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Executive S um m ary

WKBENCH 2011 is the ninth Benchmark W orkshop held under the ACOM proce­
dures for assessm ent review. The m eeting was held at IPIMAR in Lisbon, Portugal 
from  24—31 January 2011. The m eeting was chaired by Jim Berkson (USA) and the 
ICES C oordinator was Bjarte Bogstad (Norway). George Tserpes (Greece) and Jim 
Ianelli (USA) participated in  the m eeting as invited external experts. There were 19 
participants in the m eeting representing eleven nations. The m ain objective for the 
m eeting was to review  data inputs and assessm ent m ethods for five stocks (N orth Sea 
saithe, N orth  Sea haddock, NE Arctic haddock, Icelandic sum m er-spaw ning herring 
and  southern horse mackerel) and to update Stock Annexes for these stocks (the reci­
pes for conducting assessments to be applied by working groups over the next three 
to five years). No stakeholders attended the meeting. The m eeting started w ith  a 
note that the day set aside for a data w orkshop was not necessary as the data avail­
able for use in the assessments had  been com piled prior to the meeting. The m eeting 
agreed on a set of priority issues for each stock (related to data quality, data analysis, 
and assessment m ethods). All participants review ed each of the assessments w ith 
some short discussion groups convened to deal w ith specific issues. The full report of 
the m eeting includes a set of generic issues identified during the w orkshop and asso­
ciated recom m endations, followed by detailed stock-specific reports and  recom m en­
dations. A key outpu t of the w orkshop was an updated  Stock Annex for each stock.

The w orkshop faced some problem s in fully addressing its term s of reference. These 
arose from  the m agnitude of items to review  and the active developm ent of m odel 
alternatives and datasets during the relatively short, eight day meeting. Considerable 
progress was m ade in this regard  bu t this lim ited the ability to cover all aspects of 
eveiy stock thoroughly. Specific points covered included:

1 ) Icelandic sum m er-spaw ning herring

a ) Prelim inary analysis of the stock data using a statistical catch-at-age 
m odel was consistent w ith  the adapt m odel that has been used since 
2005.

b ) Retrospective bias was apparent bu t tended to be one-sided and only 
over stock increases. The fact that the retrospective pattern  was well 
contained by the confidence bands of the prim ary assessm ent was con­
sidered w ithin the assessment uncertainty.

c ) The treatm ent of additional natural m ortality due to Ichthyophonous in­
fection was discussed during the week and an approach to present the 
near-term  consequences to m anagem ent was developed.

2 ) N orth  Sea haddock

a ) This assessment presented standard  XSA application and contrasted 
results w ith a statistical state-space approach developed by DTU- 
AQUA (SAM). W hereas the XSA show ed consistent behaviour rela­
tive to retrospective patterns, the SAM results a m ore variable retro­
spective pattern

b ) A linear cohort-based approach should be used to predict grow th

c ) There is support for the hypothesis that haddock in the N orth  Sea and 
W est of Scotland is one biological unit, b u t this needs m ore investiga­
tion by WGNSSK
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d ) Reference points should be updated, b u t this w ork was not com pleted 
during the meeting

3 ) Southern horse mackerel

a ) The w orkshop explored application of a m odel that was developed for 
Chilean jack mackerel and  recently accepted based on sim ulation test 
performance. Initial evaluations indicate that this approach was suit­
able and hence is planned for the next assessment.

b ) In the course of this evaluation, issues related to patterns in the survey 
data indicated some peculiarities and outliers; for example there were 
some years w here old horse mackerel (>5 years) were relatively abun­
dant w hereas in m ost years these age groups were a small com ponent 
of the survey results. These should be investigated in m ore detail and 
perhaps a bootstrap approach to create alternative datasets to evaluate 
this uncertainty.

c ) Reference points were discussed and  the notion of using recent trends 
was developed. Specifically, a 5-year w indow  of SSB trends (slope) 
and  uncertainty was p u t into the model. Three alternative "w indow s" 
w ere presented (2005-2009, 2006-2010, 2007-2011). W hereas absolute 
scale of fishing im pact (relative to biomass reference points) was not 
specified, this was considered useful in the near term  to provide prac­
tical advice on adjustm ents to current TACs.

4 ) N orth Sea Saithe

a ) Analyses com paring XSA runs w ith and w ithout fishery cpue data in­
dicated that retrospective patterns degraded w hen they were ex­
cluded. The application of carefully evaluated log-book data using a 
GLM approach was seen as an im provem ent and  should be used in the 
model.

b ) The data quality (e.g., estimates of catch-at-age) was noted as being a 
concern for this stock. For this reason, the group recom m ends devel­
oping a statistical catch-at-age m odel so that assum ptions about data 
quality can be removed.

c ) A new  survey was presented which covers the coastal region of N or­
w ay for young saithe and was considered for inclusion.

d  ) There was concern over the apparent spatial distribution of the fleet in 
recent years to prim arily the southern region. Also, prior to the next 
assessm ent the group was concerned that data from  the French fleet be 
m ade available.

5 ) NE Arctic haddock

a ) XSA was the prim ary m odel developed for this stock and initial set­
tings indicated that a large num ber of iterations were required  for con­
vergence and that this generally had  the effect of increasing the stock 
biom ass as the num ber of iterations increased (to reduce the catchabil- 
ity residuals).

b ) The retrospective pattern  observed for this stock was seen as an issue 
and  specifications on shrinkage param eter m oderated this some.
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Of the m ore general issues identified and discussed at the meeting, the key recom­
m endations include:

1 ) Efforts to include external sources of natural m ortality (e.g., via m ultispe­
cies models, infections, etc) were generally seen as positive developm ents 
and serve to com m unicate how  changing ecosystem conditions affect m an­
agem ent advice.

2 ) That general linear models and related m ethods be used to im prove the
standardization of cpue series used in assessments.

3 ) That statistical catch-at-age m odels continue to be developed and  applied
for stock assessments since the data quality can be explicitly acknowl­
edged.

4 ) That biological reference points be based on the latest assessm ent m odels
and  data w here inform ation and/or accepted m odel results indicate a sig­
nificant change.
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1 In troduction

The first couple of days of this benchm ark was devoted to background presentations 
of each stock focusing on biology, life histoiy, ecology, histoiy of the fisheiy, histoiy 
of past assessment m ethodologies and data used. The following days were then fo­
cused on resolving the assessm ent issues to the extent possible, w ith  a view to revis­
ing the Stock Annexes for adoption for the following years and to set 
recom m endations for future work.

The results of the Benchmark for each stock are given in Sections 2-6 and  then the 
data collection issues are considered in Section 7. The list of participants is given in 
Annex 1, the A genda in  Annex 2, the Terms of Reference are given in  Annex 3, and 
the Recom m endations in  Annex 4. The new  stock annexes are given in Annex 5 and 
the W orking Docum ents in Annex 6.

We thank IPIMAR for kindly hosting the meeting.
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Icelandic he rr in g

2.1 Current assessment and issues with data  and assessment

The current assessm ent is done w ith  NFT-Adapt on catch-at-age m atrix and a tuning - 
series from  an acoustic survey in the autum n as described in  the stock annex and by 
G udm undsdóttir (2011). In previous assessments, one of the m ain concerns has been 
the retrospective pattern  in the outcom e (e.g. ICES 2008; 2010a). Since the autum n 
2008 w hen the herring stock was first found to be seriously infected by Ichthyophomis 
hoferi, different and new  issues started to affect the assessm ent (Oskarsson and Páls- 
son, 2011; ICES, 2010a). Several other issues have been identified in  previous assess­
m ent reports and other identified at WKBENCH in 2011. All these issues are listed in 
the table below, and if and  how  they were dealt w ith at WKBENCH:

Issue w ith data  o r assessment D ealt w ith a t wkbench or not

Issues related to retrospective patterns in the 
assessment have been highlighted in the 
assessment reports for some years, and has even 
lead to rejection of the assessment.

The retrospective patterns were addressed at 
WKBENCH (Gudmundsdóttir, 2011; 
Magnusson, 2011; Section 2.8.2 below). The 
conclusion was that they show a decreasing 
trend and they are within the 95% confidence 
interval of statistical assessment approaches.

Issues related to the infection of the stock include: 
estimating the prevalence, the corresponding M — 
i.e., whether all infected fish dies.

These issues were presented in Oskarsson and 
Pálsson (2011). The meeting concluded that 
the significance of additional mortality on 
catch advice needs to be presented but that 
underlying recommendations (BPA etc) (e.g. 
ICES 2010a) remain appropriate.

The procedure of adding the estimated M caused 
by the infection (Minfection) to the fixed M of 0.1 
may cause problems because the fixed M is poorly 
determined

The currently used M of 0.1 is the same as has 
been estimated and used for North Sea 
herring (age 4+) based on previous studies 
and is thus defensible(see 2.8.3).

Evaluation of reference points for the stock and 
determination of MSY based reference points.

Preliminary results were presented (i.e., SPR 
and YPR evaluations) but a more complete 
analysis will be presented to the ICES meeting 
of NWWG in April 2011.

A formal evaluation of the harvest control rule 
(HCR) or alternative for this stock is lacking

An evaluation is planned for presentation at 
the ICES meeting of NWWG in April 2011.

Issues with survey data concerning its variation in 
time in relation to the fishery.

Dealt w ith by Gudmundsdóttir (2011) and 
concluded that estimation of the indices are 
appropriate (see 2.2.3)

Issues with survey data related to the age 
composition errors.

Dealt w ith by Oskarsson (2011a) and 
concluded that age composition computations 
are appropriate, (see 2.2.3)

Issue with using 5 years average fishing pattem  
instead of 3 years average in the stock projection, 
because of possible temporal trends.

This was evaluated at WKBENCH and 
concluded that using 3 year average is more 
appropriate (see 2.9.1).

Issue with projecting weight-at-age based on three 
year average or alternative.

Dealt w ith by Oskarsson (2011b) and 
concluded that a relationship that use the 
weights in the year before are more 
appropriate (see 2.9.1).
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Issue w ith data  o r assessment

A suggestion of using index of number at age 1 
from a juvenile acoustic survey and a relationship 
from Gudmundsdóttir et ni. (2007) to predict the 
number at age 3 in the stock projection (i.e. 
recruits) instead of applying the value of geometric 
mean across the whole time series.

Adopting an approach for the stock projection, and 
used in the assessment 2009 and 2010 (e.g. ICES 
2010a), of decreasing the number-at-age according 
to the observed prevalence of infection. This 
assumes all infected fish die in the spring before 
spawning and can therefore be considered as lost 
to the stock.

D ealt w ith a t wkbench or not

Introduced at WKBENCH and concluded 
using juvenile survey data was reasonable but 
that sensitivities (in projections) should also 
be considered (e.g., using the geometric 
mean), (see 2.9.1).

Introduced at WKBENCH (Oskarsson and 
Pálsson, 2011) and concluded that this 
assumption was reasonable (see 2.9.1). Also 
that for projections, a scenario w ith the 
infection rate declining to "normal" levels in 5 
years or so (using some examples from a 
similar outbreak that occurred in Norwegian 
spring-spawning herring in the 1990s).

2.2 Compilation of available data

2.2 .1  Catch an d  landings d a ta

N o changes, or additional data, from  w hat is described in  the stock annex were used. 
It indicates that age-structure m atrices for age 2-15+ for the period 1947 to 2010 were 
available.

2 .2 .2  Biological d a ta

N o changes, or additional data, from  w hat is described in the stock annex w ere used 
for weight-at-age and age-at-maturity.

Because of the Ichthyophomis hoferi infection in the stock, the estim ated natural m ortal­
ity caused by it (Mmfection) is estim ated for each year and the estim ates are then added  
to the fixed M=0.1 that has been used for decades for the stock. This is the same pro­
cedure as explained in the updated  stock annex and  was used in the 2010 assessment 
(ICES 2010a). Further discussion about M is found below (Section 2.8.3).

2 .2 .3  Survey tuning d a ta

The only available survey tuning data for the stock is the autum n/w inter acoustic 
survey (IS-Her-Aco-4Q/lQ).

N o changes, or additional data, from  w hat is described in the stock annex w ere used 
for the survey data. It indicates that age-structure matrices for age 3-15+ for the pe­
riod 1973 to 2010 w ere available. There is one change from  recent assessments. In the 
2007-2010 stock assessments, the surveys from  the fishing seasons 1997/1998 and 
2001/2002 were om itted from  the tuning as they were not considered to cover the 
stock fully. Analyses m ade at WKBENCH by G udm undsdóttir (2011) d id  not show  
that they are very different from  the other surveys, so it was recom m ended to include 
them  again in the tuning-series. Thus they w ere used in  the assessm ent introduced 
below.

There has been a suspicion that the age com position in the acoustic surveys of Her- 
Vasu m ight be inadequately determ ined for some years as results of insufficient bio­
logical sam pling in the survey. Thus, the survey indices from  the years 1986 to 2010 
were validated by com paring them  to the catch com position the same year and de­
term ine if the survey indices needs to, and  then can, be revisited and recalculated
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w ith  for example m ore adequate biological sam ples originating from  the commercial 
catch (Oskarsson, 2011a). The analyses revealed that all the major discrepancies be­
tw een the proportion of the age groups in the catch and  in the survey could be ex­
plained by the nature and location of the fishery and/or different spatial and 
tem poral distribution of the fishery and the acoustic surveys. Thus, there was neither 
reason nor justification to revisit the acoustic m easurem ents and recalculate the indi­
ces w ith for example different biological samples.

The inter-annual variation in tim ing of the survey, taking place from  October to 
March, has caused some concerns, particularly w ith  respect to tim ing of the fishery. 
In the late 1990s it was tried to account for this different tim ing in the assessments, by 
lowering the indices by some means. As it was done differently each year, this proce­
dure was stopped and  the indices used as they were obtained from the surveys. But 
different tim ing m eans that the m agnitude caught before/after the survey differs be­
tw een years. This was revisited at WKBENCH and verified if this approach should be 
taken u p  again (G udm undsdóttir, 2011). The conclusion of that w ork was that ap­
proxim ately 80% of the catches are on average taken before the survey (2009/2010 not 
included) and its variability betw een years does not give a reason to change the pro­
cedure.

2 .2 .4  Com m ercial tun ing  d a ta

N ot relevant.

2 .2 .5  Indus try /s takeho lde r  d a ta  inputs

N ot relevant.

2 .2 .6  Environmental d a ta

N ot relevant.

2.3 Stock identity, distribution and migration issues

The Icelandic sum m er-spaw ning herring is constrained to Icelandic w aters through­
out its lifespan. Results from  various studies including tagging experim ents around 
the m iddle of last century, studies on larval transport, and studies on m igration pat­
tern and distribution, all suggest that the stock is local to Icelandic waters. Until 2010, 
no specific genetic studies have taken place to distinguish the stock from  the two 
other herring stocks around Iceland (Icelandic spring-spaw ning herring and N orw e­
gian spring-spaw ning herring). However, a project (HERMIX) w ith that as one of the 
objectives started in 2009 and is ongoing in cooperation w ith several institutes in Ice­
land, Faroe Island, Denmark, and Norway. These three stocks are distinguished on 
the basis of their spaw ning time and spaw ning area, as presented by their names. In 
practice, the m aturity stage of catch sam ples is used to distinguish Her-Va from  the 
other stocks in a m ixed fishery.

The spaw ning of the stock takes place in July off the SE, S and SW coast (Jakobsson 
and Stefansson, 1999) w ith the m axim um  activity around m iddle of July (Oskarsson 
and Taggart, 2009). The nursery grounds are mainly in coastal areas off the NW  and 
N  coast, bu t occasionally also in coastal areas off the E, SE, and  SW and W Iceland 
(G udm undsdóttir et al., 2007). The location of the overw intering of the m ature and 
fishable stock has varied during the last 30 years (Oskarsson et ah, 2009). Prior to 1998 
it was m ainly off the SE and E Iceland but from  1998 to 2006, the overw intering took
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place both off the east and  w est coast, w ith  increasing proportion being in  the w est­
ern  part. Since then (winters 2006/2007 to 2009/2010), m ost of the stock has been lo­
cated in high density in coastal waters in southern part of Breidafjördur in w estern 
Iceland.

The observed changes in location of the overw intering of the stock, or during the 
period of the year w hen the acoustic surveys takes place, have the consequences that 
the historical coverage of the survey is not fully spatially fixed. The procedure has 
been to cover at least all previously know n overw intering location. Because of the 
changes in  the overw intering distribution that have been observed both the fishing 
fleet and the various research surveys, the coverage of the survey has in  fact in­
creased throughout the series. However, because of good com m unication w ith  the 
fishing fleet and  inform ation from  other research surveys covering the continental 
shelf of Iceland, there are no reasons to suggest that significant part of the stock has 
been excluded from  the survey in the past because of less survey coverage.

2.4 Influence of the fishery on the stock dynamics

The stock collapsed in the end of 1960s. The reason was probably related to high fish­
ing m ortality and eventual recruitm ent failure (Jakobsson, 1980). This indicates that 
the fishery affects the stock dynamics. Subsequently, a generally cautious allowed 
TAC based on Foi has been im plem ented w hich m ay have helped the m ore or less 
continuous increase in stock size since then. Changes in fishing patterns m ay have 
also influenced the stock dynamics, for example the pelagic traw l fishery during the 
years 1996-2007 (G udm undsdóttir, 2011), bu t this is poorly understood.

2.5 Influence of environmental drivers on the stock dynamic

The influence of environm ental drivers on the stock dynam ic has alm ost exclusively 
been exam ined w ith respect to recruitm ent variation. As introduced at WKBENCH, 
recruitm ent variation has been found to be positively related to sea tem perature (Ja­
kobsson et ah, 1993) and Oskarsson and Taggart (2010) show ed w ith generalized lin­
ear m odel (GLM) that 64% of the variation in the recruitm ent variation during 1963 to 
1998 could be explained by incorporating total egg production constrained to the 
repeat spaw ners (40%), the N orth-A tlantic Oscillation (NAO) w inter-index (18%), 
and ocean tem perature (6%).

2.6 Role of multispecies interactions

2.6 .1  Trophic in teractions

A dult herring is food resource for various animals in  Icelandic w aters according to 
various researches, and listed in the Stock Annex, bu t the annual consum ption of 
herring by the different predators is relatively unknow n. An increased predation of 
herring by cod has been observed in  stom ach analyses in the Icelandic groundfish 
survey since the Ichthyophonus outbreak started in the herring stock in Novem ber 
2008, even if it has not been quantified. However, results from  the N orth Sea suggest 
that predation of herring is relatively m inor (ICES, 1987) and  it is probably applicable 
to Her-Vasu.
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2 .6 .2  Fishery interac tions

The am ount of bycatch of Icelandic sum m er-spaw ning herring is estim ated through­
out the fishery of N orw egian spring-spaw ning herring off east Iceland during the 
sum m er m onths. The stocks are separated on the basis of their m aturity stage. The 
estim ated by catch in  recent years has been insignificant, or from  500 to 2500 tons. 
A part from  this, Icelandic sum m er-spaw ning herring is not considered to be in sig­
nificant am ount as by catch in  other fisheries, and the fishery of the stock is relatively 
clean fishery.

2.7  Impacts of the fishery on the ecosystem

N ot relevant at this point as it has not been tackled at WKBENCH or elsewhere.

2.8 Stock assessment methods

2.8 .1  Models

D uring the WKBENCH meeting, assessments results from  three different assessment 
m odels w ere introduced (G udm undsdóttir, 2011; G udm undsson, 2011; M agnusson, 
2011): NFT-ADAPT (VPA/ADPAT version 3.0.3 NOAA Fisheries Toolbox), Coleraine 
statistical catch-at-age m odel (Hilborn et ah, 2003), and a new  version of TSA (older 
version see G udm undsson, 1994).

2 .8 .2  Retrospective pa tte rns

In previous years there have been concerns regarding the assessm ent of the stock 
because of retrospective patterns of the models. No assessment was provided in 2005 
due to data and m odel problem s and in the tw o next consecutive years, ACFM re­
jected the assessment due to the retrospective pattern. In the next three years' as­
sessments (2007, 2008 and 2009), there was observed an im provem ent in  the pattern 
from  NFT-Adapt, bu t they reoccurred to some degree in 2010.

The assessments done at WKBENCH w ith the three different m odels all show ed ret­
rospective patterns, as expected, bu t they w ere seemingly worse from  Coleraine 
(M agnusson, 2011) than  NFT-Adapt (G udm undsdóttir, 2011) and  TSA (G udm unds­
son, 2011). The retrospective results were contained w ithin the 95% confidence inter­
val of the estim ated SSB for all years (Figure 2.8.2.1; M agnusson, 2011). This pattern 
suggests a bias tow ards high values during stock increases but behaviour during a 
declining condition is unavailable. Therefore a bias correction is inappropriate and  a 
further study is needed to understand  the cause of the observed pattern.
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Figure 2.8.2.I. The retrospective pattern of SSB from NFT-Adapt run for 1986-2008 (varying col­
ours) and the 95% confidence interval around the estimates (dotted lines).

2 .8 .3  Evaluation of th e  models

The results of all the m odels (see 2.8.1) were com pared and  were considered to give 
similar historical and current perception of the stock size (G udm undsdóttir, 2011). 
The results are show n in the three figures below  (red lines = NFT-Adapt, blue lines = 
Coleraine, black lines = TSA). It should be noted that TSA has given low er SSB than 
NFT-Adapt in the recent three assessments so this difference seen on the figures is 
know n from  before (e.g. ICES, 2010a).
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Figure 2.8.3.1.The results of the different assessm ent m odels for FFer-Vasu concerning (a) SSB, (b) 
number-at-age 3, and (c) w eighed Fs-io.

The NFT-ADAPT has been used to provide point estim ates and the final assessment 
of the stock since 2005 to 2010 and  it is run  by the principal assessment scientist w ork­
ing w ith the stock. Accordingly NFT-Adapt was considered appropriate as the prin­
cipal assessment tool for the stock. This software was used for all exploratory runs



ICES W K B E N CH  REPORT 2 0 1 1

done during the WKBENCH meeting. The m eeting encouraged the continued devel­
opm ent and exploration of other assessment m odels during the updated  assessments 
for com parative purposes.

The natural m ortality used for the stock is relatively low, M=0.1, and kept fixed over 
all age groups (3-13+). The participants were concerned about the origins of this level 
since based on average longevity w ould  indicate values m ore than double the as­
sum ed value. For example, the m ethod of Hoenig (1983) for a fish stock w ith maxi­
m um  age=20 gives a value of M-0.21.

Therefore, fixed M values of 0.1 and 0.2 for all years w ere used and runs w here the 
estim ated Minfection added  for the year 2009 to the natural m ortality were also made. By 
raising the M to 0.2 the level of the spaw ning stock became higher historically, bu t it 
should be noted that by changing the M, then the reference points have to be changed 
sim ultaneously. H ow ever the m ain conclusion of these exercises is that by adding the 
high Minfection to the M in the assessm ent and  in  the forecast brings the spaw ning stock 
to a very similar level in 2010 regardless of the base M used.

As a consequence of the infection affecting the stock since the fishing season 
2008/2009 an extra m ortality (Minfection ) has been added  to the natural m ortality (M). 
The procedure by adding the estim ated Minfection to fixed M was evaluated during 
WKBENCH. It involved using different values of fixed M in several exploratory runs 
(Figure 2.8.3.2).

The stock assessors are not aw are of any direct verification of the fixed M=0.1 used 
for Her-Vasu, and how  it was determ ined in the beginning. The value of M used has 
though been evaluated w ith respect to ecological studies on N orth Sea herring w ith  a 
m ulti-spedes VPA (ICES, 1987) and from  earlier w ork providing similar values from 
post-WW II observations (ICES, 2010b). This supports the continued use of this value 
as a base m ortality for the Her-Vasu stock. The estim ated Minfection to this fixed M 
value was recom m ended as the base-case scenario for this stock. The participants 
encouraged alternative values as sensitivities for future assessments.

It should be noted that in this adopted approach it is assum ed that the m ortality due 
to infection is completely additive to the base m ortality, bu t it m ay not be the case. 
However, because of this, it can be considered to be a conservative approach.
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Figure 2.8.3.2. The estimated SSB of FFer-Vasu for the period 1987 to 2010 of six different runs 
w ith NFT-Adapt w ith  respect to M (as indicated on the graph).

2 .8 .4  Conclusion

Relative to the actual assessment, m inor changes have been recom m ended for the 
final assessm ent adopted at WKBENCH since the last assessm ent (ICES, 2010a). The 
plus group in  the catches were raised to 13 instead of 12. The age range in  the survey 
was increased to one m ore age, so now  ages 4—11 January 1 are used in the survey. 
Past estim ation issues w ith this configuration have been resolved. The addition of the 
recent additional natural m ortality is an easy technicality to im plem ent for the as­
sessm ent and is to be included in the assessment.

Short-term and medium-term forecasts

2.9 .1  Input d a ta

At WKBENCH there were introduced several changes in the input data from  the 
previous procedure, and they can be seen here below.

Initial stock size: Taken from  NFT-Adapt in m ost recent years. The num ber of the 
youngest age groups (age 3) is determ ined as described below  (in Stock recruitment 
model used).

If and  w hen the stock is found to be infected by Ichthyophomis hoferi in the au tum n of 
the m ost recent year in the assessment, the num ber-at-age for that year should be 
decreased according to the estim ation of the infection prevalence before doing the 
projection. This was the procedure in  the 2009 and 2010 assessments of the stock. The 
justification for this approach is that all infected fish at that time is considered to die 
because of it in the spring, or before the spaw ning occur and  can therefore be consid­
ered to be ineffective in the stock.

M aturity: The sam e ogive as in  the assessm ent for the year 2006 to present; i.e. no 
changes from  before.

N atural mortality: Set to 0.1 for all ages in all years; i.e. no changes from  before.

F and M before spawning: Set to 0 for F and  to 0.5 for M; i.e. no changes from  before.



ICES W K B E N CH  REPORT 2 0 1 1

W eight-at-age in the stock: A change in the procedure was suggested at WKBENCH. 
Instead of using three years average, the weight-at-age (Wy+i) is predicted from  the 
m ean w eight of the same year class a year earlier (Wy) by applying the relationship 
obtained by Oskarsson (2011b): W v+1 - W Y = -0 .2 2 2 9  x W Y + 90.27 .

Weight-at-age in the catch: Same as used for the stock.

Exploitation pattern: A change in the procedure was suggested and approved. The 
fishing pattern  in recent assessments has been estim ated as the m ean pattern  of the 
five previous years (e.g. ICES, 2010a). At WKBENCH it was raised if it could be more 
appropriate to use three years m eans because of possible trends in the series. It was 
verified and the results strongly suggest that using three years average is m ore ap­
propriate (Figure 2.9.1.1) as they have a stronger relationship to the observed fishing 
pattern  than  the five years means. Thus, it was decided that three years m eans should 
be used in subsequent assessments for age 3 and 4, bu t set 1.0 for age-5+ as in previ­
ous assessments.
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Figure 2.9.I.I. Comparison of using three years (upper panel) and five years (lower panel) average 
of fishing pattem to predict the fishing pattem for Her-Vasu at age 3 to 5.

Interm ediate year assum ptions: N ot relevant.

Uncertainty in the stock prediction: This has not been provided  in previous assess­
ments. It is suggested to estim ate it by using the u pper and  lower 95% confidence 
interval of the estim ation of the initial stock size as estim ated w ith  NFT-Adapt for the 
m ost recent year.

Stock-recruitm ent m odel used: A change in the procedure was suggested at 
WKBENCH. It involves that the num ber at age 3 (Nage3, i.e. recruitm ent) is derived 
from  index of num ber at age 1 in the Juvenile survey (Nage-i, survey; Survey C) tw o years 
earlier if available by applying the relationship obtained by G udm undsdóttir et al. 
(2007):
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log Nage 2 — 0.390 X log Nage-1, survey + 5.34

Then Nage3 is calculated as In (Nage2)-Z= In (Nage3), w here Z=M=0.1. If survey index is 
not available, then the num ber at age 3 is equal to the geometrical m ean over the 
whole assessment period, as done previously.

Procedures used for splitting projected catches: N ot relevant.

2 .9 .2  Model and  softw are

Model: Age structured

Software: An Excel spreadsheet prepared  in MRI, w hich has been com pared to results 
from  a Fortran seri pt used at MRI for years for herring and other species, and they 
have giving identical results.

It means, no changes from  recent years.

2 .9 .3  Conclusion

The m odel used for the projection is the same as in  previous assessments, bu t 
changes have been m ade on several of the inpu t data as described above and in the 
Stock Annex and relates to: fishing pattern, weight-at-age, num ber of recruits, and 
num ber-at-age in  years w ith Ichthyophomis infection.

2.10 Biological reference points

The reference points for the stock were determ ined and decided in 1998 (see stock- 
annex). A yield-per-recruit and  spaw ning-stock biomass per recruit analysis was 
perform ed during WKBENCH to explore the reference points estim ated. It is sensi­
tive to inpu t data, like the selection chosen. Selection was chosen as the long-term  
m ean over the years 1987-2007. The analysis now  indicates that Fo.i=0.2, which is 
close to the value estim ated in 1998 (0.22). The F(35%SPR) is estim ated as 0.25 and 
Fmax—0.45 (Figure 2.10.1). Both Fo.i and  F(35%SPR) could be candidates for Fmsy. A 
m ore proper analysis will have to be done before the decision is taken. To explore the 
effect of the Ichthyophomis infection, a Y/R and SSB/R analysis were m ade w ith the 
assum ption of high natural m ortality (0.5) at ages 5-7 (Figure 2.10.1). The results im ­
ply clearly how  the production and yield of the stock is decreased w ith  the infection. 
As an example taken then fishing at F=0.2 under norm al conditions w ould  give a Y/R 
of 130 g and SSB/R of 785 g. To get the sam e SSB/R during the infection time the fish­
ing m ortality w ould  have to be reduced to F=0.06 (blue arrows).
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Figure 2.10.1. The estimated yield/recruits and SSB/recruits against fishing mortality of Her-Vasu 
as estimated w ith a NFT-tool for fixed M=0.1 (whole lines) and for assumption of h igh natural 
mortality (0.5) at ages 5-7 (dotted lines).

.11 Recommendations on the procedure for assessment updates and further 
work

Several recom m endations w ere provide to the stock assessors during WKBENCH 
and  those that goes for update assessments are the following:

• Detailed evaluation of reference points for the stock and  determ ination of 
MSY based reference points should take place and ideally introduced at 
NW W G in 2011.

• Evaluate HCRs, following revision of reference points and determ ination 
of MSY, should take place in the coming m onths and  ideally introduced at 
NWWG in 2011.

• Uncertainty in the stock projection should be provided and it should be 
based on the uncertainty on num ber-at-age for the last year of the assess­
ment.

• M edium -term  projection (-five years) for the stock should be provided at 
update  assessments in addition to a short-term  projection.

• Provide results at the update assessments from  sensitivity analyses from 
the runs for the different param eter values.

Recom m endations for future w ork were as follows:

• In about three to five years from  the cessation of the ongoing Ichthyophomis 
infection outbreak in  the stock, w ork should be done to verify/quantify M 
for the pre- as well as during the Ichthyophomis period. Verification of ref­
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erence points should be done sim ultaneously, if the results require. This 
w ork should be done in connection to a benchm ark assessment.

• In the proposed w ork regarding the ICES MSY-framework, it w ould  be in­
form ative to use total egg production of repeat spaw ners instead of SSB as 
a bases of the analyses, and com pare it to the m ore traditional approach of 
using SSB. It involves using estim ation of egg production and its relations 
to the recruitm ent variation provided in Oskarsson and Taggart (2010).

2.12 Implications for m anagem ent (plans)

N ot relevant at this point as HCR were not introduced or tackled as planed before
WKBENCH. As pointed out above in the recom m endations, verification of reference
points, determ ination of the MSY fram ew ork and  verification of different HCR
should be done before NWWG meets in 2011 and introduced there.
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3 H orse  m ackere l  in Division IXa

3.1 Current assessment and issues with data  and assessment

History

The assessm ent m ethod applied on horse mackerel stock identified w ith  the old crite­
ria, was a VPA-based m ethod, (XSA, Darby and  Flatman, 1994). The assessment 
m odel never converged although it was accepted by ACFM. W ith the new  stock defi­
nition (Abaunza, 1998), statistical catch-at-age m ethods (mainly AMCI (Skagen, 2005) 
and ASAP (Legault and Restrepo, 1998) assessm ent packages) were the basis for the 
successive assessments. In general these assessments had  to overcome the difficulties 
in  getting a good fit to the auxiliary inform ation available: the bottom -traw l surveys 
tuning-series. The survey-series is noisy and shows conspicuous year effects. The 
assessment was accepted in 2008. However, in 2009 some of the m ain points from  the 
technical comments m ade by the reviewers were the following:

• The 2009-2006 retrospective assessm ent show ed an over retrospective bias 
on both average fishing m ortality and SSB. These anom alous retrospective 
results can be explained if different selectivity patterns occur (for one or 
m ore fleet blocks) every next year, w hen one m ore set of catch proportions 
at age is added  to each logistic fit (which violates the m odel assum ption of 
constant selectivity w ithin the time interval of eveiy block considered in 
the assessment).

• While the assessment was conducted by the WG and accepted by the RG, 
the ADG considered that different m odel structure resulted in veiy differ­
ent SSB trajectories which raised doubt about the reliability of the assess­
ment. While the 2009 exploratory assessm ent diagnostics (residuals, 
retrospective patterns) appeared to be reasonably reliable and im proved 
over those of the previous assessment, the ADG considered desirable to 
investigate m ore fully various m odel structure before using the assessment 
as the basis for advice. This should be done through a benchmark.

The m ain issues addressed in  the benchm ark are:

• Resolving the year effects observed in survey data w hen using XSA.

• The need to allow natural m ortality to vary w ith age.

• Allowing selectivity patterns to vaiy  historically to observe changes in 
commercial fisheries.

A m odel extending from  the previous application of ASAP using ADMB was applied 
which allowed for greater flexibility in m aking modifications and evaluating output.

3.2 Compilation of available data

3.2.1 Catch an d  landings d a ta

Catch allocation for this stock betw een subdivisions that belong to Division IXa is 
described in the Stock Annex. The definition of the ICES subdivisions was set in 1992 
and some of the previous catch statistics came from  an area that comprises m ore than 
one subdivision. This is the case of the Galician coasts w here the Subdivisions VIIIc 
W est and Subdivision IXa N orth are located. Further w ork is necessary to collect the
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catches by port and to distribute them  by subdivision. At the m om ent the required  
inform ation has been collected for the period 1992-2009, and  it is expected to go back 
in  time until 1939 (Portuguese catches are available since 1927) during the next years. 
Only Portugal and Spain fish on this stock.

The Portuguese catches range from  40% of the total catch of the stock in 2008 (the 
lowest of the time-series) to 85% in 1992. The catch time-series during the assessment 
period shows a decreasing trend  since the peak reached in  1998 until 2003, w hen the 
lowest level of the time-series was reached.

An historical evolution of catches and  a description of the different fleets targeting 
Southern horse mackerel are described in the Stock Annex.

The Spanish catches in  Subdivision IXa South (Gulf of Cádiz) are available since 2002. 
They will not be included in the assessment data until the time-series is completed, to 
avoid a possible bias in the assessm ent results. On the other hand, the total catches 
from  the Gulf of Cádiz are scarce and represent less than  the 5% of the total catch. 
Therefore, their exclusion should not affect the reliability of the assessment.

The "Prestige" oil spill had  also an effect in the fishery activities in  the N orthern 
Spanish area in  2003.

Catch in num bers-at-age

The sam pling scheme is believed to achieve a good coverage of the fishery (above 
95% of the total catch). The num ber of fish aged seems also to be sufficient through 
the historical series. The dataseries available for the stock is 1992-2009 bu t there are 
good expectations to go back in  time at least until the early 1980s.

3 .2 .2  Biological d a ta

Mean length-at-age and m ean w eight-at-age

Both m ean length-at-age and m ean weight-at-age values are calculated by applying 
the m ean w eighted by the catch over the m ean weights or m ean lengths-at-age ob­
tained by subdivision. The dataseries available are from  1992 to 2009.

Taking in consideration that the spaw ning season is very long, spaw ning is almost 
from  September to June, and that the whole length range of the species has commer­
cial interest in the Iberian Peninsula, w ith probably very scarce discards, there is no 
special reason to consider that the m ean w eight in  the catch is significantly different 
from  the m ean w eight in the stock.

Maturity ogive

Estimation procedures are detailed in Stock Annex. The proportion of m aturity-at- 
age obtained by microscopical criteria and used in  the assessm ent period is:



ICES W K BE N C H  REPORT 2 0 1 1

Ago 0 1 2 3 4 5  6 7  8  9 10

Maturity
(1992-
2006)

0.04 0.31 0.83 0.98 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Maturity
(2007-
2009)

0.04 0.54 0.77 0.9 0.96 0.99 1.0 1.0 1.0 1.0 1.0

Natural mortality

N atural m ortality has been considered to be 0.15. This level of natural m ortality was 
adopted  for all horse mackerel stocks since 1992. However, the presence of veiy old 
horse mackerel specimens in the southern stock is m uch scarcer than in the w estern 
or N orth Sea stocks. O n the other hand, the available references on natural mortality 
estim ates for other Trachurus species (e.g. Trachurus capensis, Trachurus japonicas and 
Trachurus murphyi) show  higher natural m ortality values, being higher than  0.3 in the 
majority of cases (range from  0.1 to 0.5) (Cubillos et ah, 2008; MFMR, 2006; Zhang and 
Lee, 2001). Also the assum ption that natural m ortality is the same for all ages is 
highly unrealistic, given that the chances of a 10 cm fish of being predated  are m uch 
higher than  those of a 30 a n  fish.

As a conclusion it is considered that the value of natural m ortality (0.15) is an u nder­
estim ation for southern horse mackerel stock. In addition it is generally accepted that 
natural m ortality is veiy high during larval stages and deaeases  as the age of the fish 
increases, approaching a steady rate (Jennings et ah, 2001). The natural m ortality 
adopted in the assessment (m ean = 0.3) is dependent on age, being higher for younger 
ages. The adopted values are the following and are based in the estimates for other 
similar pelagic species, observed diet com position of fish predators in  the area and 
taking into account the observed m ean life span in  southern horse mackerel.

Ago 0 1 2 3 4 5  6 7 8 9 10

Nat
Mor

0.9 0.6 0.4 0.3 0.2 0.15 0.15 0.15 0.15 0.15 0.15

3 .2 .3  Survey tuning d a ta

The only survey datasets currently available for the assessm ent of southern horse 
mackerel are those from  the bottom -trawl surveys carried out in the 4th quarter (Oc­
tober) by Portugal (Pt-GFS-WIBTS-Q4) and  Spain (Sp-GFS-WIBTS-Q4) in ICES Divi­
sion IXa. These surveys cover contiguous areas at the same tim e bu t do not cover the 
southern part of the stock distribution area, corresponding to the Spanish part of the 
Gulf of Cadiz. In that area another bottom -traw l survey (Sp-GFS-caut-WIBTS-Q4) is 
carried out, usually in November, bu t the raw  data were unavailable in time for this 
w orkshop to investigate the effect of m erging it w ith  the datasets from  the other ar­
eas. This w ork is expected to be com pleted in  time for the next assessm ent working 
group, in June 2011.

As suggested in previous reviews of the assessment of this stock, the Spanish survey 
from  Subdivision IXa N orth and the Portuguese survey are treated as a single survey, 
although they are carried out w ith  different vessels and  slightly different bottom- 
traw l gears. The catchability of these vessels (BO Cornide de Saavedra and NI 
N oruega) and fishing gears were com pared for different fish species during project 
SESITS (Sánchez et ah, no date) and no significant differences were found for horse
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mackerel. Thus, the raw  data (num ber per hour and age in each haul, including ze­
ros) of the tw o datasets were m erged and treated  as a single dataset.

The abundance data by age and  year do not follow a Norm al distribution, having a 
big proportion of zeros and a few extreme values (see Figure 3.2.3.1). This is ex­
plained by the patchiness in the distribution of horse mackerel and by its characteris­
tic of forming large shoals. Therefore, it is questionable w hether a simple average of 
the num ber-per-hour, by age and year, is an adequate abundance index for tuning the 
stock assessment. Different ways of obtaining an abundance index by age and year 
w ere explored, all of them  based on the sm oothing of the data assum ing non-Norm al 
probability distributions. For this, we fitted Generalized A dditive M odels (GAM) to 
the raw  data using the package "mgcv" (Wood, 2006) in  the R statistical com puting 
language (R Core Developm ent Team, 2010). D ata sm oothing was tried w ith four 
different strategies: by year-class (one GAM for each year class, w ith  age as covari- 
ate), by age (one GAM by age w ith year as covariate), by year (one GAM by year w ith 
age as covariate), and by age and year (one GAM using a bi-dim ensional sm oother by 
age and year). A log link function was used in all cases, and the error was m odelled 
w ith a binom ial negative distribution. O ther distributions and transform ations of the 
data were tried, bu t gave a w orse fit than  w ith these settings.

