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i Executive summary 

The benchmark workshop on capelin (WKCAPELIN) was set up to develop benchmark assess-

ments for the Barents Sea capelin and the Iceland-East Greenland-Jan Mayen capelin stocks. 

These stocks are distributed in ICES subareas 1, 2, 5, and 14.  

For Barents Sea capelin, a modification of the existing model approach, which includes multi-

species elements (predation by cod), was generally endorsed. Changes to the model approach 

that were endorsed in the meeting included using a type III rather than type II consumption 

model; a time averaged (most recent 5 years) CV at age for the autumn survey; 14 cm was to be 

used as the maturation length cut-off; M and F were now assumed to be constant from January 

to March; and the year used for the Blim calculation was changed to avoid the early period of the 

time-series with a low herring stock. Despite these changes, the model results are relatively con-

sistent with the previous assessment. 

For Iceland-East Greenland-Jan Mayen (IGJM) capelin, a modified version of the existing model 

approach, which includes multispecies elements (predation by cod), was generally endorsed. 

The Autumn survey now has a maximum weight of 1/3rd in the final assessment. The revised 

model has lower biomass levels and Blim than the previous assessment, but the relation between 

Blim and average SSB is largely unchanged. 

Both stocks are managed as escapement strategy fisheries, with Bescapement based on Blim. The only 

defined reference point is therefore Blim, and there are no F reference points. Bpa is not needed for 

either stock, as the HCRs are explicitly based on having a 95% chance to avoid going below Blim.  

The workshop evaluated that the approach taken by Barents Sea and IGJM represents best avail-

able science following ICES procedures. The two existing HCRs are considered as precautionary 

as is typical for any ICES escapement strategy. Furthermore, the HCRs have functioned success-

fully for a number of years (since 1991 for Barents Sea, and since 2015 for IGJM). Provided no 

significant change is made to the HCR or to the performance of the underlying models, the rule 

should continue to be as precautionary as previously. It should be noted that the Blim for the 

Barents Sea previously included a safety factor, raising Bescapement to 200kt. Following current ICES 

procedures, the safety factor is no longer included in the Blim value. However, the evaluation here 

that the existing HCR remain precautionary is based on a HCR in which Bescapement retains the 

safety factor (i.e. remaining at 200kt). Any alternate HCR would require a separate evaluation. 
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ii Expert group information 
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1 Introduction 

WKCAPELIN – Benchmark workshop on capelin 

This WKCAPELIN benchmark report is split up into a section dedicated to Barents Sea capelin 

(cap.27.1-2; section 2) and one dedicated to IEGJM capelin (Iceland and Faroes grounds, East 

Greenland, Jan Mayen area; cap.27.2a514; section 3). Additionally, section 4 pertains to both cap-

elin stocks and concerns a Harvest Control Rule (HCR) evaluation for the capelin escapement 

strategies. 
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2 Barents Sea capelin 

cap.27.1-2 – Mallotus villosus in subareas 1 and 2 (Northeast Arctic), ex-
cluding Division 2.a west of 5°W 

2.1 Introduction 

The Barents Sea capelin assessment model works as follows (references to working documents 

given as appendices in brackets, overview of WDs given in Table 1): 

The starting point is the autumn acoustic survey (BS0, BS3), which is assumed to be an absolute 

estimate of stock size. The stock is then divided into a maturing and an immature part assuming 

that the probability to mature and spawn depends on length only (BS9). The maturing stock is 

then predicted ahead from 1 October (end of survey) to 1 April (spawning time). In the period 1 

October-1 January the natural mortality is assumed to be variable by year and is calculated based 

on survey data as described in BS6. In the period from 1 January to 1 April the natural mortality 

is assumed to be dependent on the abundance of the part of the immature cod stock which over-

laps with mature capelin and is large enough to prey on maturing capelin (BS5, BS7). It is as-

sumed that there is no growth in capelin length or weight during the period 1 October-1 April. 

The process is illustrated in Figure 1 and described in Gjøsæter et al. (2002).  

 

Figure 1. Schematic illustration of the capelin assessment model. The model runs from 1 October for a given year (end of 
acoustic survey) to 1 April the next year (assumed spawning time). The immature capelin are separated out by the mat-
uration model and not included in the further modelling, but the immature survivors enter the survey the next year.  
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The current harvest control rule states that the TAC should not be set higher than that there is a 

95% probability for the SSB to be above Blim (currently 200 000 tonnes). To determine the catch 

advice, first a prediction is made with no catch. If that gives a probability higher than 95% for 

SSB to be above Blim, a search is made to determine to the nearest 1000 tonnes the catch corre-

sponding to 95% probability of SSB > Blim. Approaches for revising Blim are discussed in BS8.  

Although the series of acoustic capelin estimates goes back to 1972 (Gjøsæter 1998), we have for 

several reasons mainly used data from around 1990 in the work presented here. This is related 

to the regime shift that occurred in the Barents Sea ecosystem after the 1983-year class of herring 

stayed in the Barents Sea from age 0 to 3 and had a strong negative effect on capelin recruitment, 

leading to a moratorium on the capelin fishery from 1987 to 1990 (Gjøsæter et al., 2009). The 1970s 

and early 1980s had been a period of high capelin abundance, relatively slow growth and fairly 

stable recruitment. The following capelin collapse had strong effects on the ecosystem. After 

1990, the capelin stock has also fluctuated strongly due to variable recruitment, but with moder-

ate ecosystem effects. This is a different regime to that of the 1970s and early 1980s. The manage-

ment regime has also changed. Before 1986, there was a considerable fishery on a mix of imma-

ture and mature capelin in the autumn, and in general a heavy fishing pressure. The next fishing 

period, 1991–1993, can be considered a transition period, while the period from the reopening of 

the fishery in 1999 until present has had a management strategy with a much lower exploitation 

rate than previously and no autumn fishery. Another reason for excluding the early years in our 

work, is that cod stomach content data are only available back to 1984, which limits the predation 

calculations. However, the whole time-series was considered when evaluating data on matura-

tion. 

Due to the 2016 survey being an outlier compared to the 2015 and 2017 surveys, mentioned ear-

lier in the report, data from this year are excluded in parameter estimation and when drawing 

survey-based mortalities randomly from historic time-series.  

Table 1. List of working group documents related to BS capelin which are referred to in this report and which are attached 
at the end of the report. Yellow fill marks that the documents were updated during or after the benchmark meeting. 

Number Title Authors 

BS0 Description of capelin biomass estimation from BESS surveys Georg Skaret et al. 

BS1 Swept-area estimation from bottom trawl - method Are Salthaug et al. 

BS2 Swept-area estimation from bottom trawl - application Harald Gjøsæter et 
al. 

BS3 Abundance estimation from autumn survey - Selection of stations for allocation 
and survey CV 

Georg Skaret 

BS4 Spawning survey – summary of results and suggestion for application Georg Skaret et al. 

BS5 Cod consumption – description of assumptions and data Bjarte Bogstad 

BS6 Basis for the estimation of autumn mortality Georg Skaret et al. 

BS7 Predation model – description of model and simulation runs Magne Aldrin et al. 

BS8 Basis for deciding on reference point (Blim) Georg Skaret et al. 

BS9 Maturation model  Bjarte Bogstad et al. 

BS10 Estimation of maturity parameters based on catch data Sondre Hølleland 



4 | ICES SCIENTIFIC REPORTS 5:62 | ICES 
 

 

2.1.1 Swept-area estimation of capelin based on demersal trawls 
(BS1 and BS2) 

Since 2004, demersal trawl hauls on a fixed grid have been carried out as part of the standard 

sampling during the Barents Sea Ecosystem Survey (BESS). Most of these hauls which are taken 

within the distribution area of capelin, catch capelin (BS1 and BS2). The catch sizes range from a 

few individuals to several tonnes. In most cases, the capelin caught are not visible on the echo-

gram likely since they are present within the acoustic dead zone. Capelin from the demersal 

hauls are typically bigger than the capelin caught in the pelagic hauls, and are believed to be a 

component separate from the pelagic capelin.  

At present, the bottom capelin are not included in the abundance estimate. BS1 describes a 

method for providing swept-area estimates from these hauls while handling hauls with very big 

catches which may strongly bias estimates. An outlier index was calculated based on the density 

of fish >7.5 cm estimated from the demersal hauls. For each trawl haul with density larger than 

zero density in the trawl haul was divided by the median density of nonzero densities in the 

same year/survey. For example: if the density in a trawl haul is two times greater than the me-

dian, then the outlier index is 2. The outlier index is estimated by year, but the index values can 

be combined to remove outliers over the entire time-series.  

