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i Executive summary 

This report documents a Bay of Biscay sardine inter-benchmark tasked with evaluating the stock 
assessment focusing on retrospective bias, data revisions and updating reference points. The 
working group (WG) used standard model diagnostics to evaluate a series of interventions de-
signed to evaluate the models and to determine causes of and corrections for the retrospective 
bias. 

The retrospective bias could be corrected by several straightforward interventions. First, fixing 
selectivity at asymptotic improved model fit and reduced bias. Second, invoking a very weak 
stock–recruitment relationship (steepness=0.99) and commensurate bias correction ramping on 
recruitment deviations coupled with not estimating terminal year recruitment, further reduced 
the bias. Such a treatment of terminal year recruitment and penalizing poorly informed recruit-
ment deviations is common assessment practice. Additional concerns were raised by the esti-
mated catchability coefficients above one for the PELGAS and BIOMAN surveys. There are a 
number of reasons why these surveys could estimate higher abundance than the assessment 
model. These include mismatch of timing given the rapid population dynamics, overestimation 
of acoustic biomass, mismatch of assumed selectivity of the survey as well as many other com-
mon issues that support the standard practice of treating most surveys as relative rather than 
absolute. Once the decision to use these indices as relative inputs, the absolute value of catcha-
bility is meaningless as the index could simply be scaled to a mean of one with the same impact 
in the model. 

Given the substantial reduction in retrospective bias achieved through straightforward model 
interventions and the solid diagnostic performance of the WG-preferred model, the WG recom-
mends the assessment be upgraded from category 2 to category 1. Nonetheless the model cannot 
estimate MSY-based reference points and this requires proxies. Based on considerations of life 
history, the WG recommends a proxy of SPR35%. Recommendations for future work include 
explicitly modelling variability in growth reflecting the declines in mean weight-at-age, incorpo-
rating length composition and considering a management procedure approach as the majority 
of catch comes from ages 1 and 2 which are very poorly informed in catch projection due to the 
time lag between the assessment and the provision of management advice. 
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1 Introduction 

An Inter-benchmark Process Review Panel was convened and tasked with the following terms 
of reference for Bay of Biscay Sardine: 

Terms or reference: 

a) Evaluate the present analytical assessment method for the stock, particularly; 
1. Investigate the causes of the retrospective patterns in the assessment and potential 

solutions, including an investigation of fleet’s selection patterns and of noise in co-
hort tracking; 

2. Update the historical French catch time-series. 
b) Update the stock annex as appropriate; 
c) Re-examine and update MSY and PA reference points according to ICES guidelines (see 

Technical document on reference points); 
d) Develop recommendations for future improving of the assessment methodologies and 

data collection. 

The panel (Annex 1) met by webinar and provides a series of findings and recommendations in 
this document. Additionally, two external reviewers were present and they provide independent 
review of the process. 
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2 Evaluate the present analytical assessment method 

This section describes the current assessment model prior to interventions made at the work-
shop. The current assessment uses Stock Synthesis 3.24 and is parameterized using a matrix of 
population annual mean weight-at-age. Catch-at-age is available from commercial catches and 
the PELGAS survey. The model is set up in a single fleet/single area configuration. It relies on 
three survey indices (the PELGAS biomass estimate, BIOMAN egg count, both carried out an-
nually, and a triennial Daily egg production (DEPM survey). Fecundity is provided as a matrix 
combining a maturity ogive and weight-at-age from the PELGAS survey. The ogive is built upon 
the assumption that half of the individuals are mature at gonad maturity stage 2. Prior that stage, 
all individuals are considered immature. Natural mortality rates at age are assumed constant 
between year and derived using the method from Gislason et al. (2010) and rescaled so values 
are consistent with total mortality estimates derived from cohort tracking from the PELGAS data 
(0.8 times Gislason estimates). 

Surveys and commercial fleets selectivities are set as follows. PELGAS has a flat selectivity set at 
1 for ages 2 to 5. Selectivities for age 1 and age 6+ were estimated by the model. Catchability is 
an estimated parameter for each survey. DEPM and egg count surveys have selectivity set at 0 
at age 0 and flat at 1 for ages 1 to 6+. There is no prior distribution on selectivity parameters. The 
commercial fleet has a flat selectivity at 1 for ages 3 to 5. Selectivities for ages 1, 2 and 6+ are 
estimated and catchability is specified for the commercial fleet as a scaling factor such that the 
estimate is median unbiased, similar to allowing catchability to float. 

The primary tools for evaluating the current assessment are series of standard diagnostics (Cass-
Calay et al., 2014; Carvahlo et al., 2017) that included jittering initial starting values to evaluate 
model stability, profiling key parameters (R0, steepness), retrospective analyses, and evaluation 
of parameter standard errors, correlations, model fit and residual patterns. Diagnostics such as 
these can determine whether the assessment model has converged and estimated all parameters 
to a necessary degree of precision and is appropriately specified for and conditioned on the avail-
able data. 

2.1 Investigate the causes of the retrospective patterns in 
the assessment and potential solutions 

The primary task of the Group was to evaluate the causes of and potential solutions for the ret-
rospective patterns. Pawlowski et al., (2019) considered a series of runs to address issues with the 
models (Table 2). Most of this first approach focused on exploring alternate input data, param-
eters and assumptions. The first step was to evaluate the revision of the French data (see details 
in Section c). Those revisions (as well as the other runs), while not solving the scaling issue, im-
proved substantially the magnitude of the retrospective pattern and were later kept as reference 
for the runs conducted during the inter-benchmark. Other runs consisted of changing the 
weight-at-age at Q1, allowing for changing selectivity over time, using two commercial fleets 
and excluding the French catches from the Douarnenez Bay. An assumption was tested about 
full maturity at maturity stage 2 (ICES, 2008); the former assumption was 50% fish mature. Over-
all, none of the initial model explorations substantively ameliorated the retrospective bias. For 
the purposes of further exploration, the model with the revised French catch data (Section c) was 
chosen as a reference run. 
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Table 1. Negative log-likelihood and Mohn’s rho estimates from the initial series of runs from Pawlowski et al., 2019. 

 

A series of model explorations were considered at the meeting (Table 2, Figure 4–6) several of 
which evaluated whether the retrospective pattern was a result of the substantial (~27%) decline 
in mean weight-at-age that appears to be a defining characteristic of the biological state of the 
stock (Figure 1). Additional runs (Table 2) considered fixing selectivity at asymptotic for the 
fishery and the PELGAS survey, removing a single index one at a time, starting the model in 
1989 (see (e), below), several growth parameterization and incorporating a Beverton–Holt stock–
recruitment relationship estimating sigmaR and using the bias correction of Methot and Taylor 
(2014). The assumption of full maturity at stage 2 was tested.  Given the decrease in weight-at-
age, four treatments of growth were considered. First a run with a fixed mean weight-at-age 
matrix using the first year of data to simply test whether the changes in mean weight-at-age 
caused the retrospective pattern. Next, the model was parameterized to use the von Bertalanffy 
growth model, length–weight parameters from Duhamel et al., 2018, and placeholder maturity 
parameters. These allowed Stock Synthesis to estimate population and fishery weight-at-age in-
ternally rather than relying on the input matrix and allowed for growth to be sequentially fixed. 
Then deviations in K and deviations in growth by cohort were estimated. 
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Table 2. Negative log-likelihood and Mohn’s rho estimates from the exploratory runs carried out during the Inter-bench-
mark. 