Figure 3.2.3.2 shows an example of the GAM fitting diagnostics w ith  each of these 
four strategies. In all cases a poor fitting was obtained, w ith the residuals showing 
undesirable patterns. Figure 3.2.3.3 shows the differences betw een the indices matrix 
obtained w ith each of these strategies and the one obtained by a simple average of the 
raw  data. It is clear that m ost of the attem pted strategies to sm ooth the data w ould 
result in strong differences, especially for the youngest ages. Given that an acceptable 
fit could not be achieved w ith  these GAMs, it was decided to use the simple averaged 
data as abundance indices for tuning the assessment, how ever further w ork m ust be 
carried out in the future to address better this problem.

Figure 3.2.3.4 shows the average abundance indices (m ean num ber per hour, by age 
and  year) used in the assessment. There are tw o very clear features in this dataset: a 
strong variability of age 0 and  strong year effects (some years w ith higher abundance 
of all ages than  others). The first feature m ay be explained by the greater aggregation 
tendency of these small fish in dense shoals and by their typically pelagic behaviour 
w hich makes them  less available to the bottom  trawl. When, by chance, one or a few 
of those shoals are captured by the bottom  traw l (e.g. at the end  of a haul w hen the 
traw l is being tow ed at mid-water), it contributes to a high abundance estim ate of 
that age class. The apparent year effects in  the data  are m ore difficult to explain, and 
are likely due to natural variations in the availability of the fish in that time of the 
year and  small variations in sam pling effort (e.g. due to bad  weather). Both the vari­
ability in age 0 and  the apparent year effects m ust be accounted for in  the assessment 
m odel to be fitted to these data.

3 .2 .4  Com m ercial tun ing  d a ta

N o commercial cpue data is used in  this assessment. It is expected in  the future to 
recover an historical series of cpue data from  bottom -traw l Portuguese fleet.

3 .2 .5  Indus try /s takeho lde r  d a ta  inputs

Portuguese and Spanish fishermen, industry and  stakeholders are participating in  the 
South W estern W aters Regional Advisory Com mittee (SWWRAC). This Committee
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joins all fisheries actors to propose to the European Com mission and  the m em ber 
states statem ent on the fish m anagem ent of the southw estern European waters. Al­
though there are no direct data inputs in relation w ith this stock, the relationships 
and trade-offs am ong the m em bers of this RAC (including Fisheries adm inistrators 
and scientific personal) are m ain issues to have in m ind for the know ledge of the data 
quality and the availability of these data in  the future, as well as for the possible 
m anagem ent scenarios.

No data from  the industry  w ere presented at the WKBENCH.

3 .2 .6  Environmental d a ta

N o environm ental data were presented to WKBENCH or used in  the assessment.

3.3 Stock identity, distribution and migration issues

For m any years the W orking G roup has considered the horse mackerel in  the north­
east A tlantic as separated into three stocks: the N orth  Sea, the Southern and the 
W estern stocks (ICES, 1990; ICES, 1991). According the technical m inutes from  the 
group reviewing last year's W orking G roup report, they discussed and questioned 
the stock unit definitions. Until the results from  the EU project (HOMSIR, QLK5- 
Ctl999-01438) were available the separation into stocks was based on the observed 
egg distributions and the tem poral and spatial distribution of the fisheiy. The ex­
trem ely strong 1982 year class appeared for the first time in the eastern part of the 
N orth  Sea in 1987 during the th ird  and mainly the fourth quarter. This year class was 
the basis for the start of the N orw egian horse mackerel fisheiy in the eastern part of 
N orth  Sea during the th ird  and m ainly the fourth quarter. Since W estern horse m ack­
erel are assum ed to have broadly similar m igration patterns as NEA mackerel the 
N orw egian catches have been considered to be fish of western origin m igrating to 
this area to feed. In addition there is a fishery further south in the N orth  Sea that is 
considered to be fish of N orth  Sea origin. These views w ere supported  by results 
from  the m entioned EU project w hich was review ed by ICES (2004) w hich also con­
cluded to include Division VIIIc as part of the distribution area of the western horse 
mackerel stock (see also A baunza et al., 2008 for a com prehensive discussion of the 
results from  the HOMSIR project). Horse mackerel off the west coast of the Iberian 
Peninsula have characteristics (m orphom etry, parasites, distribution and m igratory 
circuit) that distinguish them  from  the rest of the sam ples collected in  the northeast 
Atlantic. The border betw een southern and western horse mackerel stocks may 
therefore lie at the level of Cape Finisterre on the coasts of Galicia at 43°N, which is 
also the limit betw een Division VIIIc and IXa. The southern limit of the southern 
horse mackerel stock is not as evident due to the lack of sam ples from  the north  of 
Africa. Based on m orphom etric studies, M urta (2000) show ed that the horse mackerel 
of the Portuguese coast was closer to the northw est coast of Morocco than to the Gulf 
of Cadiz in the south of Spain. However, the respective parasite com position suggests 
that the populations off the north  of Africa and  the w est of the Iberian Peninsula are 
not part of a continuous stock.

D ata from  bottom -traw l surveys carried out th roughout the Atlantic waters of the 
Iberian Peninsula during the au tum n supported  the existence of ontogenic m igrations 
(M urta et al., 2008). Analysis of the proportion of each year class in each area off the 
Portuguese coast indicated that m ost year classes recruit to the northw est area (close
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to Subarea VIII) and  then m ove progressively southw ards. After six years of age, they 
then re turned  to the north.

3.4 Influence of the fishery on the stock dynamic

Looking at the historical series of the catches from  Portugal (available since 1930 until 
now), it can be observed periods w ith  significant high catches. However, it is clear 
that the current catch level is not abnormally low  w hen com pared w ith the catches of 
the first half of the 20th century. Instead, the catches from  1962-1978, appear excep­
tionally high w hen looking to the w hole time-series. M any hypotheses have been 
proposed to explain this pattern  (M urta and Abaunza, 2000) and some of them  could 
be tested in the next future w ith  the analysis.

The Southern Horse mackerel stock has supported  a m ore or less stable exploitation 
rate since the 1980s.

3.5 Influence of environmental drivers on the stock dynamic

The southern horse mackerel stock is d istributed along the w estern and southern 
A tlantic coasts of the Iberian Peninsula, w hich is an area subject to upw elling events. 
There is already evidence in the literature that horse mackerel recruitm ent is influ­
enced by environm ental drivers. The analysis carried out under the IN EX Fish pro­
ject (IN EX FISH, FP6-022710) show ed that nonlinear combinations of NAO and 
upw elling indices was able to explain the strength of past recruitm ents. The rise and 
fall of this horse mackerel stock was probably caused by a complex interaction of 
different factors, both hum an and natural. However, it is very likely that changes in 
recruitm ent due to upw elling and NAO events m ay have played an im portant role.

3.6 Role of multispecies interactions

3.6.1 Trophic in teractions

Young horse mackerel is a feeding resource consum ed by several demersal, bentic 
and  pelagic predators present in the distribution area including: hake, monkfish, John 
Dory, bluefin tuna and  dolphins.

Horse mackerel is m ainly a zooplanktivorous species. Diet variations w ith fish 
length and w ater depth  are correlated: small fish are closely associated w ith coastal 
areas w here they feed on copepods and decapod larvae (Cabral and M urta, 2002). 
However, they can prey on fish as it grows and become also Ichthyophagous w hen 
they reach large sizes.

3 .6 .2  Fishery interac tions

Horse mackerel is a schooling species and often close to the sea floor. Shelf attach­
m ent is a predom inant distributional pattern  for this stock. Therefore, horse mackerel 
is in  relation w ith other fish and invertebrate species that are usually caught during 
the bottom -traw l surveys and share the same habitat. These species include: snipe- 
fish, boarfish, blue whiting, European hake, sardine, blue jack mackerel, squid and 
pelagic crabs (Sousa et ah, 2006).

The Spanish bottom  traw l fleet operating in ICES Divisions VIIIc (W estern horse 
mackerel stock) and Subdivision IXa north  (Southern stock), historically relatively 
hom ogeneous, has evolved in the last decade (approximately since 1995) to incorpo­
rate several new  fishing strategies. A classification analysis for this fleet betw een the
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years 2002 and 2004 was m ade based on the spedes com position of the individual 
trips (Castro and Punzón, 2005). The analysis resulted in the identification of five 
catch profiles in the bottom  otter traw l fleet: 1) targeting horse mackerel (>70% in 
landings), 2) targeting mackerel (>73% in landings); 3) targeting blue w hiting (>40% 
in landings); 4) targeting dem ersal spedes; and 5) a m ixed "métier". In the bottom  
pair traw l fleet the dassification analysis show ed tw o métiers: 1) targeting blue w hit­
ing; and 2) targeting hake. These results should help in obtaining standardized and 
m ore coherent cpue series from  fishing fleets.

In the Portuguese area (Division IXa), Cam pos et al. (2007) dassified the bottom -traw l 
fleet according to landing profiles (LP) and associated fleet com ponents (FCs). The 
bottom -traw l fishery in Portuguese continental w aters is a multi-species fishery 
where a large num ber of commercial spedes are landed by a fleet com posed of about 
100 trawlers. Six different LPs em erged from  the analysis, each defined by the relative 
im portance of target and bycatch spedes. A correspondence betw een these LPs and 
groups of traw lers was established, suggesting the existence of three m ain fleet com­
ponents, or groups of traw lers involved in the same fishing pattern  over time. The 
crustacean fleet, targeting the deep-w ater crustaceans, Norw ay lobster, Nephrops 
norvegicus, rose shrimp, Parapenaeus longirostris, and red  shrim p, Aristeus antennatus, 
and comprising tw o different LPs, is com posed of the m ost recent and technologically 
advanced vessels. The 'fish' fleet, m ainly targeting semi-pelagic species such as the 
horse mackerel Trachurus trachurus, the Atlantic mackerel, Scomber scombrus, and the 
Chub mackerel, Scomber japonicus, constitutes a diversified group in  term s of their 
technical characteristics and LPs. A small num ber of traw lers have the Octopodidae, 
the cuttlefish, Sepia officinalis and benthic fish species as their m ost im portant land­
ings, constituting a well individualized, and previously unsuspeded , fleet com po­
nent.

3.7 Impacts of the fishery on the ecosystem

N o data available for this analysis.

3.8 Stock assessment methods

3.8.1 Models

A m odel similar to AMAK (Lowe et al., 2009), developed by D r James Ianelli 
(http://nft.nefsc.noaa.gov/AM AK.html) and  adopted by the South Pacific Regional 
Fishery M anagem ent O rganization (SPRFMO) for Chilean jack mackerel (Trachurus 
murphyi), was m odified and further developed for application w ith the southern 
horse mackerel. This Assessm ent M ethod for the Ibero-Atlantic Stock of Horse- 
mackerel (AMISH) m odels the population num bers-at-age as projedions forw ard 
based on recruitm ent estimates leading u p  the initial population num bers-at-age (in 
1992 for this case) and  subsequent annual recruitm ent and fishing mortalities pa­
rameters. These underlying population num bers-at-age are fit through an observation 
m odel for param eter estim ation via a penalized likelihood applied to a quasi-N ew ton 
m inim isation routine w ith partial derivatives calculated by autom atic differentiation 
(Griewank and Corliss, 1991). The autom atic differentiation and m inim isation rou­
tines are those from  the package AD M odel Builder (ADMB). A similar m odel is 
currently used in  m any stock assessments in  N orth Am erican w aters (e.g., Atka 
mackerel, eastern Bering Sea pollock, Pacific Ocean perch). It is a simple, well tested,

http://nft.nefsc.noaa.gov/AMAK.html
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and w idely used methodology. The population equations, m odel fitting components, 
and  m odel settings are listed in  Tables 3.8.1.1-3.8.1.4.

The approach differs from  the XSA m ethods in  that:

• calculations proceed from  the initial conditions to the present and  into the 
future,

• the catch-at-age is not assum ed to be know n exactly,

• annual estim ates of sam pling variability (for both  age com position and
survey index precision) is allowed,

• fishing m ortality is separable bu t selection-at-age is allowed to change 
gradually  over time,

• separate com ponents of the fishery are treated  independently,

• some param eters, w hich are assum ed constant in  XSA, such as the
catchability coefficients associated w ith  tuning indices, m ay be allowed to 
change over time,

• statistical basis allows for careful consideration of data quality and the im ­
pact on the uncertainty of estimates.

The m odel begins in  the first year of available data w ith an estim ate of the population 
abundance-at-age. Recruitments are estim ated for each year. In subsequent ages and 
years the abundance-at-age is reduced by the total m ortality rate. This projection 
continues until the term inal year specified. If data are unavailable to estim ate re­
cruitm ent, the m odel will use the geom etric m ean value and hence can be projected 
to any arbitrary year (assum ing specified catches).

The fishing m ortality rates for each sector in the fishery are assum ed to be separable 
into an age com ponent (called selectivity) and a year com ponent (called the F m ulti­
plier). The selectivity patterns are allowed to change over time. Expected catches are 
com puted according to the usual catch equation using the determ ined fishing m ortal­
ity rate, the assum ed natural m ortality rate, and the estim ated population abundance 
described above. The statistical fitting procedure used w ith  the m odel will try to 
m atch the indices and the catch-at-age. The em phasis of each of these sources of in­
form ation depends on the values of the relative weights assigned to each com ponent 
by the user.

The m inim ization processes proceeds in phases, in w hich groups of param eters are 
estim ated sim ultaneously, while the rem aining param eters are m aintained at their 
initially assigned values. Once the objective function is m inim ized for a particular 
phase, m ore param eters are treated  as unknow n and added  to those being estimated. 
This process of estim ation in phases continues until all param eters to be estim ated 
contribute to the objective function and the best set of all param eters that m inimize 
the objective function value is determ ined.

The software code and inpu t files is available on request.

M odel Options chosen:

The objective function is the sum  of a num ber of negative log-likelihoods generally 
following tw o types of error distributions: the lognorm al and m ultinom ial and  details 
are listed in  Table 3.8.1.3. The specifications of input sam pling levels (in term s of 
sam ple size or variance term) are provided in Table 3.8.1.4.
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The separability in the fishing m ortality was assum ed allowed to vaiy according to a 
shift in fleet composition. A n F m ultiplier was estim ated for the first year, and was 
allowed to change in time by estim ating deviations to this param eter for each year. 
The fishing m ortality at each age, year and fleet resulted  from  the product of the F 
m ultipliers by the selectivity param eter at each age and fleet. Three selectivity vectors 
were estim ated, corresponding to blocks of fleets sharing a similar selectivity at age. 
This is a useful feature of the m odel that helps to avoid overparam eterisation. By 
looking at the plots of catch-at-age by fleet, it was decided to have a common selectiv­
ity for the purse-seine fleets, together w ith the Portuguese bottom -traw l fleet, another 
one for the artisanal fleets and a th ird  one just for the Spanish bottom -traw l fleet. One 
catchability param eter for the abundance index and kept fixed over time.

The m odel fitting is affected by statistical weights (lambdas or inverse variance func­
tions) as part of the objective function. Specified inpu t variance assum ptions can 
influence the fitting of the model, by attributing a lower or higher im portance to dif­
ferent data sources that contribute to the objective function. The variance assum ption 
assum ed the highest precision for landings data by year and  fleet. The fishery propor- 
tions-at-age for the m om ent w ere assum ed to have an "effective sam ple size" of 100 
com pared to the value of ten specified for the survey estim ates of age composition. 
The survey index data was fit assum ing that the coefficient of variation was 30%. 
These values are typical for this type of inform ation and diagnostic plots of m odel fits 
confirmed that they are reasonable. As m ore data become available, these assum p­
tions can be m odified to m ore appropriate and  potentially time-varying values.

Input data types and characteristics:

Type N am a Year range Age range

V ariab le  from  
year to year  
Y e */N o

C at on Catch in tonnes 1992-2008 0-11+ Yes

Canum Catch-at-age in numbers 1992-2008 0-11+ Yes

Weca Weight-at-age in the commercial catch 1992-2008 0-11+ Yes

West Weight-at-age of the spawning stock at 
spawning time.

1992-2008 0-11+ Yes

Mprop Proportion of natural mortality before 
spawning

1992-2008 0-11+ Yes

Fprop Proportion of fishing mortality before 
spawning

1992-2008 0-11+ No

Matprop Proportion mature-at-age 1992-2008 0-11+ No

Natmor Natural mortality 1992-2008 0-11+ No

Spanish/Portuguese bottom-trawl survey 1992-2009 0-11+

The assessment results are described in the following figures:

Figures 3.8.1.1 and 3.8.1.2 show the fit of the m odel to the observed total landings and 
to the total landings by age respectively. Figure 3.8.1.3 shows the selectivity esti­
m ated in the fisheiy. Figure 3.8.1.4 shows the fit of the m odel to the bottom -trawl 
survey-series and  Figure 3.8.1.5 shows the selectivity estim ated for the survey. Figure
3.8.1.6 shows the estim ated recruitm ent values including the confidence intervals and 
finally Figure 3.8.1.7 shows the estim ated values of SSB through the time-series.
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3 .8 .2  Sensitivity analysis

A sensitivity analysis was m ade to the assum ed values for the natural m ortality rates, 
given that these are the param eters, kept fixed, over which there are the least infor­
m ation available. The m odel w ith the final param eterisation was run  w ith different 
vectors of natural mortality-at-age. One of those was the one w ith the rate assum ed in 
the past in all assessments of this stock (0.15/year for all ages), while the rem aining 
vectors had  different values betw een ages (being higher in  the young ages than  in the 
oldest ones) and differed in the overall level of natural m ortality (see Table 3.8.2.1). 
The changes in  the assum ed values for natural m ortality d id  not have a great influ­
ence on the goodness of fit, w ith all cases having a similar pattern  in  the residuals. 
However, different natural m ortality levels corresponded to different levels in  SSB, as 
show n in Figure 3.8.2.1.

3 .8 .3  Retrospective pa tte rns

A retrospective analysis on SSB was carried out w ith the final assessment, rem oving 
u p  to five years from  the dataset. The SSB trajectory obtained was w ithin the confi­
dence intervals of the SSB estimates from  the assessment.

3 .8 .4  Evaluation of th e  models

A m odel similar to the one previously used (ASAP) was explored during the w ork­
shop. Several different param eterisations were attem pted, resulting in better or worse 
fittings to the tw o available data sources (catch-at-age and bottom -traw l survey). A 
balance betw een goodness of fit and parsim ony in the num ber of param eters, in or­
der to avoid over-sensitivity to new  observations, was our m ain goal, w hich led us to 
the finally accepted assessment model.

3 .8 .5  Conclusion

Given that the latest assessments carried out for southern horse mackerel were con­
sidered as exploratory, and consequently the advice for m anagem ent has not been 
based on the results of any stock assessm ent in  the latest years, the assessment 
m ethod developed and applied during this w orkshop m ust not be com pared to a 
previously established methodology. Since the big change regarding stock definition 
and  data allocation that took place in  2004, after the HOMSIR project, the assessment 
m ethod that provide the m ost sensible results was ASAP, w hich is a separable statis­
tical catch-at-age m odel similar to AMISH. Therefore, in this w orkshop there was not 
a radically different approach regarding this stock assessment, bu t instead a slightly 
sim plified method, as com pared to ASAP, was applied and some underlying as­
sum ptions on the stock population dynam ics were questioned. Besides a careful 
choice for the m odel param eterisation, the changes m ade to the assum ed natural 
m ortality rates at age are likely to be the greatest im provem ent on the assessm ent of 
this fish stock.

3.9 Short-term and medium-term forecasts

3.9.1 Input d a ta

Initial stock size: the one estim ated by the assessm ent model.

M aturity: the same as in the previous year of the assessment.

F and M before spawning: both  of them  are 0.
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W eight-at-age in the stock: the same as in the previous year of the assessment.

W eight-at-age in the catch: assum ed equal to the weight-at-age in  the stock.

Exploitation pattern: the one estim ated in  the assessm ent model.

Interm ediate year assum ptions: the catches by fleet are assum ed to be exactly the 
same as the ones in  the previous year.

Stock-recruitm ent m odel used: no stock-recruitm ent m odel is used, the recruitm ent 
is assum ed to be stochastic in all the years (the assessment year, the interm ediate and 
the projection year), around the geom etric m ean of the historical values w ith the 
same variability as the one observed in the series.

3 .9 .2  Model and  softw are

M odel used: A propos designed function, nam ed mff, to perform  determ inistic fore­
cast, only w ith catch constraints (allowing the introduction of variability in  the as­
sum ed recruitm ent values). Having the initial num bers-at-age at the beginning of the 
year, the total F at age in  the assessment year y-1 and the assum ptions w e w ant to 
m ake on the weight-at-age, the selectivity-at-age by fleet, the m aturity  ogive, the 
natural m ortality rate and the recruitm ent. We can project forw ard the population 
given a level of catches for the interm ediate year y and for the protection year y+1. It 
is also possible to add  some variability to the recruitm ents, by including a standard  
deviation value.

The m ethod starts projecting the population num bers-at-age from  the last assessment 
year w ith  the estim ated the fishing m ortality rates by fleet,

N 0 = r e d i s , e ~ N [ D , o D
-  \M0+FAp

N ^ N f è  0
- I M  ! +F _ . L

N a = N a_ i e  * « - 1 , a  i n 2 , D , A - l
-  LMa-! +F  , L ~ I M A+F . L

N A- N A_ , e  A + N Ae

where rec corresponds to the assum ed recruitm ent level, N a are the num bers-at-age a, 
M a is the natural mortality-at-age a, Fa is the fishing mortality-at-age a, a  is the stan­
dard  deviation of the recruitm ent and p  is the proportion of the year from  the re­
cruitm ent time to the end of the year.

For the interm ediate year in the short-term  projections, the population num bers-at- 
age are calculated assum ing catch constraints by fleet, using Pope's approxim ation 
forward,
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. ca tch  
À —-------- , p ro p o r tio n to th e  m ax  im u m th a tc o u ld b e c a p tu re d

aa

c = Y s m  aa  /  a a
a

N 0 = r e d i s , s ~ N [ D , a D

where A is the proportion to the m axim um  catch that could be captured, rec corre­
sponds to the assum ed recruitm ent, N a are the num bers-at-age a, M a is the natural 
m ortality-at-age a, Fa is the fishing mortality-at-age, Sa is the selectivity-at-age, a and 
p  is the proportion of the year from  the recruitm ent tim e to the end of the year.

The source code is available on request.

Software used: R (ww w .r-project.org)

3 .9 .3  Conclusion

There are no apparent reasons to m ove away from  the m ethodology previously ap­
plied for short-term  forecasts. For previous assessments, a set of functions were w rit­
ten in  the R language to m ake short-term  forecasts taking into account different 
m anagem ent constraints to the six fleets that exploit this stock, and also to take into 
account natural variability in the recruitm ent. The m anagem ent m easures possible to 
sim ulate in these forecasts are just catch constraints, which correspond to the only 
m anagem ent m easure actually in place for this stock (TAC). A lthough the software 
im plem entation of this procedure m ust be further screened for errors, and im proved, 
there is no reason at present, and until there is a change in the m anagem ent scheme, 
for a change in m ethodology.

3.10 Biological reference points

N o biological reference points were defined for this stock during WKBENCH.

3.11 Recommendations on the procedure for assessment updates and further

The abundance indices currently used in the assessment, w hich are the m ean num ber 
per hour by age and  year, are likely not appropriate estimates of abundance from  the 
statistical point of view, given the zero-inflated distribution of their values in the 
survey dataset. D uring WKBENCH no other strategy to deal w ith these data was 
tested, besides using the average num ber per hour by age and year. Several attem pts 
to sm ooth the data were made, bu t given that an acceptable fitting was not achieved, 
the sm oothed datasets were not used. A possibility w orth to be tested is to pu t in 
practice a bootstrap procedure, generating a large num ber of replicate matrices w ith 
proportion-at-age estim ates from  the survey, and running the assessm ent m ethod on 
each of these replicates. G iven the execution speed of the software in which the 
m ethod is im plem ented (ADMB) this should be a feasible procedure, w hich w ould 
take into account the characteristics of the survey data in a better w ay that a simple 
average of numbers-at-age.

work

http://www.r-project.org
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3.12 Implications for m anagem ent (plans)

The level of SSB estim ated from  the stock assessment is im portant for an evaluation 
of how  intensive has the exploitation been, and w hether a given level of fishing m or­
tality is sustainable. However, doubts about the true values of natural mortality, and 
their influence on the level of estim ated SSB lead us to believe that the m anagem ent 
of this stock should be based on indicators not sensitive to a given choice of natural 
m ortality rates.
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Table 3.8.I.I. Sym bols definitions used for m odel equations.

G eneral Definitions Sym bol/Value Use in C atch-at-A ge M odel

Year index: i = {1992, ..2 0 1 0 } i

Age index: j = { 0,1,2, ..., 11+} j

Mean weight in year t by age j Wt,j

Maximum age beyond which 
selectivity is constant

Maxage Selectivity parameterization

Instantaneous Natural Mortality Mj Fixed M=0.8,0.5,0.3,0.2,0.1...0.1, for j=0,l,2...11

Proportion females mature-at- 
agej

PÍ Definition of spawning biomass

Sample size for proportion in 
year i

Tt Scales multinomial assumption about estimates 
of proportion at age

Survey catchability coefficient 4 p i  er
Prior distribution = lognormal( , q)

Stock-recruitment parameters A A Unfished equilibrium recruitment, steepness, 
variance

Virginal biomass (P Spawning biomass per recruit when there is 
not fishing

Estimated parameters

N o te  th a t  th e  n u m b e r  o f  se le c tiv ity  p a ra m e te rs  e s tim a te d  d e p e n d s  o n  th e  m o d e l co n fig u ra tio n .
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Table 3.8.I.2. Variables and equations describing im plem entation of the horse mackerel assess­
m ent model.

Eq Description Sym bol/Constraints Key Equation(s)

1 ) Survey abundance index (s) by year

( A represents the fraction of the 
year when the survey occurs)

/ / 2 = 0

2 ) Catch biomass by year c, 11 p f
c  y  .y i r  _ ( i  »

V V V y  v 7 
./=°

3) Proportion-at-age j, in year i

¿V II Ö

7 7

4) Initial numbers-at-age j = 0 7\T — pMn+s 1992
iV  1992,y

5) 0 <j < 1 0 ^ 1 9 9 2 0
7=1

6) j=  11+
1̂992.11 = 1̂992.10 ( I - « ' " ) ' 1

7) Subsequent years (i >1992) j = 0 N .2 = e ^

8) 0< j <10

9) j=  11+ Nt.u =Nt_1Me-z +Nt_u le-Z-'"

10) Year effect and individuals at age 2 
and
i = 1981, 2010

2010

£<- X £- = 0
1=1981

N . n = e ^ +E-1,0

11) Index catchability

Mean effect 

Age effect

MS. Mf  
1 1

1 x  = °
j =0

q¡ = eßS
s  rfjsj — e  j  < m a x a g e

Ç-Î __ T&axage
c j  > m a x a g e

12) Instantaneous fishing mortality p f  _  e^'+n1i+0,

13) Mean fishing effect
M f

14) Annual effect of fishing mortality in 
year i

2010
<Pn Z « = °

i'=1992

15)
age effect of fishing (regularized) In 
year time variation allowed , /  E î/9 = 0

y , > 2

f
S ij  — e  j  <  m a x a g e

ƒ  Maxage
— £  y  >  m a x a g e

In years where selectivity is constant 
over time ƒ  /77. . = if. , . 

UJ 7-1,7

i ^ c h a n g e  y e a r

16) Natural Mortality vector Mj 0.8 0.5 0.3 0.2,0.1...0.1 for ages 0 -11
17) Total mortality

z v = T Fi + M
/
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Eq Description Sym bol/Constraints Key Equation(s)

11 °-5z
17) Spawning biomass (note spawning 

taken to occur at mid of January)
Bi ®,=Eiv  "  ' w , P i

j = 0

18) Recruitments (Beverton-Holt form) 
at age 0.

R l À  =  aB ' . 
ß  + B,
4 K  , „  B0( \ - h )  ,a  = ------- — and p  = ----------------where
5 /7 -1  5 /7 -1

B0 =K<P
12 o~12M w  n

<p = Y / M[j" ]WjPj +  . - i f 12
j=2  A e

h=0.8

Table 3.8.I.3. Specification of objective function that is m inim ized (i.e., the penalized negative of 
the log-likelihood).

Likelihood
/p e n a lty
com ponent Description /  notes

19) Catch 
biomass 
likelihood

2010

A = 2 > /  I  In
ƒ  i=1992

r c î
cf\  i 7

2 Fit to catch biomass in each 
year

20) Abundance 
indices

f  j s  Ÿ

J ;  y

Survey abundances

21) Proportion- ^  _  V 1 kpk  i Ip k A £ = 3 4  k=3 for the fishery, k=4 for
at-age k j~ j  ' <J / the survey
likelihood

2 2 ) Penalty on
smoothness
for
selectivities

II

H + l )

Smoothness (second 
k  — differencing),

Note: k= 6  for the fishery, 
k=9 for the survey

23) Penalty on
recruitment
regularity

2010

A i = 4 i  Z  s i
i=1981

Influences estimates where 
data are lacking (e.g., if no 
signal of recruitment 
strength is available, then 
the recruitment estimate 
will converge to median 
value).

24) Recruitment
curve
penalty

2010

L 6 = \  Z  ln
i=1992

Í N .  o Y
1,0

U  J

Conditioning on stock- 
recruitment curve over 
period 1992-2007 (but 
reduced to have negligible 
effect on estimation).

25) Overall 
objective 
function to 
be
minimized

i  =  L ® < -
k



ICES W K B E N CH  REPORT 2 0 1 1

Table 3.8.I.4. Input variance u  or sample size ( r  )  assumptions and corresponding penalties (X) 
used on log-likelihood functions in  the base model.

L A bundance index □ T □L

1 Landings 0.05 - 200

2 Combined index 0.3 - 5.556

3 Fishery age composition - 100 -

4 Survey age composition - 10 -

5 Time-change in fishery selectivities 0.8 0.78

6 Fishery age-specific penalties 1.0 - 0.5

7 Fishery descending selectivity-with-age penalty 10 - 0.1

8 Time-change in survey selectivities 0.8 0.78

9 Survey age-specific penalties 1.0 - 0.5

10 Survey descending selectivity-with-age penalty 10 - 0.1

11 Recruitment regularity 10 - 0.1

12 S-Recruitment curve fit (for period 1992-2007, scale only) 1.9 - 0.14
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Table 3.8.2.I. D ifferent vectors of natural mortality used in the sensitivity analysis.

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11 +
Trial 1 0.8 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Trial 2 0.81 0.51 0.31 0.21 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Trial 3 0.82 0.52 0.32 0.22 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Trial 4 0.83 0.53 0.33 0.23 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Trial 5 0.84 0.54 0.34 0.24 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Trial 6 0.85 0.55 0.35 0.25 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Trial 7 0.86 0.56 0.36 0.26 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Trial 8 0.87 0.57 0.37 0.27 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Trial 9 0.88 0.58 0.38 0.28 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Trial 10 0.89 0.59 0.39 0.29 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
Final 0.9 0.6 0.4 0.3 0.2 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Old 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Age 0 Age 3

£  n 

?  -
>.y
5 £  —
Ë o  _LL. rM

o  _

0 2 4 6 B 10 12

Log number/hour

0 2 4 E B

Log number/hour

Age 6 Age 9

§ a

0 1 2 3 4 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Log number/hour Log number/hour

Figure 3.2.3.I.
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Figure 3.8.I.3.
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H addock  in S u b a re a  IV a n d  Division llla(N)

4.1 Current assessment and issues with data  and assessment

The current assessm ent of haddock in Subarea IV and Division IIIa(N) (referred to 
here as North Sea haddock for brevity) uses the XSA m ethod (Darby and  Flatman, 1994; 
Shepherd, 1999). The source data are reported  landings, estim ated discards gener­
ated from  observed discard rates, bycatch in  the D anish and N orw egian small-mesh 
industrial fishery, three survey cpue indices (IBTS Q l, ScoGFS Q3 and EngGFS Q3), 
fixed natural m ortalities and maturities, and separate weight-at-age data for the three 
catch components. The assessm ent uses very light XSA shrinkage, no pow er m odel 
for recruiting year classes, and a catchability plateau at the oldest available age. Point 
estimates from  the assessm ent are used to generate forecast catch-option tables w hich 
are the basis of ICES advice on the stock.

The 2011 meeting of WKBENCH represented the first occasion, since the instigation 
of the benchm ark/update approach, that the N orth Sea haddock assessment was sub­
jected to a full benchm ark assessment. As such, it represented a valuable opportunity  
to explore issues of biological data and  stock structure. A lternative assessments con­
ducted using SAM (Nielsen, 2009) and  SURBA (Needle, 2003) are also presented in 
this Section, and are com pared w ith  the extant XSA assessment.

The principal issues to be covered in this Section are follows.

• Convergence rates of the XSA m ethod w hen applied to N orth  Sea had­
dock.

• Stock structure of haddock in waters around northern  Scotland, as charac­
terised by surveys, spatial fishery distribution and hydro-biological m odel­
ling.

• Changes in grow th rates and implications for forecasts.

• The inclusion (or otherwise) in the assessm ent of tim e-varying natural 
m ortality and m aturity  estimates.

• Assessm ent implications of potential m anagem ent m easures such as dis­
card bans.

The assistance of Andrzej Jaworski and Rui Catarino (both M arine Laboratory, Aber­
deen), and Anders N ielsen (DTU-AQUA, Copenhagen) in compiling this Section are 
gratefully acknowledged.

4.2 Compilation of available data

4.2.1 Catch and landings data

N o new  catch or landings data were presented to WKBENCH.

4.2.2 Biological data

M odifications to tw o biological datasets were considered by WKBENCH: natural 
m ortality and m aturity.

4 .2 .2 .1  N atural m ortality

A nnual estimates of natural m ortality are available from  key runs of the SMS model, 
as reported  by the ICES W orking G roup on M ultispecies Assessm ent M ethods (e.g.
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ICES-WGSAM 2008). The estimates for N orth  Sea haddock are given in  Table 4.2.1 
and  Figure 4.2.1. The last key run  was conducted in 2007, so estimates are constant 
for 2007-2009. In addition, it should be em phasised that the last year of com prehen­
sive stom ach-data collection was 1991, so the food-web definitions on w hich SMS 
runs are likely to be out of date. The effects of these time-varying estim ates of natural 
m ortality on both XSA and SAM assessm ent m odel runs are explored in Section 4.8. 
It is im m ediately apparent, however, that the new  estimates are quite different from  
the fixed values used previously, w ith age-0 being low er and ages 2 and above being 
higher, and that this is likely to have a substantial im pact on assessments.

Table 4.2.1. Smoothed estimates of natural mortality from ICES-WGSAM (2008).

Year 0 1 2 3 4 5 6 7  8 +

1963 1.584 1.351 0.534 0.417 0.34 0.291 0.263 0.237 0.225

1964 1.54 1.428 0.577 0.433 0.347 0.294 0.263 0.235 0.222

1965 1.498 1.499 0.618 0.447 0.354 0.296 0.263 0.234 0.22

1966 1.457 1.559 0.657 0.46 0.36 0.298 0.263 0.232 0.217

1967 1.422 1.608 0.693 0.471 0.365 0.301 0.263 0.231 0.216

1968 1.393 1.648 0.725 0.481 0.372 0.303 0.263 0.23 0.214

1969 1.373 1.68 0.753 0.49 0.379 0.306 0.263 0.23 0.214

1970 1.359 1.703 0.779 0.5 0.388 0.31 0.265 0.23 0.214

1971 1.352 1.713 0.801 0.508 0.397 0.314 0.266 0.23 0.215

1972 1.352 1.714 0.818 0.516 0.405 0.317 0.268 0.231 0.215

1973 1.357 1.707 0.83 0.522 0.411 0.319 0.27 0.232 0.215

1974 1.366 1.695 0.836 0.525 0.415 0.32 0.271 0.233 0.215

1975 1.379 1.681 0.836 0.525 0.414 0.32 0.271 0.233 0.215

1976 1.393 1.668 0.831 0.521 0.41 0.317 0.271 0.233 0.214

1977 1.406 1.656 0.822 0.513 0.402 0.312 0.268 0.232 0.213

1978 1.416 1.643 0.81 0.502 0.39 0.305 0.264 0.23 0.212

1979 1.422 1.627 0.794 0.489 0.377 0.297 0.259 0.228 0.211

1980 1.424 1.609 0.776 0.475 0.363 0.289 0.253 0.226 0.209

1981 1.422 1.586 0.756 0.461 0.349 0.281 0.247 0.223 0.208

1982 1.417 1.557 0.734 0.446 0.336 0.275 0.241 0.221 0.206

1983 1.411 1.523 0.709 0.432 0.325 0.269 0.236 0.219 0.205

1984 1.406 1.487 0.684 0.418 0.315 0.265 0.232 0.217 0.204

1985 1.401 1.452 0.659 0.404 0.307 0.261 0.229 0.216 0.203

1986 1.397 1.422 0.635 0.392 0.301 0.258 0.227 0.214 0.202

1987 1.391 1.396 0.611 0.38 0.296 0.256 0.225 0.213 0.202

1988 1.384 1.377 0.59 0.37 0.292 0.255 0.224 0.212 0.202

1989 1.376 1.362 0.57 0.361 0.29 0.254 0.224 0.212 0.202

1990 1.367 1.35 0.552 0.353 0.289 0.253 0.224 0.212 0.202

1991 1.358 1.343 0.537 0.346 0.288 0.252 0.224 0.212 0.202

1992 1.352 1.339 0.525 0.34 0.287 0.251 0.225 0.213 0.202

1993 1.348 1.339 0.516 0.335 0.288 0.251 0.225 0.213 0.203

1994 1.347 1.343 0.51 0.332 0.288 0.251 0.226 0.214 0.204

1995 1.348 1.35 0.505 0.329 0.289 0.251 0.227 0.215 0.205



ICES W K BE N C H  REPORT 2 0 1 1

Year 0 1 2 3 4 5 6 7 8 +

1996 1.351 1.36 0.501 0.327 0.29 0.251 0.228 0.216 0.206

1997 1.354 1.374 0.498 0.324 0.29 0.251 0.229 0.216 0.207

1998 1.358 1.392 0.495 0.322 0.291 0.25 0.23 0.215 0.207

1999 1.362 1.417 0.493 0.32 0.291 0.25 0.231 0.214 0.208

2000 1.367 1.451 0.493 0.319 0.292 0.248 0.232 0.213 0.208

2001 1.372 1.495 0.495 0.319 0.294 0.247 0.233 0.212 0.208

2002 1.376 1.547 0.5 0.321 0.297 0.246 0.234 0.21 0.208

2003 1.376 1.603 0.508 0.325 0.301 0.246 0.236 0.209 0.208

2004 1.373 1.661 0.517 0.329 0.306 0.246 0.238 0.208 0.207

2005 1.366 1.716 0.527 0.333 0.311 0.246 0.24 0.206 0.207

2006 1.359 1.772 0.538 0.338 0.316 0.246 0.242 0.206 0.207

2007 1.351 1.827 0.549 0.342 0.321 0.247 0.244 0.205 0.207

2008 1.351 1.827 0.549 0.342 0.321 0.247 0.244 0.205 0.207

2009 1.351 1.827 0.549 0.342 0.321 0.247 0.244 0.205 0.207

Figure 4.2.1. Estimates of natural mortality from ICES-WGSAM (2008) (ages 0-2 along the top row, 
ages 3-5 along the bottom row). Red dots give the annual estimates, w hile the blue lines give the 
smoothed values that are recommended for use by WGSAM. The green lines give the fixed val­
ues currently used in the assessment.

4 .2 .2 .2  M aturity

The grow th dynam ics of haddock in the N orth  Sea have changed considerably over 
time. Figure 4.2.2 shows time-series of the param eters of von Bertalanffy curves fit­
ted  to length-at-age distributions by cohort from  survey data, and dem onstrates that 
haddock are now  grow ing m ore quickly w hen young (higher K) bu t reaching a 
shorter eventual length (lower Laj) than  used to be the case (Baudron et ah, in press).

