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i Executive summary 

The inter-benchmark IBPSandeel evaluated the use of density-dependent survey catchability to 
reduce retrospective patterns in the assessment of sandeel in area 2r and 3r. IBPSandeel con-
cluded that the method proposed is appropriate and can be applied to provide advice on these 
two stocks. 

The sandeel advice on fishing opportunities is highly influenced by good incoming year classes. 
High uncertainty is usually associated with estimation of high recruitments, which justified the 
implementation of an Fcap strategy. However, sandeel assessments in 2r and 3r have also strong 
retrospective patterns in recruitment (i.e. the model has a tendency to overestimate recruitment 
in the terminal year) which are not properly accounted by the current Fcap. 

Sandeel recruitment in 2019 is estimated to be high throughout the entire North Sea, including 
areas 2r and 3r. For this reason, an adjustment to the assessment model was proposed to provide 
more reliable estimates of recruitment in the terminal year. A power function was implemented 
in the assessment of sandeel 2r and 3r to capture density-dependency catchability of age 0 fish 
in the survey. The adjusted models provided downward correction of the terminal year recruit-
ment, which is considered more reliable as suggested by the reduced Mohn's rho statistic, while 
estimates of stock dynamics (SSB and R) remained highly consistent with the previous assess-
ment. 
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ii Expert group information 

Expert group name Inter-benchmark process on Sandeel (Ammodytes spp.) in Area 2r (central and 
southern North Sea, Dogger Bank), and Area 3r (Skagerrak, northern and central 
North Sea) (IBPSandeel 2020) 

Expert group cycle Annual 

Year cycle started 2020 

Reporting year in cycle 1/1 

Chair(s) Valerio Bartolino, Sweden 

Meeting venue and dates 29 January 2020, by correspondence, eight participants 
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1 Terms of Reference 

IBPSandeel (Ammodytes spp) in Area 2r (Skagerrak, central and southern North Sea), and 
Area 3r (Skagerrak, northern and central North Sea) 

Inter-benchmark process (IBP) on sandeel (Ammodytes spp.) in Area 2r (central and southern North 
Sea, Dogger Bank), and Area 3r (Skagerrak, northern and central North Sea), chaired by Valerio 
Bartolino, Sweden, and reviewed by external experts Pia Schuchert, UK and Nicola Walker, UK 
will be established and meet by correspondence on the 29 January 2020 to: 

a) Evaluate if the adapted assessment method of using density-dependent survey catcha-
bility to reduce retrospective bias in the assessment of sandeel in area 2r and 3r, will 
provide a more consistent forecast and if it is considered an improvement on the exis-
ting method. 

Stocks Stock leader 

Sandeel (Ammodytes spp.) in Divisions 4.b and 4.c, and Subdivision 20, Sandeel Area 2r (Skagerrak, 
central and southern North Sea) 

Mikael van 
Deurs 

Sandeel (Ammodytes spp.) in Divisions 4.a and 4.b, and Subdivision 20, Sandeel Area 3r (Skagerrak, 
northern and central North Sea) 

Mikael van 
Deurs 

The Benchmark Workshop will report by 31 January 2020 for the attention of ACOM. 
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2 Working document for use in inter-benchmark pro-
cess (next benchmark has been scheduled for 2021, 
fall) 

2.1 The use of density-dependent survey catchability 
as a method to reduce retrospective bias in the 
assessment of sandeel in area 2r and 3r 

During the sandeel assessment and advice meeting (held on 22–24 January 2020 at the ICES HQ 
as part of HAWG), a retrospective bias in area 2r was observed by the expert group in both 
recruitment (R) and spawning–stock biomass (SSB) (i.e. Mohn´s Rho >0.5). In particular, a severe 
retrospective bias in recruitment can potentially be a problem in relation to the forecasted TAC 
(i.e. the TAC relies largely on the most recent age-0 survey index). In addition, SSB is below Blim 
in 2020 and was close to Blim in 2019. Since 2004, SSB has been below Bpa in 16 out of 17 years, and 
below Blim in 14 out of 17 years in area 2r. 