 

The dome shaped selectivity of the PELGAS survey was questioned and, in particular, the lower 
age 6 selectivity. This shape was estimated during the ICES, 2017 benchmark process. The ra-
tionale at the time was a better fit to the observations. However, as there was no evidence to 
support a lower catchability for fish of ages 6+, a run explored logistic selectivity with full selec-
tivity at age 3. This run substantially reduced retrospective patterns and had a significantly lower 
AIC. This setting was kept as a first candidate run. 

A further test was carried out with catchability equal to 1 for the PELGAS survey. This assump-
tion increased the retrospective bias, reduced the fit substantially and was discarded. The effect 
of removing one survey at a time was also tested. Retrospective bias was reduced in each case 
with the highest decrease in Mohn’s rho estimate, when BIOMAN was removed and lowest 
when DEPM was excluded. Nonetheless none of the single index removal treatments amelio-
rated the retrospective bias to within acceptable (<0.2) levels and these options were not pursued 
further. 

The different treatment of growth only slightly improved the fit of the model and the retrospec-
tive bias. Therefore, the growth parameterization was discarded as a major source of the retro-
spective patterns and these variations of handling growth were not kept for the candidate runs. 
One reason that estimating time-varying growth and cohort deviations did not substantively 
change the log-likelihood is that the mean weight-at-age matrix is not included in the likelihood 
terms as it would be if it were used as input data.  Future model considerations may want to fit 
to this as data. Another run tested whether the mean population weight-at-age for age 0 which 
was input with a weight of zero created problems for the modelling. This was done by replacing 
the empirical weights-at-age for age 0 in the beginning of the year with the mean mid-year 
weight. These did not substantially change or improve overall fit or retrospective bias and there-
fore the mean weights of zero for age zero at the beginning of the year were left as is. 
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The lack of set stock–recruitment relationship was considered as a potential source of retrospec-
tive bias. Although no stock–recruitment relationship was immediately evident, a Beverton–Holt 
relationship was specified in SS3 with a steepness (H) parameter set to 0.9 and with sigmaR es-
timated with the Methot and Taylor (2016) bias correction ramping. This run lowered substan-
tially the magnitude of retrospective patterns while lowering AIC of the model. This run was 
considered as an intervention. Profiling of steepness indicated that it was not estimable (Figure 
7). A subsequent run set H to 0.99 to be consistent with the previous model that did not invoke 
a stock–recruitment relationship. This run slightly improved the fit of the model while slightly 
reduced retrospective patterns. While the stock–recruitment assumption is weak, the added 
structure imposed on the recruitment deviations being penalized from a stock–recruitment rela-
tionship and the bias correction function substantially improved the retrospective patterns. 

The major interventions (logistic selectivity, Beverton–Holt stock–recruitment with both steep-
ness H=0.9 and H=0.99) were then combined with other settings. These settings were tested with 
the alternate time-series including or excluding the Douarnenez Bay catch (see point c). Includ-
ing data from DZ Bay simply increased the scale of the population (commensurate with adding 
~30% greater catch) but did not substantively change the population trajectory or reduce the 
retrospective bias. Setting catchability at Q=1 for PELGAS increased the average level of biomass 
but at the cost of one of the worst log-likelihood values and increased retrospective bias. On this 
basis, as well as in keeping with general modelling practices to treat most surveys as relative 
indices, this option was discarded for the candidate run. 

The initial maturity assumption was of half of the individuals mature at stage 2 and the final 
runs considered the new assumption of having all fish mature at stage 2 (ICES, 2008). This as-
sumption increases slightly the magnitude of retrospective patterns but is more in line with the 
observations during the pelagic surveys in spring, therefore this new assumption was kept for 
the final runs. Size selectivity pattern for PELGAS was set in the control file to 0 (Selex=1.0 for all 
sizes) instead of 30 (linked to spawning biomass) as the acoustics detect biomass rather than just 
mature fish. In the practice of updating the models the indices will be available one year prior to 
the age composition. In previous model settings the age compositions of the fishery for the ter-
minal year was carried over from the previous year.  This is a problem as it will diminish true 
cohort signals and is unnecessary in Stock Synthesis. Hence, age composition in the terminal 
year was removed from the model input data in the final run and retrospective analyses were 
conducted manually to mimic this situation that would occur in practical updating of the models.  
Furthermore, as the model has no information to estimate terminal year recruitment, e.g. fish 
born in the terminal year of the model have yet to be seen in the indices or the age composition, 
the WG recommended to not estimate terminal year recruitment.  Working group-preferred 
model settings are documented below. 

2.2 Investigation of fleet’s selection patterns and of noise 
in cohort tracking 

The working paper presented to the group evaluated models that included time blocks in selec-
tivity (Pawlowski et al., 2019) and found that time blocks did not improve the model fit based on 
AIC. Similarly evaluation of the Pearson residuals to the age composition for the reference model 
and the eventual Group-preferred model (Figure 2) did not indicate a systematic lack of fit in-
dicative of a change in selectivity or strong diagonal patterns indicative of failing to track cohorts, 
at least in the aggregated age composition data. 
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2.3 Evaluate updates to the historical French catch time-
series 

When the ICES WGHANSA meeting was held in 2018, some substantial downward revision of 
the French catches had been done for 2016. Some investigations were carried out by Ifremer dur-
ing the summer 2018, based on production data provided by the French fishing organisations. 
Some inconsistencies in catches were pointed in some harbour on some quarter. It is unknown 
why the downward revision occurred in the official databases as data in WGHANSA 2017 had 
better matches with production data from the fishing organisations. Production data in 2016 
were consistent with the official data used at WGHANSA 2017. Therefore it was assumed that 
the production data reflected the actual catches and were included in this update assessment 
with a revision from 2013 to 2016 (Table 3). 

In parallel, some work in the biological datasets (weight@age, number@age) showed some mis-
matches in French data between catches as used in the stock assessment and the sum of products 
(SOP) for the respective biological data on some years. This is most likely related to some various 
revisions to the total catches over time that were followed by rescaling of the number-at-age 
matrices to match those revisions. These input data were considered by the inter-benchmark as 
the new reference datasets used for the stock assessment within ICES. 

Table 3. Differences between total catch estimates from ICES, WGHANSA 2018 and revised catches. Total catches repre-
sent both Spanish and French catches in the Bay of Biscay. Revised catches are the sum of Spanish catches and production 
data provided by the French fishing industry. For 2018, preliminary catch information from the Spanish and French in-
dustry provided in December 2018 (not shown in table). 

Year Total catches (t) Revised total Difference 

  ICES WG catches (t) (t) 

  June 2018 December 2018   

2010 20 217 20 217 0 

2011 23 208 23 208 0 

2012 30 900 30 900 0 

2013 32 489 32 938 449 

2014 33 943 35 704 1761 

2015 27 284 28 756 1472 

2016 25 498 29 754 4256 

2017 30 318 30 435 117 

Another investigation considered inclusion of the two rectangles from the 7e area (25E5&24E5 
statistical rectangles called “Douarnenez bay”(DZ bay)). This area is exclusively exploited by a 
coastal fleet of French purse-seiners (vessels >17 meters) representing around 19% of the total 
catch (average 2014–2017). The DZ bay was included in the stock, as there is little evidence, at 
present, to indicate that it should be separated (ICES, 2017a). Considering the high level of catch 
coming from this area, its poor biological sampling and observed differences in growth between 
stocks in different regions (e.g. the ICES Subarea 7 stock; Huret et al., 2019; ICES, 2017a), the WG 
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raised the need to investigate the differences in biological parameters or stock delineation be-
tween the two areas. 