The reasons for this change are currently being investigated. One hypothesis is that 
haddock m ature younger than  they used to, and that this early m aturation results in 
a slowing of the rate of body grow th as energy is diverted to reproduction. To ex­
plore this further, w e used IBTS Q1 SMALK data from  the ICES DATRAS database to 
determ ine the proportion m ature for ages 1-4 from  1972 to the present day (for as­
sessm ent purposes, the estimates for 1972 w ere used for 1963-1971). The results of
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this analysis are presented in Table 4.2.2 and Figure 4.2.3. A lthough the m ethodology 
needs to be developed further, this initial analysis of these data suggests that the pro­
portion m ature-at-age has changed considerably since the start of the time-series, and 
that the constant m aturity  assum ptions used in the assessment m ay no longer be 
valid. Runs of the XSA and SAM m odels using these interim  m aturity estimates are 
presented and discussed in Section 4.8.
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Figure 4.2.2. (upper) and K  (lower) parameters from cohort-based von Bertalanffy m odel fits to 
length distributions-at-age from IBTS Q1 data. Dotted lines give 95% confidence intervals. * = 
outliers not shown. Source: Baudron et al. (in press).
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Table 4.2.2. Smoothed estimates of maturity, from IBTS Q1 SMALK data.

Year 0 1 2 3 4 5 6 7 8 +

1963 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1964 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1965 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1966 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1967 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1968 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1969 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1970 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1971 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1972 0.000 0.019 0.410 0.638 0.746 1.000 1.000 1.000 1.000

1973 0.000 0.025 0.414 0.649 0.751 1.000 1.000 1.000 1.000

1974 0.000 0.036 0.422 0.670 0.764 1.000 1.000 1.000 1.000

1975 0.000 0.041 0.427 0.680 0.771 1.000 1.000 1.000 1.000

1976 0.000 0.046 0.431 0.691 0.778 1.000 1.000 1.000 1.000

1977 0.000 0.051 0.435 0.703 0.785 1.000 1.000 1.000 1.000

1978 0.000 0.055 0.439 0.715 0.790 1.000 1.000 1.000 1.000

1979 0.000 0.060 0.443 0.726 0.795 1.000 1.000 1.000 1.000

1980 0.000 0.063 0.449 0.737 0.813 1.000 1.000 1.000 1.000

1981 0.000 0.064 0.457 0.750 0.838 1.000 1.000 1.000 1.000

1982 0.000 0.066 0.466 0.764 0.862 1.000 1.000 1.000 1.000

1983 0.000 0.069 0.476 0.780 0.884 1.000 1.000 1.000 1.000

1984 0.000 0.073 0.487 0.798 0.905 1.000 1.000 1.000 1.000

1985 0.000 0.078 0.499 0.817 0.924 1.000 1.000 1.000 1.000

1986 0.000 0.084 0.510 0.834 0.941 1.000 1.000 1.000 1.000

1987 0.000 0.089 0.520 0.848 0.953 1.000 1.000 1.000 1.000

1988 0.000 0.093 0.528 0.859 0.961 1.000 1.000 1.000 1.000

1989 0.000 0.097 0.534 0.867 0.966 1.000 1.000 1.000 1.000

1990 0.000 0.101 0.538 0.873 0.969 1.000 1.000 1.000 1.000

1991 0.000 0.107 0.545 0.877 0.971 1.000 1.000 1.000 1.000

1992 0.000 0.113 0.552 0.882 0.973 1.000 1.000 1.000 1.000

1993 0.000 0.120 0.560 0.886 0.974 1.000 1.000 1.000 1.000

1994 0.000 0.124 0.564 0.887 0.974 1.000 1.000 1.000 1.000

1995 0.000 0.127 0.567 0.886 0.973 1.000 1.000 1.000 1.000

1996 0.000 0.129 0.568 0.885 0.972 1.000 1.000 1.000 1.000

1997 0.000 0.132 0.573 0.885 0.972 1.000 1.000 1.000 1.000

1998 0.000 0.137 0.583 0.887 0.972 1.000 1.000 1.000 1.000

1999 0.000 0.144 0.599 0.892 0.974 1.000 1.000 1.000 1.000

2000 0.000 0.151 0.620 0.901 0.977 1.000 1.000 1.000 1.000

2001 0.000 0.155 0.642 0.910 0.980 1.000 1.000 1.000 1.000

2002 0.000 0.157 0.660 0.919 0.982 1.000 1.000 1.000 1.000

2003 0.000 0.158 0.678 0.927 0.984 1.000 1.000 1.000 1.000

2004 0.000 0.160 0.696 0.934 0.986 1.000 1.000 1.000 1.000
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Year 0 1 2 3 4 5 6 7 8 +

2005 0.000 0.163 0.733 0.951 0.991 1.000 1.000 1.000 1.000

2006 0.000 0.165 0.752 0.959 0.993 1.000 1.000 1.000 1.000

2007 0.000 0.166 0.771 0.968 0.996 1.000 1.000 1.000 1.000

2008 0.000 0.167 0.790 0.976 0.998 1.000 1.000 1.000 1.000

2009 0.000 0.159 0.724 0.949 0.974 1.000 1.000 1.000 1.000
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Figure 4.2.3. Estimates of proportion mature for ages 1-4 from IBTS Q1 SMALK data (via 
DATRAS). Dots = point estimates, lines = sm oothed fits (loess smoother, span = 0.5). Crosses at 
each side indicate values assumed in current assessment.

4.2.3 Survey tuning data

N o new  survey cpue tuning data were presented at WKBENCH. However, new  sur­
vey distribution m aps were generated as part of a m ore general discussion on stock 
structure for haddock around northern Scotland: see Section 4.3.

4.2.4 Commercial tuning data

Commercial cpue tuning data has not been used in the assessm ent of N orth Sea had ­
dock for several years. During preparations for the 2000 round  of assessm ent WG 
meetings, it became apparent that the 1999 effort data for the Scottish commercial 
fleets were not in accordance w ith  the historical series and specific concerns were 
outlined in the 2000 report of WGNSSK (ICES-WGNSSK 2001). Effort recording for 
these fleets follows the EU reporting tem plate in which effort recording is not m anda­
tory, and  concerns rem ain about the validity of the historical and current estimates of 
commercial cpue. Consequently, no new  commercial cpue series w ere presented at 
WKBENCH.
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4.2.5 Industry/stakeholder data inputs

Several countries around the N orth Sea (in particular Scotland, England and Den­
m ark) have im plem ented unilateral quota m anagem ent systems which are based on 
discard bans (for cod, in  the first instance), catch quotas and  full observance using 
CCTV systems. Discussions are ongoing w ith  regards to developing such a scheme 
for N orth Sea haddock, which (if im plem ented) will have a substantial effect on fleet 
dynamics, stock exploitation and the availability of data from  the fishing industries. 
Illustrative images w ere presented in  plenary at the WKBENCH meeting. While this 
is not yet directly relevant to the haddock assessment and m anagem ent process, it 
m ay become so in  the near future. If this occurs, it will be im portant that revisions to 
the update assessment approach be considered rapidly (via another benchm ark if 
need be). Given this, WKBENCH recommends that the next benchmark meeting 
for North Sea haddock be brought forward if haddock management changes to a 
system of catch quotas with an enforceable discard ban.

No other new  industry  or stakeholder data inputs were provided for WKBENCH.

4.2.6 Environmental data

Results of a spatio-tem poral hydrobiological m odel of haddock in northern  UK w a­
ters (including observations on current flow-fields) were discussed at WKBENCH, 
and  are sum m arised in Section 4.3. N o other new  environm ental data were pre­
sented at WKBENCH.

Stock identity, distribution and migration issues

W ithin the N orth Sea, the southw ards and eastw ards distribution of haddock is lim­
ited by the oceanographic front which extends from  southern Norw ay, passes 
through the Dogger Bank and reaches northeastern England: this lim itation is clear 
from  the usual survey distribution m aps provided  every year in the WGNSSK report 
(see, for example, Figure 4.3.1). However, the distinction betw een the N orth Sea (Su­

barea IV) stock to the east of the 4°W line, and the W est of Scotland (Division Via) to 
the w est of it, m ay be artificial. Three sources of data were presented to WKBENCH 
to explore this issue:

1 ) Research-vessel survey indices.

2 ) VMS-based estimates of haddock fishing areas for the Scottish dem ersal
fleet.

3 ) Results of spatial hydro-dynam ic and biological models of juvenile advec-
tion and settlement.
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L o n g i tu d e

Figure 4.3.1. Spatial distribution from the IBTS Q1 survey. Contour scale (given in the bar to the 
right) is the square root of survey cpue, rescaled to lie betw een 0 and 1.

4.3 .1  R esearch-vessel survey indices

Relative stock density indices from  the N orth  Sea IBTS Q1 series and the W est of 
Scotland (Division Via) were collated and plotted on the same figure. The N orth Sea 
survey is conducted roughly one m onth before the W est of Scotland survey, so the 
stock indications are not strictly com parable and  should be treated w ith  caution. The 
resultant survey distributions (Figure 4.3.2) indicate that haddock are present in a 
largely unbroken arc, from  the shelf edge to the west of Malin H ead in  Ireland across 
to the area around the Fladen g round in the central northern  N orth  Sea.
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T v :t 'h  S k -  & .W è st C ü a s t  Q t i u r v e y s  co m b in e d  2 G.TQ.:>naddockNorth Sea ft W est Coast Q1 suveys combined 2009: haddock

Figure 4.3.2. Relative cpue haddock indices from IBTS Q1 (North Sea) and ScoGFS Q1 (West of 
Scotland) surveys (2009 and 2010). Note: high quality images for 2005-2010 are available on the 
WKBENCH Sharepoint site (Background and working documents > Haddock in Subarea IV 
(North Sea) and D ivision  Illa  > HAD_NSW S_Ql.doc).

4 .3 .2  V M S-based e s tim a tes  of had d o ck  fishing a re a s  fo r th e  Scottish d em ersa l 
flee t

VMS data from  2006 to the present are available from  the Scottish dem ersal fleet (for 
vessels greater than  15 m  in length). The available dataset was filtered to remove 
vessels fishing for Nephrops  (which have selection patterns not typical of the bulk of 
vessels that target haddock), other vessels using m esh size of less than  100 m m  (fish­
ing for shrim ps or squid, for example), and trips for which no haddock landings were 
reported. For the rem aining trips, reported  haddock landings for each trip  were dis­
tributed evenly over all the VMS fishing pings for that trip  (where fishing pings are 
defined as those for which the vessel was travelling at 4.5 knots or less: Borchers and 
Reid, 2008; Needle and Catarino, in press). Contour distribution m aps were then gen­
erated based on the landed haddock tonnage (on the log scale) associated w ith each 
fishing ping. This is a potentially inaccurate procedure, as the haddock landings for a 
trip  m ay all have come from  one particular area rather than from  all fishing activity 
on the trip, and additionally we have not incorporated discarding. However, this is 
likely to be the best available estim ate of the location of haddock catches in the ab­
sence of detailed skippers' logbooks and diaries, and it is hoped that inconsistencies 
in troduced via the averaging procedure are balanced w hen the entire fleet is consid­
ered.

Illustrative results are given, for February 2010 (Figure 4.3.3a) and December 2010 
(Figure 4.3.3b). A lthough these data sum m aries are still in developm ent, they clearly 
confirm the perception from the survey indices: haddock are distributed right across 
from  west of the Hebrides to the N orw egian Deeps, w ith  no clear break into West of 
Scotland and N orth Sea stock components.
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Figure 4.3.3. Distribution of fishing effort for haddock derived from VMS data from the Scottish 
demersal fleet for February and December 2010. See text for details. Darker colours indicate 
higher density of haddock landings.

4 .3 .3  M odels of juvenile advection  an d  se ttlem en t

Between 2006 and 2009, the M arine Laboratory, Aberdeen and the University of 
Strathclyde, Glasgow conducted a joint research project ("Strathaddy") on a spatially- 
explid t m odel for haddock populations in northern  Scottish waters. The intention 
was to build  on earlier w ork at the M arine Laboratory (the STEREO project; see, for 
example, H eath and Gallego, 1998) and develop a detailed spatio-tem poral popula­
tion m odel incorporating spaw ning areas, hydrodynam ic advection and  grow th of 
juveniles, and settlem ent of juveniles at the appropriate developm ent stage if suitable 
benthos is available. One of the key scientific aims was to tiy  and understand  the 
sporadic nature of recruitm ent to the haddock stocks around northern Scotland, and 
the principal policy driver was to determ ine the exploitation strategy that w ould 
enhance haddock conservation and sustainability.
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Papers reporting the results of S trathaddy are in various stages of developm ent, al­
though none have yet reached full publication. However, from  internal project re­
ports we can d raw  m odelling results that have particular relevance for discussions on 
haddock stock structure. Figure 4.3.4 shows approxim ate spaw ning areas for had ­
dock, based on survey data and divided into three broad spaw ning com ponents from  
west to east (West of Scotland, M oray Firth and Shetland). Figure 4.3.5 illustrates 
potential recruitm ent distributions of juveniles from  these spaw ning components, 
assum ing current flow-fields from  three different years.

Young haddock experience egg, larval and juvenile stages, during w hich they have 
lim ited horizontal m otility and are advected w ith  the prevailing current. After a pe­
riod of m onths they are forced to settle on the benthos and assum e a dem ersal habi­
tat: if no suitable benthos is available, they will be advected on further, and if no 
suitable area presents itself before a given cut-off point, they will die. Survival suc­
cess thus depends on a com bination of feeding success, predation success, hydrody­
namics and distribution of suitable benthos.

From  Figure 4.3.5, it is clear (given m odel assum ptions) that the products of spaw n­
ing from  all three areas recruit to the adult population in a similar area: to whit, the 
central northern  N orth Sea. In particular, juveniles spaw ned in the West of Scotland 
settle predom inantly  in  that area around Shetland, and  will therefore be indistin­
guishable to the fisheiy from fish spaw ned in  that area. In the absence of tagging 
data and related genetic or morphological studies, we cannot determ ine w hether 
haddock exhibit fidelity to their spaw ning areas. It w ould  be reasonable to conclude 
that the haddock to the north  of Scotland form  one functional unit, rather than  two.

—

Imj

Figure 4.3.4. FFaddock spawning areas identified for the Strathaddy model. Green = West of Scot­
land. Red = Moray Firth. Turquoise = Shetland. Source: University of Strathclyde.
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Figure 4.3.5. Spatial distribution of recruits in January 1, follow ing spawning in  the areas shown  
in Figure 4.3.4 in  the preceding spring. Columns give results w hen using the observed current 
flow -fields from 1990, 1992 and 2001. Colours refer to density of settled recruits, w ith red being  
the most dense. Source: University of Strathclyde.

4 .3 .4  Stock s tru c tu re  an d  d istribu tion  conclusion

H addock in  the N orth Sea and West of Scotland are currently assessed and m anaged 
as tw o separate stocks. While not conclusive, independent evidence from  research- 
vessel surveys, VMS data and hydrobiological stock m odels all provides support for 
the hypothesis that all these fish are in fact m em bers of the same biological unit. If 
this is the case, then treating them  as separate in the assessm ent and m anagem ent 
cycle m ay be inducing unw anted  bias and uncertainty, to the detrim ent of both the 
stock and the dependent fisheries.

This w ork is still in  developm ent, and the conclusion that there is a single stock is not 
yet reliable or robust enough to lead to a change in the approach taken. However, as 
the next step: WKBENCH recommends that a joint IVa-VI dataset be collated in 
time for the assessment WGs in May 2011, and that a comparative assessment be 
carried out by WGNSSK using these data. This will provide further evidence for a 
final decision on appropriate assessment units.

Influence of the fishery on the stock dynamic

No new  inform ation was presented on this issue.

Influence of environmental drivers on the stock dynamic

Section 4.3 above discusses a m odel of the effect of current flows on subsequent re­
cruitm ent of young haddock in  the West of Scotland and the N orth Sea. A part from 
this, no new  w ork on the influence of environm ental drivers was presented.
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4.6 Role of multispecies interactions

4.6 .1  Trophic in te rac tions

N o new  inform ation was presented on this issue.

4 .6 .2  Fishery in te rac tio n s

N o new  inform ation was presented on this issue.

4.7 Impacts of the fishery on the ecosystem

No new  inform ation was presented on this issue.

4.8 Stock assessment methods

4.8 .1  M odels

Three assessm ent m odels for N orth  Sea haddock were presented at the WKBENCH
meeting:

1 ) XSA: the assessm ent m ethod currently in use. The N orth Sea haddock as­
sessm ent has been conducted using XSA since the m ethod was developed 
in the early 1990s (Darby and  Flatman, 1994; Shepherd, 1999), and the R- 
based FLXSA im plem entation (Keli, 2006) has been used since 2007. The 
assessm ent uses the following settings:

Convergence tolerance to l= le -9

M axim um  iterations maxit = 200

M inim um  SE used in the estim ate of N m in.nse = 0.3

F shrinkage fse = 2.0

O ldest age for the pow er q m odel rage = 0

Youngest age for the q plateau qage = 6

Shrinkage to m ean N shk.n = TRUE

Shrinkage to m ean F shk.f = TRUE

N um ber of years for shrinkage shk.yrs = 5

N um ber of ages for shrinkage shk.ages = 3

Tuning tim e w indow w indow  = 100

N um ber of years for time-series weighting tsrange = 99

Power for time-series weighting tspow er = 0

2 ) SAM: a time-series, state-space m odel currently used for the assessm ent of
a num ber of ICES stocks (Nielsen, 2009). SAM is based on the m ethodol­
ogy of TSA (Fryer, 2002) w ith a num ber of modifications, and is ru n  via a 
web-based interface. The m ain differences betw een SAM and XSA are that 
SAM is a statistical m odel that does not assum e that catch data are m eas­
u red  w ithout error.

3 ) SURBA: a separable survey-based m odel (Needle, 2003) w hich is used as
an exploratory analysis for m any ICES stocks, and as a full assessment
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m odel for a num ber of stocks in the M editerranean and further afield. To 
date it has been available as a W indows executable w ritten in Fortran-90, 
bu t a new  im plem entation in R has recently been developed and it is this 
version (SURBAR) w hich is used here. Default settings have been used for 
the results presented in  this Section.

The results of these three m odels are presented separately in the following three Sec­
tions. We then com pare the m odel outputs and reach conclusions on w hich m odel to 
take forw ard for subsequent WGNSSK assessments.

4.8.2 XSA

4 .8 .2 .1  XSA iteration  convergence

XSA does not use a statistical goodness-of-fit criterion, bu t instead iterates tow ards its 
solution (in a m anner analogous to N ew ton-R aphson root finding). Concerns have 
been expressed previously about the large num ber of iterations required to reach 
convergence in the XSA iterative process w hen applied to N orth  Sea haddock.

The 2009 m eeting of the ICES W orking G roup on M ethods of Fish Stock Assessment 
(ICES-WGMG 2009) explored this issue in  detail. Figure 4.8.1 analyses the iteration 
convergence for N orth  Sea haddock, which (for the 2010 assessment) took around 120 
iterations. The danger w ith XSA iteration is that the m odel m ay choose to increase 
estim ated abundance in  order to reduce the m agnitude of catchability residuals: this 
has been suggested as a possibility m any times in the past (C. D. Darby, pers. comm.) 
and is clearly w hat happens in  the N orth Sea w hiting case illustrated in  Figure 4.8.2, 
for w hich abundance continues to increase and for w hich there is no convergence.

WGMG attem pted to explore this issue further through sim ulation testing. Ten sim u­
lated datasets w ere generated, following a similar approach to that used in the 
NOAA Toolbox (NOAA 2010), and  iteration tests w ere applied to each one. Given 
that the true underlying stock was know n in each case, it was possible to score the 
XSA m odel on w hether the final-year estim ate of SSB m oved tow ards the true value 
as further iterations were applied, tow ards and then away from  the true value, or 
sim ply aw ay from  the true value. The tests w ere repeated for a range of plus-group 
ages (7-10), tw o (/-plateau settings (3 and 6), and 10 retrospective runs (giving 800 
tests in all). The results of this analysis are sum m arised in Figure 4.8.3, from  which 
WGMG concluded that in the majority of sim ulated datasets tested, the XSA iteration 
process pushed  the final-year SSB estim ate away from  the true value.

The WGMG recom m endations following this w ork were:

• FLXSA output should include the num ber of iterations taken to reach the 
solution.

• Convergence behaviour of XSA (and indeed all models) should always be 
checked.

• Slow convergence and/or high sensitivity to the num ber of iterations could 
indicate that XSA is not suitable for the stock concerned. A lternative m od­
els that do not rely on ad hoc assum ptions and algorithm s should be ex­
plored for these cases.

The first tw o recom m endations have been applied to all subsequent WGNSSK as­
sessments of N orth Sea haddock, w hile the th ird  is explored in  this WKBENCFi re­
port through the use of SAM and SURBA. Fiowever, there is a potential flaw  w ith the
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analysis carried out by WGMG in 2009. Sim ulated data were generated using a 
m odel that assum ed separable fishing mortality. XSA does not include explicitly this 
assum ption, so it is possible that the conclusions regarding iteration convergence 
w ere driven in part by a potential m odel m isspedfication. Consequently, the analysis 
should be repeated using XSA (or a similar cohort-based model) as the data genera­
tor. We do not know  if the N orth Sea haddock is subjected to separable fishing m or­
tality in reality: if it isn't, then the conclusions of WGMG m ay not be valid for this 
particular case.
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Figure 4.8.1. XSA convergence tests for North Sea haddock from the W GNSSK 2010 assessment. 
Top row: SSB. M iddle row: mean F(2—4). Bottom row: recruitment at age 0. Left column: relation­
ship betw een the estimate for 2009 and the number of iterations run (red lines indicate 30 itera­
tions; blue lines indicate iterations required for convergence). M iddle column: contour p lot of 
difference betw een estimates over the w hole time-series betw een one iteration and the next. 
Right plot: estimated time-series from all iterations (grey lines), w ith  30 iterations (red line) and 
converged iterations (blue line) highlighted.
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Figure 4.8.2. XSA convergence tests for North Sea w hiting from the W GNSSK 2006 assessment. 
See caption for Figure 4.8.1 for details.
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Figure 4.8.3. Box-and-whisker summaries of the convergence direction (0.0 = towards the true 
value, 0.5 = crossing the true value or flat, 1.0 = away from the true value) across 10 simulated  
datasets, each w ith 10 retrospective runs. They-axis gives the ¿/-plateau age, w hile the strip header 
for each subplot gives the plus-group age.

4 .8 .2 .2  T im e-vary in g  n a tu ra l m o rta lity  es tim ates  in XSA

The tim e-varying values of M (discussed in  Section 4.2.2.1) w ere used  in an  XSA ru n  
w ith  the same param eter settings as the current WGNSSK assessment. The results 
are com pared in Figure 4.8.4.
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Figure 4.8.4. Time-series estimates from XSA runs using fixed and time-varying natural mortality 
estimates. In both cases, maturity estimates were fixed and iterations were unrestricted.

The tim e-varying M at age 0 is low er than the fixed M at age 0, so m odel assum es 
there m ust have been less fish in each cohort to  begin w ith  in order to arrive at the 
observed catch and survey data: hence the low er recruitm ent. Time-varying Ms at 
older ages (>1), on the other hand, are higher, so the m odel expects that there m ust 
have been m ore fish to produce the observed data: hence the higher SSB. There is 
also a corresponding reduction in the level of m ean F(2-4). Indeed, w ithout catch 
data, the m odel w ould  sim ply reduce F to account for increased M, bu t w ith  catch 
data  included there is a limit to how  m uch of reduction can be m ade. We also note 
that the estim ates for m ore recent years are very similar.

Figure 4.8.5 sum m arises the changes in the stock-recruitm ent plot that occur w hen 
tim e-varying natural m ortality is included. Essentially, the points are sm eared dow n 
and  to the right, and  this will have an effect on biological reference points (see Section
4.10).
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Figure 4.8.5. Comparison between stock-recruit data from XSA runs using fixed and time-varying 
natural mortality estimates. In both cases, maturity estimates were fixed and iterations were 
unrestricted.

4 .8 .2 .3  T im e-vary in g  m a tu rity  es tim ates in XSA

Time-varying values of m aturity  (derived from  IBTS Q1 and discussed in Section 
4.2.2.2) w ere used in an XSA run w ith the sam e param eter settings as the current 
WGNSSK assessment, and w hich also included the tim e-varying estim ates of natural 
m ortality discussed in Section 4.2.2.1 and 4.8.2.2 (time-varying m aturity has not been 
used independently). The results are com pared in Figure 4.8.6 (time-series) and 4.8.7 
(stock-recruit). We reach sim ilar conclusions as for the case w hen just time-varying 
natural m ortality estim ates w ere used (Section 4.8.2.2), but the effects appear to be 
em phasised.
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Figure 4.8.6. Time-series estimates from XSA runs using fixed and time-varying maturity esti­
mates. In both cases, time-varying natural mortality estimates were and iterations were unre­
stricted.
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Figure 4.8.7. Comparison betw een stock-recruit data from XSA runs using fixed and time-varying 
maturity estimates. In both cases, time-varying natural mortality estimates were and iterations 
were unrestricted.

4.8.2.4 Retrospective XSA assessments

Ten-year retrospective XSA runs were carried out for a num ber of different configu­
rations, as follows:

1 ) Fixed natural m ortality and m aturity/unrestricted iterations (Figure 4.8.8).

2 ) Fixed natural m ortality and m aturity/m axim um  iterations = 30 (Figure
4.8.9).

3 ) Fixed natural m ortality and m aturity/m axim um  iterations = 10 (Figure
4.8.10).

4 ) Time-varying natural m ortality and m aturity/unrestricted iterations (Fig­
ure 4.8.11).

These show, firstly, that the retrospective perform ance of XSA for the N orth Sea had­
dock assessm ent is extremely consistent. W hen iterations are unrestricted (Figure 
4.8.8), there is virtually no retrospective pattern  at all, im plying that catches and sur­
veys are both internally and externally consistent in how  they pick up  stock- 
dynam ics signals. XSA does not allow  for uncertainty in  catches, bu t the year-to-year 
consistency is nevertheless remarkable. We also note that not allowing the m odel to 
converge (through limiting iterations to 30 or 10; Figures 4.8.9 and 4.8.10) reduces this 
consistency considerably, although the retrospective pattern  rem ains better than (for 
example) the other stocks in this WKBENCH report. Finally, the use of time-varying 
natural m ortality and m aturity estimates has no discernable effect on the retrospec­
tive runs (Figure 4.8.11).
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Figure 4.8.8. Results of retrospective XSA runs w ith  fixed natural mortality and maturity, and 
unrestricted iterations.
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Figure 4.8.9. Results of retrospective XSA runs w ith  fixed natural mortality and maturity, and 
maximum iterations = 30.
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Figure 4.8.10. Results of retrospective XSA runs w ith fixed natural mortality and maturity, and 
maximum iterations = 10.
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Figure 4.8.11. Results of retrospective XSA runs w ith time-varying natural mortality and maturity 
(the latter based on IBTS Q1 SMALK data), and unrestricted iterations.
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In addition, the num ber of iterations required for convergence for each retrospective 
ru n  was recorded; these are sum m arised in Figure 4.8.12. This dem onstrates clearly 
that the large num ber of iterations required is not a function of the m ean level of fish­
ing m ortality in  the final year, as this varies from  0.8 (w hen the last retro year is 1999 
or 2000) to 0.3 (when the last retro year is 2008 or 2009). The required iterations vary 
around a m ean level of -120 in all cases.
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Figure 4.8.12. Iterations required for convergence for retrospective XSA runs w ith  fixed natural 
mortality and maturity.

4.8.3 SAM

The initial setup and  run  of any SAM assessm ent is conducted by Anders Nielsen 
(DTU-AQUA, Copenhagen), once supplied w ith  inpu t data and suggestions for run  
settings. Following this step, the assessment ou tpu t will be available via the SAM 
website (http://ww w .stockassessm ent.org), through w hich modifications and re-runs 
can be perform ed. This is a potentially pow erful system, as no code needs to be 
m aintained on the user's ow n system  and full advantage can be taken of the pow er of 
the central server. However, it is still not all that straightforw ard to m ake m odifica­
tions w hen required, and  the assistance of A nders Nielsen during WKBENCH is 
gratefully acknowledged.

Figures 4.8.13 to 4.8.16 below  sum m arise the standard  SAM ru n  carried out for 
WKBENCH (i.e. w ith  fixed natural m ortality and m aturity). An additional ru n  was 
perform ed using varying estimates for these tw o quantities, bu t it is not reported  here 
as the conclusions regarding com parisons w ith XSA rem ained unchanged. Accord­
ing to its diagnostics, the assessment has perform ed well, w ith  no obvious patterns or 
unw anted  large outliers in residuals and quite tight confidence intervals.

The retrospective plot (Figure 4.8.16) does not com pare well, at face value, w ith the 
equivalent XSA plot (Figure 4.8.5). SAM w ould appear to have introduced an ele-

http://www.stockassessment.org
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m ent of retrospective bias, although it depends on how  this is defined. In one sense, 
there is bias because the final-year point values of several of the retrospective F and 
SSB estimates lie w ith  (and are all on one side of) the confidence interval of the full 
time-series estimates. O n the other hand, the confidence intervals of the final-year 
estim ates do overlap w ith  the central value from  the full time-series estimate, so in 
that sense there is not retrospective bias.

So it is not actually clear w hether or not retrospective bias (or even noise) exists. 
However, the retrospective estim ates are certainly m ore variable for SAM than  for 
XSA, and  this causes a problem  for m anagem ent advice. For example, pointw ise SSB 
estim ates which are revised dow nw ards every year, w hen used in a m anagem ent 
structure that dem ands a single value on w hich to base advice, will lead to dow n­
w ards revisions in  quotas w hich are driven by m odel revisions rather than  directly by 
new  data. Therefore, the retrospective bias (or noise) seen in the SAM ru n  is not nec­
essarily a problem  w hen view ed as an internal SAM diagnostic, bu t it is a problem  
w hen considered in  the context of the existing m anagem ent structure.

A final com m ent on this issue is that it is not clear w hy the retrospective noise ap­
pears in the SAM runs. SAM allows for uncertainty in catch statistics, w hich XSA 
does not. But the XSA retrospectives (and those for SURBA; see Figure 4.8.20 below) 
indicate that catch and surveys are very consistent for this stock. It could be argued 
that the retrospective noise in SAM is m ore of an artefact of the m odel than  anything 
else. However, this is an extreme view, if such a thing were to exist, the "real" retro­
spective bias w ould  probably lie som ewhere betw een that suggested by SAM and 
XSA.
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Figure 4.8.13. SAM results for standard data settings (fixed natural mortality and maturity). Top 
left: mean F(2-4). Top right: SSB. Bottom: recruitment at age 0. Shaded areas give approximate 
95% confidence intervals.



ICES W K BE N C H  REPORT 2 0 1 1

 IO taU tfC b ftl_________________________

e - • ••

6 - •> o4fâ)»—Oc+z> • •Mho*oooO-««cO^«00*
• •—+  •••cu* o

f*- .  n o  m-* * > o . .< Q y v  « *  m

o 0*0*<x>-0»«+> ■• 0Q&*
J -  •o«*C> a # H - O Q c t >  • » ■— ■ cC ^ » 0  •

- » 3  • • • ■  • « •  « C X f r O + O O f r  «oc»

0 - :  •

t* o  ISW >990 XOO »107**

e

6

5

0

8

e

I
a

o

y*w

« -

i ‘ -

0 -
1*0 1980 1990 »00  XK>j**t

8 -

j . , .

a -
1970 i960 1980 3000 J0M

a -

Ï '

o -
1900 1900 1990 OTO XIO

T#9*

S i

•»«•■«•oOCC>Gt*#D 
o * » - •  o Q O f G MBDO 
«  •<: «a» «i :: « •: 
«*■• 0» »>C T 3H<X>

♦ «-> <#•».0''. 
•-K «««EC
G»o«#o> 

70)'  * I M

OoOO#*0
oo«3r) • e.0̂ .̂ o«
♦ jKk**--«
■•O-o«;-#

c»-grx ♦  a

Figure 4.8.14. Normalised residuals for the standard SAM run. Red circles indicate a positive  
residual and filled  green circle indicate a negative residual.
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Figure 4.8.15. Estimated F-at-age for the standard SAM run.
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Figure 4.8.16. Retrospective runs for the standard SAM assessment. Black dashed lines give the 
approximate pointwise 95% confidence intervals about the full time-series run.

4 .8 .4  SURBA

Figures 4.8.17 to  4.8.20 sum m arise the SURBA m odel fit to the three available survey 
dataseries for N orth Sea haddock (IBTS Q l, ScoGFS Q3 and  EngGFS Q3), assum ing 
fixed natural m ortality and m aturity estimates. The m odel appears to fit the data 
well, w ith  relatively tight confidence intervals and no clear pattern  or outliers in re­
siduals. Furtherm ore, there is very little bias or noise in  retrospective runs (Figure 
4.8.20), save for the final year m ean Z values w hich are forecasts and are produced by 
three-year means.
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Figure 4.8.17. Stock summary estimates for the SURBA run. Lines give the bootstrap medians, 
w hile grey bands indicate the bootstrapped 90% confidence intervals. Best estimates (green dots) 
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Figure 4.8.20. Retrospective runs for the SURBA analysis. Black lines and grey bands indicate 
m edian and 90% confidence intervals respectively for the bootstrapped analysis of the full-time- 
series. Red lines give retrospective runs. For mean Z, dots indicate the last true data-based esti­
mate for each retrospective run: the extra forecast year estimated in each case is based on a three- 
year mean.



ICES W K B E N CH  REPORT 2 0 1 1

4.8.5 Conclusion

Figure 4.8.21 compares the stock sum m aries from  XSA and  SAM (both using fixed 
natural m ortalities and m aturities), while Figure 4.8.22 contrasts the stock-recruit 
inform ation from  the tw o models. SAM gives lower SSB and higher m ean F results 
than  XSA, and gives m uch lower estim ates for some of the large early year classes 
(particularly 1967). For these, SAM has used a combination of time-series sm oothing 
and  the lack of corroborating survey data to conclude that the catch data had  high 
uncertainty.

Figure 4.8.23 compares m ean-standardised run  outputs from  XSA, SAM and SURBA. 
The broad  trends from  all three approaches are very comparable, although SURBA 
has a tendency to estim ate larger swings in all three metrics (probably due to greater 
uncertainty in survey data). The current m anagem ent structure for N orth  Sea had­
dock relies on absolute abundance estimates, so the relative abundance outpu t from 
SURBA cannot be used for this purpose and  the m odel can be discounted as the final 
assessm ent choice (although it is still useful for com parative and exploratory analy­
ses).

C om paring XSA and  SAM, we see that there is actually little to choose betw een them. 
The principal perceived problem  w ith XSA is the issue of slow convergence and  the 
potential of this to lead to inflated abundance estimates. This is an aspect that cannot 
readily be solved, and WKBENCH has not m anaged to do so conclusively. We sug­
gest that the sim ulation analysis of WGMG (ICES-WGMG 2009) m ay be unrepresen­
tative because of m odel misspecification in the sim ulated datasets. O ther than  that, 
there is little to do on apart from  a "feeling" that 120 iterations is a "lot".

The SAM m odel is in m any ways m ore conceptually appealing, as it allows for the 
possibility of uncertainty in catch data and it has a num ber of other strong statistical 
properties. The issue of retrospective noise and/or bias cannot be avoided, however. 
Viewed independently  of the m anagem ent structure it w ould  not be considered a 
problem; however, given that point estimates are required, and given that these are 
revised annually (and significantly) by SAM, the retrospective bias does create diffi­
culties. It is hard  to argue the benefits of a m ove from  a m ethod w ith no retrospective 
bias to one w ith retrospective bias (at least, in  the context of current managem ent). 
Consequently, WKBENCH recommends that the update assessment method should 
remain XSA (with the current settings) for the time being. SAM and SURBAR runs 
should continue to be produced as exploratory analyses.

The issue of fixed or time-varying natural m ortality and m aturity estim ates is per­
haps m ore straightforw ard. We have dem onstrated that both of these quantities have 
changed considerably through time, and that the fixed values used for the assessment 
are no longer valid. The time-varying estimates for natural mortality have been 
developed over a number of years by WGSAM and have a robust methodological 
background (although the supporting stomach-contents data is elderly), and 
WKBENCH concludes that they should be used in the subsequent update assess­
ments. The m aturity estimates have been derived from  IBTS Q1 data quickly during 
the meeting, and  m ay be less reliable: however, the trend  in m aturity-at-age is very 
significant and cannot be ignored. WKBENCH concludes that refined maturity es­
timates should be developed before the next WGNSSK meeting in May 2011 and 
used in subsequent update assessments.
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Figure 4.8.21. Stock summary results for XSA and SAM, both using fixed natural mortality and 
maturity data. Iterations were unrestricted for the XSA run.
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Figure 4.8.23. Stock summary results for XSA, SAM and SURBA, all using fixed natural mortality 
and maturity data. Mortality is expressed at Z, and SSB and recruitment estimates are mean- 
standardised, to allow  comparisons w ith  SURBA. Iterations were unrestricted for the XSA run.

4.9 Short-term and medium-term forecasts

The key difficulty in recent short-term  forecasts for N orth  Sea haddock has been the 
forecasting of weights-at-age, given that the 1999 and 2000 year classes exhibited a 
non-standard  grow th pattern  (growing m ore slowly than w ould be expected). A n ad 
hoc procedure was developed, in w hich the weights-at-age of these tw o year classes 
w ere forecast using proportional increments, while rem aining year classes were fore­
cast using three or five-year m ean weights-at-age.

Jaworski (in press) applied tw enty different grow th forecasting m ethods (Table 4.9.1) 
in a hindcast analysis, in  which weights-at-age forecasts from  12 years ago were 
com pared w ith the observed outcomes. The test statistics were the ratio of forecast to 
observed weights, and the variance of the forecast. There was a general tendency to 
overestim ate weights in forecasts (Figure 4.9.1). The m ost beneficial model, in term s 
of both test statistics, was a simple cohort-based linear model.

The abstract from  Jaworski (in press) is as follows:

"M ethods for predicting m ean weight-at-age for four haddock (Melanogrammus aegle­
finus) stocks in the N ortheast A tlantic were evaluated. Their perform ance in short­
term  forecasts of yield (catch in  weight) was tested in a retrospective analysis con­
ducted for a 12-year period (from 1997 to 2008). For each year, the estim ated yield 
was com pared w ith the observed yield, both being conditional on the recorded catch
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num bers-at-age. Overall, regardless of the prediction m ethod used, the forecasts gen­
erated for Rockall and Icelandic haddock were m ost accurate, and those for N orth Sea 
haddock least accurate. Am ong the exam ined methods, there was an overwhelm ing 
tendency to overestim ate yield. No single m ethod appeared to be superior for all the 
four stocks. Simple linear m odels for year classes regressing m ean w eight on age 
appeared an effective m ethod for the N orth  Sea and W est of Scotland stocks. Some 
m ethods based on linear models for expected growth, w ith  weight, age, year or year- 
class effects as predictors, perform ed well, which reflected the grow th patterns spe­
cific to each stock. A pplication of some of the proposed m ethods considerably re­
duced the bias and increased the precision of yield forecasts as com pared w ith  the 
m ethods currently being used, particularly for N orth  Sea and Icelandic haddock."

4.9.1 Conclusion

Jaworski (in press) has conducted an extensive hindcast testing procedure of a w ide 
variety of m ethods for forecasting weights-at-age in N orth  Sea haddock, and has been 
able to explore the issue in far m ore depth  and breadth  than  has previously been 
possible. His conclusion on the m ethod that generates the estim ate w ith the least bias 
and variance appears to be robust and has been extensively peer-reviewed. There­
fore, WKBENCH recommends that weights-at-age for North Sea haddock forecasts 
be modelled using a linear cohort-based approach.

Method Model Method
code

Evaluated
stocks

Log catch weight vs. log stock weight* log Ha,,, =  a + ß  log FT\V 1J Iceland
Log catch weight vs. log stock weight and age+ log I P „ - « ( ,+ &  log n \ y 2 Iceland
Log catch weight vs. log stock weight, age, and year* log wi f  = a a + ß„  log W \ y +  yf 3 Iceland

Mean of five previous weights ïï’aj =  (rc',,-5 +  - - - +  y 5 A All
Mean of three previous weights ffaa = ( U i i 1-! + . .- +  R j j - t  )  ^ B° All
Previous weight C All

Mean proportional increments if *  fffl-Ij-1 £ ( i f Oi ifo-lj’tl D .All

Linear models for year classes ffa,c =  G, +  ,'JL-u E .All

SGRvs. age Say  =  St F .All
SGR vs. age and year Say =  s t  “  h G .All
SGRvs. age and year class gay = -X +  A H .All
SGRvs. log weight* g o y - a + ß  lo g f f i-u - i I .All
SGR vs. log weight and year* ga y  = a + ß  log Ifk i.,-1 +  ft J .All
SGRvs. log weight and year class* Sax =  <*+/?log ï ï’a -u  + àc K .All
SGR vs. log weight and aget gay *= a*~ ßa  log fTe-ljM L .All
SGRvs. log weight, age. andyearî gay = O a+ ßc  log Ra-lj-l + 7f M .All
SGR vs. log weight, age, and year class! gac = aa+ ß a log ^ a -U  + ^ N .All

Combination o f Methods A  and D See above X: NS
Method E for ages 1-8+ See above Y J WS
Combination of Methods 1 and J See above Ze Iceland

T a b le  4.9.1. F o re c a s t  m o d e ls  f o r  w e ig h ts -a t- a g e  te s te d  b y  J a w o rs k i  ( in  p re s s ) .
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Figure 4.9.1. Results of hindcast forecast model testing from Jaworski (in press), x axis = Mean 
estimated total yield  (proportion of observed), y  axis = standard deviation of forecasts.