The Chair of the group and the stock assessor participated in ICES WKFORBIAS meeting in 2019, 
designated to come up with recommendation for these kinds of situations. However, since the 
recommendations are not yet ready, the group attended a preliminary decision tree (from 
WKFORBIAS) provided by ICES. According to the decision three, a severe retro pattern requires 
immediate action: (1) Identify the problem and make an adjustment of the model settings to solve 
the problem, or (2) adjust the forecasted TAC down, or (3) move the stock to category 3, as the 
analytical assessment cannot be used to provide advice as it is. The group therefore identified a 
model adjustment, which involved adding density-dependent catchability to the survey index-
stock–number relationship for age-0. 

In the SMS stock assessment model, survey index and stock numbers are modelled using the 
following equation:  Ln(I)=ln(qNp), where I is survey CPUE (for a given age), N is the survey-
estimated stock–numbers (at a given age), q is catchability, and p is the exponent of the power 
function. In the default model, p is forced to be 1, whereas, in the model with density-dependent 
catchability, p is estimated as a free parameter in the assessment model (i.e. the relationship be-
tween index and stock numbers is determined by a combination of q and p). If catchability in-
creases with increasing densities, p should be >1 and vice versa. In Figures 1 and 9 (area 2r and 
3r, respectively), it is seen that the slope is >1 if a linear regression is fitted to ln(Nage0) vs. ln(In-
dexage0), indicating increased catchability at high densities. Note also that a study from 2013 
showed that the catchability of the sandeel dredge (same as used in the sandeel survey) increased 
with increasing densities (see Johnsen, E., and Harbitz, A. (2013)). Small-scale spatial structuring 
of burrowed sandeels and the catching properties of the dredge. ICES Journal of Marine Science, 
70(2), 379–386). The power model approach is also used for North Sea sprat and was bench-
marked in 2018 and presented at the WKFORBIAS meeting. 

The addition of density-dependent catchability reduced the retrospective bias in recruitment and 
SSB in area 2r. The five-year Mohn´s Rho value were only slightly reduced. However, it can be 
seen from the individual peels (see Figure 5) that Mohn´s Rho is above 0.3 for recruitment, only 
because of one single retro-value, which belongs to the oldest of the peels in the time-series used. 
Therefore, the Mohn´s Rho to be calculated in 2021 is likely to be below 0.3. The pattern seen for 
SSB is similar, but in this case are the two oldest peels which inflate the Mohn’s rho estimation. 
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As explained in the benchmark report, exploitation pattern is estimated in time blocks and the 
last of these blocks is based on data from 2010 and onwards, which may partially explain the 
very poor retro values among the oldest peels. In addition, when looking at the individual retro 
peels for recruitment (Figure 5), it is evident that the large retro corresponding to the observed 
the last high recruitment (2016) has disappeared after introducing density-dependent catchabil-
ity, indicating that such adjustment is specifically addressing the model tendency to overesti-
mate large recruitments. 

If introducing density-dependent catchability to the model causes major changes to the model 
output (e.g. the stock–recruitment plot constituting the basis for Blim) or reduces model quality, 
this would pose a problem. However, this was not the case. The position of the S–R pairs in the 
plot is reasonably stable and all the year’s position at the two sides of Blim (vertical dotted line in 
Figures 7 and 14) consistently between the two models. In Figures 2–8 (area 2r) and Figures 10–
16 (area 3r), it is seen that the model as such reconstructs recruitment and SSB time-series con-
sistent with the last year’s assessment, and the different diagnostics, such as AIC, survey and 
catch CV, survey residuals, either remain the same or are improved. Only exception is the reduc-
tion of recruitment in the terminal year (and to some extent large historic recruitment values 
within the time period of the dredge survey). Reduced recruitment in the terminal year will in 
turn affects the catch advice, since the catch advice is largely determined by how many age-1 fish 
we predict will enter the fishery in the coming season (which is predicted based on the age 0 
from the dredge survey). Taking area 2r as an example, recruitment in 2019 (the terminal year) 
was down-scaled by 26.7% when density-dependent catchability was implemented. The recruit-
ment index for 2019 in area 2r was high (second highest in the survey time-series).To investigate 
what would happen when the recruitment index from the survey is low, we implemented den-
sity-dependent catchability in the last year assessment (the 2018 recruitment index was very low) 
and found only a 4% downscaling of recruitment. According to our expectations and intentions, 
this demonstrates that the effect of using a power model for the age 0 survey catchability affects 
recruitment estimates mostly when the recruitment index from the survey is high. Moreover, in 
the historic recruitment values (i.e. years before the terminal year), the change on average only 
1% (incl. both positive and negative changes) and the largest change is a 7% reduction observed 
in 2016 (by far the largest recruitment index in the survey time-series). The explanation for this 
is that the historic recruitment values are informed by catch data and relies much less on the 
survey, whereas, recruitment in the terminal year relies solely on the survey (therefore, if recruit-
ment is adjusted downwards when it is being informed by catch data, it tends to cause a retro-
spective pattern like the one we see here). 