Considering the short time window to conduct the study (Lavielle et al., 2019) before the Inter-
benchmark, only two sources of data were used to compare growth and length-at-age: European 
Union Data Collection Framework (DCF) data from France and ad hoc data collected during May 
2019. Despite the sampling bias of the first source, it seems there is a higher growth of the DZ 
bay sardine especially at the first ages. But the erratic sampling of the DCF data from the DZ bay 
during the time-series and the partial nature of the ad hoc sampling do not allow drawing a de-
finitive conclusion. In terms of stock structure based on growth parameters, it is not possible to 
say if the sardine from the DZ bay belongs to a different stock than those from the north of the 
8a area. A complementary study including monthly sampling from the two areas and genetic 
analysis may be forthcoming. In the absence of clear information to separate the stocks, the group 
recommends keeping the DZ bay in the stock area definition. Several model runs, described 
above, including or excluding the DZ catch data, found little improvement in retrospective bias 
in either case. 

2.4 Biological data sampling 

Since the current modelling uses catch-at-age data, some concerns about the raising procedure 
of the catch-at-age matrix were highlighted and the conversion of catch-at-size to catch-at-age 
through an age–length key (ALK): 

• Regarding the French data, no ALK is available during the first quarter of each year, 
except over 2006–2008. The first semester ALK is borrowed (almost) entirely from the 
PELGAS survey. 

• Difficulties remain in obtaining biological samples from the catch for France and Spain 
(especially in recent years for France). There is an increasing dependence of the ALK 
from the survey data (PELGAS/EVOHE) which do not cover some parts of the fishery 
area (7e part of the stock but also some coastal parts of the Bay of Biscay). 

In consideration of the ongoing work dealing with the identification of different growth patterns 
between the areas of the stock, it would be recommended to keep at least the same level of data 
coverage and quality. However, moving to an SS configuration that uses the length data input 
directly and estimated the age–length key internally could provide time and cost savings as the 
total number of age samples that would need to be collected and aged annually would likely be 
much lower. Further, the length sampling coverage of the catch is very satisfactory, even on a 
quarterly basis for the French data as well as for the Spanish data. 

2.5 Consideration of the historical (pre-2000) Spanish 
purse-seine data 

The Group considered the historical Spanish (Basque) purse-seine catch data from 1971–1986 
(Figure 3). The early data in Figure 3 were considered to be unreliable, both due to the potential 
that the catches came from areas other than the Bay of Biscay, and due to unreliable reporting. 
Secondly, much of the catch went to local markets at that time, rather than canneries and hence 
it would be unlikely that the local Basque markets could have consumed such volumes. Hence 
the Group agreed with the decisions of previous working groups to exclude this catch time-se-
ries. The Group did consider that there was likely a baseline catch of around 2000 t in the period 
prior to 2000 and that the most appropriate way to account for this was to add this to the initial 
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equilibrium catch and to increase the CV on this initial input in the assessment from 0.05 to 0.10 
to account for the fact that these catches were not known precisely. The purpose of the initial 
equilibrium catch is to allow the model to estimate initial fishing mortality rates, a critical aspect 
of starting the model later than the start of fishing. The implementation of these settings did not 
change substantially the overall fit of the model. Mohn’s rho values were similar to the reference 
run for the CV of 0.1 while adding 2000 t to the initial equilibrium catch slightly increased the 
magnitude of retrospective patterns. Those settings were not kept for the candidate runs. 

2.6 Exploration of an earlier starting point 

Best practices in integrated modelling generally attempt to account for the entire history of re-
movals, and start the model at the earliest possible time period. This obviates the need to estimate 
initial fishing mortalities and may improve the estimation of R0 as the model has a high negative 
correlation between R0 and initial F. Hence starting the model earlier could improve the model. 

Given the perceived quality of the catch data, the Group considered it possible to push the start-
ing time earlier to 1989 and models were constructed to do this. These models (Table 2) did not 
substantively improve the precision of the initial F estimates over the initial reference model, nor 
did it reduce the correlation between R0 and initial F. Furthermore, it did not ameliorate the main 
issue of the retrospective pattern. Hence, while the Group considers that efforts to reconstruct 
the historical catch time-series could improve the model, it would require further review of the 
available data and was not necessary to pursue at this point to address the retrospective pattern. 

2.6.1 Recommendations for Group-preferred model formulation 

The group identified a series of additional recommended changes to the model outlined below: 

• asymptotic selectivity (fix parameter 6 selectivity at 1) for both PELGAS and fishery; 
• Beverton–Holt stock–recruitment relationship, fixed steepness at 0.99, estimated; 
• sigmaR with Methot and Taylor bias correction; 
• remove the relict selectivity deviation parameterization; 
• Retain start in 2000; 
• Add 2000 to the initial equilibrium catch and to increase the CV on this initial input in 

the assessment from 0.05 to 0.10; 
• Do not estimate terminal year recruitments as these are little informed by any data (this 

is commensurate with general practice of other modelling approaches to replace terminal 
year recruitments in VPAs or to employ some type of ‘shrinkage’ to the mean penalty); 

• do not carry over terminal year age composition; 
• full maturity at stage 2. 

2.6.2 Diagnostic evaluation of the Group-preferred model 

The group performed and report here upon a series of standard diagnostics on the preferred 
model settings indicating that the model. Profiles of steepness (Figure 7) indicate that there is 
limited ability to estimate steepness, which is not surprising given the short duration of the mod-
elled time-series and the lack of contrast in indices. The model has a log-likelihood minima for 
R0 which indicates that it can estimate population scale, which is a key function of the modelling 
(Figure 8). The main signal for estimating scale is in the age composition data with the relatively 
flat indices uninformative for the upper limit on R0. 
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Retrospective performance is acceptable with Mohn’s rho values less than 0.2 (Table 2, Figure 
9). Fits to the aggregated age composition (Figure 10) are good though fits to indices are rather 
poor (Figure 11). 

Overall, the group-preferred model is not substantively different in scale, trend or variability in 
SSB, recruitment or fishing mortality from the initial benchmark model or the reference model 
with the revised data (Figure 12). The preferred model simply has several interventions that lead 
to more stable treatments of recent recruitments, which substantially reduces the retrospective 
bias which was the major concern of this IBP panel. 

2.6.3 Overall evaluation of the model 

Strengths:  Overall model performance is solid, log-likelihood profiling indicates that the model 
estimates the key parameters without severe conflict among components. The Group-preferred 
model with asymptotic selectivity, a restriction to not estimate terminal year recruitment devia-
tions and a loose (steepness 0.99) Beverton–Holt stock–recruitment relationship reduced the ret-
rospective bias considerably and several interventions improved model fit. 

Weaknesses: The model cannot estimate steepness, so it does not have an internal estimate of 
FMSY from a stock–recruitment relationship. Furthermore, the selectivity, growth, natural mortal-
ity and fecundity parameterization does not lend itself to well-defined equilibrium proxy bench-
marks based on yield or spawner per recruit. Maturity, though much better resolved with the 
new staging criteria for ages 2+, remains an uncertainty in the model for age 1 and, as it affects 
the interpretation of the indices, remains influential on model performance. 