In a second step the effect of different outlier index cut-off points for excluding demersal hauls 

from the estimate is evaluated. In addition, it is evaluated whether a combination of acoustic 

estimates and swept-area estimates provide a more accurate estimate than acoustic estimates 

alone. For the evaluation, internal consistency in numbers-at-age between surveys in consecutive 

years (comparing age groups 1–2, 2–3 and 3–4) is used. The internal consistency is measured as 

the correlation of N at age a in year y versus N at age a+1 in year y+1. The results show that the 

combined estimates provide better consistency than acoustic estimates alone, and that con-

sistency is improved until an optimum point is reached after which it decreases. The optimum 

point varies between the age groups that are compared and is not very well defined.  

In BS2 the method and estimated cut-off point from BS1 is used to estimate abundance and bio-

mass of capelin for the time-series 2004–2021. The 10 highest outliers were removed, and the 

result shows that a typical biomass estimate from the demersal hauls is in the range of 50 000–

150 000 tonnes. In high capelin years the relative contribution to the total biomass is very low, 

but in low capelin years the relative contribution is significant. However, the estimate is very 

sensitive to where the cut-off point is. A slight change in cut-off increased biomass for some years 

with several hundred thousand tonnes. A sensitivity test was run during the meeting, increasing 

the cut-off point from removing 10 to removing 20 outliers. Biomass still decreased significantly 

for some years with this change supporting that the estimate is sensitive to the cut-off limit.  

If the current cut-off limit of 10 outliers (or a higher cut-off limit) was accepted, the swept-area 

estimate would not affect the catch advice much since the relative impact of the swept-area esti-

mate is small when biomass of maturing capelin is high. However, it would affect the estimation 

of the reference point (Blim), since this is based on years with low estimated spawning biomass. 

In case it is decided to use the swept-area estimates, it must be decided how to deal with them 

back in time. In particular, it is important for the year(s) which are used to set the Blim. Currently, 

the year 1990 is used, so bottom trawl estimates from the autumn of 1989 should be used if pos-

sible. For several of the years prior to 2004, there is varying degrees of spatial coverage of bottom 

trawl stations which may contribute to extend the time-series.  

During the meeting it was discussed whether the outliers represent a different component of the 

capelin stock (pelagic component) and should be excluded for that reason and not only because 

they are numerical outliers. This must be looked further into by consulting acoustic data. It was 
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found that the mean size at age 2 is higher in swept-area estimates than in the acoustic estimates 

while there was no clear difference for older age groups.  

There is also a need to find a way to combine the uncertainty from the acoustic and swept-area 

data if the estimate is going to be used for assessment.  

The recommendation from the benchmark group was that bottom capelin should not be included 

in the estimate at this stage due to the sensitivity and uncertainty related to the removal of out-

liers. But the group strongly recommended that work should be done to include them, possibly 

through a specific mini review (‘interbenchmark’). In principle the demersal capelin should be 

included since they make up a capelin component which is currently not included in the esti-

mate. However, more work needs to be done to deal with the outliers, to estimate uncertainty in 

the combined biomass, and to validate estimates projected back in time where possible.  

2.1.2 Abundance estimation from the autumn survey – selection of 
stations for allocation and survey CV (BS3) 

The BS capelin abundance estimate from the acoustic trawl survey in the autumn is a key input 

to the assessment. For the meeting two topics related to the survey were presented and discussed 

(BS3). The first was how to allocate capelin length distributions from trawl hauls in the conver-

sion from acoustic backscatter to capelin abundance and biomass. The second was the imple-

mentation of uncertainty estimates associated with the survey abundance estimates.   

In the capelin abundance estimation process, capelin length distributions from trawl hauls are 

allocated to the acoustic data to convert acoustic backscatter to abundance and biomass. In the 

Barents Sea ecosystem survey, there are three types of trawl hauls which all catch capelin: 1) 

Pelagic hauls for 0-group fish at fixed positions fishing in the three depth steps 0, 20 and 40m, 2) 

Demersal hauls for bottom fish at fixed positions and 3) Target hauls for aggregations of capelin. 

The length distributions from these hauls are very different, and the allocation and weighting of 

the hauls therefore matter for the estimate.  

In the current assessment, the length distributions from the hauls are weighted according to the 

acoustic backscatter (in units of Nautical Area Scattering Coefficient; NASC; m2/nmi2) within a 

10 nautical mile radius. All the pelagic 0-group hauls and all the target hauls are allocated, while 

it varies from year-to-year which demersal hauls are included. A fixed procedure for allocation 

would be desirable.  

In the sensitivity test presented in BS3, a scenario with all hauls selected and only target hauls 

selected were compared to the original selection of trawl hauls. The scenario with all hauls se-

lected provided systematically higher abundance of age 3 capelin than the original allocation, 

and lesser abundance of age 1 capelin. It also produced systematically higher biomass of matur-

ing capelin. The scenario with only target hauls selected provided systematically higher abun-

dance-at-age 2 than the original allocation, but lesser abundance-at-age 3. When selecting only 

target hauls, there was no systematic deviance in the biomass estimate compared with the orig-

inal selection, but in some years the maturing biomass was estimated considerably lower than 

with the original selection.  

In order to evaluate the quality of the estimates based on the different selection of stations, the 

consistency in numbers-at-age from one year to the next was investigated. This is measured as 

the correlation of N at age a in year y versus N at age a+1 in year y+1. Age groups 1–2, 2–3 and 

3–4 were compared. There was low internal consistency when all stations were selected. This 

supports the notion that length distribution from demersal hauls that often target capelin in the 

acoustic dead zone (BS1 and BS2) are not representative of what is recorded acoustically. The 
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internal consistency was similar when comparing estimates based on target haul selection with 

estimates based on original selection.   

The benchmark meeting noted that the scenario with removing all demersal hauls (while keep-

ing only 0-group hauls and pelagic target hauls) had not been tested as part of the evaluation. 

The meeting therefore recommended to evaluate the removal of all demersal hauls further and 

forward it as part of the planned mini review where also the possible inclusion of swept-area 

estimates from bottom trawl (BS1 and BS2) will be evaluated.  

The survey uncertainty which is currently used in the capelin forecast is a fixed CV of 0.2 per age 

group. This is based on Tjelmeland (2002). Previously, there were practical difficulties in estimat-

ing CV from a survey in the short time interval between the end of the survey and the start of 

the assessment meeting. This is no longer an issue, and survey CV has been estimated in Stox 

after each survey since 2017. CV has been calculated back to 2004 and the proposal in BS3 was to 

use the empirical CV in the forecast instead of a fixed value of 0.2.  

To evaluate the effect of a change in capelin CV on the advice, the existing (later denoted also as 

‘old’) forecast model was run for most of the years in the series 2004–2021 with annual CV esti-

mated from the survey, and with the mean of the annual empirical CVs added to the input data. 

Overall, changes of CV in the range that was tested, had relatively little impact on the results of 

the forecast. However, in years with unusually high CV, the catch advice was reduced (for the 

year with highest CV, 2009, it was reduced from 240 000 tonnes to 77 000 tonnes). Conversely, in 

years with low CV, catch advice would have been higher.  

Two concerns were raised during the meeting against the use of an annual CV estimate in the 

assessment. The first regards whether the CV is a good estimate of survey uncertainty (that is, 

sampling uncertainty), or whether it mostly tracks noise. For the time-series back to 2004, there 

is a slight negative trend in CV over time which coincides with an increased survey effort. There 

are also indications of lower CV with higher abundance-at-age which one would expect if distri-

bution area increased with increasing abundance and distribution patchiness decreases.  

The second concern was related to some years of very low CV (around 0.1). The question is 

whether the CV in such cases is still is a major component of the total uncertainty, or whether 

other sources of uncertainties in these cases contribute more to the total uncertainty than the 

sampling variance. The group did not have an answer to where the lower bound of a CV realis-

tically reflecting survey uncertainty would be, but the opinion of the group was that a CV of 0.1 

was very low and might be an underestimate of total uncertainty.  

