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SUMMARY 
 

Butterworth and Rademeyer (2013) provided an initial Statistical Catch-at-Length (SCAL) 
assessment of the eastern populations of North Atlantic bluefin tuna. The primary purpose in 
fitting to length- rather than to age-distribution data was to avoid the need to make use of the 
somewhat coarse cohort-slicing method to provide the latter. Here these analyses are updated 
using comparable inputs to those agreed for the initial 2014 updated VPA assessments. The 
results suggest a spawning biomass time series similar to that estimated by VPA over the 1975 
to 2005 period, but lower after and appreciably higher before this period.  
 

RÉSUMÉ 
 

Butterworth et Rademeyer (2013) fournissait une évaluation initiale de la prise par taille 
statistique (SCAL) des populations orientales de thon rouge de l’Atlantique Nord. L'objectif 
principal de l'ajustement aux données de taille, plutôt qu'aux données de distribution par âge, 
visait à éviter de devoir utiliser la méthode de découpage des cohortes quelque peu grossière 
afin de fournir cette dernière. Dans le présent document, ces analyses ont été mises à jour au 
moyen de données d'entrée comparables à celles des évaluations initiales mises à jour de la 
VPA de 2014. Les résultats suggèrent une série temporelle de la biomasse reproductrice 
semblable à celle estimée au moyen de la VPA pour la période 1975-2005, mais inférieure 
après cette période et largement supérieure avant celle-ci.  
 

RESUMEN 
 

Butterworth y Rademeyer (2013) proporcionaba una evaluación inicial de la captura por talla 
estadística (SCAL) de las poblaciones de atún rojo del Atlántico norte. El propósito principal 
de ajustar a los datos de talla más que a los datos de distribución por edad es evitar la 
necesidad de utilizar el método de separación de cohortes, algo tosco, para proporcionar esta 
última. Estos análisis se actualizan utilizando datos de entrada comparables a los acordados 
para las evaluaciones mediante VPA actualizadas de 2014. Los resultados sugieren una serie 
temporal de la biomasa reproductora similar a la estimada mediante VPA para el periodo de 
1975 a 2005, pero inferior después y apreciablemente mayor antes de este periodo.  
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1. Introduction 
 
Butterworth and Rademeyer (2013) introduced a statistical catch-at-length (SCAL) approach for the assessment 
of the eastern Atlantic (and Mediterranean) population of bluefin tuna. A particular purpose was to avoid the 
need for use of the crude cohort-slicing approach to provide catch-at-age data needed for application of the VPA 
assessment method conventionally applied to this resource.  
 
The paper first describes the data used and the SCAL methodology. To the extent that comparable data and 
assumptions are concerned, these have been selected to attempt to duplicate similar choices for the current 
updated VPA assessments. This is followed by the SCAL results, and a brief discussion of their implications. It 
should be noted that the purpose of this paper is not to offer a comprehensive application of SCAL, exploring 
the implications of all possible associated sensitivities, but rather to provide a comparison to the VPA outputs 
together with a baseline for discussion towards refinement of the approach. 
 
Note that the analyses reported below have been refined from those presented at the September 2014 ICCAT 
bluefin session, with revised results that differ in some important respects. These refinements include that the 
initial year spawning biomass an age structure are now estimated rather than assumed to correspond to pre-
exploitation equilibrium, and that age dependence has been introduced to the CV of the distribution of length-at-
age. 
 
 
2. Data and Methods 
 
The data used for these analyses are listed in Appendix A, and have been chosen to correspond to those used for 
the updated VPA (Run 7) from Bonhommeau et al. (2014) where possible.  
 
The SCAL methodology is described in detail in Appendix B. Figure 1 shows the growth curve together with 
the distributions of length-at-age which are assumed; the SCAL method applied treats these as time-invariant. 
 
 
3. Results and Discussion 
 
Figure 2 compares the (Base Case) SCAL results for spawning biomass and recruitment with those from the 
updated VPA (Run 7). The SCAL spawning biomass estimates are similar to those from VPA over the 1975 to 
2005 period, but lower after and appreciably higher before this period. The two series of recruitment estimates 
show similar trends, but the VPA estimates are considerably larger. 
 
 
The fit to the stock recruitment curve assumed (essentially an absence of dependence of recruitment on 
spawning biomass over the range of the data) is shown in Figure 3. The residuals show no evidence of any 
broad mis-specification, though clearly there is some auto-correlation with periods of successively relatively 
good (particularly in more recent years) and relatively poor recruitment. 
 