4.10 Biological reference points

The recom m ended configuration for the update assessm ent leads to a substantial 
revision of estim ated abundance and biomass levels. In this context, the existing 
biom ass reference points are no longer valid, and m ust be revised. In this Section, we 
present a suggested approach for revising these reference points: however, we en­
courage WGNSSK to reconsider this issue in their May meeting, as this re­
estim ation was conducted in some haste (and the assessm ent uses m aturity  estimates 
that are tem porary only). It will also be necessary to revisit the m anagem ent strategy 
evaluation at some tim e in the future, in case the target F in the m anagem ent p lan  is 
no longer appropriate. We only report reference points here for the XSA assessment 
w ith  tim e-varying natural m ortality and m aturity  estimates, although the m ethodol­
ogy is m ore generally applicable.

The existing biomass reference points for N orth  Sea haddock are as follows, along 
w ith  their technical basis:

Reference point Value Technical basis

B(lim) 100 kt "Smoothed B(loss)"

B(pa) 140 kt B(lim) * 1.4

These were developed at the ICES Study G roup on the Precautionary A pproach in 
1999 and 2001, based on the WGNSSK stock-recruit estimates from  2000 (ICES- 
WGNSSK 2000). Figure 4.10.1 illustrates these estimates. From  this, it is clear that 
"sm oothed B(loss)" for this stock meant: take the th ird  lowest SSB estimate, and 
round  to the nearest 5 kt. The result of applying this same approach to the final rec­
om m ended XSA assessment from  WKBENCH (with varying natural m ortality and 
m aturity) is illustrated in Figure 4.10.2: the interim  proposals from  this are B(lim) = 
185 kt and  B(pa) = 260 kt.
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Figure 4.10.1. XSA stock-recruit estimates from W GNSSK (2000). The accepted value of B(lim) 
(100 kt) is shown w ith a red line.
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Figure 4.10.2. XSA stock-recruit estimates from WKBENCH (2011), using time-varying natural 
mortality and maturity estimates. The interim proposal for B(lim) (185 kt) is shown w ith a red 
line.

The im plications of this approach need to be considered carefully, as any such 
changes m ay lead to  a revision of the perception of stock status. The following text 
table com pares stock status as indicated by the current assessm ent w ith that indicated 
by the proposed new  assessment: it is d ea r that, although biomass estim ates are lar­
ger, the stock status in relation to precautionary reference points is reduced.

B(pa) B(2009) Ratio

Current assessment 
(fixed M and Mat)

140 kt 178 kt 1.271

Proposed new 
assessment (time- 
varying M and Mat)

260 kt 232 kt 0.892
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4.11 Recommendations on the procedure for assessment updates and further 
work

• WKBENCH recom m ends that a joint IVa-VI dataset be collated in time for 
the assessm ent WGs in M ay 2011, and that a com parative assessm ent be 
carried out by WGNSSK using these data. This will provide further evi­
dence for a final decision on appropriate assessm ent units.

• WKBENCH recom m ends that the update assessment model remains 
XSA, using the existing run  settings. In addition, exploratory assessments 
using SAM and SURBA should be ru n  each year.

• WKBENCH recom m ends that weights-at-age for N orth Sea haddock fore­
casts be m odelled using a linear cohort-based approach.

• WKBENCH recom m ends that time-varying natural mortality estimates
from  WGSAM should be used in  the subsequent update  assessments.

• WKBENCH recom m ends that refined maturity estimates should be devel­
oped before the next WGNSSK m eeting in M ay 2011 and  used in subse­
quent update assessments.

• If the proposed new  assessm ent (with time-varying natural m ortality and 
m aturity  estimates) is accepted for use in subsequent updates, WKBENCH 
recom m ends that biom ass and fishing m ortality reference points and m an­
agem ent strategy evaluations be revisited and potentially updated.

• WKBENCH recom m ends that the next benchm ark m eeting for N orth Sea 
haddock be brought forw ard if haddock m anagem ent changes to a system 
of catch quotas w ith an enforceable discard ban.

4.12 Implications for m anagem ent

The new  assessm ent presented above has (potentially) considerable implications for 
m anagem ent advice that will need to be considered carefully. The use of new  natural 
m ortality and m aturity estimates, while well-justified, leads to a considerable revi­
sion in  biomass time-series. The m ethodological changes are sufficient to w arran t a 
revision of biomass reference points as well. Interim  suggestions for these reference 
points are presented above; however, they change significantly the perception of the 
stock (from being above Bpa, to being below  Bpa). M uch of this change is due to the 
new  m aturity  estimates, bu t (as stated above) these should not actually be used di­
rectly as they do not account for concomitant (and opposite) changes in fecundity. 
WKBENCH recom m ends that new  biological reference points be developed for had ­
dock before the new  assessment is used as the basis for advice, and that said reference 
points be based on considerations of reproductive potential rather than SSB.
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5 N o r th e a s t  Arctic h a d d o c k

5.1 Current assessment and issues with data  and assessment

NEA haddock stock is annually assessed by the Arctic Fisheries W orking Group 
(AFWG) using standard  procedures accepted by ICES. D ata and m ethods used in  the 
assessm ent in AFWG are based on catch-at-age analysis and  details are described in 
the Stock Annex. In recent AFWG meetings some issues were found that needed ad­
ditional investigations requiring a benchmark. Issues considered in this benchm ark 
relate to:

5 ) Survey indices used for tuning XSA. Residuals for ages 7-8 for all surveys
in the last assessm ents were high in the XSA runs. There is a notable sys­
tem atic difference betw een the time-series of abundance-at-age from  the 
XSA and those observed in the surveys, nam ely that the XSA time-series is 
sm oother and  generally does not follow the relatively sharp peaks seen in 
the surveys. N ew  data series were presented in AFWG (ICES, 2010) (Eco- 
NoRu-Btr-3Q) for investigation.

6 ) M odel assum ptions. XSA m odel estim ates are sensitive to settings. The
m ain issue was how  the settings (assum ptions) can reflect the stock and 
fishing m ortality dynamics.

7 ) Retrospective XSA analysis shows deviations in both recent and past years.

8 ) D iscarding and IUU catches are know n and variable problems.

9 ) Estimates of MSY and PA reference points are needed.

5.2 Compilation of available data

5.2.1 Catch an d  landings d a ta

Commercial landings data allocated to ages 1-10 (and 11+ group) from  1950 to 2009 
w ere com piled to generate a catch-at-age matrix. Commercial landings data allocated 
to ages 3-14 from  1950 to 2009 were available at the WKBENCH 2011 meeting.

D ata for these landings came from  the ICES database w ith landings reported  by 13 
countries including sam pled inform ation from  Norway, Russia, and Germany. Most 
landings were reported  for the Russian and N orw egian traw l and longline fisheiy.

Catch in  num bers-at-age and weights-at-age were com piled by port sam pling pro­
gram  for N orw ay and  by data from  fishing vessels for Russia, and applied to the re­
m aining landings by area.

Until 2009, the m ain N orw egian sam pling program  for dem ersal fish (mainly cod, 
haddock and saithe) was port sampling, carried out on board  a vessel travelling from 
port to port for approxim ately six weeks each quarter. A detailed description of this 
sam pling program  is given in H irst et al. (2004). However, this program  was, for eco­
nom ic reasons, term inated 1 July 2009. A lthough sam pling by the 'reference fleet' and 
the Coast G uard has increased som ewhat in  recent years, this change seems to have 
incieased the uncertainty in the catch-at-age estimates (Fotland, 2010). H addock is 
m ainly fished in the first half of the year, so the effect of the change will show  up 
m uch stronger in  the 2010 data. Nevertheless, there are already concerns that the 
commercial sam pling could become so poor that analytical assessments cannot be 
m ade in the future.
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In recent years, estimates of unreported  catches (IUU catches) of haddock for the 
period 2002-2008 have been added  to reported  landings. There are different estimates 
of unreported  catches/landings by N orw ay and Russian. D uring the benchmark, as in 
recent AFWG, it was decided to use the N orw egian estim ates for the period 2002- 
2008. There has been an indication that the present catch control and reporting sys­
tem s are not sufficient to prevent discarding and under-reporting of catches. H ow ­
ever, since 2005 Port State Control has been im plem ented w hich should reduce IUU 
catches in the Barents Sea. The level of IUU landings in  2009 was estim ated equal to 
zero.

N o estim ates of discarding of NEA haddock from  commercial catches were available 
at the WKBENCH 2011 meeting. D iscarding is a know n and variable problem, but 
there is no know ledge about the levels. It was recognized that there is a need for es­
tim ating the m agnitude of discards, bu t due to lim itations in available time and ef­
fort, this should be done at another time and together w ith  NEA cod. So far, there is 
no evidence to suggest that the am ount of discards is large enough to cause problem s 
for the assessment. For haddock, discards are thought to be m ore of an issue than 
unreported  landings.

Details about how  the landings data were derived and processed are described in the 
stock annex.

5 .2 .2  Biological d a ta

The proportion of natural and  fishing m ortality before spaw ning was assum ed to be 
zero, based on analysis m ade in previous assessments.

Stock weights and length-at-age in stock and proportion of m ature fish to ages 1-11 
w ere derived from  Russian surveys in au tum n (mostly October-Decem ber) for the 
period from  1982 to 2009 and N orw egian surveys in January-M arch for the period 
from  1982 to 2010. In 2006 the AFWG, based on previous investigations (ICES 2006), 
decided to sm ooth raw  data of stock weight-at-age and m aturity-at-age using models 
in order to rem ove some of the sam pling variability in the estimates.

D uring the benchm ark some corrections in weight-at-stock and m aturity  data from  
AFWG 2010 were included to correct for errors m ade previously in the historical data 
set. Influence of these corrections on the stock assessment is rather small, at average 
3% of SSB (Figure 5.1).
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Figure 5.1. D ifferences betw een n ew  SSB estimates (SSB WKBENCH 2011) w ith  previous SSB 
estimates using corrected w eight and maturity data.

N o changes in the natural m ortality estim ation procedure were proposed during the 
benchm ark (see Section 5.8.4). The m ethod used by AFWG to estim ate variable M 
caused by NEA cod consum ption was checked during the m eeting and confirmed.

In current AFWG practice, weight-at-age data, both in  stock and in catches, m aturity 
data, and natural m ortality for the period 1950-1979 is assum ed to be the average 
during the period w ith observed values (1980-current). Each year w hen new  data 
become available, averages used as historical values is recalculated. During the 
benchm ark it was decided to stop this practice and fix the data for the historical pe­
riod w ith current estimates (1980-2010).

Details about how  the w eight and m aturity data were derived and processed are 
described in the NEA haddock stock annex and in Section 5.9.1, of this report.

5 .2 .3  Survey tuning d a ta

A n annual Russian bottom  traw l survey has been conducted since 1983 (mostly in 
October-December), covering the ice-free part of the Barents Sea. The aim  of conduct­
ing this survey is to investigate both the commercial size haddock as well as the 
young haddock. In 1984, acoustic m ethods started to be im plem ented during surveys 
of fish stocks. In 1995 a new  acoustic assessm ent m ethod was applied for the first 
time, w hich allowed the differentiation and registration of echo intensities from  fish 
of different length.

There were three survey abundance indexes at age from  that survey available at 
WKBENCH 2011:

1 ) absolute num bers (in thousands) com puted from  the acoustics estim ated
by old m ethod (RU-Aco-old-Q4) for the period 1985-2009 (ages 0-9);

2 ) absolute num bers (in thousands) com puted from  the acoustics estim ated
by new  m ethod (RU-Aco-Q4) for the period 1995-2009(ages 0-10);
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3 ) traw l indices, calculated as relative num bers per hour traw ling (RU-BTr- 
Q4) for the period 1983-2009 (ages 0-9).

D uring the benchm ark meeting, the index RU-Aco-old-Q4 was investigated and it 
was decided not to use it in assessm ent because of low  quality (lack of internal consis­
tency). The indices (RU-Aco-Q4) were neither used for tuning the XSA due to a 
strong "year effect" observed in years w ith  incom plete area coverage. This index 
needs further adjusting before it can be used for tuning. Based on an internal consis­
tency test, the RU-BTr-Q4 index is used in tuning for ages 1-7.

The N orw egian w inter (February) survey (from 2000; Joint Barents Sea survey) 
started in  1981 and  covers the ice-free part of the Barents Sea. Two abundance indices 
at age from  that survey were available at WKBENCH 2011:

1 ) sw ept area estimates from  bottom  traw l NoRu-BTr-Ql for the period 1981-
2010 (ages 1-10);

2 ) sw ept area estim ates from  acoustic NoRu-Aco-Ql for the period 1981-2010
(ages 1-10).

During the m eeting it was decided to use both of them  for tuning XSA: NoRu-BTr-Ql 
for (ages 1-8) and NoRu-Aco-Ql for ages 1-7.

A joint ecosystem survey in A ugust-Septem ber was started in 2004 and  a new  bot- 
tom -traw l index, based on this survey, is now  available. This survey covers a larger 
portion of the distribution area of haddock. The new  index Eco-NoRu-Btr-Q3 for pe­
riod 2004—2009, ages 1-8, became available for AFWG 2010. This time-series has been 
tested as a new  tuning fleet in  XSA and it was found that index was acceptable for 
applying in  NEA haddock assessment.

The WKBENCH confirmed the AFWG decision to use indexes for all surveys only for 
the period 1990 onwards.

The data from  surveys in the first quarter are shifted to 31 December of previous year 
and ages are shifted 1 year back accordingly. This is done in order to use m ost recent 
survey indexes in the annual assessment, carried out in the spring.

5.2.4 Commercial tuning data

N o commercial cpue indices are used (see stock annex).

5.2.5 Industry/stakeholder data inputs

N o additional inform ation beyond the landings from  the commercial fleet was pre­
sented for incorporation in the assessment at the Benchmark W orkshop.

5.2.6 Environmental data

The strength of NEA haddock year classes is influenced by the size and  structure of 
the spaw ning stock, bu t also by w ater tem perature and cod predation.

Oceanographic data (water tem perature and salinity) is available for a long period 
b u t this additional inform ation is not directly used in stock assessment, although 
such data could assist in year-class strength estim ation (see Section 5.9.1) and contain 
inform ation on the distribution of the stock.

Increased overall production is expected to produce increased catches of cod, had­
dock and other species. A n increase in prim ary productivity coupled w ith other posi-
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tive effects of increased tem perature on fish grow th and reproduction, m ay cause 
productivity of cod, haddock and other commercially im portant species to increase. 
However, negative effects on prey species m ay also occur. Thus, overall effects on 
fish productivity are hard  to predict.

Cod stom ach contents from  surveys for the period 1984 until current year are avail­
able. Estim ated values of cod predation are included in  the NEA haddock stock as­
sessm ent (see Section 5.8.4).

5.3 Stock identity, distribution and migration issues

The North-East Arctic H addock is d istributed in the Barents Sea and adjacent waters, 
m ainly in w aters w ith  tem perature above 2° Celsius. Tagging carried out in  1953- 
1964 show ed the contem porary area of the N ortheast Arctic haddock inhabit the con­
tinental shelf of the Barents Sea, adjacent w aters and  the polar front. The m ain 
spaw ning grounds are located along the N orw egian coast and the area betw een 
70°30' and 73° N  along the continental slope, bu t spaw ning also occurs as far south as 
62°N. Larvae are dispersed in the central and  southern Barents Sea by w arm  currents. 
The 0-group haddock drifts from  the spaw ning grounds eastw ards and northw ards 
and during the international 0-group survey in  A ugust it is observed over w ide areas 
in the Barents Sea. Until m aturity, haddock are mostly distributed in the southern 
Barents Sea, their nursery area. Having m atured, haddock m igrate to the N orw egian 
Sea.

There are a num ber of signs indicating that NEA haddock have different life-history 
traits outside the survey area. Spawning occurs as far south as 62°N and possibly as 
far north  as 74°N. Observations at the 0-group survey find tw o peaks in the length 
distributions of 0-group haddock. Korsbrekke (2001) com pared population param e­
ters as observed in  a survey off Lofoten islands and  in Vesterâlen w ith  observations 
m ade in  the annual bottom -traw l survey (winter) in the Barents Sea. The results 
show ed differences in  grow th and  m aturation and a com parison of estim ated abun­
dance indices show ed a different pattern  off Lofoten relative to year-class strength. 
This m ay have show n up  like "catchability" issues in the stock assessment. One ex­
am ple is the 1996 year class being estim ated as very weak in the surveys, bu t showing 
up  as a m oderate year class in the catches. Tagging experim ents (Erik Berg, not pub­
lished) show that haddock m igrate west and  south, and don 't always re tu rn  to the 
Barents Sea after spawning. This can also explain the poor coverage of the oldest ages 
in the surveys. It is recom m ended that the Joint Barents Sea survey (NoRu-Ql) is 
extended southw ards along the N orw egian coast to im prove the coverage of the 
older ages.

5.4 Influence of the fishery on the stock dynamic

The haddock fishery and  its history are described in the stock annex. From 01.01.2011, 
the m inim um  catch size of haddock is 40 cm in the Russian EEZ, the N orw egian EEZ 
and  the Svalbard area. The m inim um  m esh size in traw l codend is 130 mm.

Discards are illegal both in Russian and N orw egian EEZs, bu t examples of extensive 
discards are reported  in the National news at irregular intervals. Discards are proba­
bly a varying problem  and it is believed that the problem  is larger w hen strong year 
classes are occurring. It is recognized that there is a need to investigate this problem  
further. It is possible to estim ate discards similar to w hat has been done for NEA cod.



ICES W K BE N C H  REPORT 2 0 1 1

However, the availability of representative age-length keys is scarce (especially age- 
length keys from  N orw egian commercial vessels).

5.5 Influence of environmental drivers on the stock dynamic

The strength of a haddock year class is generally determ ined by the autum n of its 
first year of life. W ater tem perature strongly affects the abundance of 0-group had­
dock (Dingsor et ah, 2007) and if it is cold, the probability of strong year classes is 
very low. The m echanisms behind the tem perature effect are not fully understood 
and  several factors are likely to be im portant. Tem perature probably influences the 
grow th and m aturity  of the adult population, as well as the grow th and  survival of 
eggs and larvae, either directly through m etabolism  or indirectly through the abun­
dance of available prey. The N orth Atlantic current and the N orw egian coastal cur­
rent are also im portant for transport of the eggs and larvae, and observed 
tem perature effects m ay be caused by increased inflow of Atlantic w ater into the 
Barents Sea. Like other haddock stocks, NEA haddock stock dynam ics w ere strongly 
influenced by single, strong year classes once or twice every decade. However, in  the 
2000s NEA haddock produced three consecutive strong year classes (2004—2006). This 
has never been seen before and the reasons are not known. The Barents Sea tem pera­
tures have increased in the last several decades. This has led to an increase in area of 
suitable or preferred habitat, which m ay again have increased the carrying capacity 
of haddock in the Barents Sea. This hypothesis should be further investigated.

5.6 Role of multispecies interactions

5.6.1 Trophic in teractions

Cod is the m ain predator on haddock, and predation by cod on young haddock is 
included in the assessm ent as an additional m ortality. This is found to im prove the 
assessm ent (see Section 5.8.4). Predation by cod removes on average about the same 
biomass as the fishery, bu t predation mainly takes place on ages 1-3, while the fish­
ery starts at age 3.

H addock m ainly prey on benthic organisms. It is not know n w hether the current very 
high stock level for haddock, w hich will persist for some years, could significantly 
influence the food availability.

5 .6 .2  Fishery interac tions

The dem ersal fisheries in the Barents Sea are highly mixed, and haddock is fished 
together w ith  cod (particularly), bu t also together w ith saithe. A bout 75% of the catch 
is taken by traw l and  the rest by other gears such as longline and gillnet. The ratio 
betw een cod and haddock quota and  exploitation rate, as well as the size composition 
and geographical distribution of those stocks, affect the w ay the fishery is carried out 
and  also influence unreported  landings and  discards.

N o m ixed fisheries m odel has been set up  for this area.

5.7 Impacts of the fishery on the ecosystem

Bottom traw l is the m ost im portant gear and m ay have large effects on bottom  habi­
tats and the organism s living there. In general, the response of benthic organism s to 
disturbance differs w ith  substrate, depth, gear, and type of organism  (Collie et ah, 
2000). The qualitative effects of traw ling have been studied to some degree. The most
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serious effects of otter traw ling have been dem onstrated for hard-bottom  habitats 
dom inated by large sessile fauna, w here erected organism s such as sponges, antho- 
zoans and  corals have been show n to decrease considerably in abundance in the pass 
of the ground gear. Effects on soft bottom  have been less studied, and  consequently 
there are large uncertainties associated w ith w hat any effects of fisheries on these 
habitats m ight be. Studies on impacts of shrim p traw ling on clay-silt bottom s have 
not dem onstrated clear and consistent effects, bu t potential changes m ay be m asked 
by the m ore pronounced tem poral variability in these habitats (Lokkeborg, 2005). The 
impacts of experim ental traw ling have been studied on a high seas fishing ground in 
the Barents Sea (Kutti et ah, 2005). Trawling seems to affect the benthic assemblage 
m ainly through resuspension of surface sedim ent and through relocation of shallow 
burrow ing infaunal species to the surface of the seafloor. W ork is currently going on 
in the Arctic, jointly betw een Norw ay and Russia, exploring the possibility of using 
pelagic traw ls w hen targeting dem ersal fish. The purpose is to avoid im pact on bot­
tom  fauna and to reduce the m ixture of other species. It will be m andatory to use 
sorting grids to avoid catches of undersized fish.

Lost gears such as gillnets and longline m ay continue to fish for a long time (ghost 
fishing). Some studies have exam ined catch efficiency of lost gillnets, bu t there are no 
estimates of the total effect. Ghost fishing in  depths shallower than  200 m  is usually 
not a significant problem  because lost, discarded, and abandoned nets have a lim ited 
fishing life owing to their high rate of biofouling and, in some areas, their tangling by 
tidal scouring. The N orw egian Directorate of Fisheries also conducts organized re­
trieval surveys. All together, 14 150 gillnets of 30 m eters standard  length (approxi­
m ately 425 km) have been rem oved from  N orw egian fishing grounds during the 
period from  1983 to 2010. Several kilometers of lost longline have also been retrieved 
and  the retrieval surveys are considered im portant.

5.8 Stock assessment methods

5.8.1 Models

The XSA im plem entation of a virtual population analysis (VPA) was used to fit the 
catch-at-age data from  the commercial fleets and incorporates the four indexes from 
three traw l-acoustic surveys as tuning-series. M odel runs were conducted in  the FLR 
environm ent, bu t XSA diagnostics are presented using the VPA95 DOS version of 
XSA because of its m ore complicated and reliable tuning diagnostic. N atural m ortal­
ity is set at 0.2 for all age groups bu t the additional m ortality caused by NEA cod 
predation  is added  for age groups 1-6. Cod predation estim ates in num bers, by had ­
dock age groups, were added  to the catch-at-age m atrix and the estim ated mortality 
was divided afterwards into natural m ortality from  cod consum ption and fishing 
m ortality. The division is done proportionally to real catches and the num ber con­
sum ed.

The XSA m odel has been used for the assessm ent for m any years. ADAPT and 
TISVPA m odels w ere exam ined by AFWG previously and were found to give similar 
results. These alternative m odels were not tested during the WKBENCH.

5 .8 .2  Sensitivity analysis

As it has been reflected in previous AFWG reports (e.g. ICES, 2010) the XSA m odel 
for haddock is sensitive to choice of m odel param eters values. D uring the benchm ark
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XSA param eters were tested and  some changes from  previously used by AFWG val­
ues were proposed (see Section 5.8.4).

5 .8 .3  Retrospective pa tte rns

The retrospective pattern  dem onstrates a reduction in SSB and  increase in F from 
2005 onw ards, bu t the opposite pattern  prior to the early 2000s (Figure 5.2). The rea­
sons for such a pattern  were explored during the benchm ark and described below.

Retrospective analysis for Arctic haddock
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Figure 5.2. Northeast Arctic haddock. Results of retrospective runs w ith XSA settings from  
AFWG-2010.

5 .8 .4  Evaluation of th e  model

In order to understand  m odel sensitivity and retrospective problems, a num ber of 
XSA settings w ere tested and new  values were proposed.

Surreys chosen for XSA tuning

AFWG does not use survey indexes before 1990 because of data quality (ICES, 2010). 
This issue was not tested during the benchm ark and only survey data for the time 
period from  1990 and  onw ards were used in tuning.

Analysis of internal surveys consistency, relationship betw een survey indices and 
catch-at-age num bers, as well as XSA diagnostic from  exploratory runs (Kovalev and 
Tchetyrkin, 2011), led to choosing four surveys for use in the XSA model. A nother 
tw o indices available for tuning were rejected. The Russian acoustic survey index 
calculated by the "old m ethod" dem onstrated a lack of internal consistency and has
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been ex d u d ed  from  further analysis. The other Russian acoustic survey residuals 
dem onstrate strong year effects, particularly in the m ost recent years (Kovalev and 
Tchetyrkin, 2011). Such a high year effect could be explained by changes in area cov­
erage (ICES, 2011), which was not taking into account in  the survey index calculation. 
It was decided not to use this survey in tuning, bu t rather to study it again during the 
next benchm ark after appropriate adjustm ent.

The joint ecosystem survey was not used in  past assessments, bu t was selected for 
inclusion by the WKBENCH. This index shows reasonably good internal consistency 
for ages 1-8 and correlated well w ith  catch-at-age data and other surveys (Kovalev 
and  Tchetyrkin, 2011).

For three other surveys that w ere previously used in assessments, WKBENCH agreed 
to include ages 1 and 2 in XSA tuning based on internal survey consistency and a 
reasonably good relationship w ith cod consum ption estimates w hich is included in 
assessment (Kovalev and Tchetyrkin, 2011).

Table 5.1. Indices chosen for tuning of XSA m odel for NEA haddock.

Fleets
N ew  fleet 
nam e

First
year

Last
year First age

Last
age Alpha Beta

FLT01: Russian BT RU-BTr-Q4 1990 2009 1 (was 3) * 7 .900 1.000

FLT02: Norwegian 
acoustic

NoRu-Aco-
Ql

1990 2009 1 (was 3) 7 .990 1.000

FLT04: Norwegian 
BT

NoRu-BTr-
Ql

1990 2009 1 (was 3) 8 .990 1.000

FLT007: Ecosystem Eco-NoRu-
Btr-Q3

2004 2009 1 8 .650 .750

* Shaded fleets/age groups w eren 't used in AFWG previous assessment.

Natural mortality from NEA cod consumption

The m ethod used by AFWG to estim ate natural m ortality of haddock consum ed by 
cod was review ed at the benchm ark (Bogstad, 2011; Kovalev and Tchetyrkin, 2011). It 
was found that data on cod consum ption are in good correspondence w ith the survey 
indices. Inclusion cod consum ption data in haddock assessm ent im proves the correla­
tion betw een catch data (+consumption) and  survey indices for younger ages in XSA 
m odel and also im proves the inclusion of indices for ages 1 and 2 in XSA tuning 
(Kovalev and  Tchetyrkin, 2011, see Figures 5.3 and 5.4 as an example). The fit of tun ­
ing data to the VPA estimates for younger ages are also im proved if data on cod con­
sum ption are included in  the assessm ent (Bogstad, 2011).
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Figure 5.3. Relationship betw een year-class strength estimates by catch-at-age data (cod consum p­
tion included) and N orw egian/Joint trawl acoustic survey. Points are marked by year- 
class/generation.
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Figure 5.4. Relationship betw een year-class strength estimates by catch-at-age data (cod consum p­
tion NOT included) and N orw egian/Joint trawl acoustic survey. Points are marked by year- 
class/generation.

Q parameters

Based on results of exploratory runs (Kovalev and Tchetyrkin, 2011) it was found that 
there is no reason to assum e q is independent of age for any ages (Figure 5.5). The last 
age in the surveys data is 8, so the XSA param eter "Catchability independent of age 
for ages >= 9" was chosen.
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Figure 5.5. NEA haddock. Catchability for different surveys (exp(-Log q) from XSA run 1; Kovalev 
and Tchetyrkin, 2011). Note that: Ru-BTr-Q4 = FLT01: Russian BT; N o-Aco-Q l = FLT02: Norwe­
gian aco; No-BTr-Ql= FFT04: Norwegian BT; Eco-NoRu-BTr-Q3 = FFT007: Ecosystem; Ru-Aco-Q4 
= FLT011: Russian acou.

XSA parameter “Catchability independent of stock size“

Based on an analysis of the relationship betw een the survey indexes and catch-at-age 
data, it was decided that a pow er function is m ore suitable for m ost ages (Kovalev 
and Tchetyrkin, 2011). Using a linear relationship in  XSA could lead to overestim a­
tion of m ore abundant year classes and underestim ation of less abundant ones. So 
another q param eter could be set to "Catchability independent of stock size ages < 
9".

Results of XSA diagnostic from  exploratory run  confirm this conclusion (Table 5.2).
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Table 5.2. Northeast Arctic haddock. Some results of XSA diagnostic from run 1 (Kovalev and 
Tchetyrkin, 2011). The follow ing correspondence between the surveys acronym used in the past 
and in WD4 and this report and stock annex: Ru-BTr-Q4 = FLT01: Russian BT; N o-A co-Q l = 
FLT02: Norwegian aco; No-BTr-Ql= FLT04: Norwegian BT; Eco-NoRu-BTr-Q3 = FLT007: Ecosys­
tem; Ru-Aco-Q4 = FLT011: Russian acou.

Ru-BTr-Q4 N o-A co-Q 1 N o-B T r-Q l Eco-NoRu-BTr-Q3 R u-Aco-Q 4

Ago Slope t-value Slope t-value Slope t-value Slope t-value Slope t-value

1 0.75 1.887 0.88 0.967 0.85 1.604 0.92 0.398 0.71 2.263

2 0.63 4.864 0.76 3.151 0.68 3.367 0.6 3.59 0.68 2.37

3 0.64 4.866 0.73 3.978 0.73 2.934 0.81 0.92 0.71 1.507

4 0.68 3.145 0.69 2.982 0.71 2.648 0.82 4.126 0.73 1.285

5 0.69 2.343 0.59 2.923 0.56 4.197 0.64 3.413 0.6 2.791

6 0.72 1.809 0.68 1.756 0.58 2.875 0.96 0.174 0.59 2.235

7 0.73 1.401 0.85 0.418 0.52 3.585 0.62 2.028 0.71 2.263

8 0.71 1.079 0.23 2.796

* S h a d e d  ce lls sh o w  s ta tis tic a lly  s ig n if ic a n t d if fe re n c e  f ro m  lin e a r  m o d e l (t>2, so p o w e r  m o d e l is  b e tte r  
fo r  w ith  ages).

Shrinkage

Different options for XSA shrinkage param eters were studied during the benchm ark 
meeting. The NEA haddock stock dem onstrates a rap id  increase in m ost recent years. 
Fishing m ortality is decreasing subsequently. In this type of stock dynam ic it is diffi­
cult to support using P shrinkage and a high w eight (low assum ed error) for F 
shrinkage. Using strong shrinkage will lead to underestim ation of grow ing stock and 
overestim ation of declining one.

Excluding P shrinkage from XSA tuning caused some increase at stock size (SSB in­
creased by 8% in 2009, while R at age 3 increased by 27%). O n the other hand  the 
retrospective pattern  was visibly w orse com pared to the AFWG-2010 final run. So, 
m ore accurate estim ate of stock size will be in conflict w ith interannual stability of 
assessment. Because of this, it was decided to keep this param eter on in  tuning, as it 
is currently done by AFWG.

The decrease of the F shrinkage w eight by setting s.e.=1.0 caused some increase in 
SSB and  in R at age 3 abundance in year 2009. The difference in previous years was 
smaller. Nevertheless, results of a retrospective ru n  w ith XSA settings from  this run  
(run 4 of Kovalev and Tchetyrkin, 2011) were considerably different com pared to the 
AFWG-2010 final ru n  (ICES, 2010). The SSB and F retro patterns im proved for m ost 
recent years bu t deviations of estim ates in the historical period become m uch worse. 
A further decrease of the shrinkage w eight by setting s.e.=1.5 caused a similar but 
stronger effect (Figure 5.6).
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Retrospective analysis for Arctic haddock
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Figure 5.6. Northeast Arctic haddock. Results of retrospective runs w ith XSA settings from run 4 
(with P and F shrinkage; s.e. for F shrinkage = 1.5) of Kovalev and Tchetyrkin, 2011.

Such a bad retrospective pattern  for period 1990-2000 is explained by the influence of 
F estim ates in older age groups, and  seems to  be related to the abundant year classes 
entering the older part of catch-at-age m atrix in 1994 and after 1997. The reasons of 
such influence are unclear. Possible explanations are catchability issues, errors in  
age-length keys because of the low  num bers of older ages in the samples, and not 
correct sam pling. For younger ages the retrospective pattern  is m uch better (Figure 
5.7).
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Figure 5.7. Northeast Arctic haddock. Results of retrospective runs for ages 6 and 10 w ith XSA 
settings from Kovalev and Tchetyrkin (2011) run 4 (with P and F shrinkage; s.e. for F shrinkage = 
1.5).

D uring the discussion of possible alternatives at the benchm ark meeting, the s.e.=1.5 
for F shrinkage was considered to be m ore appropriate for use in XSA. The solution 
was based on the im proved retrospective pattern  (Figure 5.6) for the most recent 
years, which is presum ably m ore reliable for stock m anagem ent. It is clear from  sur­
vey indexes that the stock is rapidly increasing now, at the same time F is going 
dow n. Using strong shrinkage at such a stock developm ent m eans system atic under­
estim ation of age groups w ith higher abundance (they have usually lower F) than 
previous ones. As this is the case now, it should be expected that decreasing w eight 
of shrinkage will give m ore accurate estim ates of year-class strengths. Nevertheless, 
m ore detailed exploration show ed that this m odel settings leads to another problem. 
XSA m odel estim ates become dependent on the num ber of iterations required to 
reach convergence (Figure 5.8). The additional iterations required  in the XSA m odel 
w ith  s.e.=1.5 for F shrinkage increases SSB estim ates considerably. Such an effect does 
not to appear in  the m odel w ith s.e.=0.5.
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Figure 5.8. Northeast Arctic haddock. Dependence of SSB estim ation w ithin the XSA model w ith  
different settings for F shrinkage.

This makes the assessment m ore uncertain, particularly because the F for last true age 
and consequently the plus group estim ated w ith  s.e. 1.5 is significantly low er than the 
F estim ated for previous ages (Table 5.3). Such a low F at age 10, at the same time 
w hen younger ages have m uch higher Fs, seems to be unrealistic, and m ay im ply an 
overestim ation of stock abundance, and  SSB in particular.

Table 5.3. Northeast Arctic haddock. Fishing mortality coefficients for ages 6-10 estimated by  
XSA w ith different values for F shrinkage weight.

Ratio F(*.e. =  1 .5 ) /F (* .e .= 0 .5 )

6 0.92 1.05 1.00 1.28 1.18 1.29 1.23 1.21 1.19 1.21

7 0.93 0.89 1.07 0.99 1.46 1.36 1.55 1.38 1.36 1.38

8 0.89 0.90 0.87 1.10 0.99 1.74 1.79 2.08 1.68 1.60

9 1.54 1  0.84 0.88 0.81 I" 1.14 0.97 2.17 2.59 3.19 2.11

10 1.29 1.74 0.77 0.82 0.66 1.21 0.94 2.91 3.89 4.85

The difference betw een results of tw o runs is 29% in SSB s and 8% in total stock bio­
masses (Table 5.4). Difference in SSB estim ates is decreasing for previous years (Fig­
ure 5.9).
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Table 5.4. Northeast Arctic haddock. Total stock biom ass (ages 3-11+) and SSB estimates by age 
groups made by XSA w ith different s.e. for F shrinkage.

s . e .  = 0 .5 a e .  = 1 .5 contribution of ages at difference
age T S B  2 0 0 9 S S B  2 0 0 9 T S B  2 0 0 9 S S B  2 0 0 9 age T S B  2 0 0 9 % S S B  2 0 0 9  part of age %

3 271697 1902 262127 1835 3 9570 0.9 67 0.0
4 360435 14778 371339 15225 4 -10903 -1.0 -447 -0.2
5 295899 53558 318042 57566 5 -22144 -2.0 -4008 -1.9
6 69433 40965 79770 47064 6 -10337 -0.9 -6099 -2.9
7 56509 47637 66165 55777 7 -9656 -0.9 -8140 -3.9
8 22532 21225 30492 28724 8 -7960 -0.7 -7499 -3.6
9 12766 12511 20801 20385 9 -8035 -0.7 -7874 -3.8
10 7110 7060 19206 19071 10 -12096 -1.1 -12011 -5.8
11 9021 9021 24493 24493 11 -15472 -1.4 -15472 -7.4

Total 1105401 208656 1192435 270140 -7.9 -29.5
difference % 107.9 129.5
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Figure 5.9. Northeast Arctic haddock. SSB estimates by XSA w ith different s.e. for F shrinkage.

The overall conclusion of the benchm ark m eeting was to keep s.e. for F shrinkage 
equal to 0.5, because w ith  that param eter stock size estim ations were not depending 
on num ber of XSA iterations. Such an effect of num bers of iterations on stock assess­
m ent needs to be studied before m ore objective decision could be made. A lthough, 
taking into account that low  shrinkage m ay cause underestim ation/overestim ation of 
stock in situations w hen strong trends occur it was recom m ended to leave it to 
AFWG to change this setting to a higher value if needed.

Changes in the num ber of years used in shrinkage d id  not dem onstrate a clear effect 
on retrospective pattern  and it was decided to keep them  the same as those at AFWG 
(5 years and 3 ages).

Tapered time weighting

Different time w indow  sizes and taper values were tasted during the benchmark. 
Based on an analysis of retro patterns and XSA diagnostic (Kovalev and  Tchetyrkin, 
2011) it was decided to keep the AFWG settings for these param eters w ithout chang­
ing (i.e. 20 years and pow er 3).
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Pius group

AFWG uses the age 11+ group for m ost recent years. D uring the benchm ark meeting, 
the 14+ group was tested. N o im provem ent of the retro pattern  was observed. As the 
length at age data for older ages are scarce, it was decided to keep 11+ group in future 
update assessments. However, time-series w ith 14+ should be m aintained up  to date.

5.8.5 Conclusion

Com pare to last AFWG assessm ent the following changes are proposed:

• Ecosystem survey (Eco-NoRu-BTr-Q3) added  to the tuning indexes;

• ages 1 and 2 in all surveys are included in tuning;

• catchability of all surveys taken as dependent of stock size for ages 7 and 8.

The com bined effect of all these changes in the XSA m odel results is show n on Figure 
5.10. The SSB in 2009 was 5% and recruitm ent 9% higher w ith  the XSA run  using new  
param eters proposed by the benchm ark meeting. Residuals for all surveys were 
sm aller in the benchm ark proposed XSA settings run, w hen com paring w ith last 
year's assessment (Figures 5.11 and 5.12).
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Figure 5.10. Northeast Arctic haddock. Results of XSA runs w ith  new  proposed m odel settings 
(red line: benchmark settings) and AFWG-2010 final run (blue line).
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Figure 5.11. Northeast Arctic haddock. Surveys residuals from XSA diagnostic (AFWG-2010 pre­
dation run). Rus BT-Fleet 01 = Ru-BTr-Q4; Nor aco -  Fleet02 = No-Aco-Ql; Nor BT -  Fleet04 = No- 
BTr-Ql.

E co sy s - F leet007

Figure 5.12. Northeast Arctic haddock. Surveys residuals from XSA diagnostic w ith new  proposed  
m odel settings. Rus BT-Fleet 01 = Ru-BTr-Q4; Nor aco -  Fleet02 = No-Aco-Ql; Nor BT -  Fleet04 = 
No-BTr-Ql; Ecosys-Fleet007 = Eco-NoRu-BTr-Q3.