The recommendation from the benchmark meeting was to use a five-year average CV at age for 

the autumn survey. This allows for the impact of recent survey quality without being too vul-

nerable to occasional year with extremely low estimated CV. If there is an expert judgement that 

the autumn survey is of unusually poor quality in a given year, then the annual CV estimates for 

that year should be considered. Strong effort should be placed on finding a precautionary 

method to use the annual CVs, as these account for poor survey years and would correctly allow 

for improvements in survey quality to be associated with increased catches. 

The group also questioned the number of replicates used in the estimation of uncertainty. Cur-

rently, 1000 replicas are used and 10000 were tested to evaluate the impact of increased number 

of bootstrap replicas on the estimated CV. The impact was low for age groups 1–3 (change of 

0.01–0.02 in estimated CV), but high for age group 4 with very few individuals present. It was 

recommended that 10000 replicas are used in future assessments, since the cost of running this 

is low.        
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2.1.3 Spawning survey (BS4) 

A capelin spawning survey has been run annually along the coast of north Norway during the 

first two weeks of March from 2019–2022 as described in BS4. The timing of the survey is picked 

so that it would not be too early for the capelin to be in the area, and not too late to be able to 

give useful advice. A similar survey was tried during 2007–2009, but both design and results 

were then inconsistent. In the four surveys conducted during 2019–2022 the design, coverage 

and timing have been fairly consistent. The survey is conducted with two rapid repeated cover-

ages over 6 strata using zig-zag transects.     

The biomass estimates from the survey typically show high sampling variance likely reflecting 

high degree of patchiness in the distribution (e.g. CV of 0.42 in 2022 where there was fairly high 

abundance). There is also typically more capelin in the second coverage than the first reflecting 

rapid changes in distribution. A methodological challenge in the survey is the variable acoustic 

response observed, likely due to capelin emptying the swimbladder. The assumed relationship 

between target strength and length assumed currently in the assessment is only valid for capelin 

with filled swimbladder.  

Still, the estimates are within the uncertainty range of the prediction from the autumn survey in 

all years, but always on the low side of the prediction. Estimates on the low side are expected, 

since there is no coverage in Russian waters.  

The benchmark group acknowledged that the results from the spawning survey had been very 

useful in validating the assessment model. The results from the survey had also provided valu-

able validation of the autumn survey results. The benchmark group did not recommend using 

the spawning survey to revise the quotas in the harvest control rule. However, the benchmark 

group does recommend that the spawning survey be used as a potential fall-back basis for quota 

setting in the event of a failure in the autumn survey. Such failures occurred in the 2014 survey 

due to ice cover and in 2022 due to lack of coverage in Russian EEZ, in both those years the 

capelin abundance in the uncovered area was extrapolated when giving advice. The group noted 

that given that it is unlikely to obtain 100% survey coverage, it should provide a precautionary 

estimate of biomass. The group suggested that a future use of the survey results to update the 

quota advice could be to alter the original catch advice upwards if the results indicate that, or 

else keep the original advice from the autumn.    

2.1.4 Capelin maturation model (BS9+BS10) 

The assumption in the BS capelin assessment, is that only capelin that are maturing will migrate 

to the coast to spawn and make up the component of potentially harvestable biomass. For BS 

capelin, an estimate from the autumn when maturing and immature capelin are mixed is used 

as input for the assessment. It is therefore very important for the assessment that the component 

of maturing capelin is separated from the immatures in a reliable manner. In the assessment, this 

separation is done according to their length. Data show that there is a slight difference in pro-

portion maturing at length between females and males, but the difference is not accounted for in 

the assessment.  

The proportion maturing as a function of length is described by a curve with a ‘steepness of 

slope’ parameter, P1, and a length at 50% proportion mature (L50) parameter, P2. In the current 

assessment, the P1 is fixed at 3.5, which is close to a cut off and P2 is 13.89 ± SD 0.075 cm. In 

practice, since the capelin is measured in 0.5 cm bins, this is close to a cut-off at 14 cm. These 

values of P1 and P2 are estimated using data from the early years in the BS capelin time-series 

(1972–1980) when survey mortality was quite stable. The estimation is based on a comparison of 
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number of immatures at age 2 in year Y against total number-at-age 3 in year Y+1, as well as 

immatures at age 3 in year Y against total number-at-age 4 in year Y+1. 

The observed length distributions in the catches and spawning survey data show that a very 

small proportion of the fish is under 14 cm, which supports that the cut-off limit is not set too 

low. But they do not tell if the present cut-off overestimates the proportion maturing over 14 cm 

(i.e. are there fish bigger than 14 cm that did not mature?). The sensitivity of the estimate to 

change in P1 and P2 was investigated during the meeting. A change in the cut-off length from 

14 to 13.5 cm resulted in about 10% change in biomass on average, and 20% change with a re-

duction to 13 cm. A comparison made using P1 at 0.6 (shallower slope) but same P2 had little 

impact on the proportion maturing over the time-series. A shallower slope makes more sense 

from a biological perspective than a cut-off. 

Prior to the meeting, we re-estimated the maturation parameters. We then re-estimated both P1 

and P2 comparing abundance of immature capelin at age 2 in survey year y with abundance of 

capelin at age 3 survey year y+1. When assuming P1 and P2 constant over time, annual mortali-

ties can be estimated, and the values of P1 and P2 that minimize an objective function (formula 

in BS10) comparing number of immatures at age 2 in year y with number of age 3 capelin in year 

y+1 can be found. The results were dependent upon the initial value of P2 used in the estimation, 

suggesting that the optimization was not correctly set up.  

During the meeting, we re-estimated P1 and P2 comparing against numbers at length in the 

catches. The estimation is described in BS10 and used the R-package bifrost1 IMRpelagic/bifrost: 

Capelin assessment version 0.0.0.9000 from GitHub (rdrr.io). In a first run, we estimated both P2 

and P1. In a second run we estimated P2 with P1 kept fixed at 3.5. When keeping both P1 and P2 

free, the estimated values were 0.343 (quite shallow slope) and 15.03 cm respectively. When es-

timating only P2, the estimate was 13.79 cm which is close to the old P2 of 13.89 cm. The com-

parison against catches assumes no growth between autumn and spring which might not be true. 

It also assumes no size selectivity in the catches, which might also not be true since the fishery in 

recent years happens in February/March targeting the migrating fish prior to peak spawning, 

while smaller fish tend to spawn later in the season.    

The recommendation from the benchmark group was to keep parameters used currently since 

the re-estimation of P2 keeping P1 fixed gave similar result as the value of P2 currently in use. 

There are, however, indications that a higher cut-off and a shallower slope would have been 

more appropriate, and there is a strong recommendation from the group that this should be 

looked further into using both survey data and catch data.  

Since the difference between the maturation model with P1 and P2 and a 14 cm cut-off in practice 

is small, and a 14 cm cut-off was used in the modelling work, the final recommendation was to 

use a 14 cm cut-off for all data and model.  

2.1.5 Revision of basis for the mortality used in the autumn stock 
forecast (BS6) 

In the assessment of the BS capelin, there is an autumn forecast of the maturing part of the stock 

– in the present implementation going from 1 October to 1 January. Survey mortality is used to 

estimate natural mortality in the autumn. In the current assessment the mortality is estimated 

year by year. Replicates (N=1000) from the estimation are used in the practical assessment for the 

annual autumn forecast. Mortality estimates from the years 1980–1985, 1990–1993 and 1997–2002 

have been selected and used. In each simulation run, a value from one of these years is randomly 

                                                           

1 https://rdrr.io/github/IMRpelagic/bifrost/ 

https://rdrr.io/github/IMRpelagic/bifrost/
https://rdrr.io/github/IMRpelagic/bifrost/
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picked. The autumn mortality estimates are also used when estimating Cmax and C1/2 in the cod-

capelin consumption model (See BS5 and BS7).   

There were some suggestions in BS6 on how to update the existing estimates. It was agreed that 

survey mortality from age 2–3 likely reflects the mortality of maturing capelin better than survey 

mortality from age 1–2. It was further agreed that the survey years prior to 1987 (i.e. 3-year olds 

measured in 1988 compared to 2-year-olds measured in 1987 is the first pair included) should be 

removed from the estimation since they represent a period when the ecosystem was in a very 

different state than in more recent years (Table 2). It was further agreed that estimates associated 

with the problematic survey year 2016 should be removed. The resulting estimates to be included 

in the assessment and cod-capelin consumption estimation are shown in table 2. Note that neg-

ative values are retained when using this alternative. They reflect that the survey may underes-

timate maturing biomass in some years, and maturing biomass is therefore allowed to increase 

from 1 October to 1 January in these cases.  