Figure 4 shows the fits to the various CPUE series considered, together with standardised residuals. Except in a 
few instances (a few years at the start of the 1963-2006 Spanish bait boat and of the Japanese longline series), 
there is no indication of serious mis-specification. 
 
Estimated selectivity functions (with respect to length, and their age-equivalents) and fits to the catch-at-length 
(CAL) data are shown in Figure 5. The fits to the data averaged over years are broadly good. The former 
perhaps need a slightly more complex form for selectivity-at-length, whereas the latter may be a reflection of 
over-aggregation, with different traps catching fish of different sizes. Consequently the CAL residual bubble 
plots show clear systematic patterns for these two cases, as well as for the “Other” fisheries, though those for 
baitboat and longline are somewhat better in that regard. 
 
The shapes of the equivalent selectivity-at-age functions estimated for the fisheries which take the largest size 
bluefin are of particular importance. If domed, they indicate lesser selectivity of older fish, and consequently the 
spawning biomass estimates are elevated in absolute terms. These largest fish are taken in the longline and trap 
fisheries, and in both instances the estimated effective selectivity-at-age is domed (Figure 5). 
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Table 1 lists some statistics for the Base Case SCAL assessment, which indicates the stock to be at 32% of its 
pre-exploitation level at present, down from 60% in 1950. This Table also shows contributions to the overall 
negative log-likelihood from the CPUE, CAL and recruitment residuals. These are shown in “expanded” form as 
profiles with respect to the average spawning biomass over the last five years in Figure 6. The recruitment 
residuals contribution is relatively smaller. The other two components show very similar behaviour, with the 
CPUE data favouring slightly lower biomasses over recent years, while the CAL data favour slightly higher 
values. One should note that the CAL contribution to the overall negative log-likelihood is downweighted by a 
multiplicative factor of 0.05 (see Appendix B section B.2.3) to allow for non-independence of these data. 
Qualitatively this is justified by the fact that there are data for more length groups than there are for the age 
groups which are relatively highly selected in a particular fishery. Nevertheless the downweighting factor 
chosen is very small and a case could be made for a higher value which could favour slightly higher recent 
spawning biomasses. 
 
The overall negative log-likelihood in Figure 6 shows a minimum that is relatively well determined. The actual 
minimum corresponds to a 2009-2013 average spawning biomass of 229 000 mt, with a 95% confidence interval 
of [155 000 mt; 303 000 mt]. Figure 7 shows this together with results for a choice for the 2009-2013 average 
similar to that estimated by the VPA. The VPA result is outside the 95% confidence envelope for the SCAL 
results only for the 1950s and 60s and for the most recent years; however care must be taken in over-interpreting 
this interval given uncertainties about appropriate weightings for the various components of the negative log 
likelihood. 
 
 
4. Concluding remarks 
 
Clearly there are variations of the Base Case SCAL run for which sensitivities could be investigated. For 
example, the impact of assuming alternative relationships for the CV of the length-at-age distribution merits 
investigation, as does allowing for the possibility of time dependence in the stock-recruitment relationship 
(reflecting regime shifts, perhaps). 
 
Of particular importance for future work would be ascertaining what aspects of the SCAL methodology (and 
associated assumptions) are driving the differences in spawning biomass compared to estimates from the VPA, 
especially for recent years. 
 
The value of confirming estimates of current spawning biomass points also to consideration of other methods 
which might contribute to improving the precision of spawning biomass estimation. An obvious candidate 
would be the use of (genetics-based) close-kin information (Bravington et al. 2014) towards this ends. This 
approach has now been demonstrated to work well for Southern Bluefin Tuna; it would require careful 
refinement before being pursued with high priority for North Atlantic Bluefin tuna, but does come with related 
advantage of contributing also to the estimation of natural mortality. 
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Table 1. Results for the SCAL Base Case. Biomass units are mt, and Ksp refers to the pre-exploitation 
equilibrium spawning biomass. 
 
  Base Case 
-lnL:overall -2336.1 
-lnL: CPUE 38.3 
-lnL: fleet CAL -2418.0 
-lnL: RecRes 43.6 
  Ksp 908107 
Bsp

1950 548952 
Bsp

1950/Ksp 0.60 
Bsp

2013 293100 
Bsp

2013/Ksp 0.32 
 
 
 

 
 
Figure 1. von Bertalanffy growth curve and associated length-at-age distributions assumed. See Table B1 for 
details of the growth curve parameters. The length-at-age distributions are assumed to be normal with CVs 
decreasing linearly from 10% at age 1 to 20% at age 15. 
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Figure 2. Spawning biomass and recruitment (number of 1-year-olds, N1) trajectories for the SCAL Base Case 
and the VPA. VPA refers to Run 7 from Bonhommeau et al. (2014). 
 