5.9 Short-term and medium-term forecasts

5.9.1 Input data

Recruitm ent of N ortheast Arctic haddock is highly variable and stock-recruitm ent 
m odels do not give any reliable predictions of future recruitm ent. The traditional 
procedure to predict recruitm ent at age-3 has been to use the RCT3 program , w here 
the predictions are based on survey indices. However, w e know  that external factors 
(e.g. cod predation) influence survival. O ther recruitm ent functions, including cod 
predation  and tem perature, were tested and com pared w ith  RCT3 in preparation for 
the benchm ark (Dingsor, 2011). All m odels had  a tendency to underestim ate the larg­
est year classes. The models produced fairly good predictions, bu t the new  m odels 
seem ed to be m ore precise than the RCT3 predictions, especially for year t+2. Taking 
into account the similarities in the predictions and  the fact NEA haddock has a one- 
year HCR (HCR is calculated on basis only of the stock in the prediction year, not 
including stock size in tw o following years as is done for NEA cod and saithe) it was 
recom m ended that the use of RCT3 is continued and be the m ain source of predicted 
values. However, the other m odels are useful for support and m ay give us early indi­
cations of arising problem s due to increased predation from  cod. It has been seen in 
the past that predation from  cod is higher w hen the capelin stock is at low  levels. 
Such an effect will be seen in the new  models.
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Survey data show  large variations in m ean length-at-age, weight-at-age, and m atur- 
ity-at-age, bu t w ith  d ea r year-class effects. At WKHAD 2006 (ICES, 2006) it was de­
cided that weight-at-age and m aturity-at-age in stock should be based on sm oothed 
observations. M ean length-at-age is calculated from  the bottom -traw l surveys for the 
period 1980 to 2010. A von Bertalanffy fu n d io n  is fitted to the data:

w ith  L and A being the length and  age variables. Lw and Ao are constants, estim ated 
on the entire time-series, while K y  is dependent on year dass. W eight-at-age is then 
fitted with:

w here a  and  ß are constants and L are sm oothed lengths. N orw egian m aturity data is 
sm oothed by fitting a logistic function using both age, A, and length, L, as explana­
tory variables:

Russian m aturity data is sm oothed by fitting a logistic fu n d io n  using age, A, and year 
dass dependent age at 50% m aturity, Aso%, as explanatory variables:

A very nice b y -p ro d u d  of these fitted m odels is that they enable p red id io n  of weight- 
at-age and m aturity-at-age tw o years ahead, using the fitted param eters and last year 
lengths as input. The N orw egian and Russian weight-at-age and m aturity-at-age are 
then com bined as arithm etic averages.

Different m ethods have been tested to predict weight-at-age in catches. The quality of 
p red id io n  using these tested m ethods was not enough to w arran t rep ladng  the cur­
rent AFWG routine (average w eight for period w ith  similar abundant year dasses). 
W eight-at-age in catches is m uch m ore affected by year-effeds and cohort-based 
m odels are not suitable. Average weight-at-age in catch from  similar year-dass 
strengths (strong or poor) is used in  predictions.

5 .9 .2  Model and  softw are

A standard  MFDP program  is used for p red id ion . Excel spreadsheets and SAS are 
used in weight-at-age in  stock and m aturity  data predidions.

5 .9 .3  Conclusion

N ew  m ethods for predicting m aturity data and weight-at-age in stock data based on 
"sm oothing models" are proposed.

5.10 Biological reference points

5.10.1  Previous HCR eva lua tions  a n d  MSY-related calculations

The current HCR was evaluated in 2006/2007 and found to be precautionary. Stochas­
tic long-term  sim ulations were used, w ith a biological m odel that in d u d ed  density- 
dependent grow th and m aturation. Two kinds of uncertainty were included: assess­
m ent uncertainty and uncertainty in the stock-recruitm ent relationship. The F m s y  was

W =a-U

1
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not calculated at that time, bu t all sim ulations show ed it to lie som ewhere in  the 
range 0.25 to 0.45.

5.10.2 MSY calculations-approach

The biological m odel should be updated  (both w ith  recent years of data and for some 
processes also w ith different m odel formulations), and long-term  sim ulations should 
be m ade in order to calculate F m s y  as well as the probability for SSB to fall below  B u m .  

Thus one can also find an F range for w hich the yield is w ithin some percentage of 
the MSY (ICES, 2011) and which also is precautionary. The approach taken w ould  be 
similar to the one used for evaluating MSY for cod (Kovalev and  Bogstad, 2005).

5.10.3 Biological model-update

For growth, m aturation and predation m ortality, the same approach as previously 
taken could be used, just updating w ith m ore years of data.

5.10.4 Uncertainty in assessment and implementation

In addition to assessm ent uncertainty, uncertainty due to unreported  landings and/or 
discards should be included in the simulations.

5.10.5 Stock-recruitment relationship

The stock-recruitm ent relationship used in  previous stochastic sim ulations was 
rather ad  hoc and needs to be revisited. Also, the recent three strong successive year 
classes (2004—2006) have changed the stock-recruitm ent relationship somewhat. 
Some prelim inary analyses w ere m ade during the meeting, based on the 2010 as­
sessment. The revision of this due to changes m ade to the assessm ent m ethod during 
the WKBENCF1 m eeting w ould  probably not influence the conclusions significantly.

The stock-recruitm ent relationship for the 1953-2006 year classes is show n in Figure 
5.13. It was attem pted to fit a stochastic stock-recruitm ent relationship, assum ing a 
hockey-stick curve. The m ethod used is described by Skagen and  Aglen (2002) and is 
the same as used in  previous studies for this stock and also for N ortheast Arctic cod 
by Kovalev and Bogstad (2005), described by Skagen and Aglen (2002).
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Figure 5.13. Northeast Arctic haddock. The stock-recruitment relationship for the 1953-2006 year 
classes.

A segm ented regression (hockey-stick) stock-recruitm ent relationship w ith  log­
norm al error distribution was fit to the data:

R=Min(a,a*SSB/ß)*e£

where e=N(0,a).

The fit was done using Solver in Excel spreadsheets described by Skagen and Aglen 
(2002). A constraint on the sum  of the difference betw een m odelled and observed 
recruitm ents being zero was applied. The following param eter values were esti­
m ated: a  = 289 (million), ß= 229 (thousand tonnes), o= 1.09.

Criteria for fit and diagnostic plots

Skagen and Aglen (2002) suggested three quality criteria for stochastic stock- 
recruitm ent functions:

1 ) Independence betw een residuals and SSB

2 ) Probability coverage

3 ) The recruitm ent estim ates should be unbiased.

Criteria 2) is a control that the distribution assum ed for the residuals is adequate, 
while 3) m ay be used as an additional constraint w hen finding the param eters of the 
stock-recruitm ent function.

Assum ing that each of the historical residuals is equally likely, the rank of each of 
them, d ivided by the num ber of observed residuals, gives the empirical cum ulated 
probability of the historical residuals. On the other hand, according to the m odel that 
is assum ed for the residuals in the prediction, there corresponds a cum ulated prob­
ability for the value of each observed residual. Each of these m odel probabilities 
should be close to the empirical cum ulated probability of the same historical residual. 
The Kolmogorov goodness of fit test is based on this reasoning, and the Kolmogorov 
test statistic can be derived directly from  the pairs of m odelled and  observed values.
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Figure 5.14 shows the residuals vs. SSB, the probability coverage and observed vs. 
m odelled recruitm ent for this distribution. The fit seems to be rather satisfactory ac­
cording to these criteria.
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Figure 5.14. NEA haddock recruitment function. Residuals vs. SSB, the probability coverage and 
observed vs. m odelled recruitment for this distribution.

In the m odel used in 2006/2007, a cyclic trend  in recruitm ent was assum ed and strong 
year classes w ere also m odelled separately. The plot of residuals vs. time (Figure 5.15) 
does not indicate that it is particularly useful to m ake those assum ptions in the stock- 
recruitm ent model.
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Figure 5.15. Residuals vs. Time for NEA haddock recruitment function.

This seems to be an appropriate stock-recruitm ent relationship, bu t w hen evaluating 
the harvest control rule, other relationships should also be tried:

• Beverton-H olt S/R relationship (Ricker does not seem to be appropriate).

• Hockey-stick type m odel w ith breakpoint e.g. at lowest observed SSB 
(50 000 tonnes), rem em ber that the correlation betw een R and SSB is veiy 
weak.

• Including autoregressive term(s) in  the recruitm ent model.

The approach taken in 2007 by assum ing a fixed periodicity in recruitm ent and m od­
elling strong year classes separately does not seem to be appropriate.

One m ay also relate recruitm ent variation to fluctuations in environm ental conditions 
(e.g. tem perature). In some periods there seems to have been a clear relationship, but 
this has become b lurred in recent years, and  the same seems to have happened to the 
correlation betw een cod and haddock recruitm ent (see Bogstad et ah, 2010).

5 .1 0 .6  Estimation of b iom ass re fe rence  points

Estimation of RPs will be done after the benchm ark and presented at the next AFWG.

5.11 Recommendations on the procedure for assessment updates and further 
work

U pdate assessments should follow the procedures described in the stock annex (see 
Annex 7) and fit the catch data using the XSA m odel formulation, using age disag­
gregated survey indices and biological data.

Different setting of F shrinkage was investigated, bu t the overall conclusion of the 
benchm ark m eeting was to keep s.e. for F shrinkage equal to 0.5 for now. This deci­
sion was taken because stock size estimations were then less dependent on the num ­
ber of XSA iterations. Such an effect of num bers of iterations on stock assessment 
needs to be studied  before a m ore objective decision can be made. Although, taking 
into account that low  shrinkage m ay cause underestim ation/overestim ation of stock 
in situations w hen strong trends occur it was recom m ended to leave it to AFWG to
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change this setting to a higher value if needed. Further w ork is needed to better un ­
derstand the XSA m odel behaviour w ith low  and high w eight of F shrinkage. An 
objective way for choosing an appropriate param eter value is necessary.

It is desirable to have further investigations on how  to predict recruitm ent at age 
three. The ICES Study G roup on Recruitm ent Forecasting (SGRF), to be held later this 
year, will be a good opportunity  for this work.

It is also desirable w ith further investigations on how  to m odel and predict weight-at- 
age in  catches.

It is recom m ended to investigate the possibility of a southw estern extension of the 
Joint Barents Sea survey (NoRu-BTr-Ql) to increase the coverage of the older age 
groups.

In 2009 the procedure for N orw egian biological sam pling of N orw egian catches was 
changed and this has led to poor sam pling of Danish seine and gillnet catches. It is 
desirable to im prove sam pling of these catch proportions.

The possibility of estim ating discards should be investigated together w ith NEA cod.

Estimation of reference points will be done after benchm ark and presented on next 
AFWG.

Scientists involved in assessing this stock are encouraged to explore other m odelling 
approaches than XSA.

5.12 Implications for m anagem ent (plans)

The current HCR was evaluated in 2006/2007 and found to be precautionary. Stochas­
tic long-term  sim ulations were used, w ith a biological m odel that included density- 
dependent grow th and m aturation. Two kinds of uncertainty were included: assess­
m ent uncertainty and uncertainty in the stock-recruitm ent relationship. The F m s y  was 
not calculated at that time, bu t all sim ulations show ed it to lie som ewhere in  the 
range 0.25 to 0.45.
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6 S a i th e  in S u b a re a  IV (North S ea),  Division Illa W est (Skagerrak) a n d
S u b a re a  VI (West o f  S co tland  a n d  Rockall)

6.1 Current assessment and issues with data  and assessment

The current m odel used in the assessment of saithe in Subarea IV (North Sea) Divi­
sion Illa W est (Skagerrak) and Subarea VI (West of Scotland and Rockall) (referred to 
here as North sea saithe for brevity) is a fully determ inistic VPA (i.e. XSA, Darby and 
Flatman, 1994) w ith  shrinkage over the five last years and three age groups set to one 
times the standard  error. Catches, tw o survey indexes and tw o commercial cpue in­
dexes.

The geographical distributions of juvenile (< age 3) and adult saithe differ. Typical for 
all saithe stocks are the inshore nursery grounds. Juvenile saithe in the N orth Sea are 
therefore m ainly d istributed along the w est and south coast of Norw ay, the coast of 
Shetland and  the coast of Scotland. At around age 3 the individuals gradually m i­
grate from  the coastal areas to the northern  part of the N orth  Sea (57°N-62°N).

The num bers of age 4 saithe at the start of the forecast period have previously been 
derived from  the VPA estimates, bu t the retrospective recruitm ent pattern  shows that 
strong VPA recruitm ents have been overestim ated.

The accepted assessm ent gets an unreasonably good fit because the catch-at-age data 
is used twice: both  in  the age split cpue-indexes and in the catches. The real level of 
uncertainty m ay be higher than norm ally assum ed. It should be expected that the 
retrospective pattern  will show  m ore variation if the commercial tuning indices are 
excluded for the ages also covered in  the scientific surveys. The problem  is that the 
survey indices don 't cover the oldest age-groups, and thus there are no tuning values 
available for the use in XSA. For these age groups the commercial cpue tuning values 
are needed.

The m aturity  curve is potentially outdated, since there has been a decrease in the 
individual w eight in the stock for several years.

6.2 Compilation of available data

The data available to the working group (WGNSSK) have been used. In addition, the 
following data are provided to the benchmark: a detailed logbook database for the 
N orw egian and Germ an traw ler fleet and a new  N orw egian survey index for young 
saithe.

6.2.1 Catch an d  landings d a ta

The catch and landings data provided to the w orking group have been used here. In 
the data provided, landings from  the industrial fleet are only specified w hen saithe is 
delivered separately, and therefore by catch of saithe that has not been separated from 
the bulk  catch, will not be reported  as saithe. Landings-at-age data by fleet are sup­
plied by Denmark, Germany, France, Norw ay, UK (England), and UK (Scotland) for 
Subarea IV and only UK (Scotland) for Subarea VI.

Discard data from  Scotland have been available to the w orking group, bu t since there 
is no other available and reliable discard data, discard is not used in the assessment.
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6 .2 .2  Biological d a ta  

Weight-at-age

W eights-at-age in  the landings are m easured weights from  the various national ob­
server and m arket sam pling program s. These are also used as stock weights. There 
has been a decreasing trend  in m ean weights from  the mid-1990s for ages 4 and older, 
b u t the decline now  seems to be halted.

Natural mortality

A natural m ortality rate of 0.2 is used for all ages and years.

Maturity

The following m aturity  ogive has been used in the assessment.

Age 1 2 3 4 5 6 7+

Proportion mature 0.0 0.0 0.0 0.15 0.7 0.9 1.0

A n assessment of the m aturity  ogive ("Current") com pared w ith m aturity data for 
saithe taken from  the IBTS-Q1 survey data in the period 1992-2010 (red line, Figure 
6.2.2.1) shows that the m aturity by age has not changed significantly in  the period 
w hen the grow th in the stock has decreased (Figure 6.2.2.2). Thus, the m aturity ogive 
in  the XSA input will not be altered. A revision of the m aturity ogive could not be 
recom m ended based on these data, as the coverage over the spaw ning-stock m ight 
not be good. A n extension of the IBTS Q1 survey covering the spaw ning area of saithe 
and the entire depth  range of the m ature population m ay give better precision for this 
ogive.

However, the proportion of m ature-at-age is highly variable betw een years. This is 
m odeled in a logistic model. The cpue w eighted biological samples are used in the 
analysis. The proportion m ature (p) is m odeled using a logistic link function:

r p i
Log ------  = a  + ßA + Yi + s

Kl ~ P J

w ith A  being age and Y¡ a year effect param eter. Yearly estimates of age at 50% m a­
turity  was estim ated as:

1(50)

ß

The variation betw een years is far beyond the sam pling error, bu t the result can be 
seriously biased due to the incom plete survey coverage of the stock. The proportions 
estim ated for age groups 3 and  4 will be biased upw ards since the im m ature part of 
these age groups have a poorer coverage than  the m ature.
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Figure 6.2.2.I. North Sea Saithe. Proportions mature-at-age estimated from IBTS Q1 for different 
year intervals. Biological information w eighted w ith cpue per subarea and 5 cm length groups. 
"Current" is the maturity ogive currently used by the assessm ent WG.
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Figure 6.2.2.2. North Sea Saithe. Weight-at-age in the catches for age 3 to 10 (plusgroup). These 
w eights are also used as weight-at-age in the stock.
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Figure 6.2.2.3. North Sea Saithe. Maturity-at-age ogives m odeled w ith age as a continuous ex­
planatory variable and sam pling year as an additional effect. The ogives for different years are 
shown in  the left panel, w hile the age at 50% maturity is visualized in the right hand panel. The 
red lines on the left correspond to the period 1992-1999 w ith black lines representing the remain­
ing years.

6 .2 .3  Survey tuning d a ta

In the past, tw o surveys have been presented to the w orking group:

• N orw egian acoustic survey, age range 3-6, year range 1995-2008 
("NORACU").
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• IBTS quarter 3, age range: 3-5, year range 1991-2009 ("IBTS- Q3").

The survey indexes are presented in Table 6.2.3.1. In addition, a new  youngfish index 
for saithe was presented to the benchmark: N orw egian Acoustic Survey of Saithe 
(NORASS). The survey is an acoustic survey over the sea m ountains at the coast of 
Norw ay, w here the m ost shallow peak m ay be from  a few meters deep to 50 m  below 
the surface (Figure 6.2.3.1). The young saithe will start m igrating to these peaks in 
May w here it concentrates in the eddies w here calanus and other plankton is aboun- 
dant. The saithe are 2-5 years old, im m ature and approxim ately 35-45 cm. A purse- 
seine fishery starts up  in  the south of this area around the beginning of May, and  in 
this period it is also assessable for an acoustic estimate. Each of the chosen peaks is 
crossed southnorth and eastw est and  SA-values are registered for each 0.1 nautical 
mile. The shape and density of saithe schools at the sea m ountains is very distinctive 
and classifying the species is not difficult. The total area is divided in nine strata from 
south to north. Individual samples are caught by jigging. The samples taken by jig­
ging is assum ed to be representative for the area covered. A ge-spedfic indexes for the 
total of the covered area are taken as the m ean of the indexes w ithin all stratas.

It is assum ed that this area represents the m ain area for young saithe in the N orth 
Sea, even if there is young saithe also along the coast of Jæren, in Skagerrak and the 
coast of Shetland and  Scotland. There m ay also be interchanges from  saithe from 
north  of 62 deg N, and  the extension and im portance of this should also be investi­
gated. The first value of this index is show n as the last of the survey indexes in Table 
6.2.3.1.

All of the scientific surveys have problem s related to the coverage of the stock (age 
and area). The life history of saithe w ith choice of habitat and behaviour changing 
over the life cycle m akes it im pradical to try to get a complete coverage w ith  only one 
survey. The existing survey-series should be continued and the possibility of expand­
ing the coverage is recom m ened. An example could be IBTS-Q1. This survey could be 
expanded w ith traw l stations deeper than  200 m. A bottom  traw l and an acoustic 
survey conduded  during the 1st quarter could give very valuable inform ation on age 
groups currently not covered in the existing surveys.

6.2.4 Commercial tuning data

Three different commercial tuning-series are available for the saithe assessment, 
nam ely the N orw egian traw l (NORTRL; Table 6.2.4.1), the French traw l (FRATRB; 
Table 6.2.4.2) and the Germ an otter traw l (GEROTB; Table 6.2.4.3). Since fisheries- 
independent survey-series only cover the younger ages, commercial cpues are 
needed to tune the older ages. However, com m erdal cpues have serious shortcom ­
ings (e.g., hyperstability of cpues) that can bias the assessm ent considerably (Salthaug 
and Aanes, 2003). Therefore, analyses w ere carried out on changes in the fishing pat­
tern and  trends in cpue over time for the N orw egian traw lers and GEROTB. Disag­
gregated data (i.e. logbook data) from  the FRATRB were not available to carry out the 
analysis.
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An additional look at cpue and changes in fishing patterns based on Norwegian 
trawler logbooks

Fleet composition

The N orw egian traw ler fleet targeting saithe in  the N orth Sea has seen some recent 
changes in  com position regarding vessel size and  engine capacity (Figure 6.2.4.1). In 
2000, the fleet was dom inated by vessels betw een 30 and 50 m eter overall length, but 
the num ber of vessel w ithin this size group has declined since that time. The num ber 
of larger vessels has since stabilized. All vessel groups have seen a change tow ards 
higher capacity due to increased engine pow er both  from  vessels being refitted and 
new er vessels replacing older ones. The trends are show n in Figure 6.2.4.I. HP capac­
ity is the sum  of engine pow er w ithin a fleet group. Fishing capacity is likely to have 
increased due to other technical changes like m ore efficient traw l gear and different 
operational procedures.

Yearly effort and seasonal changes

The logbooks contain inform ation on the hours tow ed per day together w ith the en­
gine power. M ultiplying the hours tow ed w ith  the engine pow er in  horse pow er 
yields an index of effort similar to kW days. The overall effort as hours tow ed and as 
horsepow er m ultiplied w ith hours tow ed is show n in Figure 6.2.4.2. Both series have 
seen a drastic increase in effort after 2000-2001 and a m ore stable level after 2003. The 
increase in overall effort is not in any way reflected in  changes in average fishing 
m ortality in  the assessment. This contradiction could be explained by the French and 
Germ an traw ler fleets reducing their catches in a period w ith strongly increasing 
TAC. Figure 6.2.4.3 illustrates a strong shift in  the seasonal pattern  over time. Such 
changes are likely to have an im pact on catch rates. The GLM m odel of log(cpue) 
presented later assum es a fixed seasonal (monthly) pattern  of catch rates throughout 
the time-series. We have chosen to keep this assum ption since m ost of the traw ler 
fleet has access to the m ore valuable cod resource in the Barents Sea in  the first quar­
ter. The TAC of cod have generally seen an increase over the tim e period analyzed.

Changes in the spatial pattern of catches

Catches from  the N orw egian fleet norm ally concentrate in the northeastern part of 
the N orth  Sea w hen targeting spaw ning aggregations (Figure 6.2.4.4). In some years 
catches further south also are taken. In 2008 and 2009 a southw ard shift away from 
the spaw ning aggregations becomes obvious, w hich coincides w ith a shift in the tem ­
poral pattern  away from  the first quarter. The geographical distribution of the catches 
in 2009 is the m ost southerly in the last ten years. This raises concern about a decrease 
in spaw ning aggregations not covered by the cpue indices, since the fleets can shift 
their fishing pattern  to target smaller individuals instead.

Overall "raw" cpue

Yearly cpues w ere calculated as the sum  of catches d ivided by the yearly effort values 
presented above. Both series shows variation over time. The cpue, using horsepow er 
m ultiplied w ith hours tow ed as a m easure of effort, show an overall slightly decreas­
ing trend  over the time period (Figure 6.2.4.6).

Fitting a simple model to log(cpue)

The inform ation analyzed consisted of 16 742 observations of daily catches of saithe 
(other species representing less than  25% of the daily catch) together w ith effort



ICES W K BEN CH  REPORT 2 0 1 1 I 1 2 3

(hours towed). Observations from  vessels shorter than  40 m eters represented a small 
fraction of the total catch and  w ere rem oved from  the analysis. A simple m odel was 
fit to predict log(cpue). A m onth effect was used together w ith  a year effect and a 
vessel category effect (40-50 m, 50-60 m  and above 60 m  overall vessel length).

LogiCPUE ) = Y  + M  + V  +e .o  \ y , m , v , i /  y  m v i

The m odel gave a m odest fit (adjusted R2=0.11; Figure 6.2.4.7). The relative trend  in
y

the year and m onth effects (actually c y an d e  " ) are show n in Figure 6.2.4.8 (rela- 
tive=relative to the last year/m onth). The inclusion of the m onth effect in the m odel 
together w ith shift in effort aw ay from  the 1st quarter changed the im pression from 
the "raw" cpue presented above from  an overall slight dow nw ard trend  to the oppo­
site. The assum ption that the change in seasonal pattern  is not due to any changes in 
the stock size or distribution should be verified/confirmed.

An additional look at cpue and changes in fishing patterns based on German log­
books

The Germ an reference fleet consists of six characteristic m edium -sized (40-60 m) 
vessels of the G erm an C utter Fleet targeting saithe m ainly in the N orth  Sea and 
Skagerrak area. The vessels have been engaged in the fishery for m ore than  15 years. 
A cpue index used as tuning index in the current assessm ent is calculated from  the 
total catches of the reference fleet and the effort of the fleet m easured in fishing hours. 
The catches of the reference fleet com prise betw een 60% and 80% of total Germ an 
saithe landings (Figure 6.2.4.8).

The fishing pattern  regarding landings per quarter of the year changed slightly over 
the last ten years w ith the first quarter losing some of its im portance. (Figure 6.2.4.9). 
In contrast, catches from  the second and th ird  quarter show a slightly increasing im ­
portance over time.

The spatial distribution of catches from  the reference fleet was analysed using Ger­
m an logbook inform ation per ICES statistical rectangle. The spatial pattern  is stable 
u p  to 2007 w ith a larger concentration of catches in the outflow  region of the Skager­
rak  along the N orw egian trench and at the northeastern part of Area IV along the 
shelf edge (Figure 6.2.4.10). Catches from  Via only comprise a very small part of total 
catches and after 2006 no catches came from  this region. In 2008, however, the catches 
from  the outflow  region of the Skagerrak became m ore im portant and  in 2009 the 
catches were completely concentrated in this area. The geographically m ean of lati­
tude and longitude (center of gravity) of catches from  the reference fleet show  a 
southeast shift and this shift accelerates in 2008 and 2009 (Figure 6.2.4.11). The num ­
ber of ICES squares covering 90% of the catches decreased in 2008 and 2009 (Figure 
6.2.4.12). This change in fishing pattern  raises concern about the concentration of the 
stock and  a potential hyperstability of the Germ an cpue index, leading to bias in  the 
assessment. However, other explanations are also possible as fuel prices were excep­
tionally high during 2009 and Germ an vessels m ay have prim arily targeted the near­
est fishing grounds. Also, a concentration of fishing effort on younger age groups that 
form  schools in the southern part of the distribution area due to m arket dem ands was 
possible.

Cpues per subarea (subarea A <59° N; subarea B >=59°N , <61°N; subarea C >=61°N) 
were analysed to detect decreasing trends, especially in the northeastern part of the 
N orth Sea (subarea C) that could explain the southw ard shift of the fishery. A GAM
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m odel fitted to log (cpue) on haul level for the subareas individually and  all areas 
com bined show ed that there are seasonal and  vessel effects (Figures 6.2.4.13-6.2.4.17). 
Corrected for these effects, results indicate a decrease in  cpue for 2009 in all subareas. 
However, the level is still in the range of cpues from  the last five years and higher 
com pared to the start of the time-series. In addition, the uncertainties around the year 
effect estimates for subarea C are high. Therefore, the trend  in cpue in subarea C can­
not explain the m arked change in the fishing pattern  in 2009. The m odels explained 
betw een 12.3% (subarea C) and  33.4% (subarea A and B) of the deviance indicating 
that the variability in subarea C is highest. The data available only allowed analyses 
based on effort m easured in fishing hours. Search time during the hauls could not be 
analysed, potentially hiding trends in cpue.

Further analyses are needed w hen data from  2010 become available. It has to be ex­
plored w hether the spatial pattern  in 2009 was extraordinary or w hether the new  
fishing pattern  is continuing. Also cpue analyses based on VMS data to detect 
changes in search time are needed to complete the analysis.

Conclusions from the analyses

The analyses carried out on changes in  the fishing pattern  of N orw egian and Germ an 
traw lers show ed a clear sign of changes both in  the im portance of the first quarter, 
where spaw ning aggregations are mainly targeted and in the spatial distribution of 
catches. Catches from  both fleets show ed a southw ard shift in 2008 and 2009 w ith  the 
shift for G erm an traw lers being m ore pronounced. Analyses on cpues for both coun­
tries show  no sign of a serious decline. In contrast, an increase over the last ten years 
was observed. The correlation betw een the year effect estim ates from  the m odel for 
the N orw egian and the m odel for Germ an traw lers (all areas combined) was high 
(r=0.65, Figure 6.2.4.18). The increasing trend  was stronger for the Germ an vessels. 
G iven the m arked change in the fishing pattern, bu t the stable or even increasing 
cpues, hyperstability of the indices m ay be a serious problem . Further investigations 
are needed that can explain the shifts in fishing pattern. In the m eantim e the influ­
ence of the commercial cpues should be reduced as m uch as possible.
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Figure Ö.2.4.3. North Sea Saithe. Changes in the importance of quarter over time.
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F ig u r e  Ö .2.4.4. N o r t h  S e a  S a i th e .  S p a t i a l  d i s t r i b u t i o n  o f  c a t c h e s  o f  t h e  N o r w e g i a n  f l e e t .
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Figure Ö.2.4.4. (continued).

Center of gravity

Figure Ö.2.4.5. North Sea Saithe. Center of gravity of Norwegian catches.

F ig u r e  6.2.4.Ö . N o r t h  S e a  S a i th e .  T r e n d  i n  c p u e  ( h o u r s  t o w e d  a n d  FFP h o u r s )  o v e r  t im e .
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Figure 6.2.4.7. North Sea Saithe. Diagnostics of the GLM fitted to log cpue from Norwegian log­
book data.
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Figure 6.2.4.8. North Sea Saithe. Year and month effect of the GLM model fitted to Norwegian  
cpue data.
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Figure 6.2.4.11. North Sea Saithe. Spatial distribution of catches of the German reference fleet.
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Figure 6.2.4.11. (continued).
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Figure 6.2.4.12. North Sea Saithe. Center of gravity for catches of the German reference fleet.
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Figure 6.2.4.18. North Sea Saithe. Year effect estimates from the GLM model for the Norwegian  
trawlers compared to the year effect estimates from the GAM m odel for the German trawlers.
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Table 6.2.3.I. North Sea Saithe. Survey indexes from NORACU, IBTS Q3, and the NORASS, pre­
sented in  the standard XSA-format.

NORACU 
1995 2008

1 0.5 0.75
o
56244 4756 1214 174
21480 29698 6125 4593
22585 16188 24939 3002
15180 48295 13540 11194
16933 21109 27036 4399
34551 82338 14213 13842
72108 28764 17405 3870
82501 163524 17479 4475
67774 107730 41675 4581
34153 43811 31636 6413
48446 36560 27859 10174
18909 58132 11378 7922
77958 12070 32445 2384
7122 18989 4180 10262

IBTSq3 
1991 2008
1 1 0.5 0.75
3 5
1 1.946 0.402 0.064
1 1.077 2.76 0.516
1 7.965 2.781 1.129
1 1.117 1.615 0.893
1 13.959 2.501 1.559
1 3.825 6.533 1.112
1 3.756 3.351 7.461
1 1.027 3.921 1.333
1 2.1 2.019 2.949
1 3.479 8.836 1.081
1 21.496 6.173 3.937
1 10.748 18.974 1.327
1 19.272 23.802 13.402
1 4.979 6.896 3.158
1 8.893 6.87 4.994
1 10.636 29.82 2.934
1 34.018 5.594 11.763
1 3.467 5.86 1.122
Y oungFishSurvey
2006 2010 
1 1 0  1
2 5

15.63 7.66 17.89 1.86
9.83 55.47 6.28 20.01
5.10 30.89 23.42 2.40
7.96 27.68 11.83 4.35
18.29 30.79 5.07 1.35
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Table 6.2.4.I. North Sea Saithe. Available tuning indices from the commercial fleets.

FRATRBJV
1990 2008
1 1 0 1
3 9
21758 3379.574 2471.553 1405.54 304.063 290.298 32.728
15248 1381.383 2538.766 731.379 372.239 130.79 67.67
7902 717.161 1480.817 498.716 73.572 24.402 7.133
13527 3917.8 2253.44 1162.23 103.625 8.299 8.648
14417 1770.754 3652.84 1381.104 434.086 38.895 5.317
14632 3151.807 1682.869 921.653 225.695 70.393 24.088
16241 895.031 4286.247 1053.226 535.95 107.63 24.634
12903 1087.28 1914.745 3175.192 190.091 83.908 16.535
13559 799.753 2538.413 1870.453 1480.902 52.256 23.023
14588 852.467 1233.817 2666.699 620.174 399.661 24.212
8695 889.314 1993.229 1038.898 1195.148 214.774 180.514
6366 724.1021 1339.454 2372.881 269.951 144.906 25.554
11022 3275.662 7576.645 1220.435 1242.118 175.302 151.434
10536 1516.931 3235.528 2354.784 264.339 325.113 80.521
5234 447.218 977.66 1020.943 494.617 92.582 35.628
3015 406.936 660.534 643.107 428.406 209.713 15.685
5710 1681.537 3142.212 551.3929 144.5056 199.2849 39.65778
8255 4200.934 1040.925 2807.48 240.7597 99.80143 3.070924
7016 878.509 1522.508 245.447 949.847 164.900 34.288
NORTRLJVl
1980 1992
1 1 0 1
3 9
18317 186 1290 658 980 797 261 60
28229 88 844 1345 492 670 699 119
47412 6624 12016 2737 2112 341 234 19
43099 4401 4963 8176 1950 2367 481 357
47803 20576 7328 2207 3358 433 444 106
66607 27088 21401 5307 1569 637 56 46
57468 5297 29612 3589 818 393 122 25
30008 2645 18454 2217 290 235 201 198
18402 3132 2042 2214 141 157 74 134
17781 649 2126 835 694 309 154 65
10249 804 781 924 519 203 63 12
28768 14348 4968 1194 518 203 51 56
35621 3447 9532 4031 1087 465 165 109
NORTRLJV2
1993 2009
1 1 0 1
3 9
24572 7635 4028 2878 1018 526 365 252
30628 3939 16098 4276 926 251 72 203
32489 4347 9366 5412 833 1644 273 203
40400 3790 14429 4414 2765 1144 189 16
36026 2894 5266 9837 1419 892 299 72
24510 1376 8279 5454 5662 977 489 243
21513 813 2595 6869 2368 3602 1168 346
15520 284 1628 2054 4261 1066 1203 221
23106 4808 5228 6513 935 1235 509 390

38114 4015 12063 3474 3775 981 1632 1050

41645 1630 5451 10452 3602 4432 792 1004
32726 663 2677 5709 6578 2256 2640 656
34964 1202 3080 5177 9204 6954 1728 1434
30190 797 4116 3842 4611 7310 3974 811
26354 1563 1442 4684 3506 2655 3121 887
32550 2308 10354 3664 8357 2155 1619 1234
34360 1071 3257 5936 1254 5334 1636 933
GER_OTB_IV
1995 2009
1 1 0 1
3 9
21167 1158 2359 1350 589 152 30 16
19064 510 3167 1081 517 257 148 41
21707 816 2475 3636 292 163 70 24
20153 591 2744 1395 1776 238 100 39
18596 284 1065 2264 943 1015 77 36
12223 542 2185 823 1216 242 325 38
11008 892 1329 2317 372 532 249 155
12789 650 3658 1230 1100 99 140 69
14560 500 1399 2630 438 392 58 72
13708 334 2040 1928 1079 200 235 47
11700 434 510 1623 1543 787 205 119
10815 374 1575 690 668 685 350 147
12606 937 713 2813 607 405 417 175
12871 477 3151 627 1662 354 220 223
16692 359 759 1263 316 708 314 271

14.813
11.93
5.741
6.183
2.71
13.317
15.158
13.738
10.381
13.688
31.751
29.28
40.935
112.883
19.772
14.262
13.23932
1
33.320
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6.2.5 Industry/stakeholder data inputs

The results of the N orth  Sea Commission fishers survey in 2009 (Figure 6.2.5.1) does 
not cover fishers outside the European Union (i.e. Norw ay) that catch the majority of 
the TAC. Landings in the latest years have been below  the TAC. This can be an effect 
of low  prices on saithe, high fuel costs, and, for the N orw egian fleet, the large cod 
TAC in northern  Norway.

Area 1

Area 3

•lii
A nea 7

Area 5

A rea 6t>

Figure 6.2.5.I. Saithe in Subareas IV and VI, and D ivision  Illa. Results of the North Sea Commis­
sion fishers survey 2009.

6.2.6 Environmental data

6.3 Stock identity, distribution and migration issues

No stock identity inform ation was presented to WKBENCH.

6.4 Influence of the fishery on the stock dynamic

No new  inform ation on influence of the fishery on the stocks dynam ic was presented 
to WKBENCH.

6.5 Influence of environmental drivers on the stock dynamic

Tagging experim ents by various countries have show n that exchange takes place 
betw een all saithe stock com ponents in the northeast Atlantic. In particular, exchange
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betw een the saithe stock north  of 62°N (Northeast Arctic saithe) and saithe in the 
N orth  Sea has been observed.

Variation in  currents around the spaw ning in the northern  part of the N orth  Sea m ay 
also lead to egg and larvae being carried both south and north  of 62 deg N.

6.6 Role of multispecies interactions

6.6.1 Trophic in teractions

W hen saithe exceed 60-70 cm in length, the diet changes from  plankton (krill, cope- 
pods, fish larvae) to fish (mainly N orw ay pout, blue whiting, haddock and herring). 
Large saithe (>70 cm) have a highly m igratory behaviour and  feeding m igrations 
extend from  far into the N orw egian Sea to the N orw egian coast.

The im pact of a large saithe stock on prey species such as N orw ay pout and  herring is 
unknow n. Poor spatial and tem poral sam pling of stom ach data of saithe makes the 
estim ation of the saithe diet uncertain.

6 .6 .2  Fishery interac tions

Saithe in the N orth  Sea are mainly taken in a direct traw l fishery in deep w ater along 
the N orthern Shelf edge and the N orw egian Trench. Norwegian, French, and Germ an 
traw lers take the majority of the catches. In the first quarter of the year the fisheries 
are directed tow ards m ature fish in spaw ning aggregations, while concentrations of 
im m ature fish (age 3-4) often are targeted during the rest of the year. In recent years 
the French fishery has deployed less effort along the N orw egian Trench, while the 
Germ an and N orw egian fisheries have m aintained their effort there. There m ight be a 
significant change in fishing pattern  both in the N orw egian and Germ an fisheries in 
the last decade (see above).

The m ain fishery developed in the beginning of the 1970s. The fishery in Subarea VI 
consists largely of a directed French, German, and N orw egian deep-w ater fishery 
operating on the shelf edge, and a Scottish fishery operating inshore. In both areas 
m ost of the saithe do not enter the m ain fishery before age 3, because the younger 
ages are staying in inshore waters. A small proportion of the total catch is taken in a 
lim ited purse seine fishery along the west coast of N orw ay targeting juveniles (age 2- 
4). In the N orw egian coastal purse seine fishery inside the 4 nm  limit (south of 62°N), 
the m inim um  landing size is 32 cm.

Since the fish are d istributed inshore until they are about 3 years old, discarding of 
young fish is assum ed to be a small problem  in this fishery. Problems w ith by catches 
in  m ixed fisheries w hen saithe quotas are exceeded m ay cause discarding. French and 
Germ an traw lers are targeting saithe and have larger quotas, so the problem  m ay be 
less in these fleets. The N orw egian traw lers m ove out of the area w hen the boat quo­
tas are reached (no discarding is allowed), and  in  addition the fishery is closed if the 
seasonal quota is reached.

M ost of the fisheries targeting saithe will give a clean fishery; however, there is little 
inform ation available about the by catch in industrial traw ling that m ay be significant. 
In the data provided, landings from  the industrial fleet are only specified w hen saithe 
is delivered separately, and therefore bycatch of saithe that has not been separated 
from  the bulk  catch, will not be reported  as saithe.
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6.7  Impacts of the fishery on the ecosystem

All fisheries influence an ecosystem by removal of biomass. M ultispecies impacts 
from  saithe fisheries have been estim ated in  the WGMIXFISH and will vaiy  from 
year to year, dependent on m anagem ent plans and fisheries.

6.8 Stock assessm ent methods

6.8.1 Models

The current m odel used in the assessm ent is a fully determ inistic VPA (i.e. XSA, 
Darby and Flatman, 1994) w ith shrinkage over the last five years and three age 
groups set to one times the standard  error. Catches, tw o survey indexes and two 
commercial cpue indexes w ere used. At WKBENCH a new  assessm ent using the 
same assessm ent model, bu t w ith  different tuning data were tested. This new  assess­
m ent is refered as "benchm ark assessment" for brevity. The previous assessment (the 
2009 assessm ent w ith a four year forecast) that was used as basis for advice prior to 
this benchm ark m eeting is referred as "accepted assessm ent". The tuning indexes 
and  age groups for the accepted assessment and  the benchm ark assessm ent are 
show n in Table 6.8.1.1. In the benchm ark assessment, i) age groups 3-5 of the com­
mercial indexes were excluded, ii) and a new  acoustic survey (NORASS, see descrip­
tion in Section 6.2.3.) and a new  commercial cpue index (NORTRL, N orw egian trawl) 
are included.

The accepted assessm ent gets an artificial good fit because the catch-at-age data is 
used twice: both in the age split cpue-indexes and in the catches. The real level of 
uncertainty m ay thereby not have been clearly com m unicated It should therefore be 
expected that the retrospective pattern  will show  m ore variation if the commercial 
tuning indexes are excluded for the ages also covered in the scientific surveys. The 
survey indices don 't cover the oldest age-groups. For these age groups the commer­
cial cpue tuning values are used.