The benchmark group recommended that the survey M used for the forecast in the annual as-

sessment should be picked randomly from this list for each simulation run, and the list should 

be updated annually unless there are issues with the survey.     

Table 2. Estimates of annual and monthly Z based on survey mortality from age 2 (immatures) in year Y to age 3 in year 
Y+1 assuming a length cut-off at 14 cm for separating immatures from matures. The survey year in the table refers to 
year Y.    

Survey year Annual Z Monthly Z 

1987 0.89  0.07 

1988 1.89 0.16 

1989 -0.52 -0.04 

1990 0.65 0.05 

1991 1.32 0.11 

1992 2.30 0.19 

1993 2.41 0.20 

1994 0.23 0.02 

1995 0.49 0.04 

1996 0.10 0.01 

1997 0.85 0.07 

1998 0.30 0.02 

1999 0.32 0.03 

2000 0.48 0.04 

2001 1.10 0.09 

2002 1.90 0.16 

2003 0.37 0.03 
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Survey year Annual Z Monthly Z 

2004 0.97 0.08 

2005 0.16 0.01 

2006 -0.14 -0.01 

2007 -0.33 -0.03 

2008 0.67 0.06 

2009 0.48 0.04 

2010 0.46 0.04 

2011 0.34 0.03 

2012 0.43 0.04 

2013 1.52 0.13 

2014 1.66 0.14 

2017 0.87 0.07 

2018 1.31 0.11 

2019 -0.20 -0.02 

2020 0.38 0.03 

Average 0.74 0.06 

   

2.1.6 Cod-capelin consumption model (BS5 and BS7) 

Prior to and during the benchmark meeting the cod-capelin consumption model was evaluated. 

Several of the model assumptions were evaluated, parameters were re-estimated and input data 

updated.   

2.1.6.1 Data  
The input data used in the estimation were made using data from the period 1990–2020 (survey 

year): 

• Autumn estimates of capelin abundance 

• Capelin mortalities in October-December based on annual survey mortalities 

• Monthly catches of maturing capelin in tonnes from October-March 

• Annual estimates of cod abundance, weight at age and maturity-at-age 

• Annual proportion by age group of immature cod which overlaps with mature capelin 

• Empirical estimates of maturing capelin eaten by cod in the period January-March 

Although the maturation length is estimated to be slightly below 14.0 cm as described above, a 

cut-off at 14.0 cm is used to distinguish between immature and maturing capelin both for the 

autumn acoustic estimates, in the catch data and data on consumption by cod. The historic catch 

data were assumed to be correct and were not scrutinized further.  
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2.1.6.2 Model 
The consumption rate Kt (biomass consumed per month) is based on a Holling’s type III response 

function with exponent 2 and is the instantaneous intake rate of maturing capelin by non-mature 

cod. It is given by 

Kt = [(CmaxBt2)/(C1/2 + Bt2)]Pm, 

where Bt is the capelin biomass at t in a month m, Pm is the predation ability for cod (assumed to be 

constant within a month) and Cmax and C1/2 are parameters to be estimated.  The predation ability 

is calculated from the abundance of immature cod which overlaps with maturing capelin in the 

period January-March. A type II function (i. e. replacing the exponent 2 in the equation above by 

1) was also investigated, but a type III function was found to be the most appropriate (See BS7). 

Exponents other than 1 and 2 were not investigated.  

It was further assumed that the estimate Ktot for the total consumption in sum over the three months 

in the consumption year is normally distributed with expectation equal to the true consumption and 

with variance σ2. The variance is currently constant, but this may be changed. No uncertainty on 

acoustic estimates or other data and parameters was accounted for. The parameters Cmax and C1/2 

are estimated by maximum likelihood by fitting the model to the corresponding empirical con-

sumption estimates K.  

Data for 2016 is not used for estimation, because the survey biomass in this year is unreliable. The 

results are shown in BS7. 1000 replicates of the predation parameters were calculated. Runs using 

those replicates were made after the meeting and are discussed in the next section.  

Some points to note 
The effect on parameter estimates of the constraint of SSB at 1 April not becoming negative, 

should be investigated.  

The maximum capelin consumption of a 1 kg cod (typical size of age 5 cod) in the model is about 

0.15 kg per month, corresponding to about 1.8 kg per year. This is on the low side compared to 

other estimates of annual food consumption by cod. Bogstad and Mehl (1997) reported a mean 

value of 0.66 % of body weight per day for age 5 cod, i.e. 2.4 kg/year. Here one should consider 

that January-March is a period with higher feeding rate than the rest of the year, although one 

should also note that cod consumes other food objects than maturing capelin. The consumption 

function levels out at around 500 000 tonnes of capelin biomass, which seems like a plausible 

value.  

The predation model used in the previous model was a type II model. However, the parameter 

replicates from that model had a very wide range of numerical values, meaning that the biomass 

of capelin in that model (Bt in the equation above) in most cases was negligible in the predation 

equation, thus the model as implemented was essentially a type I model with consumption pro-

portional to available food.  

Adding bottom trawl estimates to acoustic estimates will make the issue of avoiding negative 

SSB less of a problem.  

2.1.7 Model runs and comparisons done after the meeting 

To explore the differences between the new model and the one previously used, we ran half-year 

predictions with the new data and parameters, as described above, and calculated the SSB on 

1 April for the survey years 1987–2021. The medians correspond closely to those estimated and 

shown in BS7. The years 1987–1989 and 2021 were not included in BS7 and thus no comparison 

can be made for those years. 



12 | ICES SCIENTIFIC REPORTS 5:62 | ICES 
 

 

The SSB resulting from the new model is shown in Figure 2. The shaded area indicates the 5–

95% range of SSB. In Figures 3 and 4, we show a comparison between the output from the old 

and new model, comparing both autumn mortality estimated from the mortality observed in the 

surveys, and winter mortality imposed by the modelled consumption from cod. This comparison 

was run only for the years 2004–2021 to illustrate the difference, as data before 2004 with the old 

model configuration were not easily available. Note the generally higher values and wider un-

certainty range for cod consumption in the old model in Figure 3 (upper panel). It seems like the 

higher values in the old model is due to the old implementation being in practice a Type I model 

(see section above) with consumption proportional to available food and no saturation within 

the observed range of food available. With a type III model in the new implementation, satura-

tion is reached and the function levels out at a capelin biomass of ca. 500 000 tonnes (BS7). The 

wider uncertainty range in the results from the old model is likely due to an implementation 

using consumption calculations based on individual stomach data and thus taking more varia-

bility into account compared to the average values of stomach content used in the consumption 

calculations for the new model. We also checked that these results are consistent with those pre-

sented in BS7.  

In Figure 4 we compare the biomass removed through M in October-December and in January-

March with the old and new models, and the annual M values used in the new model for the 

period October-December are also shown. The biomass removed by predation is higher than that 

removed by M in autumn for all years (except 2013 with the new model) with both models, which 

is expected from what we know about the seasonal variability of cod feeding on capelin (Holt et 

al., 2019).   

Figure 5 shows the SSB time-series based on the old and new model. We see that for most years 

with high stock size, the time-series based on the old model gives a considerably lower SSB than 

the series based on the new model. The differences are both due to differences in autumn M 

value and to the change in the consumption model. 

In the new model runs the median SSB in 2015 is calculated to be slightly below 0. This is sur-

prising given that a fishery was advised (and carried out) in 2015 and thus the SSB must have 

been predicted to be relatively large. In the old model 95% probability of SSB > 200 000 tonnes 

correspond to a median of 400 000–500 000 tonnes. However, the circumstances for the survey in 

2014 and the assessment process were unusual. The area coverage was incomplete as part of the 

usual capelin distribution area was covered with ice. Thus, a compensation for the lack of cover-

age was added to the survey estimates based on historical distribution. However, results from 

the 2015 survey called into question the validity of the compensations made (ICES 2016, section 

9.5.3), and the 2014 survey estimate has later been included in the time-series without any com-

pensation. This difference likely contributes the most to explaining the negative median SSB in 

2015, although it should also be noted that the autumn M derived from survey mortality is higher 

in the new than in the old model. It could be useful to investigate the effect of excluding this year 

from the parameter estimations.  