 
 
 
 
 
 

 
 
 
Figure 3. Stock-recruitment relationships (left-hand column) and time series of stock-recruitment residuals for 
the SCAL Base Case. Spawning stock biomass (Bsp) is in mt. The replacement line is also shown; this intercepts 
the stock-recruitment plot where Bsp = Ksp. 
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Figure 4. Fits of the SCAL Base Case to the various CPUE series and the corresponding standardised residuals.
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Figure 5. Commercial selectivities-at-length (first column), effective selectivity-at-age (second column), fits to the CAL data aggregated over years (third column) and 
bubble plots of the corresponding standardised residuals. The area of the bubble is proportional to the magnitude of the residual. For positive residuals the bubbles are grey, 
whereas for negative residuals the bubbles are white. 
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Figure 6. Likelihood profile on recent (2009-2013 average) spawning biomass. 
 
 
 

 
 
Figure 7. Spawning biomass trajectories for the SCAL Base Case (shaded area shows 95% CI), for a SCAL run 
constrained to have an average spawning biomass over the period 2009-2013 equal to that of the VPA (380’000 
tons), and the VPA results for Run 7 from Bonhommeau et al. (2014). 
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Appendix A 
The data 
 
The data listed below are as for Run 7 from Bonhommeau et al. (2014). 
 
Table A1. Catches in mt. 
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Table A2. Commercial fleet catch-at-length numbers for each fleet considered. 
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Table A2. Continued. 
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Table A2. Continued. 
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Table A2. Continued. 
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Table A2. Continued. 
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Table A3. CPUE series used – values followed by associated standard errors are given. 

 
 
 
 

1653



 

 

Appendix B  
 
The Statistical Catch-at-Length Model 
 
The text following sets out the equations and other general specifications of the SCAL 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 
BuilderTM (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: 
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where 

ayN ,   is the number of fish of age a at the start of year y (which refers to a calendar year), 

yR   is the recruitment (number of 1-year-old fish) at the start of year y, 

aM   denotes the natural mortality rate for fish of age a, 
f

ayC ,   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 a Beverton-Holt stock-
recruitment relationship, allowing for annual fluctuation about the deterministic relationship:  
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where 
α and β  are spawning biomass-recruitment relationship parameters,  

yς   reflects fluctuation about the expected recruitment for year y, which is assumed to be normally 
distributed with standard deviation sR (which is input in the applications considered here); these 
residuals are treated as estimable parameters in the model fitting process.  

sp
yB   is the spawning biomass in year y, computed as: 

 

12
,

sp
,

0
,

sp

s

a
TM

ayay

m

a
ayy eNwfB

−

=
∑=  (B5) 

 

1654



 

 

where spawning for the stocks under consideration is taken to occur s
T  months after the start of the year (here 

6=sT ) and some natural mortality has therefore occurred, 
sp

,ayw   is the mass of fish of age a during spawning, and  

ayf ,   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: 
 

∑∑∑∑ −

==

==
f

f
y

f
ay

M
ay

m

a

f
ay

f

f
ay

m

a

f
ayy FSeNwCwC a

,
2/

,
0

,,
0

,  (B6) 

 
where 

f
ayC ,   is the catch-at-age, i.e. the number of fish of age a, caught in year y by fleet f, 

f
ayS ,  is the commercial selectivity of fleet f (i.e. combination of availability and vulnerability to fishing gear) 

at age a for year y; when 1, =ayS , the age-class a is said to be fully selected, 
f

yF  is the proportion of a fully selected age class that is fished by fleet f , and 
f

ayw ,   denotes the selectivity-weighted mid-year weight of fish of age a landed in year y by fleet f, computed 
 as: 

f
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with 

lw  is the weight of fish of length l; and 

laA ,   is the proportion of fish of age a that fall in the length group l (i.e., 1, =∑
l

laA  for all ages). 

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

aθ  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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with β fixed here to 0.1 for age 1, 0.2 for age 15 and changing linearly for the ages in between. 
 
 
Selectivity is estimated as a function of length and then converted to an effective selectivity-at-age: 
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B.1.4. Initial conditions 
 
For the first year (y0) considered in the model (here 1950), the numbers-at-age are estimated directly for ages 1 
to aest, with a parameter φ which mimics recent average fishing mortality for ages above aest (aest=7 here), i.e.: 
 

aay NN ,start,0
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B.2. The (penalised) likelihood function 
 
The model is fitted to CPUE and commercial 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 (- Ln ) are as 
follows. 
 