The working group also discussed if implementation of density-dependent catchability could be 
done without re-estimating Fcap and the biomass reference points. Since the current Fcap values 
are estimated in a simplified MSE (a full MSE model for sandeel does not currently exist, but is 
planned for the benchmark scheduled for 2021), stock number CVs in the terminal year are used 
in the calculations of Fcap. Hence, if adding density-dependence reduces the uncertainty (repre-
sented by the CVs) considerably, it could be argued that Fcap values need to be updated. How-
ever, Table 1 shows that the reduction in CV is much smaller than the interannual variability of 
the estimated CV in the terminal year. This suggests that Fcap should not be recalculated based 
on the change in the terminal year CV as it is not recalculated every year according to the ICES 
procedures. Given that Blim is unchanged, and the terminal year CV falls within its interannual 
variability, the Bpa available from the last benchmark (ICES, 2016) is considered still valid for the 
adjusted model (Bpa = Blim × exp(σ × 1.645), with σ estimated from the assessment uncertainty in 
the terminal year). Furthermore, updating the MSEs would require thorough expert group dis-
cussions about other MSE inputs, such as the parameters and assumptions used to predict future 
recruitment, weight-at-age and other stock metrics, which is not compatible with the present 
timeframe. 
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After having decided to propose to apply density-dependent catchability for area 2r, it was de-
cided, that in order to be consistent, density-dependent catchability should be implemented to 
all areas where large retrospective biases in recruitment were observed (unless it reduces model 
quality or change the stock assessment model notably, e.g. the stock–recruitment plot constitut-
ing the basis for Blim). 

Area 3r also displayed a retrospective bias in recruitment (Mohn´s Rho >0.5). Hence, density-
dependent catchability was applied to area 3r as well. In areas 1r and 4, Mohn´s Rho for recruit-
ment was <0.3. Density-dependent catchability was therefore not applied to these areas. Area 1r, 
suffered mainly from an SSB retrospective bias that could not be solved in this way. Without 
going into detail (as area 1r is not part of the inter-benchmark), it should be mentioned that the 
group agreed that the retro pattern in area 1r was less of a concern than in area 2r. For example, 
there was no retro-problem last time we saw a large recruitment (2016, same as in area 2r, but in 
2r, it was severely overestimated). It also seems that the retro-pattern is improving over time and 
in the benchmark report, it is noted that the exploitation pattern is estimated-based data only 
from 2010 and onwards, which may explain the very poor retro values among the oldest of the 
peels). Area 4 has very little retro, hence, no concern was raised in respect to this area. 
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Table 1. SSB and recruitment CVs (in the terminal year) for area 2r and 3r, respectively. CVs from assessment back to 
2017 are shown, as well as for the 2020 assessment, with and without density-dependent catchability (power model). 

 

 

Figure 1. Relationship between Ln(Nage0) and Ln(Indexage0) for area 2r. Since the estimated stock numbers (N) change 
slightly when implementing density-dependent catchability (power model), the relationship is shown for model runs 
with and without the power model. 

 

Figure 2. AIC, neg. log likelihood, and maximum gradient for the model with and without density-dependent catchability 
(power model) for area 2r. Note that the AIC accounts for the number of parameters in the model and therefore should 
be comparable between models. 

Area 2r 2017 2018 2019 2020 (with power model) 2020 (without power model)
SBB (terminal year) 0.26 0.3 0.26 0.18 0.2
Rec (terminal year) 0.61 0.56 0.65 0.57 0.59
Area 3r 2017 2018 2019 2020 (with power model) 2020 (without power model)
SBB (terminal year) 0.42 0.37 0.33 0.3 0.31
Rec (terminal year) 1.98 1.83 1.84 1.81 1.83
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Figure 3. Catch and survey CVs for the model with and without density-dependent catchability (power model) for area 
2r. In the box to the right, there is some additional values and these are the exponent p of the power model (see the 
equation presented in the main text). All CVs are. 