The issue of scale remains in that the model does not estimate a population size as large as the 
acoustic survey and the survey (DEPM, PELGAS and BIOMAN) catchability estimates remain 
above 1 which indicates that they potentially detect more fish than the model estimates are in 
the population. However, this makes the assumption that the surveys are actual estimates of 
absolute biomass. The assessment model does not treat the survey as absolute estimates and it 
estimates catchability, which really is not meaningful, once the survey is treated as a relative 
abundance index. Treating surveys such as these as relative indices is commensurate with most 
treatments of these in models, as estimating absolute abundance is very difficult and prone to 
numerous strong assumptions. 

While the model estimates of catchability for the surveys are above one, they could very well 
have been below one if the indices were scaled to a mean of one as is often done with relative 
indices. The issue with them being above one only is a concern if it is considered that these esti-
mates are absolute estimates. In this regard, the Group is aware of ongoing research into the 
acoustic surveys that may address concerns regarding overestimation of target strength that 
could be a factor in its estimation of total biomass higher than the assessment model. Also the 
selectivity of the acoustic survey is modelled with data from pelagic trawls, which does not ap-
pear to capture fish less than 10 cm. If the acoustic survey detects fish smaller than this, particu-
larly in the massive quantities of 5–10 cm fish, then perhaps they are under-represented in the 
assumed vulnerable biomass in the model. Furthermore, given the rapid population dynamics 
(high natural mortality) and high seasonality of the biology and fishery, it is possible that any 
mismatch in the timing of the acoustic surveys relative to the assumed timing of growth, repro-
duction and mortality could lead to the acoustic survey to estimate higher biomass than the 
model estimates. For example, given natural mortality alone, about 50% of the fish die during 
the year. If M is seasonal, which it likely is (but is currently modelled as constant throughout the 
year) then a pre-natural mortality survey in the spring would clearly estimate higher biomass 
than under a constant M assumption. Finer scale partitioning of temporal dynamics might better 
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resolve any mismatches in the future but, given the current uncertainties, treating the surveys as 
relative indices appears prudent. 

Future configurations of the model should consider specifically parameterizing all of the biolog-
ical inputs, so as to allow for switching back and forth between reliance on the mean weight-at-
age matrix and using internally derived or estimated weight-at-age. This will also allow for in-
putting the mean weight-at-age as data rather than just fixed known values. This is of particular 
importance for fitting growth as the mean weight-at-age matrix does not contribute to the likeli-
hood and hence, when growth was estimated in several of the trials, the model did not gain much 
improvement in likelihood, as it would have if it fit to these data. Further explorations of the 
model should increase the resolution on the length composition bins and could consider options 
for either iterative reweighting of the composition data using one of the standard approaches 
such as Francis (2011). 
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3 Update of stock annex 

3.1 MSY and PA reference points 

The group recommended an FSPR proxy of F35%SPR, based on considerations of life history and 
precautionary reference points (Myers et al., 1999; Mace, 1994; Mace and Sissenwine, 1993) and 
proxies for FMSY based on natural mortality rate (Zhou et al., 2012; Francis, 2011).  Recalculated 
reference points are included in Table 3 based on the Group-preferred model. 

From the group-preferred model developed in this Inter-benchmark (up to 2018), the sardine in 
8abd shows a scatterplot of 18 pairs of stock and recruitment estimates (2000–2017), covering a 
narrow range of biomasses (Min/Max=51%) and with no clear indications of impaired recruit-
ment (Figure 13). According to ICES guidelines for stocks in category 1 and 2, when the assess-
ment covers a limited range of biomass and it is not informative about Blim (i.e. does not show 
evidence of past impaired recruitment) the stock can be classified as Type 6. In these cases, ICES 
guidelines (ICES, 2017c) suggest that Bloss could be a candidate for Bpa, but this being dependent 
on considerations of the historical fishing mortality. If fishing mortality has been low (as it can 
be the case for most of the series assessed for sardine), “then this may actually be a stable stock 
for which the Bpa should be defined as the Bloss value”. These guidelines were followed in 
WGHANSA 2017 and 2018 and Bpa was set as Bloss. In WGHANSA 2018 (ICES, 2018) Bpa was set 
at 88 000 t. Then, Blim was set as a function of Bpa as follows: Blim = Bpa x exp(-1.645 𝜎𝜎B), which 
resulted in Blim = Bpa / 1.4 = 63 328 t ,where 𝜎𝜎B = 0.2 as indicated in the ICES guidelines in a delib-
erate precautionary approach when inferring Blim from Bpa. The guidelines for all the remaining 
reference points were followed leading to FMSY equal to 0.27 (ICES, 2018). The WG questioned 
the use of a default sigmaB (0.2) instead of the actual SigmaB estimated by the model (of 0.23 in 
WGHANSA 2018) as an overly precautionary approach for a type 6 stock (where the first pre-
cautionary decision was to take Bpa as Bloss). ADGHANSA (ICES, 2018b) supported the use of 
sigmaB=0.23 for future determinations of Blim from Bpa. 

These estimates were supported but also partly questioned in 2017 for the relatively precaution-
ary values resulting from the ICES ad hoc procedure for this sardine stock (see Annex 2 to ICES, 
2017b). 

The Inter-benchmark team points out that the past sardine BRPs resulting from the default pro-
cedure for this type 6 stock might have resulted in values too precautionary for the following 
considerations: 

• constrained to Fp0.05 (0.27) to 61%.  This means that adopted FMSY (0.27) is well below the 
typical FMSY proxies at %SBR of 40% or 50% (Mace, 1994; Horbowy and Luzenczyk, 2012) 
(Table 1 in Uriarte et al. WD to IBP and see also Table 1 below in both tables assuming 
SSB0 corresponding to geometric mean recruitment). This suggests that the restrictions 
imposed by Fp0.05 to ensure a 95% probability of being above Blim, may be too high, and 
so Blim. 

• Constraining FMSY by Fp0.05 leads to a FMSY value of 0.27 which is well below the typical 
cautionary target of F0.1 (Table 4) and of the alternative FMSY proxy of 0.87*M (= 0.44, see 
last paragraph of this section) (based on life history for data-limited stocks Zhou et al., 
2012). Blim would be above the expected biomass at F0.1 (as calculated for this stock in the 
deterministic yield per recruit of Table 1 in Uriarte et al., 2019, and see also Table 1, be-
low). 

• Unrestricted FMSY (0.415) corresponds a %SBR of about 52%, Fpa (0.302) to 59% of FMSY. 
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The IB group explored some alternative definitions of Blim in terms of %SBR. Based on the assess-
ment results, an equilibrium SPR analysis was conducted. R0 was equal to 5 025 398 (1000s), as 
estimated in the model. Maturity, stock and catch weights-at-age and selectivity were taken as 
the average of the last five years (2013–2017). No assumption of a stock–recruitment relationship 
was made as the assessment itself cannot estimate steepness for the Beverton–Holt S–R model 
(other than suggesting that steepness values higher than 0.6 are more likely). Values of Blim at 
20%, 30% and 35% SBR were considered (Table 4). The 20% threshold has been suggested as a 
biomass below which recruitment can be reduced (Beddington and Cooke, 1983; Meyers et al., 
1994). However, Mace (1994) and Mace and Sissenwine (1993) pointed out that for stocks of un-
known resilience a more prudent approach would be using F30%B0. Furthermore in their analysis 
Mace and Sissenwine (1993) found that pelagic species that reach relatively small maximum size 
and/or mature at small size, seem to have high replacement %SPR, and the analysis by taxonomic 
groups suggested a mean replacement %SPR for cupleoids of about 37.5% higher than for other 
taxonomic groups. Myers et al. (1999) also found that the median steepness of cupleoids and 
engraulidae were intermediate (not in the upper range of values). Therefore, it can be deduced 
or presumed from a precautionary approach that small pelagic fish may have relatively lower 
resilience to fishing (Mace and Sinsenwine, 1993). This led the IBP group to set Blim at 35%B0, 
which was equal to 56 300 t (Table 1). 