Further, we re-ran the prediction used for quota advice for 2022 (based on the 2021 survey) with 

new data and model, which gave a quota advice of 160 kt compared to the original advice of 70 

kt. The effect of updating the cod abundance with data from the 2022 assessment had a very 

small effect (not updating would have given 157 kt instead). Due to the issues with extrapolation 

of a large uncovered area (Russian EEZ) in the quota advice for 2023 we decided to not re-run 

the predictions which this advice was based on.  
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Figure 2. SSB from the new model. Shaded area shows 5–95% confidence interval.  

 

Figure 3. Comparison of consumption January-March (upper panel; median values and 5–95% confidence intervals based 
on 10000 simulation runs) and mortality October-December (lower panel) for new and old runs. In the lower panel, an-
nual point estimates of autumn mortality using mortality from age 2 to age 3 as observed in the survey data are shown 
in red. The dark yellow line indicates average autumn mortality like it has been implemented up until present sampling 
from a selection of survey years, with light yellow color indicating the 5–95% confidence interval.  
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Figure 4. Capelin biomass removed by M (October-December) and predation by cod (January-March) for the old and new 
models for survey years 2004–2021, shown together with M values for October-December for the new model on a quar-
terly scale.  

 

Figure 5. Capelin SSB with old and new model and data (median values). 

2.1.8 Prediction into the future – input data including uncertainty as-
sumptions 

The benchmark group recommended to use the following parameter settings for future model 

predictions in the operational assessment: 

-Time averaged (most recent 5 years) CV at age for the autumn survey, with the values not up-

dated between benchmarks. If there is an expert judgement that the autumn survey is of unusu-

ally poor quality, then the annual CV estimates for that year should be considered. Strong effort 

should be placed on finding a precautionary method to use the annual CVs, as these account for 

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

Capelin SSB million tonnes

New runs Old runs



ICES | WKCAPELIN   2023 | 15 
 

 

poor survey years and would correctly allow for improvements in survey quality to be associated 

with increased catches.  

Use a 14cm maturation length cut-off for all data and model.  

• Mortality for October-December is based on survey mortality from age 2 to age 3. Values 

prior to 1988 (first capelin collapse) and 2015 and 2016 (poor survey year in 2016) are 

removed. Values to be used are drawn from the remaining years. Negative mortality 

values are included in the pool to draw from since it accounts for underestimation in the 

survey. M is estimated by comparing age 2 immatures and age 3 numbers from the same 

cohort. 

• Mortality for January-March is estimated based on the following: Cod number, weight 

and proportion mature at age on 1 January is taken from the stock prognosis from the 

assessment made in the survey year, with uncertainty in numbers-at-age taken from the 

assessment model (issue with ages 3 and 4 as these are estimated by external recruitment 

model). No uncertainty on weight/maturation at age. Proportion of immature cod by age 

not overlapping with maturing capelin (“Svalbard component”)  is drawn randomly 

from survey data from the period 2014–2022, which are the years with most complete 

survey coverage.  

• Fishing is assumed to occur in February-March only, with 30% of catches taken in Feb-

ruary and 70% in March. All fishery is assumed to be on maturing capelin. No uncertain-

ties are included here.  

• Predation parameters (Cmax and C1/2) are taken from replicates from the new model esti-

mates (see BS5 and BS7). 

• Predation ability is assumed unchanged during the period January-March – previously 

M and F were applied monthly to reduce abundance – now mortality and growth are 

assumed to cancel out. 

2.1.9 Basis for deciding on reference point; Blim (BS8) 

The rationale for the Blim used currently for BS capelin is the following (Gjøsæter et al., 2002):  

“For this stock, a Blim equal to the 1989 spawning-stock biomass, which is the low-

est SSB having produced an outstanding year class, at least after 1980, is consid-

ered a good basis for such a reference point in a non-herring situation. The me-

dian value of the 1989 spawning-stock biomass is 96 000 t. The assessment model 

may not yet account for all sources of uncertainty, and there are inconsistencies 

in the data series. Thus, it may be appropriate to use a somewhat higher Blim. In 

recent years ICES has used a Blim of 200 000 t.”  

In BS8, an approach is suggested to take account for assessment uncertainty in the estimation of 

Blim. A forecast is made from the survey year 1988, to 1 April 1989 using the Bifrost forecast model 

with standard parameterization except that a re-estimate of the 1988 survey biomass is used. The 

95% upper confidence limit of the predicted spawning-stock biomass on 1 April is suggested as 

a basis for Blim. The benchmark group did not recommend to account for uncertainty in the Blim, 

since uncertainty is already accounted for in the harvest control rule.      

During the meeting it was discussed whether the recruitment of the year class 1989 was a sound 

basis to use for estimating Blim. It was agreed that this was an outlier in the time-series in terms 

of recruitment, and also that the good recruitment from this year occurred in a year with unusu-

ally low abundance of 0-group herring (the first strong year-class after the collapse; 1983-year-

class, had left the Barents Sea in 1986 and no new strong year classes had arrived by then). SSB-

recruitment plots excluding the early years with low herring abundance show that recruitment 
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collapse can happen at any level of SSB, but good recruitment starts to appear from an estimated 

SSB of a little less than 100 000 tonnes. 1990 was the year with highest recruitment resulting from 

a low SSB, and it was recommended to use this year as the basis for Blim. 

After the meeting, new estimates of spawning-stock biomass were made based on the updated 

predation model and updated annual autumn mortalities. The new estimates are presented in 

an updated SSB-Recruitment plot in Figure 6. Herring biomass is calculated as the sum of bio-

mass at age 1 and 2, where numbers of herring at age 2 is multiplied with mean weight of herring 

at age 2 and numbers of herring at age 1 in year y is calculated from abundance-at-age 2 in year 

y+1 assuming a mortality of 0.9. Numbers are from ICES (2022). 

For the years with high maturing stock, the estimated SSB are considerably higher with the re-

vised model than with the old model, while there is an opposite tendency for years with low 

maturing stock. Still, 1990 seems a good candidate to use for setting Blim. The median SSB in 1990 

with the present model run is 68 000 tonnenes. It was noted by the benchmark group that unac-

counted uncertainties are associated with the estimates of SSB used as basis for the Blim, both in 

the biomass estimation and the forecast. The managers must be aware of this when evaluating 

the reference point used in the harvest control rule.    
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Figure 6. BS capelin recruitment (abundance-at-age 1) as a function of estimated spawning-stock biomass (SSB). SSB are 
estimates from the updated stock forecast model (median values). The years denote cohorts and different colors indicate 
biomass of young herring (age 1 and age 2) in the Barents Sea. Triangle marks year with catch, so catch is withdrawn in 
the estimation of the spawning-stock biomass. In the lower panel the SSB-R is plotted with x-axis truncated at 500 000 
tonnes. 
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2.2 Harvest Control Rule (HCR) evaluation for the capelin 
escapement strategies 

See section 4 below. 

2.3 Future process and work 

Short-term research recommendations were made for three topics related to the estimation of 

capelin biomass and associated uncertainty based on the BESS autumn survey.  

The first topic was possible inclusion of swept-area estimates of capelin from demersal trawl 

hauls (BS1 and BS2). There was agreement that this capelin in principle should be included in 

the autumn estimate. There was also agreement that a method is needed to handle outlier sam-

ples (trawl hauls with very high catches). However, the method presented during the meeting 

was not accepted, and work to revise the method was recommended. A method for estimating 

uncertainty when combining the acoustic estimate and swept-area estimate is also required.      

The second topic was related to the method for selection of biological samples (three different 

types of trawl sampling used in BESS) to acquire length distributions used for the acoustic esti-

mate (BS3). The estimate is sensitive to the selection, and there was agreement that inclusion of 

demersal samples should be done with caution, but all relevant alternatives for selection were 

not presented for the benchmark meeting.  

The third topic was how to implement uncertainty in the estimate of maturing capelin used for 

the prediction (BS3). In the present implementation, a fixed value of CV is used.  During the 

meeting it was recommended that a 5-year-average be used as an intermediate step, but with a 

research recommendation to investigate the use of annual CV estimates.     

These issues could be addressed during a review-type process as outlined in the new (2023) 

guidelines for benchmark processes. Such a review process addresses one or two larger issues 

and is carried out intersessionally between two expert group meetings but is not a full bench-

mark.  
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3 Iceland and Faroes grounds, East Greenland, and 
Jan Mayen area capelin  

cap.27.2a514 – Mallotus villosus in subareas 5 and 14 and Division 2.a 
west of 5°W 

The IEGJM capelin stock has been assessed by acoustic measurements in autumn and/or winter 

since 1980.  From 1980–2015 the stock was manged by leaving 400 thousand tonnes for spawning.  

