculated by converting length 
composition (𝐶𝐶) to selectivity-corrected length composition (𝐶𝐶∗) and then converting the output to age-based results 
using year-specific estimates of probabilities of age given length (𝐴𝐴𝑦𝑦,𝑎𝑎,𝑙𝑙 ) generated using the combined forward-
inverse age-length keys (ALKs) developed for EABT (SCRS/2017/179). 
 
 
Selectivity-corrected length composition by year (𝑦𝑦 ), fishery (𝑓𝑓 ) and length (𝑙𝑙 ) is obtained by dividing the CAL 
matrices for individual fisheries by the selectivity (𝑆𝑆) vectors obtained from SS3 (Figure 1), as follows: 
 
 

𝐶𝐶𝑓𝑓,𝑦𝑦,𝑙𝑙
∗ = 𝐶𝐶𝑓𝑓,𝑦𝑦,𝑙𝑙 𝑆𝑆𝑓𝑓,𝑦𝑦,𝑙𝑙⁄  

 
(2) 

 
Selectivity-corrected length composition is then converted to an age-basis using matrices of probabilities of age given 
length, 𝐴𝐴𝑦𝑦,𝑎𝑎,𝑙𝑙: 
 
 

𝐶𝐶𝑓𝑓,𝑦𝑦,𝑎𝑎
∗ = � 𝐶𝐶𝑓𝑓,𝑦𝑦,𝑙𝑙

∗
349

𝑙𝑙=20

𝐴𝐴𝑦𝑦,𝑎𝑎,𝑙𝑙 (3) 

 
 
Finally, catches are normalized to obtain proportions-at-age: 
 
 

𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎
𝐶𝐶𝑉𝑉𝐶𝐶 = 𝐶𝐶𝑓𝑓,𝑦𝑦,𝑎𝑎

∗ �𝐶𝐶𝑓𝑓,𝑦𝑦,𝑎𝑎
∗

10
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We select a range of ages, 𝑎𝑎′, over which to compare proportions-at-age from the VPA base run to those calculated 
from the CAL, and renormalize over the range of ages to compare results. The range of ages was chosen based on 
selectivities and the reliability of the ALK conversions. Based on selectivity, ages were truncated on the left at age 3 
for the Japanese NE Atlantic longline index until 2009 and age 6 for this index from 2010 onward; similarly truncation 
was at age 3 for the trap index until 2011 and 4 from 2012 onward – see Figure 1 for the selectivity curves by fishery 
and time period. In addition, because of concerns that fish belonging to the plus group 10+ could have been mis-
assigned to age 9 in the ALK, the analysis was truncated with age 8 for the oldest age. The difference matrix, ∆𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′

� , 
is expected to show a pattern for specific cohorts if, indeed, the CAL data are incompatible with the VPA results: 
 
 

∆𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′ = 𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′
𝐶𝐶𝑉𝑉𝐶𝐶 − 𝑃𝑃𝑦𝑦,𝑎𝑎′

𝑉𝑉𝑉𝑉𝑉𝑉 (5) 
 
 
2.2 Comparing CAL information to alternatively tuned VPA runs 

 
 
Four alternatively tuned VPA scenarios are presented here (Appendix 1 shows all the configurations that were 
examined) and the resulting proportions-at-age were compared with the proportions-at-age in the CAL data of the two 
fisheries of interest following the methodology outlined in 2.1. These alternative runs were not chosen as potential 
replacements for the current base case VPA, but rather because they are examples which exhibit either or both lesser 
2004-2007 recruitments and a subsequent lower recent trend in biomass than the base case run (Figures 2 and 3). 
Detailed descriptions of the alternative runs are listed below. 
 
 

i. FrSplt_NoLarv 
The French aerial survey was split and the larval index removed.  

ii. NoFrLarJPNLLBB 
The following 4 indices were removed: French aerial survey, larval index, recent part of the Japanese 
longline NE Atlantic index (JPLL NEATL 2) and recent part of the bait boat index (SPBB2) 

iii. 350Pcent 
Variances associated with the French aerial survey (0.509), larval survey (0.737) and Japanese 
longline CPUE (0.4151) were increased by 350 percent compared to the base case (2.291, 3.317 and 
1.86, respectively) and then used as weighing factors for their respective indices in the VPA. 

iv. Fratio 
The F-ratios from the first two time periods (1968-1980; 1981-1995), which were estimated 
separately in the base case (1.401 and 0.684, respectively), were merged and fixed at a value below 
one (0.75) since appreciable numbers of smaller fish were caught during this period and there seems 
no reason to believe that the catch of fish of ages 10+ would have been larger than the catch of age 
9 fish. The F-ratio for the third period (1996-2007), estimated at 2.632 in the base case, was re-
estimated in the new run (2.385). During this period, the French and Spanish purse seine fleets 
started to develop and move to the spawning grounds, targeting larger animals. The F-ratio for the 
last period (2007-2015), which was left to be estimated by the VPA in the base case (1.688), was 
rather fixed at 1 here. 
 