Other ways of estimating Blim based, for instance on SSB leading to a Recruitment level at 50%R0 
(as suggested by Mace, 1994), were not considered as they imply assuming the steepness of the 
S–R relationship. 

Following the ICES guidelines for stocks in Category 1 and 2, the remaining reference points 
were derived from the former value of Blim (= 56 300 t). Bpa was derived as Bpa = Blim x exp(1.645 𝜎𝜎B), 
where 𝜎𝜎B is the standard deviation of ln(SSB) in the terminal year (2018). The value of 𝜎𝜎B was 
approximated by the coefficient of variation of SSB in the final assessment year, which resulted 
to be 0.204. This value was very close to the default value of 0.2. Thus, Bpa was set at 78 700 tonnes. 

The limit fishing mortality (Flim) is the F that, in equilibrium from a long-term stochastic projec-
tion, gives 50% probability of SSB being above Blim. This was computed using Eqsim for a pro-
jection based on stochastic recruitment around a segmented regression with breakpoint fixed at 
Blim (Figure 2). Biological parameters (mean weights-at-age, maturity and natural mortality) and 
exploitation pattern (selectivity) were sampled from the last five years of the stock assessment 
(2013–2017). No assessment/advice errors were considered (Fcv = Fphi = 0) and no advice rule was 
included (Btrigger=0). The resulting limit fishing mortality Flim was 0.757. 

The precautionary approach fishing mortality Fpa is the value of the estimated F that ensures that 
the true F has less than 5% probability of being above Flim, i.e. the 5th percentile on distribution 
of the estimated F if true F is at Flim. Thus, Fpa was derived from Flim as: Fpa = Flim x exp(-1.645 𝜎𝜎F), 
where 𝜎𝜎F is the standard deviation of ln(F) in the final assessment year. The standard deviation 
of the logarithm of F in 2017 was approximated by the coefficient of variation of the apical F in 
2017, which was equal to 0.207, leading to Fpa at 0.539. 

For the stochastic projections in Eqsim to compute FMSY and MSY Btrigger, recruitments are sampled 
from the predictive distribution of fitted parametric stock–recruitment models. Initially, 
Beverton–Holt, Ricker and segmented regression stock–recruitment models were considered, 
and the fitted models were averaged using smooth AIC weights (Buckland et al., 1997). However, 
the fit of the Beverton–Holt was unrealistic (a flat line) and no biological support was found for 
the Ricker model (all observed points in the impaired recruitment region). Alternatively, the 
breakpoint of the segmented regression model was slightly lower than the lowest observed SSB 
(which in this case was used to define Bpa). Therefore, it was decided to use a segmented regres-
sion model with the breakpoint fixed at Blim (Figure 14). 
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Biological parameters (weights-at-age, natural mortality and maturity) and the exploitation pat-
tern (selectivity) were resampled at random from the last five years of the assessment (2013–
2017). This makes the explicit assumption that the declines in mean weight-at-age (Figure 1) ob-
served in the population in the last five years will continue in the future.  Assessment/advice 
errors could not be estimated for this stock, since the model was not used in the latest years to 
provide advice. Therefore, assessment/advice errors were set according to the default option in 
WKMSYREF4 (ICES, 2016). The conditional standard deviation in the log domain was FCV=0.212 
and the parameter of autocorrelation in the AR (1) process for fishing mortality was Phi=0.423. 
The biomass trigger point (Btrigger) was fixed at 0, indicating that the ICES MSY advice rule (fish-
ing mortality is linearly reduced if the biomass in the TAC year is predicted to be lower than 
MSY Btrigger) was not applied. All the settings for the base case run in Eqsim are given in Table 5. 

FMSY was computed as the F maximizing the median landings yield curve and was equal to 0.621. 
Since this value was larger than Fpa, for consistency with the precautionary approach FMSY was 
reduced to Fpa (0.539) (Figure 15). 

MSY Btrigger in the ICES MSY advice rule is defined as the 5th percentile of the distribution of SSB 
when fishing at FMSY and could be calculated via stochastic simulation in Eqsim. From 2002 to 
2011, fishing mortalities were below 0.2, increased around 0.4 in 2012–2017. In the absence of 
fishing at FMSY, MSY Btrigger was set at Bpa (78 700 tonnes). 

The effect of including the ICES MSY advice rule was evaluated by running Eqsim with Btrigger 
equal to MSY Btrigger at 78 700 tonnes. Fp.05, the F that leads to SSB >Blim with probability 0.95, 
resulted in 0.453 when including the ICES MSY advice rule. However, this value was still below 
FMSY, indicating that the FMSY and MSY Btrigger combination do not fulfil the precautionary criterion 
(Figure 16). Therefore, FMSY was further reduced to Fp.05 at 0.453. The PA and MSY reference 
points are summarised in Table 6. 

The final estimate of FMSY (over ages 2–5) (= 0.453) has the property of being consistent with the 
ideas of Zhou et al. (2012) of setting FMSY equal to 0.87·Natural Mortality. Making use of the 
weighted M (to the expected equilibrium populations at ages 2–5 at R0, wM=0.502) leads FMSY 
proxy = 0.87 * 0.502= 0.44. In addition, the current FMSY value is also more consistent with sug-
gested values in literature for %SBR as it seems to fall between F50%SPR and F40%SBR (closer to the 
former one). 

3.2 Projection specifications 

Given the short duration of the meeting, the Working Group could not fully specify the projec-
tion specifications for the preferred model structure but anticipates this will be more fully cov-
ered in the assessment update. Key considerations for projections such as time period for biolog-
ical assumptions, selectivity and fishing mortality specifications could (and, to be consistent with 
the benchmark calculations, must) follow the specifications outlined in Table 5. 
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4 Recommendations 

1. Consider Group-preferred model, defined above. 
2. Evaluate methods for estimating natural mortality, particularly considering the work 

conducted for Bay of Biscay Anchovy (Uriarte et al., 2016). Consider moving to a single 
parameter for natural mortality (but with a Lorenzen-scaling) so that it can be profiled. 

3. Explore incorporation of length and conditional age at length data into the model to al-
low estimation of growth internally as well as to estimate time-varying growth processes. 

4. Consider explicit incorporation of environmental covariates on growth. This may not be 
critical for modelling historical growth but is highly influential when parameterizing the 
expected growth in the future, e.g. one needs to assume what growth (or weight-at-age) 
defines the ‘benchmark’ conditions. 

5. Incorporate mean weight-at-age as ‘data’ in the data file, rather than as fixed, assumed-
known values. 

6. Given the fact that most of the catch is from ages 1 and 2 and the likely two year time-lag 
between a stock assessment model and the provision of catch advice much of the catch 
that constitutes the TAC is a product of model projections. This makes the assumption 
of future recruitment highly influential in the TAC advice (Rice and Browman, 2014). As 
this fishery has high quality annual surveys that should serve as useful management 
procedures, the fishery could benefit from an MSE-tested management procedure. 

7. Evaluate the historical time-series of Basque/Spanish catches. If even a quarter of these 
historical catches were from the Bay of Biscay, they would scale the overall population 
substantially higher. 