The method for setting the final TAC was not endorsed by WKSHORT-2009 because the value 

of M (natural mortality) used in the assessment calculations in the winter period (0.035 per 

month) was considered too low and uncertainty in the acoustic surveys was not included.  Prior 

to WKICE-2015 a new advice framework based on a stochastic approach was developed and the 

management goal changed to leaving 150 thousand tonnes for spawning with 95% probability.   

The new advice framework was endorsed by WKICE-2015.  The same advice framework was 

proposed at WKCAPELIN with 2 changes.   

From 1990–2014 the same model for setting an initial, preliminary TAC had been used based on 

projection of survey estimates of immature abundance from the autumn survey in the previous 

year.  That method was not endorsed by WKICE-2015 and a more precautionary method devel-

oped.  In 2020 the management plan was changed so fisheries each season do not start until 

October 15th.  At that time more recent information about the fishable stock are available and the 

TAC based on that information (intermediate TAC) replaces the initial, preliminary TAC before 

any fisheries start.  Therefore, the method to set initial TAC was not discussed at WKCAPELIN.   

3.1 The fishery 

In the mid-1960s a purse-seine fishery began on capelin and soon expanded to a large-scale fish-

ery. During its first eight years, the fishery was conducted in February and March on schools of 

prespawning fish on or close to the spawning grounds south and west of Iceland.  In January 

1973 a successful capelin fishery began in deep waters near the shelf break east of Iceland. In 

1976 a summer capelin fishery began in the Iceland Sea. This fishery became multinational with 

vessels from Iceland, Norway, Faroes, and Denmark. The pelagic trawl was introduced to the 

fishery in the mid-1990s. 
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Figure 7.1.1. Total catch (in thousand tonnes) of the Icelandic capelin since 1963/1964 by fishing season. The year indi-
cates former year of the fishing season.   

A fishery during winter (January–March) has taken place in all years, with the exception of the 

winter of the1981/1982 ,1982/1983 ,2008/2009, 2018/2019 and 2019/2020 fishing seasons, when a 

moratorium was in effect (Figure 7.1.1). Until the late 1980s the fishery in October–December 

was much more pronounced than the fishery in June–September, whereas it was the opposite in 

the 1990s. During the 1990s the fishery in autumn was at low levels and practically no autumn 

fishery has taken place since 2000. Since the mid-2000s, a preliminary quota allowing for a sum-

mer fishery has only been set twice and the resulting fishery has been at a low level. 

The fishing season was extended from June 20 to the end of the following March since the mid-

1990s.  However, when stock size has been estimated to be low the fishing season has started 

later, in October/November after an autumn survey, or even in January/February following a 

winter survey. In 2020 the start of the fishing season was changed and can at earliest start at 

October 15th.   

3.2 Biological information 

The timeline of life-history and survey events for a cohort of capelin can be summarized as fol-

lows (also see the schematic in Figure 7.2.1): 

Year 0 

• Spring: Hatches from egg. 

• Summer: Larvae drift, from spawning locations, northwards to juvenile areas. 

• Autumn: Observed in acoustic surveys, but not directly measured as 0-group, overlaps 

with immatures (age groups 1 and 2) and the mature/maturing stock. 

Year 1 

• Winter: Sometimes observed on the acoustic survey in northwest of Iceland as metamor-

phosing juveniles. 

• Summer: The bulk of the cohort is still immature and sticks to the feeding areas. 

• Autumn: Measured as immature. This measurement is the bases for Initial advice. 
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Year 2 

• Winter: Immatures overlapping with the migrating mature capelin in parts of the areas 

covered acoustically.  

• Spring: A relatively unimportant fraction appears to spawn as 2-year-old in some years. 

• Summer: The bulk of the cohort is still immature but about to start maturation. The feed-

ing migration begins. 

• Autumn: September–October survey, the majority of the cohort is mature, but some may 

still be immature (delayed spawners). This measurement is the bases for Intermediate 

advice. 

Year 3 

• Winter: The bulk of the cohort migrate to spawn. The final TAC is issued in-season, based 

mainly on acoustic estimates of this cohort. 

• Spring: Spawning and subsequent mortality. 

• Autumn: The rest (minority) of the cohort (that did not spawn in spring) is measured 

acoustically. 

Year 4 

• Winter: The rest of the cohort is measured acoustically when migrating to the spawning 

grounds. 

• Spring: Spawning and subsequent mortality. 

 

Figure 7.2.1.  Timeline for surveys and their use in TAC setting.  Solid line on the left side of the diagram marks the time 
when the survey takes places and the place of 1 January on this timeline. The solid line on the right hand side of the 
diagram marks the setting of the preliminary TAC while the dashed lines mark revisions of the TAC. 

3.3 Stock structure 

Capelin is a small pelagic schooling fish. It is a cold-water species that inhabits arctic and Sub-

arctic waters in the North Atlantic and North Pacific. Capelin in the Iceland-East Greenland-Jan 

Mayen area is a separate stock. 
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3.4 Stock assessment 

The stock assessment model for IEGJ capelin is in principle simple. It is assumed that  𝑞 = 1 in 

January surveys.   The official assessment value is biomass of mature capelin January 15th, both 

average value and uncertainty.  More detailed description of the assessment and management is 

in working documents I01–I07.   

In many fishing seasons, a number of acoustic surveys is conducted, always one in the autumn 

and in most years one or more in the winter. Figure 1.4.1 clearly indicates there is a worse rela-

tionship between autumn and winter surveys after 1991/92 than before. The assessment is like 

many other assessments based on the weighted average of one or more surveys. 

The acoustic surveys are very sensitive to timing of both autumn and winter surveys. 

The winter surveys must be conducted after the mature stock enters the Icelandic continental 

shelf north of Iceland and before they migrate into the warm sea southeast of Iceland when they 

take the usual eastern route clockwise around Iceland to the spawning areas in the south and 

west. The timing of the migrations varies, and in some years the first schools have migrated into 

the warm sea (where acoustic measurements are unreliable) before the last schools enter the con-

tinental shelf. Identifying which capelin has not been measured before can often be done, the 

main assumption is that capelin found in the northeast, east, and southeast of Iceland are sta-

tionary or migrating clockwise towards the spawning areas.   

 

Figure 1.4.1 Biomass of mature capelin in autumn (red) and winter surveys (blue) corrected for catches taken between 
surveys.  The grey vertical lines indicate years used to infer the relationship between the surveys on which M=0.035 per 
month was estimated.  

When to take the average of surveys or let the highest value stand alone is always a matter of 

judgement. Estimated CV, age composition and spatial distribution compared to older measure-

ments help in the decision-making. 

 Timing issues are also important in the autumn surveys. The capelin migrate north to 70th degree 

or further to feed, and return back in October-January, the tendency has been that they return 

later.  After 2000 only part of the mature stock was covered in the autumn surveys (figure 1.4.1), 

the main reason was problems with drift ice in areas inhabited by capelin.  Insufficient funding 
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to cover the distributional area did also matter, limited funds were not spent on survey with 

variable coverage.  After 2009 the survey area was increased to the north, but areas close to 

Greenland could not be covered due to ice. Therefore, the autumn survey was moved from Oc-

tober to September in 2013.   

There are at least 3 advantages of autumn surveys compared to the winter surveys.  

• The surveys are not conducted in a period of active migration so disruption due to 

weather is not as much of a problem.   

• TAC is issued earlier so companies have longer time to prepare for the fishing season.   

• Safety if winter surveys fail for example due to bad weather.   

Since the new assessment method was introduced in 2016 the final assessment has been based 

on one or more surveys. In the winter, each survey is often “one weather window” and after that 

combined with another survey in another “weather window”. Autumn surveys have been com-

bined with winter surveys in a similar way as different winter surveys have been combined, 

based on an observation from 1980–1992 that autumn and winter surveys lead on the average to 

similar biomass (Figure 1.4.1) .  When used in assessment CV of autumn surveys is to account 

for longer period, increased by multiplying with a stochastic factor (μ≈1,σ≈0.3) as described in 

WD14 from WKICE-2015 and the stock annex.    

The intermediate assessment conducted in October is based on prediction that the biomass of 

mature capelin on the 15th of January next year will on the average  be  the same as in the autumn 

survey. 