 

Figure 4. Retrospective bias and Mohn´s Rho for the model with and without density-dependent catchability (power 
model) for area 2r. 
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Figure 5. Values going into the Mohn´s Rho for the model with and without density-dependent catchability (power 
model) for area 2r. i:1 represents the most recent peel etc. and i:3 is the 2016 recruitment, where the recruitment index 
was also indicating a large recruitment (just like the present assessment year). Note that after introducing the power 
model, the recruitment retro in i:3 has disappeared, which was considered an important improvement and an indication 
that with the power model, we will reduce the risk to overestimate recruitment in 2019 from the survey index (as hap-
pened the 2017 assessment year, when the 2016 survey indicated a high recruitment). 

 

Figure 6. Survey residuals for the model with and without density-dependent catchability (power model) for area 2r. 
(log(observed CPUE)- log(expected CPUE). “Red” dots show a positive residual. The size of the yellow bubble and the 
number provides a scale for comparison. 
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Figure 7. Stock–recruitment plot for the model with and without density-dependent catchability (power model) for area 
2r. The vertical line represent Blim. 

 

Figure 8. Time-series of recruitment and spawning–stock biomass for the model with and without density-dependent 
catchability (power model) for area 2r. Note that the survey time-series starts in 2010. 
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Figure 9. Relationship between Ln(Nage0) and Ln(Indexage0) for area 3r. Since the estimated stock numbers (N) change 
slightly when implementing density-dependent catchability (power model), the relationship is shown for model runs 
with and without the power model. 

 

Figure 10. AIC, neg. log likelihood and maximum gradient for the model with and without density-dependent catchability 
(power model) for area 3r. 
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Figure 11. Catch and survey CVs for the model with and without density-dependent catchability (power model) for area 
3r. 
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Figure 12. Retrospective bias and Mohn´s Rho for the model with and without density-dependent catchability (power 
model) for area 3r. 
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Figure 13. Values going into Mohn´s Rho for the model with and without density-dependent catchability (power model) 
for area 3r (i:1 represents the most recent peel, etc.). 

 

Figure 14. Stock–recruitment plot for the model with and without density-dependent catchability (power model) for area 
3r. The vertical line represent Blim. 
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Figure 15. Survey residuals for the model with and without density-dependent catchability (power model) for area 3r. 
(log(observed CPUE)- log(expected CPUE). “Red” dots show a positive residual. The size of the yellow bubble and the 
number provides a scale for comparison. 

 

Figure 16. Time-series of recruitment and spawning–stock biomass for the model with and without density-dependent 
catchability (power model) for area 3r. Note that the survey time-series starts in 2005. 
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3 Working document Reviews 

3.1 Review from Nicola Walker 

The working document addresses the problem of a large retrospective pattern in recruitment for 
the area 2r and 3r sandeel stocks by including a power function representing density-depend-
ence of recruits in the dredge survey. This function has been accepted in the recent benchmark 
for North Sea sprat on the basis that it is commonly used for short-lived species and improved 
the retrospective pattern and overall model fit (AIC). Furthermore, there is published evidence 
of increased survey catchability of sandeel at high density. 

3.1.1 Retrospective pattern 

According to the draft recommendations from the recent WKFORBIAS 2019 meeting, when a 
major retrospective pattern exists possible causes and modelling resolutions should be investi-
gated. In the absence of stock-specific thresholds, a retrospective pattern for short-lived species 
is considered major when Mohn’s ρ is higher than 0.30 or lower than -0.22 and two or three 
retrospective peels fall outside the confidence bounds of the most recent assessment. The confi-
dence bounds are not presented in Figures 4 and 12, so this part cannot be evaluated. 

For the area 2r stock, introducing density-dependent survey catchability improves the retrospec-
tive pattern in both SSB and recruitment, but does not reduce Mohn’s ρ to within the threshold. 
Given that SSB <Blim the decision tree would suggest providing advice over downgrading the 
assessment or making an adjustment. 

Strictly speaking, Mohn’s ρ thresholds apply to SSB so the area 3r stock would not be considered 
to exhibit a major retrospective pattern (ρSSB = -0.02 although this is difficult to see in Figure 12). 
However, introducing density-dependent survey catchability makes a substantial improvement 
to the retrospective pattern in recruitment for only a small cost to that of SSB (ρSSB = -0.05). 