8. Carry out further studies to clarify the stock identity of the catches coming from the 
Douarnenez Bay (in Subarea 7), currently assumed to belong to the sardine stock in Sub-
area 8, which was shown to affect the scaling of the assessment. Particularly conduct 
biological sampling in Douarnenez to obtain annual ALKs for this area and to evaluate 
stock mixing and potential growth differences. 

9. BIOMAN surveys should estimate maturity within the survey so that they are not reliant 
on PELGAS maturity. 

10. Recommend exploring method such as the Francis/McAllister or other reweighting for 
composition data be employed which might give more weight to the composition data. 



ICES | IBPSARDINE   2019 | 15 
 

 

5 Conclusions 

Overall the group-preferred model is not substantively different than the benchmark model, it 
simply has several interventions (asymptotic selectivity and some structure on unconstrained 
recruitment deviations) that greatly improve diagnostic performance. The data revisions appear 
justifiable and further do degrade model performance. The other major issue was concern over 
the different population scales as estimated by the acoustic and egg surveys what were designed 
to provide absolute biomass estimates. However several possibilities such as mismatch in as-
sumed timing, overestimation of target strength or incorrect selectivity assumptions for the sur-
veys could all lead to survey biomasses higher than the model. Given the extreme challenges in 
obtaining absolute biomass estimates, particularly for a highly temporally dynamic biomass 
such as sardine treating these surveys as relative indices appears justified. Once the indices are 
treated as relative then the absolute scaling of catchability does not matter. 

Hence the main concerns that lead to the assessment being classified as a category 2 stock (stocks 
with analytical assessments and forecasts that are only treated qualitatively): poor retrospective 
performance and differences in scale between the surveys and the model appear resolved at the 
current point for which the working group recommends elevation of the assessment to category 
1 and provides a series of reference point calculations based on an MSY proxy of F35%SPR. 
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Table 4. Yield per recruit analysis for a constant recruitment at Virgin Recruitment estimated by SS3 (R0 = 5 025 398) 
leading to Virgin Biomass (B0) around 160 800 t. (Yield had a monotonic increasing shape and hence Fmax was not encoun-
tered). The small difference of SSB at F35%B0 (56 371 t) with the actual 35%B0 (56 277 t) arises from the step of increasing 
F while covering the wide range of Fs for the analysis). 

 Fmax Fbar.0.1 F20%SBR F30%SBR F35%SBR F40%SBR F50%SBR 

Fbar(2–5) 0.000 0.810 3.035 1.385 1.025 0.780 0.480 

Fbar(1–3) 0.000 0.637 2.387 1.089 0.806 0.613 0.377 

HR(B1+) 0.000 0.416 0.980 0.604 0.492 0.404 0.280 

HR(SSB) 0.000 0.514 1.414 0.788 0.621 0.498 0.332 

SSB 0 63,315 32,182 48,327 56,371 64,477 80,430 

Yield 0 32,547 45,500 38,079 35,031 32,140 26,724 

%SBR 0% 39% 20% 30% 35% 40% 50% 

Table 5. Settings for the Eqsim runs for sardine in 8abd. 

Data and Parameters Setting Comments 

SSB-recruitment data Full time-series (2002–2015)   

SR models Segmented regression with break-
point at Blim 

  

Mean weights, maturity and natural 
mortality 

2013–2017   

Exploitation pattern 2013–2017   

Assessment error in the advisory error 
(Fcv) 

0.212 Default value 

Autocorrelation in assessment in the 
advisory year (Phi) 

0.423 Default value 
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Table 6. PA and MSY reference points for sardine in 8abd. 

Framework Reference point Absolute value Technical basis 

MSY approach MSY Btrigger 78 700 Bpa 

FMSY 0.453 FMSY = Fp.05 

Precautionary 
approach 

Blim 56 300 35%SPR, i.e. equilibrium biomass at F that leads to 35% of 
spawner of recruit without fishing 

Bpa 78 700 Bpa = Blim × exp(-1.645 × sigma), where sigma=0.2 

Flim 0.757 F that results in 50% probability that SSB is above Blim in 
the long term, using segmented regression with Blim 

(EqSim) 

Fpa 0.539 Fpa = Flim × exp(-1.645 × sigma), where sigma=0.28 

Management 
plan 

SSBMGT Not applicable   

FMGT Not applicable   
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Figure 1. Empirical weight-at-age of population in the middle of the year. 
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Figure 2. Pearson residuals for A. Initial Reference model, Commercial_vessels (max=3.96), and Pelgas_survey 
(max=2.85), B. Group preferred model, Commercial vessels (max=2.52) and, Pelgas survey (max=3.03). 

 

Figure 3. Historical landings of sardine in 8abd by country. 
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Figure 4. Spawning output for all model runs. 
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Figure 5. Fishing mortality (apical) output for all model runs. 
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Figure 6. Recruitment output for all model runs. 
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Figure 7. Steepness (H) likelihood profile for group-preferred run. 
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Figure 8.  R0 likelihood profile for group-preferred run. 
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Figure 9. Retrospective patterns for the group-preferred run. From top to bottom and from left to right: spawning output, 
spawning output with confidence intervals, fraction of unfished, 1-SPR, apical F and age 0 recruits. 

 

Figure 10.  Age composition fits, aggregated across time by fleet. 
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Figure 11. A. Fit to PELGAS survey. B. Fit to BIOMAN survey. C. Fit to DEPM survey. 
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Figure 12. Summary outputs for of the group-preferred run (in green) in comparison with the previous model settings 
from the Benchmark 2017 (in blue), and the previous model settings with the French data revision (in red). 
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Figure 13. Stock–recruitment plot for sardine in 8abd. 
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Figure 14. Segmented regression model for stock–recruitment (externally derived outside of SS) with the breakpoint set 
at Blim (56 300 t) for sardine in 8abd. 
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Figure 15. Eqsim summary plots without the ICES MSY advice rule for sardine in 8abd. 
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Figure 16. Eqsim summary plots with the ICES MSY advice rule for sardine in 8abd. 
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Annex 2: Review of the Inter-benchmark of Sar-
dine in the Bay of Biscay 

Larry A. Alade, NOAA, Northeast Fisheries Science Center, Woods Hole Laboratory, MA 

Kiersten L. Curti, NOAA, Northeast Fisheries Science Center, Woods Hole Laboratory, MA 

Background 

This report provides an independent scientific peer review of the sardine in the Bay of Biscay 
(8.abd) presented at the Inter-benchmark review meeting conducted October 21–23, 2019. 

The goal of the inter-benchmark was to address retrospective bias, data revisions, a scaling issue 
and update the biological reference points.   The review group felt that all ToRs for the inter-
benchmark were adequately addressed with substantial intervention to the existing model for-
mulation.  A range of model formulation changes were explored, including changes in fishery 
and survey selectivity, growth, and the assumed stock–recruitment relationship, as potential 
causes of the retrospective pattern in the model.   Through a series of standard model diagnostics, 
there have been important advances in the provision of the fishery and survey data for Sardine 
in the Bay of Biscay.  As such, the review group (RG) recommended that the preferred model 
formulation be accepted with the following changes: 

i. Assume an asymptotic selectivity for both the surveys and the commercial fleet; 
ii. Impose a Stock–recruitment relationship with a steepness close to 1 (h = 0.99) with a bias 

correction on recruitment deviations; 
iii. Terminal year recruitment was not estimated in the model to minimize parameter uncer-

tainty since recruitment in the terminal year tends to be poorly informed. 

The preferred model formulation resulted in a substantial reduction of the retrospective pattern.  
Furthermore, indices included in the final model were treated as relative inputs, thereby remov-
ing the interpretation of catchability as an absolute value and eliminating any scaling issues. As 
such, the RG recommended that the assessment be upgraded from a category 2 to a category 1 
assessment. 