Changes to the assessment discussed at WKCAPELIN2 2022 were related to uses of the autumn 

survey in the assessment and winter surveys conducted outside the normal period and areas. 

Changes in the use of autumn surveys originated from the discrepancy between the autumn 

2021/winter 2022 pair that was unique but a similar issue might happen again in near future (see 

WD I01): 

1. Autumn survey biomass for use in assessment will be compiled by reducing number-at-

age by M=0.035/month, multiplying by mean weight at age of same yearclass in winter. 

Earlier the autumn survey biomass was used unchanged in assessment as from 1980–

1992 the reduction in numbers and increase in mean weight at age approximately can-

celled each other out. The weight increase has been less in recent years and time between 

autumn and winter surveys is longer so applying a monthly M was deemed appropriate.   

2. Autumn survey has a maximum weight of 1/3rd in the final assessment. No such limit 

was in the assessment adopted by WKICE 2015. 

3. Age distribution in the autumn and winter surveys will be compared, and the autumn 

survey will be correct for any discrepancy if required (see WD I01 ) 

4. Acoustic surveys in the warm sea are not included in the assessment (see WD I01) 

5. Acoustic surveys late in the season north and northwest of Iceland late in the season are 

not included or added to previous surveys except if a large part of the total stock is found 

there.  See (WD I01 and I03)  

Of those changes only #2 was adopted by the benchmark.   

As before, all combinations of surveys are done by adding replica by replica. 

The final assessment is compiled as stochastic replicas of the mature part of the stock at January 

15th.  It was discussed at the meeting not to use the estimated CV of the final assessment for 

prediction but rather use CV of 0.2 done by scaling the spread of bootstrap value to reach that 

goal.  Similarly, a CV of 0.25 could be used for the intermediate assessment (see WD I02).  This 

change can be advantageous when the final acoustic measurements are based on a large stock 

distributed over a large area i.e low CV.  It was however, not adopted during WKCAPELIN 2022.    
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Going to a fixed CV was not accepted by MRI staff as discussed at a meeting on March 4th.  An-

other ICES Working Group (WKSHORT 2009) rejected the assessment method as CV in surveys 

was not considered.  Many of the surveys, especially in the winter have high CV and would lead 

to too high advice if that is not taken into account.   At the March 4th meeting the current meth-

odology (use bootstrap replicas from each survey) was accepted, but it was recognized that a 

floor on CV of the final assessment might be  needed.   

Each year’s assessment is introduced and reviewed at the meeting of ICES Northwestern Work-

ing Group in April-May.  The review is in some sense too late but could point to things to avoid 

in future assessments.  WKICE 2015 discussed more involvement of ICES in the final advice that 

is often given a few days after the final acoustic measurement.   

3.5 Prediction model   

The final assessment is projected from 15th of January to 15th of March using the predation model 

described in WD I03 and the catches that are adjusted until P(SSB < Blim)=0.05. This approach is 

unchanged from what was decided at the 2015 benchmark assessment.   

3.6 Reference points    

The only reference point needed for IEGJ capelin is Blim.  Blim was set to 150 thousand tonnes in 

WKICE 2015 based on the average of the 3 lowest values of spawning stock, occurring in 1981, 

1982 and 1990, which all lead to average recruitment.   Before WKCAPELIN 2022 the spawning 

stock since 1981 was recalculated using the prediction model adopted in 2015 and recalculated 

indices from acoustic surveys from 2002–2006.  (Working document I04).    The recalculated stock 

– recruitment plot indicated that basing Blim on the same 3 years was appropriate, giving a 

Blim=114 thous. tonnes.    

3.7 Management plan   

The management plan is based on the criterion P(SSB < Blim)  < 0.05.  SSB is obtained by projecting 

the stock forwards with the predation model.   

Intermediate advice is calculated based on the intermediate assessment and the same criterion 

as described in the stock annex.  Change from what was adopted in the benchmark 2015 is that 

the intermediate advice is now only 2/3rd of the calculated value. It was 100% according to the 

2015 benchmark.   

In 2020 the coastal nations agreed that fishing in each season should not start until October 15th.   

Before the meeting, the advice on TAC according to the new advice framework was compiled 

and compared to the old advice framework for the years 1981–2015.  The results show that the 

current method is more precautionary (WD I04).   

No changes are suggested for the current management plan regarding how the preliminary ad-

vice and final advice are derived.  Since the beginning of the fishery was changed to October 15, 

the intermediate TAC will now supersede the initial TAC when fisheries start.   

3.8 Conclusions 

WKCAPELIN accepted the assessment methodology for IGJM capelin, as described in the stock 

annex in this report, as a benchmark assessment.  
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3.9 Harvest Control Rule (HCR) evaluation for the capelin 
escapement strategies 

See section 4 below. 

3.10 Recommendations 

Work that has been started in Iceland and Norway to get better information on the TS value of 

capelin, both average values and variability, should be continued. (WD I05).  Equipment to con-

duct this analysis is now available in both countries, the problem is to get enough vessel time.  

These analyses are really a prerequisite for doing work on the importance of capelin in these two 

ecosystems.  They are also perquisites for improving the predation models used in the capelin 

management.   

Along the same track, try to match catches and NASC value of capelin for vessels fishing capelin 

with pelagic trawls.  (WD I06).   

Work presented for the Barents Sea capelin stresses the importance of capelin as a keystone spe-

cies in the ecosystem, and also suggests that capelin should be fished as close to spawning as 

technically and economically possible. 

Research on the role of capelin as predator and prey, in the Icelandic Sea ecosystem should be 

directed to the main feeding period in May -July where limited data exist.   

Marine mammal abundance in the capelin distribution areas should be monitored, e.g. by in-

cluding observers on autumn surveys every year. Such a program could indicate whether pre-

dation on capelin by whales in quarter 3 should be added to the advice-framework.   

Further work on the new framework for setting the advice is needed, including detailed exami-

nation of the series of historical bootstrap estimates and additional tests of the predation model 

by cod, haddock and saithe, based on the groundfish survey in March (IGFS) data.   

More detailed stomach content analysis should be conducted in the groundfish survey in March 

to identify to what extent capelin that has already spawned is eaten.   

Predation by humpback whales in quarter 1 should be investigated but increased number of 

them are following the capelin spawning migration according to captains of capelin vessels.  

The design of acoustic surveys should be studied further, and collaboration with industry that 

has been ongoing should be continued and further developed.  Part of this work would be to 

investigate when it would be appropriate to measure separately dense schools of capelin (bi-

asvs.variance problem).   

Pairs of successful surveys should be identified and examined to determine the correspondence 

between September–October and following January–February surveys to potentially shed light 

on natural mortality, especially if supplemented with research on survey catchability and target 

strength. 

Further work on survey stratification and comparison with alternative approaches to estimate 

uncertainty could also usefully be undertaken, e.g. using geostatistics.  Alternative approaches 

to estimate uncertainty could lead to different survey design.   

Coordinated collection of biological samples and logbook information from non-Icelandic ves-

sels should be initiated, to ensure broader coverage of participants in the fishery. 
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3.11 Working documents 

• I01.  Capelin data and advisory process.  Overview.  (I01_Overview.docx) 

• I02. Cofficient of Variation of Surveys.  (I02_CVSurveys.docx) 

• I03.  Description of the predation model. (I03_PredationModel.docx) 

• I04.  Calculations of the spawning stock from 1981–2022, estimation of Blim and advice 

given by the new HCR from 2015.  (I04_HistoricalSSBandBlim.docx)  

• I05.  Re-evaluation of the target strength and the acoustic properties of the capelin stock 

in the Iceland-East Greenland-Jan Mayen area.  (I05_TS_Benchmark.docx) 

• I06.  Capelin fisheries in the Iceland-East Greenland-Jan Mayen area.   

• I07.  IEGJ capelin.  Experience with new management plan 2015/16 to 2021/22.   
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4 Harvest Control Rule (HCR) evaluation for the cape-
lin escapement strategies 

Escapement strategies are HCRs which are suitable for stocks with highly variable stock size and 

recruitment, allowing for high catches in good years while protecting the stocks in poor years. 

The standard format for such a rule would be for the spawning stock to be “95% likely to remain 

above Bescapement after the catches are taken”, where Bescapement is the biomass of adults al-

lowed to “escape” the fishery and survive to breed. For fish such as capelin, where there is a high 

spawning mortality, Bescapement may be set to Blim. In this case, both the Barents Sea and IGJM 

rules are in this form, and are both based on HCRs previously adopted by ICES. The meeting 

was tasked with evaluating if the existing HCRs continued to be precautionary, and therefore 

could continue to be used as the basis of ICES advice. 