3.1.2 Model fits 

For the area 2r stock, introducing density-dependent survey catchability improves the negative 
log likelihood and survey cvs for a small cost to the AIC and catch cvs (neligible to 0 and 1 d.p 
respectively), although a large change to the estimated catchability for age 0 is noted. 

For the area 3r stock the estimated density-dependent survey catchability is weak (1.03) but it’s 
inclusion clearly improves the overall model fit. 

For both stocks, changes to dredge survey residuals would be easier to evaluate if plotted on the 
same scale between alternate assessment models (Figures 6 and 15). Changes to the stock–recruit 
relationship, SSB and recruitment time-series appear minimal except for a downscaling of re-
cruitment in the final year; however, peaks in either time-series are somewhat confounded by 
the different line thicknesses between assessments (Figures 8 and 16). 

3.1.3 Conclusions 

Including density-dependent survey catchability improves the retrospective pattern for sandeel 
in area 2r but not does not solve the problem. As the stock is below Blim, I view the more precau-
tionary assessment to outweigh the slight increase in AIC and support the model change. 
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In terms of SSB, sandeel in area 3r does not exhibit a major retrospective pattern. However, in-
cluding density-dependent survey catchability improves both the retrospective pattern on re-
cruitment and overall model fit, so I find the model change defensible. 

3.2 Review from Pia Schuchert 

The document addresses the issue of a strong retrospective pattern in the assessment of sandeels 
in areas 2r and 3r. The pattern is evident in the SSB and the recruitment; however, this document 
focusses on the recruitment. There has been published evidence that sandeel recruitment shows 
density-dependence in dredge surveys. The authors include a power function into the recruit-
ment function to account for this effect. 

3.2.1 Retrospective pattern 

Major retrospective patterns have been consistently an issue in stock assessment and advice. A 
decision tree in the new guidelines states that, if there is a Mohn’s Rho of greater than 0.2 (for 
short-lived species as the sandeel greater than 0.3 or lower than -0.22) and at least two of the 
peels fall outside the confidence interval, modelling resolutions should be considered. In case of 
the sandeel 2r and 3r assessments Mohn’s Rho are >0.5 for SSB and recruitment. 

The power function was applied to the recruitment in areas 2r and 3r. Inclusion in area 3r re-
sulted in a considerable improvement the retrospective recruitment pattern, from a Mohn’s Rho 
of 0.567 to 0.126 (Figures 12 and 13). The Mohn’s Rho now falls inside the acceptable range, while 
at the same time, the survey residuals and model fit improved slightly (Figures 11 and 15). 

The situation is different in region 2r. The implementation of the power model indeed improves 
the retrospective pattern of the recruitment and the SSB, however even with the improved model 
Mohn’s Rho for both, SSB and recruitment remains outside the acceptable range (0.57 and 0.52 
respectively) (Figures 4 and 5). 

The standards set at the WKFORBIAS (2019) meeting then ask to check whether two or more of 
the last five peels of the assessment are outside the confidence bounds. Without the confidence 
bounds in Figures 4 and 12, it is difficult to estimate whether this is the case or not. Looking at 
Figure 5 it might seem that the greatest retrospective patterns stem from earlier rather than the 
later peels. Regarding the model fit the advanced assessment including the power model has got 
a slight cost in c.v. and AIC, which is negligible given the improvement in the retrospective pat-
tern. 

The changes in SSB, stock–recruitment and F in both areas appear minimal, with only a slight 
observed decline in the final year recruitment. 

3.2.2 Conclusion 

The recruitment retrospective pattern in area 3r is considerably improved by the introduction of 
the power function; indeed all retrospective patterns are now below Mohn’s Rho threshold with 
only minor changes in the model outcomes and slight improvement in model fit. The density-
dependence has been seen as an ecological factor in the sandeel population. I therefore support 
the introduction of the power function into the model. 

The situation is slightly different in area 2r. Introduction does improve the retrospective pattern 
of both, SSB and recruitment. However, the pattern is still considerable larger than Mohn’s Rho 
at 0.57 and 0.52. SSB has been below Blim in 14 of the past 16 years and the introduction of the 
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power function has caused a very slight decline in model fit. The introduction of density-de-
pendent recruitment improves the representation of the ecological recruitment, and while it does 
not solve the issue of the retrospective pattern considerably improves it. I therefore support the 
model change. 
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