T a b le  6 .8 .I .I .  T u n in g  in d ic e s  a n d  a g e  g r o u p s  u s e d  i n  p r e v io u s ly  " a c c e p e te d "  a s s e s s m e n t  a n d  in  
th e  b e n c h m a r k  a s s e s s m e n t  f o r  S a i th e  i n  S u b a r e a  IV , V I  a n d  D iv i s io n  I l la .

Tuning Index A ge, accepted assessment A ge, benchm ark assessment

NORACU 3-6 3-6

IBTS Q3 3-5 3-5

NORTRL (not used) 6-9

GEROTB 3-9 6-9

FRATRB 3-9 6-9

NORASS (not used) 3-4

The analysis of tw o of the cpue indices (Section 6.2) show ed a m arked change in the 
fishing pattern  bu t stable or even increasing cpues, indicating that hyperstability of 
the indices m ay be a serious problem. Further investigations are needed to explain 
the shifts in fishing pattern. Until then, the influence of the commercial cpues should 
be reduced as m uch as possible due to the following possible effects: (1) the cpues 
m ay be hyperstable due to the nature of the fishery, (2) there m ay be effects due to 
technological creeping, and (3) the area fished has decreased.
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The analysis of the NORTRL and GEROTB suggests that these indexes are perform ­
ing differently, and for some years, covering different parts of the stock distribution 
by area. At the same time, there are questions about the discard data (not included in 
the assessment, and not available for N orw egian catches or international catches 
taken in the N orw egian zone).

The survey indexes from  IBTS Q3, NORACU and NORASS all show the sam e trends 
for the ages 3-5.

To evaluate the effect of the change of age groups in the commercial indices, the as­
sessm ent was ru n  w ith the following settings: (1) All settings identical to the previ­
ously accepted assessment. (2) For the benchm ark assessment, All settings identical to 
the previously accepted assessment, only using ages 6-9 from  commercial cpue and 
including the NORASS index and the NORTRL index.

Retrospective patterns

1 ) Rerun of the previously accepted assessment.

Mean F
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+O)

lOo
+cu
CM

OO
+O)o
LOo SSB
+0)
CD

LOO
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+
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CM
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+0)o

1970 1980 1990 2000

year

F ig u re  6 .8 .I .I . N o r th  S e a  S a ith e . T h e  r e t ro s p e c t iv e  p a t t e r n  f ro m  th e  p r e v io u s ly  a c c e p te d  a s s e s s ­
m e n t .

2 ) Benchmark assessment: same as the previously accepted assessment, only 
using age 6-9 from  the commercial indexes and including the NORASS 
and  NORTRL (age 6-9) indexes (see Table 6.8.1.1).
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The retrospective pattern  can be divided into tw o data sources: the commer­
cial (black) and the survey (red) retrospective pattern  (Figure 6.8.1.2). Trends 
in the survey index are m ore variable, and  m ean F values estim ated w ith the 
surveys now  are higher. The recruit estim ate is higher based on commercial 
values only, while the SSB has a lower level based on commercial indices.

Mean F

COÖ

Ö
CMÖ
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RecruitsLOO
+
CD
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o
+
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CM

OO
+
CDO

LO
o
+

SSB
CD

CO
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+
CD
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+
CD

CM

OO
+
CDO

1970 1980 1990 2000

year

F ig u re  6 .8 .I .2 . N o r th  S e a  S a ith e . T h e  r e t ro s p e c t iv e  p a t t e r n  in  th e  b e n c h m a r k  a s s e s s m e n t  s h o w n  
fo r  th e  tw o  g r o u p s  o f  in d e x e s  u se d :  re d :  s u rv e y s ;  b la c k :  c p u e  f ro m  f is h e r ie s .

The retrospective pattern in the full benckm ark assessm ent is show n in Fig­
ure 6.8.1.3.
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F ig u re  6.8.1.3. N o r th  S e a  S a ith e . T h e  re t ro s p e c t iv e  p a t t e r n  in  th e  b e n c h m a r k  a s s e s s m e n t .

The variation in the retrospective pattern  for the recruits is still high, as w ould  be 
expected (Figure 6.8.1.4).
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6.8.2 Conclusion

WKBENCH agrees w ith the inpu t data used in the "benchm ark assessment", and 
recognizes that it is an im provem ent in relation w ith the "previously accepted as­
sessm ent". H ow ever WKBENCH recognizes that further investigation on the input 
data and m ethodology to assess this stock is needed, and therefore recom m ends the 
assessem ent w orking group proceed w ith  the investigation initiated at this meeting, 
and  w orking on the preparation of another benchm ark, to be conducted in a near 
fu ture (i.e. in tw o years tim e if progress are presented to the WGNSSK). M aturation- 
at-age appears to be varying significantly and  the im pact of such variation should be 
studied w hen m ore reliable inform ation on m aturation is available.

6.9 Short-term  and medium -term  forecasts

Because the assessm ent on which the advice is based is currently a fully determ inistic 
XSA, the short-term  projection can be done in FLR using FLSTF. W eight-at-age in the 
stock and weight-at-age in the catch are taken to be the m ean of the last three years. 
The exploitation pattern  is taken to be the m ean value of the last three years. Popula­
tion num bers at ages 4 and older are XSA survivor estimates, num bers at age 3 are 
taken from  the geom etric m ean for the years 1988-assessment year.
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N o m edium -term  projections are done for this stock.

6.9.1 Conclusion

N o new  developm ents were m ade during WKBENCH. The ou tpu t of the "bench­
m ark assessment" should be used as input data for short-term  forecast.

6.10  Biological reference points

The biological reference points derived in 2006 (ICES, 2006) are:

Fo.i 0.10 Flim 0.60

F max 0.22 Fpa 0.40

Fmed 0.35 Blim 106 000 t

F high >0.49 Bpa 200 000 t

These reference points refer to an Fbar from  ages 3 to 6. The proportion of catches 
taken by purse seine decreased significantly in the early 1990s. This caused a change 
in  the exploitation pattern  as the purse seiners m ainly targeted young saithe. There­
fore, it m ay be m ore appropriate to use a reference F that does not include age 3.

The influence on the m aturity  ogive from  the observed decrease in the weight-at-age 
is unknow n, bu t it is reasonable to believe that the spaw ning capacity of the stock 
will be affected.

The Fmsy for the stock was analysed at the WGNSSK 2010 (ICES, 2010). The estim ation 
of F m s y  values for Saithe was carried out w ith the Cetas AD MB m odule (m ethodology 
see Section 1.3.1 in the working group report). As sensitivity analysis F m s y  was also 
estim ated using FLR (m ethodology see Section 1.3.2 in  the working group report). 
For both m ethodologies the sensitivity against different stock-recruitm ent relation­
ships (Ricker, Bev-Holt, Hockey stick) was tested. In addition, using FLR, the sensi­
tivity of F m s y  estim ates to different inpu t values was analysed (i.e. the im pact of using 
a three year m ean com pared to a seven year m ean for the exploitation pattern, and 
the im pact of using different values for weight-at-age). Both choices can be seen as 
representative for the recent period of low  weights-at-age (Figure 6.2.2.2). A retro­
spective analysis of how  F m s y  values varied in time com pleted the analysis.

Since there is no complete 2010 data, the assessment were based on data until 2009.

The fit to stock-recruitm ent data was poor for all types of recruitm ent relationships 
(Figure 11.9.1 in WGNSSK 2010). There are no data near the origin. However, the 
AIC criterion was highest for the Ricker curve (AIC=60.9), the AIC for the B everton- 
H olt and Hockey stick recruitm ent curve were lower and very similar (AIC=58.0 and 
58.2). The estim ated determ inistic F m s y  value was 0.28 for the Ricker, 0.24 for the 
Beverton-H olt and  0.32 for the Hockey stick recruitm ent curve (Table 11.9.1 in 
WGNSSK 2010). The m edians of bootstrap estimates w ere 0.30, 0.20 and  0.30, w ith 
each having considerable variability.

Based on the AIC criterion, the Ricker recruitm ent curve could be rejected. For the 
Beverton-H olt curve the point of m axim um  curvature lies outside the range of obser­
vations and  the steepness is poorly defined (Figure 6.10.1). Therefore, the hockey 
stick recruitm ent curve was chosen as being m ost appropriate. The m edian value of 
the bootstrap estimates was 0.3. This was chosen as the target for advice recognizing
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the considerable am ount of uncertainty around the estim ate (see ICES, 2010, Section 
11).
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F ig u re  6.10.1. N o r th  S e a  S a ith e . F ig u re  1 (a) R ic k e r ,  (b ) B e v e r to n - H o l t  a n d  (c) s m o o th  h o c k e y  s t ic k  
c u rv e s  f i t t e d  to  th e  N o r th  S e a  s a i th e  s to c k  a n d  r e c r u i tm e n t  c u rv e s . T h e  9 5 th , 9 0 th , m e d ia n ,  1 0 th  
a n d  5 th  p e r c e n t i le s  d e r iv e d  f ro m  M C M C  r e s a m p l in g  a re  i l l u s t r a t e d  i n  r e d ,  th e  d e te r m in is t ic  e s t i ­
m a te s  i n  b lu e .

A revised m aturity  ogive can give different results in these analyses. A revised m a­
turity  index should be considered for the next benchm ark of the stock.
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6.11 Recom mendations on the procedure for assessm ent updates and further 
work

The use of cpue indexes as tuning values for the year classes that are covered by sur­
veys should be avoided.

WKBENCH recom m ends the WGNSSK to use the "benchm ark assessment" as basis 
for advice in  the incoming years, until new  m ethodology /inpu t data is benchm arked.

A n acoustic index that can cover the spaw ning-stock of saithe should be developed 
in  parallel w ith the N orw egian part of the IBTS Q1 survey.

6.12 Implications for m anagem ent (plans)

None identified.
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7 D ata  p ro b lem s re le v a n t to  d a ta  co llec tion  p ro g ra m m e s

S t o c k D a t a  P r o b l e m H o w t o  b e  a d d r e s s e d  
in  D C R

By  w h o

Stock name Data problem 
identification

Description of data 
problem

and recommend 
solution

Who should take care of the 
recommended solution and 
who should be notified on this 
data issue (e.g. a specific ICES 
member country, RCMs, 
PGCCDBS)

Northeast
Arctic
haddock

Termination of 
Norwegian port sampling 
of commercial catches in 
mid-2009

Norway, PGCCDBS

North Sea 
saithe and 
haddock

Lack of recent stomach 
sampling -  important in 
order to identify 
multispecies interactions 
(growth, predation)

Include stomach 
sampling in DCR

EU, Norway, PGCCBDS

Southern
Horse
Mackerel
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A nnex  2 : A g en d a

WKBENCH Tim etable 2 4 -3 1  January 2011 W eek 4

Monday1 Tuesday Wednesday Thursday Friday Saturday Sunday Monday

24 25 26 27 28 29 30 31

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

9:00

10:00 Opening (Jim and 
Bjarte*

NS Haddock: 
Presentation + 
discussion

Working session: 
data and methods 
scrutiny

Working session: 
data and methods 
scrutiny

Working session: 
data and methods 
scrutiny

Report writing Report writing Haddock in Subareas I 
and II: report and SA 
(plenary)

Coffe break (15 min) Coffee break Coffee break Coffee break Coffee break Coffee break Coffee break Coffee

11:00

12:00

Herring in Va: 
Presentation + 
discussion

SN Saithe: 
Presentation + 
discussion

Working session: 
data and methods 
scrutiny

Working session: 
data and methods 
scrutiny

Working session: 
data and methods 
scrutiny

Report writing Report writing Horse mackerel in 
Division IXa: report 
and SA (plenary)

13:00

Lunch Lunch Lunch Lunch Lunch Lunch Lunch Lunch

1 Day 1 and 2 stock presentations: 1. Basic biology, ecology, and fisheries information, 2. Data availability and issues, and 3. Assessment methods, results, and issues, 
(around 1 hour). Discussion with external experts around 0.5 to 1 hour.
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WKBENCH Tim etable 2 4 -3 1  January 2011 W eek 4

Haddock in Subareas Sum up from Overview on Overview on Overview on Report writing Report writing Herring in Division

14:00 I and II: Presentation (Jim) progress from progress from progress: Va: report and SA
+ discussion each stock leader 

on assessment
each stock leader 
on assessment 
and forecast

assessment 
forecast and ref. 
points

(plenary)

Working session: Working session: Sum up from Saithe in Subarea Iv
data and methods data and methods (Jim) and VI and Division

15:00 Horse mackerel in 
Division IXa

scrutiny scrutiny Working session 
and report 
writing

Plenary: report 
general section

Illa: report and SA 
(plenary)

Coffee break (15 min) Coffee break Coffee break Coffee break Coffee break Coffee break Coffee break Recommendations 
and closure (plenary)

16:00 Horse mackerel in Working session: Working session: Working session: Working session Report writing Haddock in Coffee
Division IXa (cont.) data and methods data and methods data and methods and report Subarea IV and

scrutiny scrutiny scrutiny writing Division Illa 
report and SA 
(plenary)

17:00 Sum up from (Jim)
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Annex 3: WKBENCH Terms of Reference

2010/2/ACOM39 The Benchmark Workshop on Saithe, Haddock, Herring and Horse 
Mackerel Stocks (WKBENCH) chaired by External Chair Jim Berkson, USA, ICES 
coordinator Bjarte Bogstad, N orw ay and tw o invited external experts George Tserpes, 
Greece and Jim Ianelli, USA, will m eet in Lisbon (Portugal), 24—31 January 2011 to:

a ) Evaluate the appropriateness of data and m ethods to determ ine stock 
status and investigate m ethods for short-term  outlook taking agreed or 
proposed m anagem ent plans into account for the stocks listed in the 
text table below. The evaluation shall include consideration of fishery- 
dependent, fishery independent, environm ental, m ulti-spedes and life- 
history data.

b ) Agree and docum ent the preferred m ethod for evaluating stock status 
and  (where applicable) short term  forecast and update  the stock annex 
as appropriate.

c ) If no new  analytical assessment m ethod can be agreed, then an alterna­
tive m ethod (the form er m ethod, or a trends based assessment) should 
be p u t forward.

d  ) Evaluate the possible implications for biological reference points, 
w hen new  standard  analyses m ethods are proposed. Propose new  
MSY reference points taking into account the WKFRAME and  ADG- 
MSY results.

e ) Develop recom m endations for future im proving of the assessment 
m ethodology and data collection.

f ) As part of the evaluation:

i ) Conduct a one day data compilation workshop. Stakeholders shall
be invited to contribute 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 w orkshop consider 
the quality of data including discard and estimates of m isreporting 
of landings;

ii ) Consider the possible inclusion of environm ental drivers for stock
dynam ics in the assessments and outlook;

iii ) Evaluate the role of stock identity and migration;

iv ) Evaluate the role of m ultispedes interactions on the assessments.
Stock Assessment Lead

Saithe in Subarea IV (North Sea) Division Illa West (Skagerrak) and 
Subarea VI (West of Scotland and Rockall)

Irene Huse

Haddock in Subarea IV (North Sea) and Division Illa Coby Needle

Haddock in Subareas I and II (Northeast Arctic) Alexey Russkikh

Herring in Division Va (Icelandic summer-spawners) Asta Gudmundsdóttir

Horse mackerel (Trachin us trachurus) in Division IXa (Southern stock) Alberto Murta

The Benchmark W orkshop will report by 14 February 2011 for the attention of 
ACOM.
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Annex 4: Recommendations

Recomm endation For fo llow  up by

1. WKBENCH encountered some difficulties in addressing its ACOM 
terms of reference. Generally the level of participation among 
participants to comment on each of the five stocks was excellent.
However, dealing with five stocks in the course of an 8-day
meeting was challenging.
The five stocks considered at WKBENCH were a rather odd 
collection; two pelagic and three demersal stocks from four 
species from widely different geographical areas. The assessment 
issues to be looked at were also quite different. This set-up does 
not give much synergy effect from benchmarking the stocks 
together.
WKBENCH recommends that fewer/more similar stocks are 
covered at future benchmark meetings.
2. A significant portion of the preparation required for a 
successful benchmark was not completed prior to the 
WKBENCH. This included data analyses, running assessment 
models, and preparing tables and plots of the results. This 
greatly delayed the progress of the WKBENCH during the course 
of the week. It should be recognized by all stock assessment 
teams that due to the extremely limited time available to conduct 
new work during a benchmark, the majority of work should be 
completed prior to the meeting. The primary purpose of a 
benchmark meeting is to review current work, not to complete a 
new assessment.

3. There were some shortcomings in cpue tuning-series WGNSSK 
(particularly for saithe). WKBENCH recommends that statistical
methods such as use of general linear models and related 
methods be used to standardize cpue time-series used in 
assessments.
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Recomm endation For fo llow  up by

Assessment methods Assessment WGs
4. The workshop discussed a range of issues around analytical
assessment methods. Key issues included: 1) the relative
advantages and disadvantages of "XSA" type methods versus
"statistical catch-at-age" methods; 2) concern over retrospective
patterns, 3) the tendency for situations when large numbers of
iterations in XSA for convergence generally leads to larger stock
sizes, 4) robustness of assessment methods to poor or missing
data; and 5) the need to evaluate uncertainty in model results
(e.g. using classical variance estimates, non-parametric bootstrap,
or MCMC protocols). To the extent that time and resources
permitted, the implications of some of these issues for specific
assessments were investigated in the workshop but much more
work needs to be done. The majority of this work can and
should be completed prior to the benchmark, allowing for the
time to be spent presenting and discussing results and
implications.

WKBENCH notes and applauds moves to develop and apply 
new assessment methods to some stocks (such as Coleraine for 
Icelandic herring, SAM for NS haddock, and the model 
developed for horse mackerel). The advantages of these methods 
are that data quality can be explicitly included and results 
provide explicit estimates of uncertainty in assessments and 
model-based projections. WKBENCH recommends continued 
application of such alternative models and where practical, 
conduct parallel assessments.
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Annex 5: Stock Annexes

Stock  A nnex: Ice land ic  su m m e r-sp a w n in g  h e rrin g

Stock specific docum entation of standard  assessm ent procedures used by ICES.

Stock Icelandic sum m er-spaw ning herring (Her-Va)

W orking G roup NWWG

Date 31.01.2011; during WKBENCH

Revised by G uöm undur J. Oskarsson and Asta G uöm undsdóttir

A. G eneral

A.1. Stock definition

The Icelandic sum m er-spaw ning herring is constrained to Icelandic w aters through­
out its lifespan. Results from  various researches including, tagging experiments 
around m iddle of last century, studies on larval transport, and studies on m igration 
pattern  and distribution, all suggest that the stock is local to Icelandic waters. Until 
2010, no specific genetic studies have taken place to distinct the stock from  the two 
other herring stocks around Iceland (Icelandic spring-spaw ning herring and N orw e­
gian spring-spaw ning herring). However, a project (HERMIX) w ith that as one of the 
objectives started in 2009 and is ongoing in cooperation w ith  several institutes in Ice­
land, Faroe Island, Denmark, and Norway. These three stocks are distinguished on 
the basis of their spaw ning time and  spaw ning area, as presented by their names. In 
practice, the m aturity stage of catch sam ples is used to distinguish Her-Va from  the 
other stocks in a m ixed fishery.

A.2. Fishery

Since at least the year 2000, the herring fisheiy has been conducted by big vessels that 
in m ost cases have onboard both purse-seines and m id-w ater-traw ls that are used as 
needed in the fisheiy. Usually, m ost of the catch is taken by purse-seine (ICES, 2008). 
Bycatch in the herring fishery is norm ally insignificant as the fishing season is during 
the over-w intering period w hen the herring is in large dense schools.

A2.1. Prior fo 1980

The catches of Icelandic sum m er-spaw ning herring increased rapidly in the early 
1960s due to the developm ent of the purse-seine fisheiy off the south coast of Iceland. 
This resulted in a rapidly increasing exploitation rate until the stock collapsed in the 
late 1960s. A fishing ban was enforced during 1972-1975. The annual catches have 
since increased gradually  to over 100 000 t.

A2.2. 1980 onwards

Until the au tum n 1990, the herring fisheiy took place during the last three m onths of 
the calendar year. D uring 1990-2008 the au tum n fisheiy continued until January or 
early February of the following year, and has started in September/October since 
1994. In 2003 the season was further extended to the end of April and in the sum m ers 
of 2002 and 2003 an experim ental fisheiy for spaw ning herring w ith  a catch of about 
5000 t each year was conducted at the south coast.
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In the beginning of this period, the fleet consisted of m ulti-purpose vessels, mostly 
under 300 GRT, operating w ith purse-seines and driftnets. In recent 20 years, larger 
vessels (up to 1500 GRT) have been gradually taking over the fishery, and today they 
represent the whole herring fishing fleet. Consequently, the num ber of vessels par­
ticipating in the fishery has show n decreasing trend  in the 2000s from  around 30 
dow n to 15 in 2010. Simultaneously, the average size of the vessels has increased. 
These vessels are com bination of purse-seiners and pelagic traw lers operating in the 
herring (Her-Va and N orw egian spring-spawners), capelin (Mallotus villosus), blue 
w hiting (Micromesistius poutassou) fisheries, and in  recent years also the NE-Atlantic 
mackerel (Scombrus scombrus) and M ueller's pearlside (Maurolicus muelleri) fisheries.

Since the 1997/1998 fishing season to around 2007/2008, there was a fishery for Her- 
Va both  west and east off Iceland, w ith gradual increase off the west coast. This west 
coast fishery of the stock had  until then hardly taken place since the m iddle of the 
1960s (Jakobsson, 1980; Óskarsson et ah, 2009a). In the m ost recent years (2006 to 
2010), m ost of the catches have been taken in a small area off the w est coast in  the 
southern part of the bay Breiöafjöröur (Figure 1; e.g. ICES, 2008; 2009). As a conse­
quence, it is nearly exclusive purse-seine fisheries, while the pelagic traw l fisheries, 
first introduced in 1997/1998, contributed earlier to around 20-60% of the catches for 
several years.

A2.3. Fishery regulations

The fishery of the sum m er-spaw ning herring is currently regulated by regulations set 
by the Icelandic M inistry of Fisheries in 2006 (no. 770, 8. September 2006). According 
to it, fishery of juveniles herring (27 cm and smaller) is prohibited and  to prevent 
such a fishery, area closures are enforced.

The fishery can take place from  1st September to 31st May each fishing season (1st 
Septem ber-31st August) in nets, purse-seines and  m id-w ater trawls. The m id-w ater 
traw ling is only allowed outside of the 12 nautical miles zones w ith  some additional 
areal restrictions. Use of sorting grids in the m id-w ater traw ls can be required in 
some areas, if necessary to avoid by catch.

If nets are used in the herring fishery, the m inim um  m esh size (stretched) is 63 mm.

The annual total allowable catch is decided by the M inistry of Fisheries. Since 1985, 
the decision has m ore or less been based on the advices given by the M arine Research 
Institute, w ith very small discrepancy (ICES, 2010).

A.3. Ecosystem aspects

A3.1. Geographic location and timing of spawning

The spaw ning of the stock takes place in July off the SE, S and SW coast (Jakobsson 
and Stefansson, 1999) w ith the m axim um  activity around m iddle of July (Óskarsson 
and Taggart, 2009). The nursery grounds are mainly in coastal areas off the NW  and 
N  coast, bu t occasionally also in coastal areas off the E, SE, and  SW and W Iceland 
(G udm undsdottir et al., 2007). The location of the overw intering of the m ature and 
fishable stock has varied during the last 30 years (Óskarsson et al., 2009a). Prior to 
1998 it was m ainly off the SE and E Iceland but from  1998 to 2006, the overw intering 
took place both off the east and w est coast, w ith  increasing proportion being in the 
w estern part. Since then (winters 2006/2007 to 2009/2010), m ost of the stock has been
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located in high density in coastal waters in northern  part of Breidafjördur in western 
Iceland.

A3.2. Diet

The variation in the diet com position of the Icelandic sum m er-spaw ning herring is 
poorly know n due to lim ited examinations. The m ain prey is probably Calanoids (e.g. 
Calanus finmarchicus) bu t other Zooplankton groups and species, and fish eggs and 
larvae could also be significant part of the diet according to small prelim inary re­
search m ade by MRI on stom ach contents of herring in  a relatively restricted area SW 
off Iceland in  2008 (Óskarsson et al., 2008).

A3.3. Predators

A dult herring is food resource for various animals in  Icelandic w aters according to 
various researches. The animals include m ink whale (Balaenoptera acutorostrata), 
hum pback whale (Megaptera novaeangliae), several sea b ird  species, cod (Gadus mor­
hua) and pollack (Pollachius virens), bu t the annual consum ption of herring by the 
different predators is relatively unknow n. An increased predation of herring by cod 
has been observed in stom ach analyses in the Icelandic groundfish survey since the 
Ichthyophonus outbreak started in the herring stock in N ovem ber 2008, even if it has 
not been quantified.

A3.4. Diseases and parasites

In N ovem ber 2008, the M arine Research Institute in Iceland got the inform ation from  
the commercial fleet fishing on Her-Va that the stock was seemingly infected by some 
parasite or had  some disease. W ithin few days it was identified as a major outbreak 
of the protista parasite Ichthyophonus hoferi. A thorough exam ination of the fishable 
stock during the w inter 2008/2009 indicated that 32% of the stock was infected (Os- 
karsson et al., 2009; Oskarsson and Pálsson, 2009) and 43% during the w inter 
2009/2010 (Óskarsson et al., 2010). D uring the period from  1991 to 2000, the preva­
lence of Ichthyophonus infection in the stock was determ ined inter-annually bu t only a 
m inor infection was observed during that period, or in around 1 per every 1000 indi­
viduals examined. The source of the infection outbreak is unknow n (Oskarsson and 
Pálsson, 2009) bu t the infection is transm itted w ith  resting spores of the parasite that 
m ust be eaten in one w ay or another by the herring since they need an acid environ­
m ent to be activated (Spanggard et al., 1995). Since the stock is not feeding during the 
overw intering period, the stock get the infection on the feeding grounds, w hich is 
also supported  by the developm ent of the infection in the stock as seen from  an ex­
tensive sam pling of the stock throughout the w inters (Óskarsson et al., 2009; 2010). In 
the au tum n 2010, the infection rate was still h igh in the stock according to prelim i­
nary figures or 37% (Óskarsson and Pálsson, 2011).

In juvenile herring the prevalence of infection was also high in  m ost of the distribu­
tion area during both the w inters and the infection reached over a very extensive 
area, or all coastal areas around Iceland except for the east coast. As this infection is 
believed to be fatal to all infected herring (Sinderman, 1958), this outbreak has had  
huge effects on the size of the herring stock as well as on recruitm ent into the fishing 
and spaw ning stock.
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A thorough sum m ation of results covering the Ichthyophonus infection in  the herring 
stock and its relevance to the analytical assessm ent of the stock is given by Óskarsson 
and Pálsson (2011).

A3.5. Recruitment variation of the slock

The recruitm ent variation of the stock has been exam ined in tw o papers, first by Ja­
kobsson et al. (1993) and then m ore thoroughly by Óskarsson and Taggart (2010). The 
m ain conclusions from  Jakobsson et al. (1993) by analysing the period from  1947 to 
1991 was that the stock-recruitm ent relationship was m ost adequately fitted w ith  a 
Cushing m odel and  the recruitm ent increased strictly w ith increasing stock size w ith 
no signs of decreased recruitm ent at high stock level (i.e. a dom e-shaped relation). Fur­
therm ore, environm ental changes, and particularly the sea tem perature affects the 
recruitm ent even if it was noted that tw o of the four largest year classes were pro­
duced in  periods considered to be w arm  and tw o in periods considered to be cold.

Óskarsson and Taggart (2010) exam ined the recruitm ent variation of the stock during 
1963-1999 w ith generalized linear m odels (GLM) w ith special focus on the im pact of 
the m aternal effects as well as various ecological and  environm ental factors. The best 
m odel explained 64% of the variation in the recruitm ent of the stock and incorporates 
total egg production constrained to the repeat spaw ners (40%), the NAO winter- 
index (18%), and ocean tem perature (6%). The latter tw o represent the w inter and 
spring period subsequent to year-class formation. Contribution of recruit spaw ners to 
the total egg production were of no significance in explaining variation in the re­
cruitm ent despite the fact that they could contribute to as m uch as 55% of the egg 
production. The spaw ning potential of the repeat spaw ners was suggested to replace 
total SSB w hen determ ining recruitm ent potential in  the stock assessment, w hich in 
addition to the incorporation of oceanographic factors, was considered to provide a 
m ore precautionary and risk-adverse approach. The ocean tem perature off northern 
Iceland (Siglunes) was found to have a m arginal effect on the recruitm ent of the 
stock; consistent w ith the results of Jakobsson et al. (1993) w here average recruitm ent 
was reduced during the relatively cold period of 1965 through 1971. The prim ary 
nursery grounds for the stock are off northern  Iceland (Figure 1), though larvae and 
juveniles are also found elsewhere (G udm undsdóttir et al., 2007). They concluded that 
oceanographic variability, as reflected in the positive effects of lagged w inter NAO 
index and ocean tem perature indices, influences recruitm ent through the survival of 
larvae during their first w inter-spring. The conclusion is substantiated by the posi­
tive relation betw een age-3 recruitm ent and larval and post-larval abundance indices 
at age-1 and -2 in the ISS stock that indicate that the year-class strength is determ ined 
during the first year of larval developm ent (G udm undsdóttir et al., 2007).

Similar to Jakobsson et al. (1993), Óskarsson and Taggart (2010) observed that the 
recruitm ent of the stock increased continuously w ith increases in total egg produc­
tion of repeat spaw ners and there is no indication of density-dependence even as SSB 
and the egg production increased above historical estimates. In the end they conclude 
that it is m ore appropriate to use size structured estim ates of fecundity as well a 
spaw ning experience (e.g. egg production of repeat spawners) in place of simply total 
egg production and SSB, especially, from  a m anagem ent perspective, at low  SSB and 
w hen the size structure is truncated, and to do so prior to assessing potential oceano­
graphic influences. Doing so should result in m ore accurate short-term  predictions of 
the recruitm ent. Their best generalized linear m odel (GLM) explained 64% of the
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variation in the recruitm ent variation during 1963 to 1998 and incorporated total egg 
production constrained to the repeat spaw ners (40%), the N orth  Atlantic Oscillation 
(NAO) w inter-index (18%), and ocean tem perature (6%).
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F ig u re  1. T h e  n a m e s  o f  s o m e  f jo rd s  a n d  b a n k s  a r o u n d  I c e la n d  r e f e r r e d  to  i n  th e  te x t. G re y  s h a d ­
in g  in d ic a te s  th e  n u r s e r y  a r e a s , a n d  s t r ip e s  th e  s p a w n in g  a r e a s , a n d  th e  a r ro w s  s h o w  th e  d ir e c ­
t io n s  o f  la rv a l  d r i f t  ( a d o p te d  f ro m  G u d m u n d s d ó t t i r  e t  a l., 2007).

. D a ta

B .l. Com m ercial catch 

B1.1. Landings

Inform ation about landings of the fishery fleet is collected by the Icelandic Director­
ate of Fisheries. They have access to both landings in the harbours (the official land­
ing) and the registered catch in  the digital logbook kept by all the vessels. The 
logbooks keep inform ation about tim ing (day and time), location (latitude and longi­
tude), fishing gear, catch size, and species com position in the catch of each fishing 
operation for each vessel.

Biological sam ples from  the catch are taken at sea by the fisherm en or in the harbours 
by people from  MRI and/or inspectors from  the Directorate of Fisheries and then 
analysed by MRI (record at least the fish length, weight, age (from scales), sex, m atu­
ration, and w eight of sexual organs). The inform ation from  the sam ples is then used 
along w ith the total landing data and  the logbook data to estim ate the com position of 
the total landings. It includes estim ating Caton (catch-in-weight), C anum  (catch-at- 
age-in num bers), W eca (weight-at-age-in-the-catch), and length com position in the 
catch.
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The annual estimations of the com position of the total landings (e.g. the catch-at-age 
matrix) are based on dividing the annual landings into cells according to the fishing 
gear, geographical location and m onth of fishing. The num ber of cells used in the 
calculation each year depends on num ber of factors, including the spatial and tem po­
ral distribution of the fishery, the fishing gear used and intensity of biological sam ­
pling, and has ranged from  three to ten during the years 2004 to 2010. The num ber of 
w eight-at-length relationships and length-at-age relationships applied differs be­
tw een years and is in the range of 1-2 in both cases. Since 1990 to present, all avail­
able length m easurem ents are used for the estim ations in the cells, while length of 
aged fish was only used in earlier estimations. Length m easurem ents done by inspec­
tors of the Directorate of Fisheries are though usually om itted as inspectors tend  to 
focus on catches that are suspected to consist of small herring and give therefore of­
ten biased length distributions.

A planed re-aging of herring from  the catch sam ples in the fishing seasons 1994/1995 
through 1997/1998 was not finished in February 2010 and because of lim ited m an­
pow er at the M arine Research Institute it will be postponed further. W hen the re­
aging is accom plished the num ber-at-age in the catch will be re-estim ated. Previous 
w ork suggests though that only small changes can be expected.

Bí .2. Discards

Discards are illegal in Icelandic waters. Normally, discards are considered to be in­
significant in the fishery of Icelandic sum m er-spaw ning herring. There are few excep­
tions in the past 35 years w here discards w ere estim ated to be significant (1990-1995; 
ICES, 2008). These exceptions are related to large year classes being entering the fish­
ery and  juveniles have been num erous in the catch. Surveillance by inspectors from 
the Directorate of Fisheries during each fishing season is considered adequate in veri­
fying if a discard is ongoing.

B.2. Biological

B.2.1. W eight-at-age of th e  stock

The weight-at-age in the stock is estim ated from  the commercial catch samples com­
bined over the whole fishing area. Since the fishery takes place in the autum ns and 
the w inters (around September through January), the weight-at-age represents that 
period.

B.2.2. Natural mortality, M

N atural m ortality is assum ed to be constant, M=0.1, for the whole range of ages and 
years. There are no direct estimates of M bu t the estim ate of M=0.1 has been evalu­
ated num erically by Jakobsson et al. (1993). They concluded, through com parison of 
acoustics- and VPA based stock size estim ations that the assessed level of M ranged 
from  0.1 to 0.15. Because of the Ichthyophonus infection in the stock, a higher M has 
been set for the year 2009 (M=0.1+0.39=0.49), 2010 (age dependent, see Table B.2.2.1), 
and 2011 (M=0.1+0.41=0.51), which reflects the prevalence of the infection and the 
stock num ber (see above in A.3.4.; Óskarsson and Pálsson, 2011). It has been consid­
ered appropriate to add  Minfection to the fixed natural m ortality of the stock, M=0.1, so 
that M used in the assessm ent is consistent w ith the observed infection levels. For 
sensitivity, alternative values for M will be conducted and  include scenarios w here 
we assum e the infection rate becomes unim portant (say in about five years) and M
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returns to the base rates for projection purposes. For future assessments, the preva­
lence of infection will need to be monitored.

T a b le  B .2.2.1. T h e  to ta l  a c o u s t ic  e s t im a te  (N to ta l)  o f  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  i n  th e  
w i n t e r  2009/2010 f o r  a g e  g r o u p s  3 to  11, th e  n u m b e r  o f  in f e c te d  h e r r in g  (N in fe c te d )  a n d  e s t im a te s  
o f  p r e v a le n c e  o f  I c h th y o p h o n u s  in f e c t io n  (P in fe c te d )  o f  th e  w h o le  s to c k  w h e n  w e ig h e d  w i th  th e  
h e r r in g  q u a n t i ty  o f  th e  d i f f e r e n t  lo c a t io n s ,  a n d  f in a l ly  th e  c o r r e s p o n d in g  e s t im a te  o f  n a tu r a l  
m o r ta l i ty  c a u s e d  b y  th e  in f e c t io n  (Mmfected= -(logzlNtotai-Nmfected) -  lo g 2(Ntotai)).

Ago (years) Acoustic estim ate Ntotal ( '1 0 6 ) Ninfected ( '1 0 6 )

W eighed
Pinfected
%) M infected

M  in
assessment

3 337.3 160.2 47.5 0.64 0.74

4 525.4 248.6 47.3 0.64 0.74

5 466.9 207.8 44.5 0.59 0.69

6 273.6 113.3 41.4 0.53 0.63

7 335.3 132.1 39.4 0.50 0.6

8 156.5 60.1 38.4 0.48 0.58

9 140.7 52.6 37.4 0.47 0.57

10 149.3 54.6 36.6 0.46 0.56

11 36.9 13.2 35.7 0.44 0.54

Total 2421.8 1042.6 43.0 0.56 0.66

B.2.3. Age-at-maturity

The age-at-m aturity of the Icelandic sum m er-spaw ning stock was until 2006 esti­
m ated annually from  the commercial catches alone (ICES, 2008). Such estimates are a 
subject to various source of errors including that the year classes that are becoming 
m ature m ight have spatial distribution that is linked to if they are m ature or not. For 
example, m ature individuals of a given year class w ould  be m ore likely to join the 
older fully m ature age groups than  the im m ature individuals. It indicates also that 
the estim ate of age-at-m aturity from  the catch samples can be incorrect because the 
m ost im portant age groups are poorly representative in  the commercial catches. That 
was the m ain reason for the decision taken in 2006 that the m aturity-at-age from  2006 
and onw ards was assum ed to be constant (Óskarsson and G udm undsdóttir, 2006), 
which was based on analyses of catch and survey data and is as follows:

Age < 3 3 4 5 +

Proportion mature 0.00 0.20 0.85 1.00

Analyses and com parison of estimates from  commercial catch data, survey data and 
estim ates based on fish scale grow th layers indicate, however, that the m aturity  ogive 
of the non-fishable part of each age class in  the stock is equivalent to the fishable part 
for the years 1962 to 2002 (Óskarsson and G udm undsdóttir, 2011). It gives support to 
the age-at-m aturity values used in  the assessment of the stock until 2006, originating 
from  the traditional m ethod in  estim ating the age-at-m aturity from  sim ply com m er­
cial catch samples. However, since the spatial distribution of the stock is completely 
different in recent years, w here m ost of the fishable stock is overw intering in  a small 
area off the w est coast (Óskarsson et al., 2009a), com pared to the period w hich the 
analyses cover, using the commercial catch samples to estim ate the age-at-m aturity 
cannot be recom m ended for the m ost recent years. Thus, to get reliable estim ates of



1 6 8  I ICES W K BE N C H  REPORT 2 0 1 1

age-at-m aturity that is independent of the stock distribution, Óskarsson and 
G udm undsdóttir, (2011) recom m end a re-establishm ent of determ ination of age of 
first spaw ning from  the fish scales grow th layer, which took place during the period 
1964 to 1992. Until then and following analyses of those data, the m aturity ogive of 
the stock in  the assessm ent should be fixed as show n in the table above.

B.2.4. Ageing of fhe stock

The age of the stock is determ ined from  the fish scales and  the num ber of annual 
w inter-rings +1 gives the age in years.

B.2.5. Fecundity of the stock

The fecundity variation of the Icelandic sum m er-spaw ning herring has been esti­
m ated in tw o papers, by Jakobsson et al. (1969) and later m ore thoroughly by Óskars­
son and Taggart (2006). The latter paper indicates that the fecundity at length relation 
to be: Fecundity [*103] = 15.9 * Length [cm] - 382.2. It indicates that herring at average 
length in the catch (32 cm) spaw ns around 127 thousands eggs in a season and release 
all the eggs at once. Furtherm ore, Fulton's condition factor K (=100x W eightxLength 3) 
explains a trivial (1.5%) but significant am ount of the residual variation in potential 
fecundity of the stock, and  appears to have the greatest effect am ong smaller length 
classes.

B.3. Surveys

A. Autumn/winter survey (IS-Her-Aco-Q4/Q1)

Currently, one survey is available and applied as a tuning-series for the analytical 
assessm ent of the Icelandic sum m er-spaw ning herring stock. It is an acoustic research 
survey, w hich has been ongoing annually since 1974 except for the w inters 1976/1977, 
1982/1983,1986/1987, and 1994/1995. These surveys have been conducted in O ctober- 
December and/or January. The survey area varies spatially as the survey is focused 
on the adult and incoming year classes. The surveyed area is decided on the basis of 
all available inform ation on the distribution of the stock in previous and the current 
year, w hich include inform ation from  the fishery. Thus, the survey area varies spa­
tially as the survey is focused on the adult and incoming year classes. As norm ally 
practiced in acoustic surveys, traw l sam ples are used to get inform ation about the 
schools species and length composition. Detailed inform ation and the results of the 
surveys are given inter-annually in internal reports at MRI, and later sum m arized in 
the assessment reports.