The success of any such escapement HCR rests on the stock estimate being unbiased, the uncer-

tainty of that estimate being correctly characterized, and the estimated Blim being accurate. None 

of these three things can be guaranteed, and would need a more detailed investigation to conduct 

a full MSE. However, the work at this benchmark has followed standard ICES practices, and by 

including predation mortality in an attempt to avoid biases from that source the work here is 

more detailed and realistic than in many cases. The uncertainty estimates are the best available 

and Blim has been derived following ICES procedures, although (as is always the case within 

ICES) no estimate of uncertainty has been placed on this estimate. The workshop therefore eval-

uates that the approach taken represents best available science following ICES procedures. The 

two HCRs are therefore considered as precautionary as is typical for any ICES escapement strat-

egy. Furthermore, the HCRs have functioned successfully for a number of years (since 1991 for 

Barents Sea, and since 2015 for IGJM). Provided no significant change is made to the HCR or to 

the performance of the underlying models, the rule should continue to be as precautionary as 

previously.  

For IGJM capelin the entire model has been revised downward with the inclusion of predation 

mortality, and the reduction in Blim (from 150kt to c. 110kt) is in line with the reduction in the 

model biomasses. Thus, the Blim is largely unchanged relative to the estimated biomasses in the 

model. In the Barents Sea the year used as basis for the Blim has changed, but the absolute value 

of the estimate is very close to that used previously. Therefore, in both cases the revisions in the 

underlying models are considered not to have significantly affected the performance of the 

HCRs. 

However, in the Barents Sea the existing HCR contains a precautionary buffer within the Blim that 

will be avoided in the HCR. This precautionary buffer lifts the Blim value from just under 100kt 

to 200kt. This inclusion of a precautionary buffer in Blim is not standard ICES procedure and 

should not be continued. The WKCAPELIN workshop therefore proposes a revised Blim directly 

based on lowest observed SSB which led to good recruitment, with no precautionary buffer. 

However, the workshop was also tasked with evaluating the precautionary nature of the existing 

HCR (with the buffer), and did not examine an alternate formulation without the precautionary 

buffer. The workshop therefore recommends that the HCR be re-worded to require that the stock 

after fishing should remain above Bescapement rather than above Blim, and that the Bescapement 

remain at the existing 200kt. This would ensure that the HCR is worded in terms of modern ICES 

procedures, while meeting the goal here of evaluating the existing HCR as remaining precau-

tionary. It may be that a HCR with a lower Bescapement (potentially set at the actual Blim) in the 

Barents Sea would also be precautionary, however this was not evaluated at this meeting and 

would require a specific HCR evaluation. 



ICES | WKCAPELIN   2023 | 29 
 

 

With the above amendment to the Barents Sea HCR wording to fit with modern ICES terminol-

ogy (and with inclusion of the existing precautionary buffer in the Bescapement rather than Blim), 

WKCAPELIN therefore concludes that both HCRs remain precautionary and that ICES can con-

tinue to give advice on this basis. 
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Annex 2: Resolutions 

2021/2/FRSG25 The Benchmark workshop on capelin (Mallotus villosus) (WKCAPELIN 2022), 

chaired by Hannah Murphy, Canada, and Daniel Howell, Norway, and attended by invited 

external experts Alejandro Buren, Canada, and Mathieu Boudreau, Canada, will be established 

and meet online 30 November–2 December 2021 for a data workshop (DWK), and at MFRI, 

Hafnarfjörður, Iceland on 21–25 November 2022 for a benchmark meeting. WKCAPELIN 2022 

will work to: 

Evaluate the appropriateness of data and methods to determine stock status and investi-

gate methods for short-term outlook taking agreed or proposed management plans 

into account for the stocks listed in the text table below. The evaluation shall include 

consideration of: 

i. Stock identity and migration issues; 

ii. Life-history data; 

iii. Fishery-dependent and fishery-independent data; 

iv. Further inclusion of environmental drivers, multispecies information, and eco-

system impacts for stock dynamics in the assessments and outlook; 

Agree and document the preferred method for evaluating stock status and (where appli-

cable) short-term forecast and update the stock annex as appropriate. Knowledge of 

environmental drivers, including multispecies interactions, and ecosystem impacts 

should be integrated into the methodology If no analytical assessment method can be 

agreed, then an alternative method (the former method, or following the ICES data-

limited stock approach) should be put forward; 

Re-examine and update (if necessary) MSY and PA reference points according to ICES 

guidelines (see ICES Technical Guidelines on reference points); 

Develop recommendations for future improvement of the assessment methodology and 

data collection; 

As part of the evaluation:  

i. Conduct a three-day data workshop (DWK). Stakeholders are invited to con-

tribute data (including data from non-traditional sources) and to contribute 

to data preparation and evaluation of data quality. As part of the data com-

pilation workshop consider the quality of data including discard and esti-

mates of misreporting of landings; 

ii. Following the DCWK, produce working documents to be reviewed during 

the Benchmark meeting at least seven days before the meeting; 

f ) Evaluate whether the current harvest control rules are precautionary in light of poten-

tial acceptance of alternative model formulations and reference points from the bench-

mark. 

 

Stock or issue Stock category and methods 

cap.27.2a514 – Capelin (Mallotus villosus) in subareas 5 and 14 and 

Division 2.a west of 5°W (Iceland and Faroes grounds, East Greenland, 

Jan Mayen) 

1 – HCR based on survey SSB estimates. 

cap.27.1-2 – Capelin (Mallotus villosus) in subareas 1 and 2 (Northeast 

Arctic), excluding Division 2.a west of 5°W (Barents Sea capelin) 

1 – HCR based on survey SSB estimates. 

https://sid.ices.dk/ViewStock.aspx?key=3202
https://sid.ices.dk/ViewStock.aspx?key=3135
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Annex 3: Barents Sea capelin – Working docu-
ments 

Number Title Authors 

BS0 Description of capelin biomass estimation from BESS surveys Georg Skaret et al. 

BS1 Swept-area estimation from bottom trawl - method Are Salthaug et al. 

BS2 Swept-area estimation from bottom trawl - application Harald Gjøsæter et al. 

BS3 Abundance estimation from autumn survey - Selection of stations for allocation 
and survey CV 

Georg Skaret 

BS4 Spawning survey – summary of results and suggestion for application Georg Skaret et al. 

BS5 Cod consumption – description of assumptions and data Bjarte Bogstad 

BS6 Basis for the estimation of autumn mortality Georg Skaret et al. 

BS7 Predation model – description of model and simulation runs Magne Aldrin et al. 

BS8 Basis for deciding on reference point (Blim) Georg Skaret et al. 

BS9 Maturation model  Bjarte Bogstad et al. 

BS10 Estimation of maturity parameters based on catch data Sondre Hølleland 
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Annex 4: IEGJM capelin – Working documents 

I01.  Capelin data and advisory process.  Overview.  (I01_Overview.docx) 

I02. Cofficient of Variation of Surveys.  (I02_CVSurveys.docx) 

I03.  Description of the predation model. (I03_PredationModel.docx) 

I04.  Calculations of the spawning stock from 1981–2022, estimation of Blim and advice given by 

the new HCR from 2015.  (I04_HistoricalSSBandBlim.docx)  

I05.  Re-evaluation of the target strength and the acoustic properties of the capelin stock in the 

Iceland-East Greenland-Jan Mayen area.  (I05_TS_Benchmark.docx) 

I06.  Capelin fisheries in the Iceland-East Greenland-Jan Mayen area.   

I07.  IEGJ capelin.  Experience with new management plan 2015/16 to 2021/22.   
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Annex 6: Stock annex edits 

ICES. 2023. Stock annex: Capelin (Mallotus villosus) in subareas 1 and 2 (Northeast Arctic), excluding Divi-

sion 2.a west of 5°W (Barents Sea capelin). ICES Stock Annexes. Report. 

https://doi.org/10.17895/ices.pub.23600088 

ICES. 2023. Stock annex: Capelin (Mallotus villosus) in subareas 5 and 14 and Division 2.a west of 5°W (Ice-

land and Faroes grounds, East Greenland, Jan Mayen area). ICES Stock Annexes. Report. 

https://doi.org/10.17895/ices.pub.23600094 
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