B.2.1 CPUE relative abundance data 
 
The likelihood is calculated assuming that the CPUE index observed for a particular fishing fleet is log-normally 
distributed about its expected value:  
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where 

i
yI   is the CPUE biomass or abundance index for year y for gear/flag combination i, 
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The contribution of the CPUE data to the negative of the log-likelihood function (after removal of constants) is 
then given by: 
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where  

i
ys   is the standard deviation of the residuals for the logarithm of index i in year y (which is input), and 
i
Adds  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 iq for CPUE index i is estimated by its maximum likelihood value: 
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The model is fit to the following abundance index series (see Table A4): 
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1) Mor&Sp_Trap: Moroccan and Spanish (combined) trap (1981-2013) 
2) SpBB1: Spanish bait boat (1952-1962) 
3) SpBB2: Spanish bait boat (1963-2006) 
4) SpBB3: Spanish bait boat (2007-2013) 
5) NorPS: Norwegian purse seine (1955-1980) 
6) JPLL_EastMed: Japanese longline fishery in east Atl. (south of 40N) and Med. (1975-2009) 
7) JPLL_NEA1: Japanese longline fishery in the Northeast Atl. (north of 40N) (1990-2009) 
8) JPLL_NEA2: Japanese longline fishery in the Northeast Atl. (north of 40N) (2010-2013) 

 
Note that for the applications considered hear, selectivity at age f

ayS ,  is year-invariant over the period for which 
values of the index are available. More complex formulations are necessary should selectivity-at-age change 
during such periods. 
 
The indices' selectivities are taken to be the same as for the overall gear type, i.e.: 
1) Mor&Sp_Trap: corresponds to trap  
2) SpBB1, SpBB2, and SpBB3 correspond to baitboat 
3) NorPS: corresponds to purse seine, and 
6) JPLL_EastMed, JPLL_NEA1 and JPLL_NEA2 correspond to longline. 
 
B.2.3. Commercial catches-at-length 
 
The contribution of the catch-at-length data to the negative of the log-likelihood function under the assumption 
of an “adjusted” lognormal error distribution (Punt and Kennedy 1997) is given by: 
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and 
f

coms   is the standard deviation associated with the catch-at-length data, which is estimated in the fitting 
procedure by: 
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Commercial catches-at-length are incorporated in the likelihood function using equation (B17), for which the 
summation over length l is taken from length lminus (considered as a minus group) to lplus (a plus group). The 
values used here for lminus and lplus are given in Table B1. 
 
 
Table B1. lminus and lplus (in cm) for each of the five fleets considered. 
 
  lminus lplus 
Baitboat 60 160 
Longline 70 250 
Purse seine 40 170 
Traps 40 250 
Other 30 200 
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The lenw  weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-
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 05.0=lenw . 
 
The model is fit to CAL data for each of the five fleets assumed in the model (baitboat, longline, purse seine, 
traps, other) (see Table A3). 
 
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: 
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where 

yς  is the recruitment residual for year y, which is estimated for year y1 to y2 (see equation (B4)), 

Rs  is the standard deviation of the log-residuals, which is input (here sR=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 B2. 
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Table B2. 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, 2012). 
 
        
Model plus group (m) 15             

Length-weight a=0.0000295, b=2.899    
von Bertalanffy growth κ=0.093, L inf=319, t0=-0.97   
Maturity-at-age 50% maturity at age 4, 100% maturity at age 5 

Natural mortality 1 2-5 6 7 8 9 10+ 

 0.49 0.24 0.20 0.18 0.15 0.13 0.10 
Stock-recruitment Beverton-Holt, h=0.98*, sR=0.4     

* This high value was specified on input rather than estimated in the fit of the model given the absence of any clear trend in the stock-
recruitment plot of Figure 3. 
 
B.4.2 Fishing selectivity 
 
Fishing selectivities-at-length are estimated using a four parameters double-logistic form: 
 

( )( ) ( )( )[ ]122111 111 −−−−−− +−+= blabla
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Details of the fishing selectivities used are shown in Table B3. 
 
 
Table B3. Details of the selectivities estimated. 
 

  lminus 
(cm) 

lplus 
(cm) 

Number of 
parameters 
estimated 

Number of selectivity periods 

Bait boat 80 160 4x3 Three: 1950-1962, 1963-2006, 2007-2013 

Longline 90 250 4x3 Three: 1950-1989, 1990-2009, 2010-2013 

Purse seine 60 170 4 One 

Traps 120 250 4x2 Two: 1950-1973, 1974-2013 

Other 60 200 4x3 Three: 1950-1966, 1967-1984, 1985-2013 
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