 
A sum of squares metric (SS) was calculated for the base run and alternative runs to quantify the differences observed 
between the information present in the CAL data of the two fisheries of interest and the estimated numbers at age 
resulting from each VPA run (see Table A1 of Appendix 1 for results for all the runs examined). In addition absolute 
error differences for ages 6 to 8 from year classes 2003-2007 in the catches of the JPN LL NEA fishery and trap fishery 
can also be examined for the Frario run (Appendix 1, Figure A1). Similar figures were examined for all other runs, 
but we chose to only report the SS statistic below that focuses on the key issue at hand. SS provides a relative measure 
from which to compare the results from each run and establish which resulted in a catch at age matrix that was most 
similar to the information present in the CAL data for the two fisheries. The ranges of ages and years chosen for each 



4 
 

fishery and time period are detailed in section 2.1. 
 
 

𝑆𝑆𝑆𝑆𝑓𝑓,VPAalt = ��(𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′
𝐶𝐶𝑉𝑉𝐶𝐶 −

𝑎𝑎

𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′
VPAalt

𝑦𝑦

)2 

 

(6) 

 
 
3. Results 

 
 
Table 1 illustrates the discrepancies between the catch at age information present in the CAL data and the VPA base 
run results. There does not appear to be a systematic/clear-cut pattern of residuals in ∆𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′

� , but these results do 
nevertheless appear to indicate that the strength of the 2003 cohort is being underestimated in the VPA base run. This 
is clearly apparent in the Japanese longline data (Table 1B) where the numbers associated with the 2003 cohort 
(outlined in black) are nearly all highly positive while those numbers associated with the 2004-2007 cohorts are, for 
the most part negative. The one exception is the strongly positive number assigned to age 3 in 2007 (.27) but this could 
be a result of the fact that there remains a small positive bias in the ALK for assigning ages to younger fish (due to 
issues in the otolith age readings where false bands may have occasionally lead to over-counting of bands in young 
fish). As such, it is likely that some of the fish that were assigned to age 3 in 2007 actually belong to the 2003 cohort. 
It is unclear why age 8 appears systematically stronger in the CAL data compared to the VPA base case for 2010 to 
2015, even though the 2004-2007 cohorts appear systematically weaker in early age stages (Table 1A). This result 
could be due, in part, to the fact that the ALK is more reliably able to assigning ages to younger fish compared to older 
fish.  In the TP fishery (Table 1A), the 2003 cohorts appears stronger in the CAL data compared to the VPA base run 
from 2009 to 2011. Subsequent cohorts do not appear to have such a strong signal from 2010 to 2015. In summary 
then, use of this approach for the JPN LL data provides qualitative indications that the base case VPA is over-estimating 
the strength of the 2004-2007 cohorts; the trap data does not provide as clear results, possibly because selectivity there 
is more variable over time. 

 
 

All four alternative runs resulted in a lower SS than the base case VPA run (Table 2) but the differences in SS between 
the alternative runs and the base case scenario are relatively small, and hence unfortunately provide little basis for 
assigning preference. 

  
 
 
4. Discussion 

 
 
Results are not clear-cut (due to issues remaining in the ALK and potential mismatch between the selectivity vec-
tors estimated and true selectivities of the fisheries which may not be constant over time as assumed) but Table 1 sug-
gests that the 2003 cohort was certainly stronger than the 2004-2007 cohorts (which conflicts with what the VPA base 
run indicates). The VPA base run recruitment estimates for the more recent years (2004-2007) are likely to be too 
high, but the extent to which they have been overestimated is unclear. With the alternative runs there is some improve-
ment in SS but these improvements are not considerable. 
  
 
Hence this analysis suggests applying some approach (e.g. an alternative F-ratio formulation, or down-weighing in 
the VPA fit of at least some of the indices showing recent upward trends) which will reduce the size of the 2004-2007 
cohorts relative to the 2003 cohort, compared to their near equality in the base case VPA run. However this analysis 
in isolation is unable to quantify the extent of change in VPA specifications that would best reflect the available data 
(both abundance index and size structure) as a whole. 
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Table 1. Difference matrices, ∆𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎′
� , illustrating the differences in proportions-at-age between the CAL information 

and the VPA base run for A. the trap fishery and B. the JPN LL NEA fishery. The 2003 cohort is outlined in black, 
with a lower outline indicating the span of the 2004-2007 cohorts. Colder colors/negative numbers indicate that the 
age group in question appears weaker in the CAL data than in the VPA base case in that specific year, while warmer 
colors/positive numbers indicate that the age group in question appears stronger in the CAL data than in the VPA base 
case in that specific year. 
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Table 2. SS metric calculated for the 4 alternative runs and the base case scenario for the trap fishery and the JPN LL 
NEA fishery. The abbreviations for the alternative runs are explained in the text. 
 