B. Spawning survey (IS-Her-Aco-Q3)

In the sum m er 2009 and 2010, acoustic surveys were conducted on the spaw ning 
grounds of the Icelandic sum m er-spaw ning herring. The surveys, which took place in 
a ten day period at the beginning of July just before the m axim um  of the spaw ning 
activity around the m iddle of July (Óskarsson and Taggart, 2009), covered all the 
know n spaw ning grounds of the stock. The m ain purpose of these surveys was to get 
estimates of the prevalence of Ichtyhophonus infection in  the stock, bu t also to get 
acoustic abundance estimates of the stock. The w orking group involved in the as­
sessm ent of the stock considers that the results of this acoustic survey can be used as 
a tuning-series w ithin an analytical assessm ent w hen and if the time-series becomes 
sufficiently long. The m ain advantage of this survey above the traditional au­
tum n/w inter survey (above) is that its spatial and tem poral coverage is consistent and
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fixed betw een years. Thus, hopefully this survey will continue for some years, so the 
quality and  reliability can be verified including how  well it is following the stock 
trend  according to the assessm ent and the autum n/w inter survey.

C. Juvenile survey (IS-Her-Aco-Juv-Q4/Ql)

In addition to the acoustic survey aim ed at the fishable part of the stock, there have 
been occasionally acoustic surveys off the NW, N, and NE coast of Iceland aim ed at 
estim ating the year-class strength of the juveniles. This survey was undertaken in 
N ovem ber to December m ost years during 1980 to 2003, bu t had  not taken place since 
2003, until it was resurrected in January 2009. It was again undertaken in the au­
tum ns of 2009 and 2010. The results of these m easurem ents have norm ally not been 
used in  the assessment or stock projection directly, even if the year-class indices at 
age-1 herring derived from  the survey show ed a significant relationship to recruit­
m ent of the stock at age 3 (G udm undsdóttir et a l, 2007). Because of this relationship, 
and to utilize the inform ation from  this survey, the survey abundance index of age 1 
herring will be used to predict the num ber at age 3 for the stock in  the short-term  
projections from  the assessm ent 2011 and on, given that survey inform ation are avail­
able.

B.4. Com m ercial cpue

The commercial cpue data is not considered relevant to the assessm ent because of the 
nature of the fishery and due to the continuous developm ent of the vessels and the 
equipm ent used in the fishery.

B.5. O th e r relevant da ta

None.

C. Assessment: data  and method

Model: Age structured

Software: NFT-ADAPT (VP A/AD APT version 3.0.3 NOAA Fisheries Toolbox)

Alternatives evaluated and available for fu ture com parisons include a new  version of 
TSA (older version, see G udm undsson, 1994). Also, a statistical catch-at-age was p re­
sented (Coleraine: H ilborn et a l, 2003) and it was consistent w ith other m odels and 
m ay be useful for presenting and com paring uncertainty estim ates in the future.

The NFT-ADAPT has been used for point estim ate and final assessm ent of the stock 
since 2005 to 2010.

M odel Options: The m odel options differ slightly betw een years, bu t are given in 
tables or text in the WG assessment reports (e.g. ICES, 2008).

The youngest age groups in the assessment runs from  catch data is age 3 and oldest 
age 13+.

The data used from  the tuning-series (IS-Her-Aco-Q4/Ql) are age groups 4-11.

Years used are 1987 onwards.

The IMSL param eters used are the defaults except the following three:

Scaled gradient tolerance of 6.055454E-05
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Scaled step tolerance of 1.0E-18 

Relative function tolerance of 1.0E-18 

Survey weighting factors were 1.0 for each age except:

In 1989 weighting factors used as 0.01 for 8 years and older 

In 1990 and 1991 weighting factors used as 0.01 for 9 years and older 

In 1992 weighting factors used as 0.01 for 10 years and older 

In 1993 weighting factor used as 0.01 for age 11 year 

In 2004 weighting factor used as 0.01 for age 10 year and older 

In 2005 and 2007 weighting factor used as 0.01 for age 11 

Earliest age in Terminal Year+1: Geometric m ean over 1987-2006 

Calculation M ethod Full-F in Terminal Year: Classic M ethod 

F at oldest age in Terminal Year: Use F at oldest true age calculation m ethod 

F at oldest true age calculation m ethod: Use arithm etric average 

F oldest age calculation m ethod: Use ages 8-11 

Plus group calculation: Forward 

F-plus group ration: 1 for all years.
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Input data types and characteristics:

Type N am e Year range A ge range

V ariable from  
year to  year 
Y e*/N o

C at on Catch in tonnes 1947-last data 
year

2-15+ Yes

Canum Catch-at-age in 
numbers

1947-last data 
year

2-15+ Yes

Weca Weight-at-age in 
the commercial 
catch

1947-last data 
year

2-15+ Yes

West Weight-at-age of 
the stock.

1947-last data 
year

2-15+ Yes

Mprop Proportion of 
natural mortality 
before spawning

1947-last data 
year

2-15+ No-set to 0.5 for 
all ages in all 
years

Fprop Proportion of 
fishing mortality 
before spawning

1947-last data 
year

2-15+ No-set to 0 for all 
ages in all years

Matprop Proportion mature 
at age

1947-last data 
year

2-15+ No-since 2005 set 
0.2 for age-3 and 
0.85 for age-4

Natmor Natural mortality 1947-last data 
year

2-15+ No-set to 0.1 for 
all ages in all 
years*

^B ecause o f th e  Ichthyophons o u tb re a k  in  th e  stock , M  th a t  a c c o u n te d  fo r  th e  m o r ta lity  cau sed  b y  th e  
in fe c tio n  (0.39) w as a d d e d  to 0.1 fo r th e  y e a r  2009, g iv in g  M =0.49 (see S ec tio n  B .2.2.).

Tuning data:

Type N am e Year range Age range

Tuning fleet 1 IS-Her-Aco-Q4/Ql 1974-last data year 2-15+ (age 3-10 used in 
tuning)

Tuning fleet 2

Tuning fleet 3

D. Short-term  projection

M odel used: Age structured

Software used: A n Excel spreadsheet prepared  in MRI, which has been com pared to 
results from  a Fortran seri pt used at MRI for years for herring and other species, and 
they have giving identical results.

Initial stock size: Taken from  NFT-Adapt in m ost recent years. The num ber of the 
youngest age groups (age 3) is determ ined as described below  (in Stock recruitment 
model used).

If and  w hen the stock is found to be infected by Ichthyophonus hoferi in the au tum n of 
the m ost recent year in the assessment, the num ber-at-age for that year should be 
decreased according to the estim ation of the infection prevalence before doing the 
projection (ICES, WKBENCH 2011). The reason is that all infected fish at that time is
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considered to die because of it in the spring, or before the spaw ning occur and can 
therefore be considered to be ineffective.

M aturity: The same ogive as in  the assessm ent for the year 2006 to present.

N atural mortality: Set to 0.1 for all ages in all years.

F and M before spawning: Set to 0 for F and  to 0.5 for M.

Weight-at-age in the stock: The weight-at-age (Wy+i) is predicted from  the m ean 
weight of the same year class a year earlier (Wy) by applying the relationship 
obtained by Óskarsson (2011): W y+1 -  W y = -0 .2 2 2 9  x Wy + 90.27 .

Weight-at-age in the catch: Same as used for the stock

Exploitation pattern: Average of three last years for age-3 and 4, bu t set 1.0 for age-5+ 
(ICES, WKBENCH 2011).

Interm ediate year assum ptions: N ot relevant

Uncertainty: Estim ated by using the upper and lower 95% confidence interval of the es­
tim ation of the initial stock size as estim ated w ith NFT-Adapt for the m ost recent 
year.

Stock-recruitm ent m odel used: N um ber at age 3 (N age3, i.e. recruitm ent) is derived 
from  index of num ber at age 1 in the Juvenile survey (Nage-i, survey; Survey C) tw o years 
earlier if available by applying the relationship obtained by G udm undsdóttir et al. 
(2007):

log Nage 2 — 0.390 X log Nage-1, survey + 5.34

Then N age3 is calculated as In (N age2) - Z =  In (N age3), w here Z = M = 0.1 . If the survey index 
is not available, then the num ber at age 3 is equal to the geometrical m ean over the 
whole assessm ent period, as done previously.

Procedures used for splitting projected catches: N ot relevant

E. M edium-term projections

M edium -term  projections have not been com pleted in recent assessments for this 
stock. The reason was reliance of the fishery on interm ittent large year classes, and 
the fluid nature of the fishery and related assessment, w hich was considered to make 
the usefulness of m edium -term  projections questionable.

At WKBENCH (ICES, 2011), it was considered relevant to include also a m edium - 
term  projection (-five years) for the stock. The m odel used and input data are the 
same as described above for the short-term  projection concerning, initial stock size, 
maturity, F and M  before spawning, weight-at-age in the stock and catch, and exploitation 
pattern. The number of recruits (age-3) for each year is derived from  the index of num ­
ber at age 1 in the Juvenile survey if available (see above in short-term  projections), 
bu t otherw ise it is set equal to the geom etric m ean over the whole assessm ent period.

F. Long-term projections

It has not been com pleted in recent assessments.
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G. Biological reference points

The W orking G roup has pointed out that m anaging this stock at an exploitation rate 
at or above F oi has been successful in the past, despite biased assessm ents (ICES, 
2008). The N orthern  Pelagic and  Blue W hiting Fisheries W orking G roup agreed in 
1998 w ith  the SGPAFM on using Fpa= F ai=  0.22, B pa= Bn m * e1M5<y= 300 000 t w here Biim= 

200 000 t. The Study G roup on Precautionary Reference Points for Advice on Fishery 
M anagem ent m et in February 2003 and concluded that it was not considered relevant 
to change the Bum from  200 000 t.

The fishing m ortality during 1990 to 2007 has been on the average 0.308 ( I C E S ,  2008) 
or approxim ately 40% higher than the intended target of Foi=0.22. This is despite the 
fact that the m anagers have followed the scientific advice and restricted quotas w ith 
the aim  of fishing at the intended target. D uring this time period the S S B  has re­
m ained above B u m . As there is an agreed m anagem ent strategy that have been applied 
since the fishery was reopened after it collapsed in late 1960s, it is proposed to use Foi
= Fpa aS Ftarget.

H. O ther issues

In N ovem ber 2008, an Ichthyophonus hoferi infection was observed in the Icelandic 
sum m er-spaw ning herring (see above). This infection is believed to be lethal for her­
ring the stock and will increase the M in the stock accordingly over this period, which 
m ust be quantified m ore accurately retrospectively as the time passes on. A nother 
source of uncertainty regarding the infection relates to the period prior to the autum n 
2008. Inform ation given by fisherm en in the autum n 2008, indicates that they had 
started to observe infected herring already in the w inter 2007/2008. MRI d id  not have 
any inform ation about it at that time and w ere not running a program  to determ ine 
Ichthyophonus infection. Thus, the m agnitude of infection prior to the au tum n 2008 is 
unknow n and thereby the additional natural m ortality rate related to the infection.

H .1. Historical overview of previous assessm ent m ethods

The sum m er-spaw ning herring stock collapsed in late 1960s due to overfishing and 
environm ental changes (Jakobsson et a l, 1993). The spaw ning stock has increased 
from  about 10 thousand tonnes in 1972 to about 700 thousand tonnes around the 
m iddle of the 2000s.

D uring the recovery period, the assessments w ere based on acoustic surveys. These 
surveys, during the early and mid-1970s, were considered very uncertain. D uring late 
1980s and early 1990s the assessm ent tool used was a hom em ade A dapt type of VPA. 
The stock was consistently overestim ated during the late 1980s and the early 1990s. 
The difference betw een the acoustic values and those obtained from VPA was about 
30%. The m ost likely cause of this error was considered to be the use of too low  target 
strength (TS) values in the acoustic surveys (Jakobsson et a l, 1993). The TS value was 
raised about 30% or to similar value as used for other herring stocks in the NE Atlan­
tic and the old acoustic values in  the tuning file corrected. Until 2002 the hom em ade 
A dapt-type of VPA was used for the final assessment of the Icelandic sum m er- 
spaw ning herring stock. Assessm ent tools like XSA and AMCI were run  along as well 
for some years. In 2003-2004, AMCI runs were accepted as the final assessment. NFT- 
Adapt, w hich was first applied in the 2004 assessment, has been the m ain assessment 
tool since 2005, even if it was first in 2008 accepted as the final assessment. Both TSA 
(G udm undsson, 1994) and XSA have been run  along w ith NFT-Adapt for com parison
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as alternative tools. In all these assessments, one sided retrospective pattern  is seen, 
especially in the years 2002-2005, bu t it has dim inished in the last years. The reason­
ing for this pattern  is not known.

In 2005 there was a large uncertainty regarding the assessm ent of the stock and no 
assessm ent was considered reliable enough by ACFM. The same happened in the 
2006 and  2007 assessments. Assessments use to be consistently biased in overestim at­
ing the spaw ning stock for some years. Several reasons have been m entioned to ac­
count for this overestim ation problem, including: (1) discrepancies in  the catch and 
survey; (2) a possible higher natural m ortality because of m uch m ore w idespread 
spatial distribution of the stock since 1997, which m eans m ore accessibility for preda­
tors; (3) higher m ortality related to the fishery w ith  the pelagic trawl, bu t from  1997 to 
2006 around 20-60% of the catch was taken by pelagic trawl; (4) the reduction of the 
part of the stock that was acoustically m easured east of Iceland.

Summ ary of data ranges used in  recent assessments:

Data 2 0 0 7  assessment 2 0 0 8  assessment 2 0 0 9  assessment 2 0 1 0  assessment

Catch data Years: 1986-(AY- Years: 1978-(AY- Years: 1978-(AY- Years: 1978-(AY-1)
1) 1) 1) Ages: 3-12+
Ages: 3-12+ Ages: 3-12+ Ages: 3-12+

Survey: IS- Years: 1986-(AY- Years: 1986-(AY- Years: 198<A(AY- Years: 1986- (AY-
Her-Aco- 1) 1) 1) 1)
Q4/Q1 Ages: 4-10 Ages 4-10 Ages 4-10 Ages 4-10

Survey: B Not used Not used Not used Not used

Survey: C Not used Not used Not used Not used

AY=Assessment year.
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Stock Annex: Southern Horse Mackerel

Stock Horse Mackerel in Division IXa (Southern horse 
mackerel)

W orking Group: 

Date:

WGANSA

30 January 2011

Alberto M urta, Pablo Abaunza, Jim Ianelli 
(WKBENCH, 2011)

Revised by

A. G eneral

A .1. Stock definition 

Stock units

For m any years the W orking G roup has considered the horse mackerel in  the north­
east A tlantic as separated into three stocks: the N orth Sea, the Southern and the 
W estern stocks (ICES, 1990; ICES 1991). Until the results from  the EU project (HOM- 
SIR, QLK5-Ctl999-01438), w ere available, the separation into stocks was based on the 
observed egg distributions and the tem poral and spatial distribution of the fishery. 
The extremely strong 1982 year class appeared for the first time in the eastern part of 
the N orth Sea in  1987, during the th ird  and m ainly the fourth quarter. This year class 
was the basis for the start of the N orw egian horse mackerel fishery in the eastern part 
of N orth Sea during the th ird  and mainly the fourth quarter. Since W estern horse 
mackerel are assum ed to have broadly similar m igration patterns as NEA mackerel 
the N orw egian catches have been considered to be fish of w estern origin m igrating to 
this area to feed. In addition, there is a fisheiy further south in the N orth Sea w hich is 
considered to be fish of N orth Sea origin. These views were supported  by results 
from  the m entioned EU project w hich was review ed in  ICES (2004) w hich also con­
cluded to include Division VIIIc as part of the distribution area of the western horse 
mackerel stock (see also A baunza et al., 2008 for a com prehensive discussion of the 
results from  the HOMSIR project). Horse mackerel off the west coast of the Iberian 
Peninsula have characteristics (m orphom etry, parasites, distribution and m igratory 
circuit) that distinguish them  from  the rest of the sam ples collected in the northeast 
Atlantic. The border betw een southern and  western horse mackerel stocks m ay 
therefore lie at the level of Cape Finisterre on the coasts of Galicia at 43°N, which is 
also the limit betw een Division VIIIc and IXa. The southern limit of the southern 
horse mackerel stock is not as evident due to the lack of samples from  the north  of 
Africa. Based on m orphom etric studies, M urta (2000) show ed that the horse mackerel 
of the Portuguese coast was closer to the northw est coast of Morocco than  to the Gulf 
of Cadiz in the south of Spain. However, the respective parasite com position suggests 
that the populations off the north  of Africa and the w est of the Iberian Peninsula are 
not part of a continuous stock.

D ata from  bottom -traw l surveys carried out th roughout the Atlantic waters of the 
Iberian Peninsula during the au tum n supported  the existence of ontogenic migrations 
(M urta et al., 2008). Analysis of the proportion of each year class in each area off the 
Portuguese coast indicated that m ost year classes recru i t to the northw est area (close 
to Area 8) and then m ove progressively southw ards. After six years of age, they re­
tu rn  to the north.
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Allocation of catches to slocks

Based on spatial and tem poral distribution of the horse mackerel fishery, the catches 
w ere allocated to the three stocks as follows:

Western stock: Divisions Ila, Illa (western part), Vb, IVa (third and fourth quarter), 
Via, VIIa-c,e-k and VIIIa-e. A lthough it seems strange that only catches from  w est­
ern  part of Division Illa are allocated to this stock, the catches in the w estern part of 
this Division taken in  the fourth quarter often are taken in neighbouring area of 
catches of western fish in  Division IVa. The W orking G roup is not sure if catches in 
Divisions Illa and IVa during the first tw o quarters are of western or N orth Sea ori­
gin. Usually this is a m inor problem  because the catches here during this period are 
small. However, in 2006 relatively larger catches were taken in this area during the 
first half of the year (3600 tons) and these catches were allocated to the N orth  Sea 
stock. In 2007, 2100 tons were caught during the tw o first quarters in Divisions IVa 
and  Illa and were allocated to the N orth Sea stock.

North Sea stock: Divisions Illa (eastern part), IVa (first and second quarter), IVb,c 
and Vlld. The catches in 3-4 quarters of Divisions IVa and Illa and 1-4 quarters from 
Divisions IVb,c and V lld w ere allocated to the N orth Sea stock. In 2007, some small 
catches were reported  from  Divisions Illb (4 tons) and Ule (21.5 tons) and were allo­
cated to the N orth  Sea stock.

Southern stock: Division IXa. All catches from  these areas are allocated to the south­
ern  stock.

A.2. Fishery

The catches of horse mackerel in Division IXa (Subdivision IXa North, Subdivision 
IXa Central-North, Subdivision IXa Central-South and Subdivision IXa South) are 
allocated to the Southern horse mackerel stock. In the years before 2004 the catches 
from  Subdivisions VIIIc W est and VIIIc East, were also considered to belong to the 
southern horse mackerel stock.

The Spanish catches in  Subdivision IXa South (Gulf of Cádiz) are available since 2002. 
They will not be included in the assessm ent data until they are available for all as­
sessm ent years, to avoid a possible bias in the assessm ent results. O n the other hand, 
the total catches from  the Gulf of Cádiz are scarce and represent less than  the 5% of 
the total catch. Therefore, their exclusion should not affect the reliability of the as­
sessment.

The "Prestige" oil spill had  also an effect on the fishery activities in the Spanish area 
(Division IXa North) in 2003. The Spanish catches increased m arkedly from  1991 until 
1998, whereas the Portuguese catches were m ore stable, showing a sm ooth decreas­
ing trend  since the peak observed in  1992 (with a secondary peak in 1998).

Catches in Subdivisions IXa Central-N orth show ed a decreasing trend  whereas in 
Subdivision IXa N orth  they increased m arkedly until 1998, and since then, the catches 
always have been higher than  7000 t. The catches from  bottom  traw lers are the m ajor­
ity in  both countries. The rest of the catches are taken by purse seiners, especially in 
the Spanish area and by the artisanal fleet w hich is m uch m ore im portant in the Por­
tuguese area.
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Description of the Portuguese fishing fleets operating in Division IXa (data provided 
by the Portuguese Fisheries Directorate) and catch horse mackerel (only traw lers and 
purse seiners):

Gear Length Storage Number of boats
Trawl 10-20 Freezer 2
Trawl 20-30 Freezer 7
Trawl 30-40 Freezer 5
Trawl 0-10 Other 259
Trawl 10-20 Other 68
Trawl 20-30 Other 60
Trawl 30-40 Other 29

Purse seine 0-10 Other 79
Purse seine 10-20 Other 103
Purse seine 20-30 Other 79

Note that horse mackerel is also caught in all polyvalent and  m ost small scale fisher­
ies.

Description of the Spanish fishing fleets operating in Division IXa including the Gulf 
of Cádiz (Southern stock) and D ivision VIIIc (W estern stock) (Hernández, 2008):

G ear
Bottom
trawl

Pur>e
seine

Lgline
Bottom

Lgline
surface

G illnet 
(big mesh 
size) G illnet

O th er
artisanal

Number 282 410 100 67 35 57 5379

Construction year 1996 
(mean)

1992 1990 1995 1990 1993 1982

Length 9-35
(22.9)

8-38
(21)

6-28
(15.1)

18-38
(27.6)

4-28.6
(14)

12-27
(17.2)

3-27
(7)

Power 66-800
(322.3)

24-1100
(302.5)

12-476
(150.3)

175-
780

(418.9)

10-500
(141.8)

50-
408

(164.9)

2-450
(32.6)

Tonnage 6-228
(81.2)

4-221
(56.6)

2-118
(26)

37-206
(116)

1-110
(23.7)

10-99
(27.6)

0.3-83
(3.5)

It is indicated the range and the arithm etic m ean (in parenthesis). D ata from  official 
census (Hernández, 2008). Note that horse mackerel in the Spanish area is mainly 
fished by bottom  traw lers and purse seiners.

The Spanish bottom -traw l fleet operating in  ICES Divisions VIIIc (W estern stock) and 
Subdivision IXa north  (Southern stock), historically relatively hom ogeneous, has 
evolved in  the last decade (approximately since 1995) to incorporate several new  
fishing strategies. A classification analysis for this fleet betw een the years 2002 and 
2004 was m ade based on the species com position of the individual trips (Castro and 
Punzón, 2005). The analysis resulted in  the identification of five catch profiles in  the 
bottom  otter traw l fleet: 1) targeting horse mackerel (>70% in landings), 2) targeting 
mackerel (>73% in landings); 3) targeting blue whiting (>40% in landings); 4) target­
ing dem ersal species; and 5) a m ixed "métier". In the bottom  pair traw l fleet the clas­
sification analysis show ed tw o métiers: 1) targeting blue whiting; and  2) targeting 
hake. These results should help in obtaining standardized and m ore coherent cpue 
series from  fishing fleets.
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In the Portuguese area (Division IXa) Silva and M urta (2007) dassified traw l fleet in 
tw o m ain types: those targeting fish and cephalopods spedes and those fishing crus­
taceans. Looking at the the fishing trips of those that catch fish and cephalopods, they 
identified three m ain dusters: 1) targeting horse mackerel, 2) targeting cephalopods, 
and  3) a poorly defined m ixed cluster.

In 2005, the landings of blue w hiting increased, probably due to increased m arket 
dem and and consequent reduction of discards, resulting in a fourth spedfic duster. 
The Crustacean traw l dusters do not follow the same pattern  every year, depending 
on the abundance of the tw o m ain target crustacean spedes, which are N orw ay lob­
ster and  deep-w ater rose shrim p. There can be one target spedes by cluster or m ixed 
clusters w ith different percentages of these tw o spedes.

A.3. Ecosystem aspects

Influence of environmental drivers on the slock dynamic

The southern horse mackerel stock is d istributed along the western and  southern 
Atlantic coasts of the Iberian Peninsula, w hich is an area subject to upw elling events. 
There is already evidence in the literature that horse mackerel recruitm ent is influ­
enced by environm ental drivers. The analysis carried out under the IN EX Fish pro­
ject (Frid et al., 2009) show ed that non-linear combinations of NAO and upw elling 
indices were able to explain the strength of past recruitm ents. The rise and fall of this 
horse mackerel stock was probably caused by a complex interaction of different fac­
tors, both  hum an and natural. However, it is very likely that changes in recruitm ent 
due to upw elling and NAO events m ay have played an im portant role.

Role of multispecies interactions

Horse mackerel is a schooling spedes and often dose to the sea floor. Shelf attach­
m ent is a predom inant distributional pattern  for this stock. Therefore, horse mackerel 
is in  relation w ith other fish and invertebrate spedes that are usually caught during 
the bottom -traw l surveys and share the same habitat. These species are mainly: 
snipefish, boarfish, blue whiting, European hake, sardine, blue jack mackerel, squid 
and  pelagic crabs (Sousa et ah, 2006).

Trophic interactions

Young horse mackerel is a feeding resource consum ed by several demersal, benthic 
and  pelagic predators present in the distribution area like: hake, monkfish, John 
Dory, bluefin tuna and dolphins.

Horse mackerel is mainly a zooplanktivorous spedes. D iet variations w ith fish length 
and w ater depth  are correlated: small fish are dosely assodated  w ith coastal areas 
w here they feed on copepods and  decapod larvae (Cabral and M urta, 2002). H ow ­
ever, they can prey on fish as they grow. They become Ichthyophagous w hen they 
reach large sizes.
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B. Data

B .l. Com m ercial catch

Mean length-at-age and m ean w eight-at-age

Both m ean length-at-age and m ean weight-at-age values are calculated by applying 
the mean, w eighted by the catch, over the m ean weights or m ean lengths-at-age ob­
tained by Subdivision.

Taking in consideration that the spaw ning season is very long, from  September to 
June, and  that the whole length range of the species has commercial interest in  the 
Iberian Peninsula, w ith  probably very scarce discards, there is no special reason to 
consider that the m ean w eight in the catch is significantly different from  the m ean 
w eight in the stock.

Catch in num bers-at-age

The sam pling scheme is believed to achieve a good coverage of the fishery (above 
95% of the total catch). The num ber of fish aged seems also to be sufficient through 
the historical series. Catch in num bers-at-age have been obtained by applying a quar­
terly ALK to each of the catch length distribution estim ated from  the sam ples of each 
subdivision. In the case of Subdivision IXa north, the catch in  num ber estim ates be­
fore 2003 have changed. In previous years the age-length key applied to the length 
distributions from  Subdivision IXa north  had  included otoliths from  Division VIIIc, 
w hich has been defined recently as part of the w estern stock. Since 2003, the catch in 
num bers-at-age from  Subdivision IXa north  were estim ated using age-length keys 
w hich included only otoliths from  Division IXa.

B.2. Biological 

M aturity-at-age

For m ultiple spawners, such as horse mackerel, macroscopical analysis of the gonads 
cannot provide a correct and precise m eans to follow the developm ent of both ovaries 
and testes. Histological analysis has to be included because it provides precise infor­
m ation on oocyte developm ental stages and it can distinguish betw een im m ature 
gonads and regressing ones, or those partly spaw ned (Abaunza et al., 2008). The 
HOMSIR project provided  microscopical m aturity ogives from  the different IXa sub­
divisions. The m aturity ogive from  Subdivision IXa South is adopted here as the ma- 
turity-at-age for all years until 2006 of the southern stock, since it was based on a 
better sam pling than  in the others subdivisions. The percentage of m ature female 
individuals per age group was adjusted to a logistic model.

In 2007 a new  estim ate of m aturity  proportion by age was available for D ivision IXa 
for the application of the Daily Egg Production M ethod (DEPM). This m aturity ogive 
was then adopted since 2007 and will be revised w ith new  data collected in the 
DEPM to be carried out in 2010.

Natural mortality

N atural m ortality has been considered to be 0.15. This level of natural m ortality was 
adopted  for all horse mackerel stocks since 1992. However, the presence of very old 
horse mackerel specimens in the southern stock is m uch scarcer than in the w estern 
or N orth Sea stocks. O n the other hand, the available references on natural mortality
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estim ates for other Trachurus spedes (e.g. Trachurus capensis, Trachurus japonicus and 
Trachurus murphyi) show  higher natural m ortality values, being higher than  0.3 in the 
majority of cases (range from  0.1 to 0.5) (Cubillos et al., 2008; MFMR, 2006; Zhang, 
2001). Also, the assum ption that natural m ortality is the same for all ages is highly 
unrealistic, given that the chances of a 10 cm fish of being predated  are m uch higher 
than  those of a 30 cm fish.

As a condusion, it is considered that the value of natural m ortality (0.15) is an  under­
estim ation for southern horse mackerel stock. It is generally accepted that natural 
m ortality is very high during larval stages and decreases as the age of the fish in­
creases, approaching a steady rate (Jennings et ah, 2001). The natural mortality 
adopted in  the assessm ent (mean = 0.3) is dependent on age, being higher for younger 
ages. The adopted values are the following and are based in the estimates for other 
similar pelagic species, observed diet com position of fish predators in  the area and 
taking into account the observed m ean life span in  southern horse mackerel.

Ago 0 1 2  3 4 5 6 7 8 9 10
Nat Mor 0.9 0.6 0.4 0.3 0.2 0.15 0.15 0.15 0.15 0.15 0.15

B.3. Surveys

The only survey datasets currently available for the assessm ent of southern horse 
mackerel are those from  the bottom -trawl surveys carried out in the 4th quarter (Oc­
tober) by Portugal (Pt-GFS-WIBTS-Q4) and  Spain (Sp-GFS-WIBTS-Q4) in ICES Divi­
sion IXa. These surveys cover contiguous areas at the same tim e bu t do not cover the 
southern part of the stock distribution area, corresponding to the Spanish part of the 
Gulf of Cadiz. In that area another bottom -traw l survey is carried out Sp-GFS-caut- 
WIBTS-Q4), usually in November, bu t the raw  data were unavailable in  tim e for this 
w orkshop to investigate the effect of m erging it w ith  the datasets from  the other ar­
eas. This w ork is expected to be com pleted in  time for the next assessm ent working 
group, in June 2011.

As suggested in previous reviews of the assessment of this stock, the Spanish survey 
from  Subdivision IXa N orth  (Sp-GFS-WIBTS-Q4) and the Portuguese survey (Pt-GFS- 
WIBTS-Q4) are treated  as a single survey, although they are carried out w ith different 
vessels and slightly different bottom -trawls. The catchability of these vessels (BO 
Cornide de Saavedra and  NI Noruega) and fishing gears w ere com pared for different 
fish species during project SESITS (EU Study Contract 96-029) and no significant dif­
ferences were found for horse mackerel. Thus, the raw  data (num ber per hour and 
age in each haul, including zeros) of the tw o datasets were m erged and  treated as a 
single dataset.

The abundance data by age and  year do not follow a Norm al distribution, having a 
big proportion of zeros and a few extreme values. This is explained by the patchiness 
in  the distribution of horse mackerel and by its characteristic of forming large shoals. 
Therefore, it is questionable w hether a simple average of the num ber-per-hour, by 
age and year, is an adequate abundance index for tuning the stock assessment. Dif­
ferent ways of obtaining an abundance index by age and year were explored, all of 
them  based on the sm oothing of the data assum ing probability distributions other 
than  the Norm al one. For this, we fitted G eneralized A dditive M odels (GAM) to the 
raw  data using the package "mgcv" (Wood, 2006) in  the R statistical com puting lan­
guage (R Core D evelopm ent Team, 2010). D ata sm oothing was tried w ith four differ­
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ent strategies: by year dass (one GAM for each year-dass, w ith age as covariate), by 
age (one GAM by age w ith  year as covariate), by year (one GAM by year w ith age as 
covariate), and by age and year (one GAM using a bi-dim ensional sm oother by age 
and year). A log link fu n d io n  was used in all cases, and the error was m odelled w ith 
a binom ial negative distribution. O ther distributions and  transform ations of the data 
w ere tried, bu t w ith worse fittings than w ith these settings.

A n example of the GAM fitting diagnostics w ith each of these four strategies showed 
in all cases a poor fitting, w ith the residuals showing undesirable patterns. Looking at 
the differences betw een the indices m atrix obtained w ith each of these strategies and 
the one obtained by a simple average of the raw  data, it is d ea r that m ost of the at­
tem pted strategies to sm ooth the data w ould  result in  strong differences, especially 
for the youngest ages. Given that an acceptable fit could not be achieved w ith these 
GAMs, it was decided to use the simple averaged data as abundance indices for tun ­
ing the assessment. Further w ork m ust be carried out in the future to better address 
this problem.

Two very clear features can be observed in the abundance indices dataset: a strong 
variability of age 0 and strong year effects (some years w ith higher abundance of all 
ages than  others). The first feature m ay be explained by the greater aggregation ten­
dency of these small fish in dense shoals and by their typically pelagic behaviour, 
w hich makes them  less available to the bottom  trawl. When, by chance, one or a few 
of those shoals are captured by the bottom  traw l (e.g. at the end  of a haul w hen the 
traw l is being tow ed at m id-water), it contributes to a high abundance estim ate of 
that age class. The apparent year effects in the data are m ore difficult to explain, and 
are likely due to natural variations in the availability of the fish in that tim e of the 
year and small variations in sam pling effort (e.g. due to bad  weather). Both the vari­
ability in age 0 and the apparent year effects m ust be accounted for in the assessment 
m odel to be fitted to these data.

Recent w ork suggests that horse mackerel has indeterm inate fecundity (Gordo et ah,
2008), w hich makes the Annual Egg Production M ethod (AEPM) unsuitable to esti­
m ate SSB for this species. For species w ith indeterm inate fecundity, the Daily Egg 
Production M ethod (DEPM) m ust be used instead. The existence of different series of 
data from  egg surveys covering the whole area of the southern horse mackerel stock 
m akes it possible to obtain egg production estim ates using DEPM.

For this stock, a total of three SSB estimates, for the years 2002, 2005 and 2007, were 
m ade available. The SSB estim ate and variance for 2007 was obtained from  a DEPM 
egg survey directed at horse mackerel. Details of the sam pling procedure, data ob­
tained and m ethods followed are available from  the 2008 report of the W orking 
G roup on Mackerel and Horse Mackerel Egg Surveys (ICES, 2008. ICES CM 
2008/LRQ09). However, some details were corrected after the WGMEGS report, 
nam ely the total egg distribution area (which was corrected from  1 .7ell sq.meter to 
7 .1ell sq.meter) and the fitting of the m ortality curve to the egg abundance data, 
w hich was done using a GLM w ith a log link and assum ing a Poisson distribution for 
the variance, instead of the non-linear regression described in the WGMEGS report. 
This resulted in a change of egg production from  13 eggs/sq.meter to 17 
eggs/sq.meter.

The 2002 and 2005 estimates were obtained w ith egg abundance data collected during 
the surveys directed at sardine in 2002 and  2005 and  from  horse mackerel adult sam-
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pies collected at the same tim e of those surveys. The m ethodology followed to esti­
m ate SSB was the same as the one for 2007, although the area covered in the egg 
sampling, which corresponded to the sam pling grid  for sardine, was sm aller than  in 
2007.

There are different criteria that can be used to estim ate the spaw ning fraction, such as 
the presence of m igratory nucleus, hydrated  oocytes or post-ovulatory follicles (POF). 
Estimates of SSB were obtained for the three years w ith  all these criteria, and the ob­
tained trends in SSB were parallel bu t w ith different levels. The POF criteria, assum ­
ing POF last for tw o days as in  other species at similar tem peratures (Ganias et ah, 
2003; Hun te I' and Macewicz, 1985) was the one providing the lowest CV, being there­
fore adopted to use in  the assessment. Flowever, given the uncertainty in  the absolute 
value of SSB, partly  due to the choice of the criteria for the spaw ning fraction, the SSB 
index for the assessm ent m ust be treated as relative and a corresponding catchability 
param eter has to be estimated.

Still another source of uncertainty is the egg distribution area, w hich was roughly 
defined and kept fixed for the three years. In all these egg surveys, there are several 
transects w ith  the presence of eggs in the m ost offshore station, w hich indicates that 
the area w ith egg presence m ust, in some cases, be extended further away from  the 
coast. Flowever, a good approxim ation of that area is im possible to obtain w ith the 
available data.

B.4. Com m ercial cpue

N o commercial cpue data is used in the stock assessment.

B.5. O th e r relevant da ta

There w ere no other data considered at this time.

C. Assessment: data  and method

M odel used: AMISFF (Assessment M ethod for the Ibero-Atlantic Stock of Horse- 
Mackerel).

A m odel similar to the one adopted by the South Pacific Regional Fishery M anage­
m ent O rganization (SPRFMO) for the assessm ent of Chilean jack mackerel (Trachurus 
murphyi) was m odified for application w ith horse mackerel. This m ethod (Lowe et ah,
2009) m odels the population num bers-at-age as projections forw ard based on re­
cruitm ent estimates leading up  the initial population num bers-at-age (in 1992 for this 
case) and subsequent annual recruitm ent and fishing mortalities param eters. These 
underlying population num bers-at-age are fit through an observation m odel for pa­
ram eter estim ation via a penalized likelihood applied to a quasi-N ew ton m inim isa­
tion routine w ith partial derivatives calculated by autom atic differentiation 
(Griewank and Corliss, 1991). The autom atic differentiation and m inim isation rou­
tines are those from  the package AD M odel Builder (ADMB). A similar m odel is 
currently used in m any stock assessments in  N orth Am erican w aters (e.g., Atka 
mackerel, eastern Bering Sea pollock, Pacific Ocean perch). It is a simple, well tested, 
and  w idely used methodology. The population equations, m odel fitting components, 
and  m odel settings are listed in  Tables 1-4.

The approach differs from  the XSA m ethods in that:
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• calculations proceed from  the initial conditions to the present and  into the 
future,

• the catch-at-age is not assum ed to be know n exactly,

• the inclusion of annual estimates of sam pling variability (for both  age 
com position and survey index precision) is allowed,

• fishing m ortality is separable bu t selection-at-age is allowed to change 
gradually  over time,

• separate com ponents of the fishery are treated  independently,

• some param eters, w hich are assum ed constant in  XSA, such as the 
catchability coefficients associated w ith tuning indices, m ay be allow ed to 
change over time,

• statistical basis allows for careful consideration of data quality and the im ­
pact on the uncertainty of estimates.

The m odel begins in the first year of available data w ith an estim ate of the population 
abundance-at-age. Recruitments are estim ated for each year. In subsequent ages and 
years the abundance-at-age is reduced by the total m ortality rate. This projection 
continues until the term inal year specified. If data are unavailable to estim ate re­
cruitm ent, the m odel will use the geom etric m ean value and hence can be projected 
to any arbitrary year (assum ing specified catches).

The fishing m ortality rates for each sector in  the fishery are assum ed to be separable 
into an age com ponent (called selectivity) and  a year com ponent (called the F m ulti­
plier). The selectivity patterns are allowed to change over time. Expected catches are 
com puted according to the usual catch equation using the determ ined fishing m ortal­
ity rate, the assum ed natural m ortality rate, and  the estim ated population abundance 
described above. The statistical fitting procedure used w ith  the m odel will try to 
m atch the indices and the catch-at-age. The em phasis of each of these sources of in­
form ation depends on the values of the relative weights assigned to each com ponent 
by the user.

The m inim ization processes proceeds in phases, in w hich groups of param eters are 
estim ated sim ultaneously, while the rem aining param eters are m aintained at their 
initially assigned values. Once the objective function is m inim ized for a particular 
phase, m ore param eters are treated  as unknow n and added  to those being estimated. 
This process of estim ation in phases continues until all param eters to be estim ated 
contribute to the objective function and the best set of all param eters that m inimize 
the objective function value is determ ined.

The software code and inpu t files is available on request.

M odel Options chosen:

The objective function is the sum  of a num ber of negative log-likelihoods generally 
following tw o types of error distributions: the lognorm al and m ultinom ial and  details 
are listed in  Table 3. The specifications of inpu t sam pling levels (in term s of sample 
size or variance term) are provided in  Table 4.

The separability in  the fishing m ortality was allowed to vary according to a shift in 
fleet composition. An F m ultiplier was estim ated for the first year, and was allowed 
to change in time by estim ating deviations to this param eter for each year. The fish­
ing m ortality at each age, year and fleet resulted from  the product of the F m ultipliers
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by the selectivity param eter at each age and fleet. Three selectivity vectors were esti­
m ated, corresponding to blocks of fleets sharing a similar selectivity-at-age. This is a 
useful feature of the m odel that helps to avoid overparam eterisation. By looking at 
the plots of catch-at-age by fleet, it was decided to have a common selectivity for the 
purse-seine fleets, together w ith the Portuguese bottom -traw l fleet, another one for 
the artisanal fleets and a th ird  one just for the Spanish bottom -traw l fleet. One 
catchability param eter for the abundance index was kept fixed over time.