The meeting proceeded efficiently and was concluded on schedule.  The assessment leads pro-
vided clear presentations for the various terms of reference, which were followed by constructive 
dialogue between reviewers, assessment scientists and other participants of the inter-benchmark.  
The terms of reference were clearly defined and were adequately addressed by the expert group.  
Additional recommendations are given in this review report and also available in the main re-
port. 

Summary review 

The assessment is conducted in Stock synthesis.   Prior to any interventions made during the 
workshop, the model formulation was based on a single commercial fleet configuration with 
catch-at-age and annual mean weight-at-age data.  The assessment was tuned to three survey 
indices (PELGAS for biomass estimate, BIOMAN egg count and a triennial Daily egg production 
(DEPM survey)).  Fecundity was derived from the maturity ogive and weight-at-age from the 
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PELGAS survey.  Maturity assumed that 50% of individuals are mature at stage 2.  The assess-
ment assumed a rescaled age-specific and time-invariant natural mortality, derived from Gislai-
son et al., 2010.   Natural mortality was rescaled to 0.8 to be consistent with total mortality derived 
from the PELGAS survey catch-at-age.  PELGAS survey selectivity was set to 1 for ages 2 to 5 
and estimated for ages 1 and 6+.   DEPM and egg count survey selectivity parameters were set 
at 0 for age 0 and assumed asymptotic at 1 for ages 1 to 6+.  For the commercial fleet, selectivity 
was set at 1 for ages 3 to 5 and estimated for ages 1, 2 and 6+. 

As indicated earlier, one of the primary objectives of the inter-benchmark was to address the 
retrospective pattern in the assessment. The retrospective pattern has resulted in the overestima-
tion of SSB and underestimation of fishing mortality and thus leads to a downward revision of 
absolute biomass.  The retrospective pattern has resulted in the allocation of the assessment in 
category 2 because the entire time-series is re-scaled as years of data are removed.  The implica-
tion of such allocation is that the estimated quantities from the assessment (F and SSB) were 
treated in relative terms. 

A series of runs were brought forward by the EG during the inter-benchmark to examine the 
cause of the retrospective pattern in the assessment.  Runs included revision to the French data, 
alternative catch data inputs, changes in selectivity time blocks, an alternative assumption about 
maturity at stage 2 and the application of Q1 weights-at-age from the commercial fleet (See Table 
1).   Retrospective patterns were estimated for all runs based on ICES guidelines using the Mohn's 
rho estimate. The revision of the French data led to lower values of Mohn’s rho compared to the 
reference run.  This became the basis for further explorations.  It should be noted that the initial 
model explorations presented by the EG did not resolve the retrospective pattern.  Therefore, 
several additional model explorations were considered during the inter-benchmark meeting to 
resolve the retrospective pattern.   Additional explorations included starting the model time-
series in 1989, assuming flat-top selectivity for the fishery and the survey, testing the influence 
of each survey by removing each index one at a time, and various treatments of growth (1. fixed 
mean weight-at-age, 2. assuming a von Bertalanffy growth and length–weight relationship, al-
lowing the model to internally derive mean-weights-age, 3. allowing deviation in the K and de-
viations in growth among the cohorts to be estimated). 

a) Evaluating Causes of Retrospective Patterns 

The RG questioned the assumption of a dome-shape selectivity in the PELGAS survey, 
particularly for age 6+.   Besides improved model diagnostics, there was no strong bio-
logical justification to support a lower selection of age 6+ in the survey.  As such, a flat-
top formulation was explored.  This resulted in a lower AIC, reduced the retrospective 
pattern, and was kept as a candidate formulation for further exploration. 

The effect of removing one survey at a time demonstrated the impact of each survey and 
resulted in a reduction of the retrospective pattern, with the largest reduction in Mohn’s 
rho occurring with the exclusion of the BIOMAN survey.  Although the survey exclusion 
exercise showed improvement in the retrospective diagnostics, none of the explorations 
fell within the acceptable guidelines of rho <0.2 to be further pursued.  The RG also ex-
pressed concern about the double use of the egg data in the BIOMAN survey and the egg 
count. 

The various growth configurations did not result in improved model fits nor improved 
retrospective diagnostics.   Further, it was noted that the mean weights-at-age for age 0 
were inputted as zeros in the model. To address RG concerns that this setting could be 
problematic, the zero weights-at-age-0 were replaced with mid-year weights. However, 
this exploration did not result in improved model diagnostics and therefore was not con-
sidered further. 
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The lack of a stock–recruitment relationship and its potential cause of the model’s retro-
spective pattern was a major point of discussion among the WG and RG. Although there 
was no clear stock–recruitment relationship, it was hypothesized that imposing a weak 
relationship could potentially add structural integrity to the model by minimizing the 
magnitude of variability in the recruitment deviations.  The WG further recommended 
that σ𝑅𝑅  be estimated with a bias correction according to Methot and Taylor (2016).  Rec-
ognizing the lack of S–R relationship, a Beverton–Holt formulation was considered with 
a steepness fixed at 0.9 and σ𝑅𝑅  estimated with a bias correction.  This resulted in a signif-
icant reduction in the retrospective pattern while reducing the AIC of the model.   A 
follow-up run with steepness fixed at 0.99 was explored and thought to be consistent 
with the benchmark formulation that did not impose a stock–recruitment relationship.  
This further improved the model AIC and retrospective diagnostics. 

Following a re-evaluation of the maturity ogive from the PELGAS survey, fecundity was 
recalculated assuming 100% of stage 2 fish were mature.  This is a departure from the 
benchmark formulation that assumed 50% maturity at stage 2.  The effect of the 100% 
maturity assumption was mainly on the age-1s, resulting in a higher proportion of age-
1s mature in the early part of the time-series.   A model run was considered to test the 
effect of this new maturity ogive assumption.  Although, there was a modest increase in 
retrospective bias, the WG felt that this model run should be maintained among candi-
date runs because the new maturity assumption is consistent with observations from the 
spring PELGAS survey. 

The initial treatment of the terminal year age composition was based on the age compo-
sition in year t-1.  The RG deemed this approach to be problematic and unnecessary in 
the model settings.  The issue with such setting is a mischaracterization of the age com-
position, contributing to lack of proper cohort tracking.  As such, age composition in the 
terminal year was omitted. 

b) Investigation of fleet selection patterns and noise in cohort tracking 

Initial model explorations evaluated time blocks in selectivity and determined little to no 
improvement in model fit and AIC. Evaluation of age composition residuals did not in-
dicate a systematic lack of fit that is indicative of a change in selectivity. 

c) Update of historical French catch time-series 

Historical French catches were revised for years 2013–2016 to reflect actual production 
catch data from the various French organizations.   The revised catches are included in 
this updated assessment.   In conjunction with the revisions to the French catch data, 
weights-at-age and numbers-at-age were also revised to ensure internal consistency be-
tween the total catch and French biological data.  The WG fully supported the revised 
data and agreed that it should be the basis for the reference assessment model. 