 

   TP JPN LL NEA 
Alternative run SS %change from base SS %change from base 

Fratio 2.46 0.12 1.34 0.06 

NoFrLarJPNLLBB 2.50 0.11 1.35 0.06 

350Pcent 2.55 0.09 1.36 0.05 

Frsplt_nolarv 2.65 0.06 1.38 0.03 

Base 2.81 0.00 1.43 0.00 
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Figure 1. Selectivity curves for A. the trap fishery and B. the Japanese longline fishery in the NE Atlantic. Note that 
only the earlier periods shown are utilized for the comparisons reported in the main text. 
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Figure 2. Spawning stock biomass (SSB) and recruitment estimates (R) resulting from the 4 alternative runs compared 
to the base case scenario. The 2003 cohort is indicated by the dotted line on the lower recruitment plot. 
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Figure 3. Numbers-at-age estimates from the base run and four alternative VPA runs. The abbreviations for the 
alternative runs are explained in the text. Green colors indicate higher numbers and red colors lower numbers. The 
2003 cohort is outlined in black, with a lower outline indicating the span of the 2004-2007 cohorts. 
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Figure 3 continued. Numbers-at-age estimates from the base run and four alternative VPA runs. The abbreviations 
for the alternative runs are explained in the text. Green colors indicate higher numbers and red colors lower numbers. 
The 2003 cohort is outlined in black, with a lower outline indicating the span of the 2004-2007 cohorts. 
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Appendix 1: Summary of all models examined  
 
Table A1. SS of all models examined using A. the Trap fishery and B. the JPN LL NEA fishery. The four runs of 
interest are shown in bold and the base run is highlighted in grey. Abbreviations for the alternative runs are explained 
below. 
 
 

A. TP    B. JPN LL NEA 
RUN SS  RUN SS 
Fratio 2.46  Fratio 1.34 
NoFrLarJPNLLBB 2.50  NoFrLarJPNLLBB 1.35 
NoFrLarJPNLLTPBB 2.53  350Pcent 1.36 
350Pcent 2.55  NoFrLarJPNLLTPBB 1.36 
NoFrLarNoJPNLL 2.58  NoFrLarJPNLL 1.37 
NoFrLarNoJPNLLTP 2.61  NoFrLarJPNLLTP 1.37 
NoFrLarNoBB 2.63  NoFrLarBB 1.38 
Frsplt_nolarv 2.65  Minus55Pcent3series 1.38 
FrAndLarvSplit* 2.66  Frsplt_nolarv 1.38 
Minus55Pcent3series 2.66  FrAndLarvSplit* 1.39 
NoFrLar 2.68  Minus75Pcent3series 1.39 
Minus75Pcent3series 2.68  Minus150Pcent3series 1.39 
Minus150Pcent3series 2.68  NoFrLar 1.39 
Minus150Pcent2series 2.69  Minus150Pcent2series 1.39 
Minus350Pcent2series 2.69  Minus350Pcent2series 1.39 
Minus55Pcent2series 2.72  Minus55Pcent2series 1.40 
Minus25Pcent3series 2.73  Minus35Pcent3series 1.40 
Minus35Pcent3series 2.74  Minus25Pcent3series 1.40 
Minus75Pcent2series 2.74  Minus75Pcent2series 1.41 
Minus35Pcent2series 2.75  Minus35Pcent2series 1.41 
Minus25Pcent2series 2.80  Minus25Pcent2series 1.42 
Base 2.81  Base 1.43 

 
Indice abbreviations: 
JPNLL = recent part of the Japanese longline NE Atlantic index (JPLL NEATL 2) 
BB = recent part of the bait boat index (SPBB2) 
TP = Combined Morocco – Spain and Morocco – Portugal index 
Fr = French aerial survey 
Lar = Larval index in the western Mediterranean 
 
NoXX = the XX indices listed in the run names were removed from the VPA for that run. 
 
MinusXXPcent3series = Variances associated with Fr, Lar and JPNLL were increased by XX% compared to the 
base case and used as weighing factors for downweighing their respective indices in the VPA. 
 
MinusXXPcent2series = Variances associated with Fr and Lar were increased by XX% compared to the base case 
and used as weighing factors for their respective indices in the VPA. 
 
*Fr and Lar series were split. 
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Figure A1. Percent error calculated from the difference matrices (∆𝑃𝑃𝑓𝑓,𝑦𝑦,𝑎𝑎-- equation 5) comparing A. the trap fishery 
and B. the JPN LL NEA fishery to the current VPA base run over ages 6 to 8.  The 2003 cohort is outlined in black, 
with a lower outline indicating the span of the 2004-2007 cohorts. 
 

 