Two statistical rectangles from area 7e (Dournenez Bay) were explored for inclusion in 
the total catch estimates.  The Dournenez Bay represents almost 20% of total catch from 
2014–2017 from the coastal French purse seine fleet.  In previous assessments, Dournenez 
Bay catches were included in the stock but based on very little evidence to support a 
separate stock area.   Due to the magnitude of catch from both rectangles, difference in 
growth and poor sampling, the WG felt the need to address biological or spatial differ-
ences between these two areas.   However, spatial differences based on growth infor-
mation was equivocal and did not provide strong basis to include or exclude Dournenez 
Bay catches from the stock. Several model runs were explored to investigate the impact 
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of Dournenez Bay catches in the model.  There was very minimal improvement in retro-
spective bias in the model diagnostics when Dournenez Bay catches were omitted.  Given 
the lack of strong evidence for the inclusion or exclusion of Dournenez Bay catches in the 
total stock catches, the WG recommended to maintain the Dournenez Bay catches.  Ge-
netic work currently being completed from monthly sampling of the two areas may bet-
ter inform future stock delineation between the two areas. 

d) Historical Spanish purse seine 

The WG considered whether to include historical Spanish purse seine catches from 1971–
1986.  Due to data uncertainty and the likelihood that these data may have included 
catches from outside the Bay of Biscay, the WG agreed with the EG decision to exclude 
these catches from the time-series.  However, the WG did consider an initial equilibrium 
catch (2000 mt) prior to 2000 in the model to allow for an initial estimation of fishing 
mortality rates to start the model.  The assumed CV was increased from 0.05 to 0.10 to 
account for uncertainty in the catch during this period.  This formulation did not sub-
stantially improve fits to the data and retrospective diagnostics did not improve over the 
reference model.  As such, this model was not pursued among candidate model runs. 

e) WG preferred model formulation 

The following outlines the list of assumptions in the preferred model and also listed in 
the main report: 

• Asymptotic selectivity (fix parameter 6 selectivity at 1) for both PELGAS and the fishery; 
• Beverton–Holt stock–recruitment relationship, fixed steepness at 0.99, estimated sigmaR 

with Methot and Taylor bias correction; 
• Exclusion of selectivity deviation parameterization; 
• Retain start of the model time-series in 2000; 
• Restrict estimation of terminal year recruitments as these are little informed by any data 

(this is commensurate with general practice of other modelling approaches to replace 
terminal year recruitments in VPAs or to employ some type of ‘shrinkage’ to the mean 
penalty); 

• Do not carry over terminal year age composition; 
• Full maturity at stage 2. 

Despite the improvements made to achieve the WG’s preferred model, estimated trends were 
similar to those of the original benchmark formulation.  Three changes lead to a substantial im-
provement in the preferred model: 1) Implementation of an asymptotic selectivity in the fishery 
and the survey 2) Stable treatment of terminal year recruitment, and 3) The inclusion of a stock–
recruit relationship but with a steepness (h =0.99) to account for the lack of S–R relationship in 
the model.  These changes lead to a substantial reduction in the retrospective pattern (Mohn’s 
rho less than 0.2) and strong model diagnostics in terms of model fit to the observations and AIC.   
With these model improvements, there are still a couple of limitations including the issue of 
population scaling (catchability estimates greater than one) and the inability to estimate steep-
ness (based on the likelihood profile of steepness). 

f) Biological reference points 

The WG recommended an FMSY proxy of F35% SPR, based on considerations of life history 
and precautionary reference points (Myers et al., 1999; Mace, 1994; Mace and Sissenwine, 
1993), and proxies for FMSY based on natural mortality rate (Zhou et al., 2012; Francis, 



ICES | IBPSARDINE   2019 | 39 
 

 

2011).  Recalculated reference points are updated in the report.  The WG agrees that the 
reference points are in accordance with ICES guidelines for category 1 and 2 stocks, when 
the assessment covers a limited range of biomass and it is not informative about Blim (i.e. 
does not show evidence of past impaired recruitment). 

Recommendations 

The following is a list of recommendations from the Inter-benchmark and also presented in the 
main report: 

1. Evaluate methods for estimating natural mortality, particularly considering the work 
conducted for Bay of Biscay anchovy (Uriarte et al., 2016). Consider moving to a single 
parameter for natural mortality (but with a Lorenzen-scaling) so that it can be profiled. 

2. Explore incorporation of length and conditional age-at-length data into the model to al-
low estimation of growth internally as well as to estimate time-varying growth processes. 

3. Consider explicit incorporation of environmental covariates on growth. This may not be 
critical for modelling historical growth but is highly influential when parameterizing the 
expected growth in the future, e.g. one needs to assume what growth (or weight-at-age) 
defines the ‘benchmark’ conditions. 

4. Incorporate mean weight-at-age as ‘data’ in the data file, rather than as fixed, assumed-
known values. 

5. Given that 1) most of the catch is from ages 1 and 2, and 2) the likely two year time lag 
between a stock assessment model and the provision of catch advice, much of the catch 
that constitutes the TAC is a product of model projections. This makes the assumption 
of future recruitment highly influential in the TAC advice (Rice and Browman, 2014). As 
this fishery has high quality annual surveys that should serve as useful management 
procedures, the fishery could benefit from an MSE-tested management procedure. 

6. Evaluate the historical time-series of Basque/Spanish catches. If even a quarter of these 
historical catches were from the Bay of Biscay, they would scale the overall population 
substantially higher. 

7. Carry out further studies to clarify the stock identity of Douarnenez Bay catches (in Sub-
area 7), currently assumed to belong to the sardine stock in Subarea 8, which was shown 
to affect the scaling of the assessment. In particular, conduct biological sampling in 
Douarnenez Bay to obtain annual age–length keys for this area and to evaluate stock 
mixing and potential growth differences. 

8. BIOMAN surveys should estimate maturity within the survey so that they are not reliant 
on PELGAS maturity. 

9. Recommend exploring methods such as McAllister and Ianelli or other reweighting 
methods for composition data, which might give more weight to the composition data. 
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Annex 3: Stock Annex 

The table below provides a link of the stock annex for sardine in divisions 8.a–b and 8.d (Bay of 
Biscay). Stock Annexes for other stocks are available on the ICES website library under the pub-
lication type “Stock Annexes”. Use the search facility to find a particular Stock Annex, refining 
your search in the left-hand column to include the year, ecoregion, species, and acronym of the rel-
evant ICES expert group. 

Stock ID Stock name Last up-
dated 

Link 

pil.27.8abd Sardine (Sardina pilchardus) in divisions 8.a–b and 8.d (Bay of 
Biscay) 

November 
2019 

Sardine 8abd 

 

http://www.ices.dk/publications/library/Pages/default.aspx
http://tinyurl.com/lemtn4t
http://www.ices.dk/sites/pub/Publication%20Reports/Stock%20Annexes/2019/pil.27.8abd_SA.pdf

	1 Introduction
	2 Evaluate the present analytical assessment method
	2.1 Investigate the causes of the retrospective patterns in the assessment and potential solutions
	2.2 Investigation of fleet’s selection patterns and of noise in cohort tracking
	2.3 Evaluate updates to the historical French catch time-series
	2.4 Biological data sampling
	2.5 Consideration of the historical (pre-2000) Spanish purse-seine data
	2.6 Exploration of an earlier starting point
	2.6.1 Recommendations for Group-preferred model formulation
	2.6.2 Diagnostic evaluation of the Group-preferred model
	2.6.3 Overall evaluation of the model


	3 Update of stock annex
	3.1 MSY and PA reference points
	3.2 Projection specifications

	4 Recommendations
	5 Conclusions
	6 Literature cited
	Annex 1: List of participants
	Annex 2: Review of the Inter-benchmark of Sardine in the Bay of Biscay
	Background
	Summary review
	Recommendations
	Annex 3: Stock Annex