The m odel fitting is affected by statistical weights (lambdas or inverse variance func­
tions) as part of the objective function. Specified inpu t variance assum ptions can 
influence the fitting of the model, by attributing a lower or higher im portance to dif­
ferent data sources that contribute to the objective function. The variance assum ption 
assum ed the highest precision for landings data by year and fleet. The fishery propor- 
tions-at-age for the m om ent w ere assum ed to have an "effective sam ple size" of 100 
com pared to the value of ten specified for the survey estimates of age composition. 
The survey index data was fit assum ing that the coefficient of variation was 30%. 
These values are typical for this type of inform ation and diagnostic plots of m odel fits 
confirmed that they are reasonable. As m ore data become available, these assum p­
tions can be m odified to m ore appropriate and potentially time-varying values.

D. Short-term  projection

M odel used: Apropos designed function, nam ed mff, to perform  determ inistic fore­
cast, only w ith catch constraints (allowing the introduction of variability in  the as­
sum ed recruitm ent values). Having the initial num bers-at-age at the beginning of the 
year, the total F at age in  the assessment year y-1 and the assum ptions we w ant to 
m ake on the weight-at-age, the selectivity-at-age by fleet, the m aturity  ogive, the 
natural m ortality rate and the recruitm ent. We can project forw ard the population 
given a level of catches for the interm ediate year y and for the protection year y+1. It 
is also possible to add  some variability to the recruitm ents, by including a standard  
deviation value.

The m ethod starts projecting the population num bers-at-age from  the last assessment 
year w ith  the estim ated the fishing m ortality rates by fleet,

N 0 = re d is, e~N[ D, oD
-  \ M 0 + F A p

N ^ N f è  0
- \ M  ! + F  _  L

N , = N a_ , e  ' “- ‘ . a  i n 2, D . A - l
-  \ M a - ! + F  . L  ~ I M a + F  . L

N A=NA_ie A 1 +NAe

where rec corresponds to the assum ed recruitm ent level, N a are the num bers-at-age a, 
M a is the natural mortality-at-age a, Fa is the fishing mortality-at-age a, a  is the stan­
dard  deviation of the recruitm ent and p  is the proportion of the year from  the re­
cruitm ent time to the end of the year.

For the interm ediate year in the short-term  projections, the population num bers-at- 
age are calculated assum ing catch constraints by fleet, using Pope's approxim ation 
forward,
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. catch 
À —---------- , proportiontothe max imumthatcouldbecaptured

aa

c = Y s m  aa  /  a  a
a

N 0 = re d is, s ~N[ D, aD

where A is the proportion to the m axim um  catch that could be captured, rec corre­
sponds to the assum ed recruitm ent, N a are the num bers-at-age a, M a is the natural 
m ortality-at-age a, Fa is the fishing mortality-at-age, Sa is the selectivity-at-age, a and 
p  is the proportion of the year from  the recruitm ent tim e to the end of the year.

The source code is available on request.

Software used: R (ww w .r-project.org)

Initial stock size: the one estim ated by the assessment m odel

M aturity: the same as in the previous year of the assessment

F and M before spawning: both  of them  are 0

W eight-at-age in the stock: the same as in the previous year of the assessment

Weight-at-age in the catch: assum ed equal to the weight-at-age in  the stock

Exploitation pattern: the one estim ated in  the assessm ent m odel

Interm ediate year assum ptions: the catches by fleet are assum ed to be exactly the 
same as the ones in  the previous year

Stock-recruitm ent m odel used: no stock-recruitm ent m odel is used, the recruitm ent 
is assum ed to be stochastic in  all the years (the assessment year, the interm ediate and 
the projection year), around the geometric m ean of the historical values w ith the 
same variability as the one observed in the series.

Procedures used for splitting projected catches:

E. M edium-term projections

N o m edium -term  projection has been perform ed for this stock 

M odel used:

Software used:

Initial stock size:

N atural mortality:

Maturity:

F and M before spawning:

Weight-at-age in the stock:

http://www.r-project.org
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W eight-at-age in the catch:

Exploitation pattern:

Interm ediate year assum ptions:

Stock-recruitm ent m odel used:

Uncertainty m odels used:

• Initial stock size:

• N atural mortality:

• M aturity:

• F and M before spawning:

• W eight-at-age in the stock:

• W eight-at-age in the catch:

• Exploitation pattern:

• Interm ediate year assum ptions:

• Stock-recruitm ent m odel used:

F. Long-term projections

N o long-term  projection has been perform ed for this stock. 

M odel used:

Software used:

Maturity:

F and M before spawning:

W eight-at-age in the stock:

W eight-at-age in the catch:

Exploitation pattern:

Procedures used for splitting projected catches:

G. Biological reference points

Reference points have not been defined for this stock.

H. O ther issues
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Table 5. Sym bols definitions used for model equations.

G eneral Definitions Sym bol/Value Use in Catch a t Age M odel

Year index: i = {1992, . . 2 0 10 } i

Age index: j = { 0,1,2, ..., 11+} j

Mean weight in year t by age j Wt,j

Maximum age beyond which 
selectivity is constant

Maxage Selectivity parameterization

Instantaneous Natural Mortality Mj Fixed M=0.8,0.5,0.3,0.2,0.1...0.1, for j=0,l,2...11

Proportion females mature at age
j

PÍ Definition of spawning biomass

Sample size for proportion in 
year i

Tt Scales multinomial assumption about estimates 
of proportion at age

Survey catchability coefficient 4
sLI f}

Prior distribution = lognormal( 9 , q)

Stock-recruitment parameters p , h Unfished equilibrium recruitment, steepness, 
variance

Virginal biomass <t> Spawning biomass per recruit when there is 
not fishing

Estimated parameters

<Pi □

Q R 0  ,h,ei C Q // ,ps M,*]) m

N o te  th a t  th e  n u m b e r  o f  se le c tiv ity  p a ra m e te rs  e s tim a te d  d e p e n d s  o n  th e  m o d e l co n fig u ra tio n .



1 9 2  I ICES W K BE N C H  REPORT 2 0 1 1

Table 6. Variables and equations describing im plem entation of the horse mackerel assessm ent 
model.

Eq Description Symbol/Constraints Key Equation(s)

1) Survey abundance index (s) by year
A s( represents the fraction of the 

year when the survey occurs)

I sI
/ ;  t/ X . y .i f , s>

7 = 0

2) Catch biomass by year C ¡ 11 f f
c  y . v i r — (i e )y L u  y y y  v '  

J=o z ÿ

3) Proportion at age j, in year i II ö

4 -  *  f -  
Y f i t

J j

4) Initial numbers at age j = 0 7\T — pMR+S\992
1992, j  e

5) 0 < j < 10 ^ 1 9 9 2 .1  = ^  + e' ^ f { e M 
7=1

6) j=  11+
^ 1 9 9 2 .1 1  = N l m M { \ - e - u Y

7) Subsequent years (i >1992) j =  0 N L 2 = e ^ s-

8) 0 <  j <  10
É

9) j=  11+ N  = N  e~z’~u° + N  e~z,~u'

10) Year effect and individuals at age 2 
and
i =  1981, 2010

2010

£ <- X s ' = 0
1=1981

Ä J  _  e MR + st 
i y  1,0 —  C

11) Index catchability

Mean effect 

Age effect

/ A / Z

11

’h -  I > ff= °
j = 0

q¡ =  e ß

s Sj  = ev¡ j  < maxage

ns _ jinaxa&e j  > maxage

12) Instantaneous fishing mortality f
+<p.

1

13) Mean fishing effect l ‘f

14) Annual effect of fishing mortality in 
year i

2010

<Pn I « = 0
1=1992

15)
age effect of fishing (regularized) In 
year time variation allowed i j  ' j= l

fsij=e j  < maxage

ƒ m̂axases  y =  e j  >  maxage

In years where selectivity is 
constant over time f  f

7 7 . . =  7 7 “  ,  .

> ,J  ' “ I  , J

i  ^  change year

16) Natural Mortality vector Mj 0.8 0.5 0.3 0.2,0.1.. .0.1 for ages 0-11

17) Total mortality z , r \Fl+M
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Eq Description Sym bol/Constraints Key Equation(s)

17) Spawning biomass (note spawning 
taken to occur at mid of January)

Bi B,
j=0

18) Recruitments (Beverton-Holt form) 
at age 0.

À
aBt

ß+Bi

4hR0 ,, « -Bo ( 1 -  *  ) .a  = ---- -  and ß  = — ---------  where
5/2 — 1 5/2 — 1

B0 = R0<P

p - ¿ >  n'jPj + , - Mj= 2 >■ e
h=0.8

Table 7. Specification of objective function that is m inim ized (i.e., the penalized negative of the 
log-likelihood).

Likelihood
/p e n a lty
com ponent Description /  notes

44) Catch 
biomass 
likelihood

2010

a = 2 X 2 >
ƒ  i=1992

(cri
C f\  i

2 Fit to catch biomass in each 
year

19) Abundance

indices ƒ„ =  Z A ' X ln
( Y  Ai

Survey abundances

20) Proportion q  _  V 1 kpk^  i p k \  £ = 3 4  k=3 for the fishery, k=4 for
at age k j~ j  ' <J / the survey
likelihood

21) Penalty on ” , 
smoothness A ~ 2-i k 2-i\
c k i=0for
selectivities

! ! ¡ \2 Smoothness (second 
j+2 + l7 j ~  ^ j+1 ) k — 6 ,9  differencing),

Note: k=6 for the fishery, k=9 
for the survey

22) Penalty on 2̂1° o Influences estimates where 
recruitment Ai — Aí s ¡ data are lacking (e.g., if no 
regularity signal of recruitment

strength is available, then 
the recruitment estimate will 
converge to median value).

23) Recruitment o010

A = A Z  ln
penalty ,= 1992

24) Overall ¿ =  V  
objective ¿ 
function to
be
minimized

s jq  \ 2 Conditioning on stock- 
' ,0 recruitment curve over 

v Â  J period 1992-2007 (but
reduced to have negligible 
effect on estimation).
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Table 8. Input variance o  or sample size ( T )  assumptions and corresponding penalties (K) used  
on log-likelihood functions in  the base model.

L A bundance index □ T □L

1 Landings 0.05 - 200

2 Combined index 0.3 - 5.556

3 Fishery age composition - 100 -

4 Survey age composition - 10 -

5 Time-change in fishery selectivities 0.8 0.78

6 Fishery age-specific penalties 1.0 - 0.5

7 Fishery descending selectivity-with-age penalty 10 - 0.1

8 Time-change in survey selectivities 0.8 0.78

9 Survey age-specific penalties 1.0 - 0.5

10 Survey descending selectivity-with-age penalty 10 - 0.1

11 Recruitment regularity 10 - 0.1

12 S-Recruitment curve fit (for period 1992-2007, scale only) 1.9 - 0.14

iput data types and characteristics:

Type N am a Year range Age range

V ariab le  from  
year to year  
Y e */N o

C at on Catch in tonnes 1992-2008 0-11+ Si

Canum Catch-at-age in numbers 1992-2008 0-11+ Si

Weca Weight-at-age in the commercial catch 1992-2008 0-11+ Si

West Weight-at-age of the spawning stock at 
spawning time.

1992-2008 0-11+ Si

Mprop Proportion of natural mortality before 
spawning

1992-2008 0-11+ Si

Fprop Proportion of fishing mortality before 
spawning

1992-2008 0-11+ No

Matprop Proportion mature-at-age 1992-2008 0-11+ No

Natmor Natural mortality 1992-2008 0-11+ No

Spanish-Portuguese bottom-trawl survey 1992-2009 0-11+
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Stock  A nnex: H addock  in S u b a re a  IV a n d  Division llla(N )

Revisions

Author

Working Group

Date

Stock H addock in Subarea IV and Division IIIaN (Skager 
rak)

ICES W orking G roup on the Assessm ent of Deiner 
sal Stocks in  the N orth  Sea and  Skagerrak 
(WGNSSK)

M ay 2009

Coby Needle

Coby N eedle [WKBENCH], January-February 2011

A. G eneral

A.1. Stock definition

H addock in  Subarea IV and Division IIIaN (Skagerrak) occupy the northern  and cen­
tral N orth Sea and  Skagerrak and are possibly linked to the Division Via stock on the 
W est of Scotland. H addock in  this area are seldom  found below  300 m  (although 
Rockall haddock can be found m uch deeper), and  N orth Sea haddock prefer depths 
betw een 50 m  and 200 m. They are found as juvenile fish in coastal areas in  particular 
in the M oray Firth, around Orkney and Shetland, along the continental shelf at 
around 200 m  and  continuing round  to the Skagerrak. A dult fish are predom inantly 
found around Shetland and in the northern N orth  Sea near the continental shelf edge.

A.2. Fishery

M ost of the inform ation presented below  pertains to the Scottish dem ersal whitefish 
fleet, w hich is provided w ith the bulk  of the available quota and consequently takes 
the largest proportion of the haddock stock. This fleet is not just confined to the 
N orth  Sea, as vessels will sometimes operate in Divisions Via (off the w est coast of 
Scotland) and VIb (Rockall): it is also a multi-species fishery that lands a num ber of 
species other than  haddock.

A.2.1. Management plans

In 1999 the EU and Norw ay "agreed to im plem ent a long-term  m anagem ent p lan for 
the haddock stock, w hich is consistent w ith the precautionary approach and is in­
tended to constrain harvesting w ithin safe biological limits and designed to provide 
for sustainable fisheries and greater potential yield." This p lan  was im plem ented in 
January 2005, updated  in December 2006, and im plem ented in  revised form  in Janu­
ary 2007. It consists of the following elements:

1 ) Every effort shall be m ade to m aintain a m inim um  level of Spaw ning-
Stock Biomass greater than 100 000 tonnes (Blirn).

2 ) For 2007 and  subsequent years the Parties agreed to restrict their fishing on
the basis of a TAC consistent w ith a fishing m ortality rate of no m ore than 
0.3 for appropriate age groups, w hen the SSB in the end of the year in 
w hich the TAC is applied is estim ated above 140 000 tonnes (Bpa).

3 ) W here the rule in paragraph  2 w ould  lead to a TAC w hich deviates by
m ore than  15% from  the TAC of the preceding year the Parties shall estab-
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lish a TAC that is no m ore than  15% greater or 15% less than  the TAC of 
the preceding year.

4 ) W here the SSB referred to in paragraph 2 is estim ated to be below  Bpa but
above Blim the TAC shall not exceed a level w hich will result in a fishing 
m ortality rate equal to 0.3-0.2*(Bpa-SSB)/(Bpa-Blim). This consideration 
overrides paragraph  3.

5 ) W here the SSB referred to in paragraph  2 is estim ated to be below  Blim the
TAC shall be set at a level corresponding to a total fishing m ortality rate of 
no m ore than  0.1. This consideration overrides paragraph 3.

6 ) In order to reduce discarding and  to increase the spaw ning-stock biomass
and  the yield of haddock, the Parties agreed that the exploitation pattern  
shall, while recalling that other dem ersal species are harvested in these 
fisheries, be im proved in the light of new  scientific advice from  inter alia 
ICES.

7 ) In the event that ICES advices that changes are required  to the precaution­
ary reference points Bpa (140 000 t) or Blim (100 000 t) the parties shall 
m eet to review  paragraphs 1-5.

8 ) N o later than  31 December 2009, the parties shall review  the arrangem ents
in paragraphs 1 to 7 in order to ensure that they are consistent w ith the ob­
jective of the plan. This review  shall be conducted after obtaining inter alia 
advice from  ICES concerning the perform ance of the plan in relation to its 
objective.

In October 2007, ICES evaluated this p lan and concluded that it could "provisionally be 
accepted as precautionary and be used as the basis for advice." The m ethods used to reach 
this conclusion (along w ith  illustrative results) are given in Needle (2008). ICES con­
siders that the agreed Precautionary A pproach reference points in the m anagem ent 
p lan are consistent w ith the precautionary approach, provided  they are used as lower 
boundaries on SSB, and not as targets.

The plan was m odified during 2008 to allow for lim ited interannual quota flexibility, 
following the m eeting in  June of the Norway-EC W orking G roup on Interannual 
Q uota Flexibility and subsequent sim ulation analysis (Needle, 2008).

Further technical conservation measures

EU technical regulations in force are contained in Council Regulation (EC) 850/98 and 
its am endm ents. This regulation prescribes the m inim um  target species composition 
for different m esh size ranges. In 2001, haddock in the whole of NEAFC region 2 
w ere a legitimate target species for tow ed gears w ith a m inim um  codend m esh size of 
100 mm. As part of the cod recovery m easures, the EU and N orw ay introduced addi­
tional technical m easures from  1 January 2002 (EC 2056/2001). The basic m inim um  
m esh size for tow ed gears for cod from  2002 was 120 mm, although in a transitional 
arrangem ent running until 31 December 2002 vessels were allow ed to exploit cod 
w ith 110-mm codends provided that the traw l was fitted w ith  a 90-mm square m esh 
panel and the catch com position of cod retained on board  was not greater than 30% 
by w eight of the total catch. From  1 January 2003, the basic m inim um  m esh size for 
tow ed gears for cod was 120 mm. The m inim um  m esh size for vessels targeting had ­
dock in N orw egian waters is also 120 mm.
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At the December Council 2006 (EC 41/2006), additional derogations w ere introduced 
to allow additional days fishing in  the sm aller m esh (90 mm) traw l fisheiy w here 
vessels fitted a square m esh w indow  close to the cod end to allow for im proved selec­
tivity of these gears (and hence the possibility of lower haddock discards). The 
change in  m esh size was expected to shift exploitation patterns to older ages and 
inciease the weight-at-age for retained fish from  younger age classes. Im provem ents 
in  the exploitation pattern  w ere not im m ediately observed, however, and it was not 
possible to determ ine if this was due to confounding effects from  other fleet seg­
ments.

Effort restrictions in the EC were in troduced in 2003 (EC 2341/2002, Annex XVII, 
am ended in EC 671/2003). Effort restriction m easures were revised for 2005 (EC 
27/2005, Annex IV). Effort regulations for 2008 in days at sea per vessel and  gear 
category are sum m arised in  the following table, w hich only shows changes in 2008 
com pared to 2007 (2006 is included for comparison). The changes (2007-2008) are 
in tended to lead to a cut in effort of 10% for the m ain gears catching cod.

M aximum number of days a vessel can be present in  the North Sea, Skagerrak and Eastern Chan­
nel, by gear category and special condition (see EC 40/2008 for more details). The table only shows 
changes in 2008 compared to 2007, but 2006 is also included for comparison.

Description o f g e ar and special condition (if 
applicable)

A rea M ax days a t sea

IV,II Skag Vlld 2006 2007 2008

Trawls or Danish seines w ith mesh size >120 mm X X X 103 96 86

Trawls or Danish seines w ith mesh size >100 mm 
and <120 mm

X X X 103 95 86

Trawls or Danish seines w ith mesh size >90 mm and 
<100 mm

X X 227 209 188

Trawls or Danish seines w ith mesh size >90 mm and 
<100 mm

X 103 95 86

Trawls or Danish seines w ith mesh size >70 mm and 
<90 mm X 227 204 184

Trawls or Danish seines w ith mesh size >70 mm and 
<90 mm

X 227 221 199

Beam trawls with mesh size >120 mm X X 143 143 129

Beam trawls with mesh size >100 mm  and <120 mm X X 143 143 129

Beam trawls with mesh size >80 mm  and <90 mm X X 143 132 119

Gillnets and entangling nets w ith mesh sizes 
>150 mm and <220 mm

X X X 140 130 117

Gillnets and entangling nets w ith mesh sizes 
>110 mm and <150 mm

X X X 140 140 126

Trammelnets w ith mesh size <110 mm. The vessel 
shall be absent from port no more than 24 h.

X X 205 205 185*

* For member states whose quotas less than 5% of the Community share of the TACs of both plaice and 
sole, the num ber of days at sea shall be 205.

In early 2008, a one-net rule was introduced in Scotland as part of the new  conserva­
tion credits scheme (Section 13.1.4). This is likely to have im proved the accuracy of 
reporting of landings to the correct m esh size range. However, Scottish seiners were 
granted a derogation from  the one-net rule until the end of January 2009, and were 
allowed to carry tw o nets (e.g. 100-119 m m  as well as 120+ mm). They were required



1 9 8  I ICES W K BE N C H  REPORT 2 0 1 1

to record landings from  each net on a separate logsheet and to carry observers w hen 
requested (ICES-WGFTFB 2008).

U nder the provisions laid dow n in point 8.5 of Annex Ila to the 2008 year's EU TAC 
and Q uota Regulation, Scotland im plem ented in 2008 a national KW days scheme 
know n as the Conservation Credits Scheme. The principle of this tw o-part scheme 
involves credits (in term s of additional time at sea) in re tu rn  for the adoption of and 
adherence to m easures w hich reduce m ortality on cod and  lead to a reduction in dis­
card num bers. The initial scheme was im plem ented from  the beginning of February 
2008 and granted vessels their 2007 allocation of days (operated as hours at sea) in 
re tu rn  for observance of Real Time Closures (RTC) and a one-net rule, adoption of 
m ore selective gears (110mm square m eshed panels in 80 m m  gears or 90 m m  SMP in 
95 m m  gear), agreeing to participate in  additional gear trials and participation in an 
enhanced observer scheme.

For the first part of 2008 the RTC system  was designed to protect aggregations of 
larger, spaw ning cod (>50 cm length). Trigger levels leading to closures were in­
form ed by commercial catch rates of cod observed by FRS on board  vessels. D uring 
2008, there w ere 15 such closures. Protection agency m onitoring suggested good 
observance. A joint industry/science partnership (SISP) undertook a num ber of gear 
trials in  2008 exam ining m ethods to im prove selectivity and reduce discards, and an 
enhanced observer scheme was announced by the Scottish Government.

The RTC system  was expanded in 2009 (144 closures), 2010 (165 closures) and 2011 
(35 closures to 22nd February). The area covered by each closure has also been in­
creased, and their shape can be m odified to account for local bathym etry. N eedle and 
Catarino (in press) used VMS data to analyse the m ovem ents of vessels affected by 
closures during 2009, and  concluded that such vessels did  m ove to areas of lower cod 
abundance during the first and th ird  quarters (the second and fourth quarters were 
inconclusive).

Scotland has also been instrum ental in  the developm ent of Catch Q uota M anagem ent 
(http://www.scotland.gov.uk/Topics/marine/Sea-Fisheries/17681/catchquota). Partici­
pating vessels are fitted w ith CCTV and other rem ote electronic m onitoring systems 
and  are required not to discard any cod. Additional cod quota (up to 30%) is m ade 
available to these vessels, w ith the intention to "catch less and land m ore". As of 
February 2011, evaluations of the progress of this scheme and its effect on the fishery 
and  stocks are underw ay. While the scheme does not yet cover haddock, the conse­
quent changes in fleet dynam ics are likely to affect patterns of exploitation on had ­
dock, and the implications will need to be considered carefully in fu ture advice.

Fleet changes and development

The num ber of Scottish-based vessels (over 10 m) in the dem ersal sector was reduced 
by approxim ately one th ird  (98 vessels) during 2002, the bulk of this being due to 
vessels accepting decommissioning. A lthough the decomm issioning scheme encom­
passed all vessel types and sizes, the vessels eventually decom m issioned included a 
significant num ber of older boats and those w ith track record of catching cod. 
A m ongst the rem aining vessels there has been a reduction in the segm ent operating 
seinenet or pair seine. The observed shift tow ards pair traw ling from  single-vessel 
seine and traw ls in the early 2000s m ay have im plied an increase in  catchability, bu t 
the decomm issioning rounds in 2002 and 2003 included a slightly higher proportion 
of pair trawlers, resulting in no real overall change in  fleet composition.

http://www.scotland.gov.uk/Topics/marine/Sea-Fisheries/17681/catchquota
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The num ber of Scottish based vessels (over 10 m) in the dem ersal sector was reduced 
by 67 in a further decomm issioning round  in 2004. M ore recently, increased fuel 
prices have resulted in a shift from  tw in traw l to single traw l and pair seine/trawl by 
m any boats in the Scottish dem ersal m ixed fishery sector (ICES-WGFTFB 2006). The 
observed shift tow ards pair traw ling from  single seine m ay be explained by a stan­
dardization of reporting and recording of gear types. Vessels previously participat­
ing in the seinenet class m ay have included vessels operating pair seine whereas this 
classification is now  recorded as pair trawl.

In 2005, there was an expansion in  the squid fishery in the M oray Firth area resulting 
from  increased effort from  sm aller (<10 m) vessels, and from  a num ber of larger ves­
sels that had  sw itched from  dem ersal fisheries for haddock and cod, to squid fisher­
ies, in order to avoid days-at-sea restrictions (ICES-WGFTFB 2006). The m esh 
regulation for squid fishing is 40 m m  codend, w hich could lead to bycatch/discard of 
young haddock and cod. In 2006 and 2007, the squid fishery declined: vessels that 
shifted away from  squid targeted Nephrops instead. However, the potential remains 
for high by catches of young gadoids in the future, given the small m esh size used.

During 2008, a num ber of Scottish vessels sw itched focus to the Rockall area to take 
advantage of the increased quota there. The economic benefit of being able to land 
m ore haddock outw eighed the costs involved in  steam ing to Rockall in  a climate of 
increased fuel prices. This fishery is very dependent on good weather, however, and 
is not a consistent feature. At the same time, several vessels sw itched from  whitefish 
fishing in Division Via to Nephrops exploitation in Subarea IV using 80 m m  gear 
(ICES-WGFTFB 2008). This m ay have im plications for haddock bycatch in the Neph­
rops fishery, although (under the stipulations of the Scottish conservations credits 
scheme; see above), nets in the 80 m m  range will had  to have a 110 m m  square m esh 
panel installed from  July 2008. Compliance was close to 100% during 2008. Trials 
suggested that this square-m esh panel increased the 50% selection length (Lso) for 
haddock by around 30%, w hich im plied increased escapem ent of young haddock 
from  the Nephrops fishery.

Also during 2008, a num ber of Scottish vessels m oved from  tw in to single trawls, and 
there was also an increase in the use of pair trawl/seine. Some high-pow ered white- 
fish vessels sw itched to Nephrops and were targeting N orth Sea grounds w ith  double 
bag trawls. This was very m uch driven by fuel costs, and m ay have had  implications 
for reduced lpue and increases in discarding.

Analysis of fishing effort trends in the major fleets exploiting N orth Sea cod indicates 
that fishing effort in those fleets has been decreasing since the mid-1990s due to a 
com bination of decomm issioning and days-at-sea regulations (STECF-SGRST-05-01 
and  04, 2005). The decrease in  effort is m ost pronounced in the years 2002 and be­
yond.

Inform ation presented to ICES in 2008 noted that the UK large m esh dem ersal traw l 
fleet category (>100 mm, 4A) has been reduced by decomm issioning and days-at-sea 
regulations to 40% of the levels recorded in the EU reference year of 2001. There was 
a m ovem ent into the 70-90 m m  sector to increase days at sea in 2002 and 2003, but 
the level of effort stabilised in 2004. The effort of the com bined traw l gears has show n 
a continued decrease of 36% overall, from  the EU reference year of 2001 (STECF- 
SGRST-05-01 and 04, 2005).
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A.3. Ecosystem aspects

The N orth Sea haddock stock is characterised by sporadically high recruitm ent lead­
ing to dom inant year classes in the fishery. These large year classes m ay grow  more 
slowly than  less abundant year classes, possibly due to density-dependent effects. 
H addock prim arily prey on benthic and  epibenthic invertebrates, sandeels and 
dem ersal herring egg deposits. They are an im portant prey species, m ainly for saithe 
and  other gadoids.
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. Data

B.l. Commercial catch

Age compositions

Three com ponents of the N orth Sea haddock catch are considered: landings for hum an consum ption, discards and industrial bycatch. The sources of infor­
m ation on these com ponents w ere as follows (for the 2010 assessment):
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WG SA WG SA WG SA WG SA WG SA WG SA WG SA WG SA

Catches Landings Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Discards N N Y Y NP N Y Y NP N NP N Y Y Y Y

Length
Composition Landings NR N NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Discards NR N NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Age-Length Key NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR

Age Composition Landings NP N Y Y NP N NP NP NP N Y Y Y Y Y Y

Discards NP N Y Y NP N NP NP NP N NP N Y Y Y Y

Weight-at-age NP N Y Y NP N Y Y NP N Y Y Y Y Y Y

Maturity Information NR N NR N NR N NR N NR NR NR NOR NR N NR NOR

Sex ratio NR N NR NR NR NR NR N NR NR NR N NR N NR NOR

Tuning fleets
Commercial
fleets NP N NP N NP N NP N NP N NP N NP NP Y2 NBQ

Survey s-at-sea NP N NP N NP N NP N NP N NP N NP NP Y3 Y3

In this table, the notes in the WG columns indicate the following: Y = provided to the WG, NP = not provided to the WG and NR = not requested. In the SA columns: Y = used in the assess­
ment, NBQ = not used due to bad quality, NTS = not used due to short or inconsistent data time-series, NOR = not used due to other reason, and NR = not relevant.
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Data exploration

The standard  plots used in  exploratory data analysis of N orth  Sea haddock catch data 
include:

1 ) Time-series of proportion of total catch discarded by age.

2 ) Log catch curves by cohort (total catch).

3 ) Negative gradients of log catches per cohort, averaged over m ean F ages
(total catch).

4 ) Bivariate correlations by cohort (total catch), w ith fitted regression lines.
That is, catch num bers-at-age 0 are plotted against catch num bers-at-age 1 
for each cohort, then age 0 against age 2, and so on for all age combina­
tions.

5 ) Results of a separable VPA analysis generated using either the Lowestoft
VPA im plem entation (Darby and  Flatman, 1994) or the FLR equivalent.

B.2. Biological Information 

Weight-at-age

W eights-at-age data are provided for the stock, total catch, landings, discards and 
hum an consum ption. Values are derived from  length sam pling carried out by Den­
m ark, Germany, Norway, Sweden and the UK (see table above), to w hich fixed 
w eight-length  relationships are then applied. W eights-at-age are also collected on 
the IBTS surveys, bu t these are not yet used directly in the assessment.

Maturity and natural mortality

The grow th dynam ics of haddock in the N orth  Sea have changed considerably over 
time. WKBENCH (ICES-WKBENCH 2011) dem onstrated that haddock are now  
grow ing more quickly w hen young bu t reaching a shorter eventual length than  used 
to be the case. At the same time, survey-based sam pling indicates that the m atura­
tion age has reduced, w ith the proportion m ature of age-2 fish increasing from 
around 35% in the early 1970s to around 80% now. However, estim ation of the effect 
of increasing m aturity  and  changing grow th on reproductive potential is not straight­
forward, as fecundity has also changed through time (see comments in ICES- 
WKBENCH 2011, and the section on "Biological Reference Points" below). The con­
clusion from  WKBENCH was that:

• "WKBENCH recom m ends that refined m aturity estimates should be de­
veloped before the next WGNSSK m eeting in May 2011 and  used in subse­
quent update assessments."

WKBENCH also considered the issue of natural m ortality M, which previously had 
been assum ed to be fixed through time. A nnual estimates of natural m ortality are 
available from  key runs of the SMS model, as reported  by the ICES W orking G roup 
on M ultispecies Assessm ent M ethods (e.g. ICES-WGSAM 2008). The last key run  
was conducted in  2007, so estim ates are constant for 2007-2009. In addition, it should 
be em phasised that the last year of com prehensive stom ach-data collection was 1991, 
so the food-web definitions on w hich SMS runs are based are likely to be out of date 
to a certain extent. The effects of these tim e-varying estim ates of natural m ortality on 
both XSA and SAM assessment m odel runs w ere explored by WKBENCH. The new  
estimates are quite different from  the fixed values used previously, w ith M  for age-0
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being lower and for ages 2 and  above being higher, and that this is likely to have a 
substantial im pact on assessments. The subsequent recom m endation was:

• "WKBENCH recom m ends that tim e-varying natural m ortality estimates 
from  WGSAM should be used in the subsequent update assessments."

Finally, WKBENCH carried out interim  test assessments using the new  estimates of 
m aturity  and natural m ortality, and also produced  interim  estim ates of correspond­
ing biological reference points (which are considerably different to before). These 
need to be revisited before they can be considered as the basis for advice (see the sec­
tion on "Biological Reference Points" below).

Recruitment

Recruitm ent to the N orth Sea haddock stock is veiy sporadic, and is characterised by 
occasional large year classes interspersed by several years of poor recruitm ent. The 
reasons for this are unknow n. It is likely (see ICES-WKBENCH 2011) that larval 
haddock spaw ned to the W est of Scotland (Division Via) settle as dem ersal juveniles 
in the northern N orth  Sea, before (possibly) returning west to spaw n subsequently.

B.3. Surveys

Five survey-series are used in the assessm ent of N orth Sea haddock. The survey data 
used in  the 2010 assessm ent are sum m arised below:

Country Fleet Q u arte r Code
Year
range

Age
range
availab le

Age
range
used

Scotland Groundfish
survey

Q3 ScoGFS 
Aberdeen Q3

1982-
1997

0-8 0-7

Groundfish
survey

Q3 ScoGFS Q3 
GOV

1998-
2009

0-8 0-7

England Groundfish
survey

Q3 EngGFS Q3 
GRT

1977-
1991

0-10+ 0-7

Groundfish
survey

Q3 EngGFS Q3 
GOV

1992-
2009

0-10+ 0-7

International Groundfish
survey

Q l IBTS Q l 
(backshifted)

1982-
2010

1-5+ 1-4

The Scottish and English groundfish survey time-series are both split, to reflect 
changes in the vessel and gear used which are thought to have substantially affected 
survey catchability. The collated IBTS Q3 time-series, to w hich both ScoGFS Q3 and 
EngGFS Q3 contribute, is also available for the assessment bu t has not been used to 
date: the principal reason is that it was historically not available in  tim e for the as­
sessm ent working group meeting in September, bu t it also has a shorter time-series.

D ata exploration

In recent assessments, exploratory data analysis using survey time-series has in­
cluded:

1 ) D istribution plots by age and year.

2 ) Survey log cpue by age.

3 ) Log survey catch curves by cohort.
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4 ) Bivariate correlations of survey indices by cohort, w ith  fitted regression
lines. That is, indices at age 0 are plotted against indices at age 1 for each 
cohort, then age 0 against age 2, and so on for all age combinations.

5 ) Results of SURBA m odel fits (Needle, 2003). These give estim ated m ean Z,
relative SSB and relative recruitm ent trends, along w ith confidence inter­
vals.

B.4. Com m ercial cpue

Commercial cpue (or lpue) data are not used for tuning the final assessment. During 
preparations for the 2000 round  of assessment WG meetings it became apparent that 
the 1999 effort data for the Scottish commercial fleets w ere not in accordance w ith the 
historical series and  specific concerns were outlined in  the 2000 report of WGNSSK 
(ICES-WGNSSK 2001). Effort recording is still not m andatory for these fleets, and 
concerns rem ain about the validity of the historical and current estim ates of commer­
cial cpue. In addition, the lpue indices from  Scottish commercial fleets presented at 
previous WGs (ScoLtr and ScoSei) can no longer be generated in  that form  due to 
changes in EU definitions of fishery métiers.

B.5. O th e r relevant da ta

N o other relevant data have been used in the assessm ent to date.

C. Historical stock developm ent 

Model used a s  a basis for advice

The advice is based on assessments carried out using the XSA m odel (Shepherd, 1992; 
Darby and Flatman, 1994) im plem ented as the FLXSA m odule of the FLR library of 
the R statistical package. WKBENCH recom m ended that exploratory runs of both  the 
SAM (Nielsen, 2010) and SURBA (Needle, 2003) also be carried out each year to con­
firm  (or otherwise) the indications of stock dynam ics from  the update XSA run.

Model options chosen

XSA/FLXSA m odel settings used in  the WGs from  2007 to 2010 were as follows:

A s s e s s m e n t  y e a r 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0

Model XSA FFXSA FFXSA FFXSA

q plateau 6 6 6 6

F shrinkage 2.0 2.0 2.0 2.0

Power model ages None None None None

Plus-group 8 8 8 8

Tuning fleet EngGFS Q3 77-91; 92-06 77-91; 92-07 77-91; 92-08 77-91; 92-08
year ranges ScoGFS Q3 82-97; 98-06 82-97; 98-07 82-97; 98-08 82-97; 98-08

IBTS Ql* 82-06 82-07 82-08 82-08

Tuning fleet EngGFS Q3 0-7
age ranges ScoGFS Q3 0-7

IBTS Ql* 0M

* B a c k s h i f t e d .

The default update setting is that used in the 2010 WG, w ith  the addition of extra 
years as required.



ICES W K B E N CH  REPORT 2 0 1 1 I 2 0 5

D. Short-term  projection

Initial stock size

Determ inistic starting populations taken from  VPA survivors.

Maturity

Average of final three years of assessm ent data.

Natural mortality

Average of final three years of assessm ent data.

F and M before spawning

Both taken as zero.

Weight-at-age in the catch

Jaworski (in press) applied tw enty different grow th forecasting m ethods in  a hindcast 
analysis, in  w hich weights-at-age forecasts from  12 years ago were com pared w ith 
the observed outcomes. The test statistics were the ratio of forecast to observed 
weights, and the variance of the forecast. There was a general tendency to overesti­
m ate weights in forecasts, w hile the m ost beneficial model, in term s of both test sta­
tistics, was a simple cohort-based linear model.

Jaw orski's analysis provided  an extensive hindcast testing procedure of a w ide vari­
ety of m ethods for forecasting weights-at-age in N orth Sea haddock, and explored the 
issue in  far m ore depth  and breadth  than  had  previously been possible. His conclu­
sion on the m ethod that generates the estim ate w ith the least bias and variance ap­
pears to be robust and  has been extensively peer-reviewed. Therefore, WKBENCH 
recom m ended that weights-at-age for N orth  Sea haddock forecasts be m odelled us­
ing a linear cohort-based approach. W eights-at-age a for cohort c are fit w ith  the lin­
ear model.

W = a  + ß  aa, c c r e

w here param eters ac and fi: are cohort-specific. For recent cohorts, for w hich there 
are fewer than tw o data points, weights-at-age are taken as an average of three previ­
ous weights at the same age (as estim ates of ac and fi cannot be generated for these 
cohorts).

W eight-at-age in the slock

These are assum ed to be the same as weight-at-age in the catch. A future benchm ark 
should consider the use of weights-at-age m easured during research-vessel surveys 
for stock weights.

Exploitation pattern

Fishing mortalities for forecasts are taken to be a three-year average scaled to the final 
year. WGNSSK in 2010 concluded that fishing m ortality in  2010 was likely to be at a 
similar level to that estim ated for 2009, and used a scaled average to reduce the effect 
of uncertainty in that 2009 estimate.
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Intermediate year assumptions

The available haddock quota has generally not been fully utilized in the past, and a 
TAC constraint on the forecast has not been thought to be necessary. However, u p ­
take has started to increase, and in 2010 it was observed that segments of the Scottish 
dem ersal fleet d id  exhaust their quota (probably due to further restrictions in cod 
catching). Therefore, in fu ture assessments it will be necessary to reconsider the 
question of w hether a TAC-constrained forecast is required.

Stock—recru itment model used

N orth  Sea haddock shows no detectable influence of stock size on subsequent re­
cruitm ent. In addition, there are no observed indications of incoming year-class 
strength available to WGNSSK. The ScoGFS and EngGFS Q3 survey indices are not 
yet available at the tim e of the assessment meeting. The IBTS Q l indices are avail­
able, bu t do not include age-0 recruiting fish as these are too small to be caught (or 
are not yet hatched) w hen the survey takes place. For this reason, recruitm ent esti­
m ates of the incoming year class are based on a m ean of previous recruitm ent.

In the past, a strong haddock year class has generally been followed by a sequence of 
low  recruitm ents. In order to take this feature into account, the geom etric m ean of 
the five lowest recruitm ent values over the period from  1994 to y  -  3 (where y  is the 
year of the assessment WG) has been assum ed for recruitm ent in the years y, y  + 1 
and y  + 2. Recruitm ent estimates for years y  -  2 and y  -1  are not included in this cal­
culation, because the m ost recent tw o XSA estimates of recruitm ent are thought to be 
relatively uncertain.

Procedures used for splitting projected catches

Three year average of catch com ponent ratios.

E. M edium-term projections

M edium -term  projections, in the sense of biological sim ulations assum ing fixed m or­
tality, are no longer carried out for this stock on an annual basis. However, m anage­
m ent sim ulations are regularly perform ed to evaluate m anagem ent p lan proposals, 
and these are similar in some ways to m edium -term  projections (see Section A.2.1 
above).

F. Long-term projections

Yield and  spawning-stock-biom ass per recruit analyses are carried out for this stock 
as part of the annual assessment process. The MFYPR software is used for this p u r­
pose.

G. Biological reference points

The Precautionary Approach reference points for cod in  IV, Illa (Skagerrak) and Vlld 
have been unchanged since 2007. They are:

T y p e V a l u e T e c h n i c a l  b a s is

Precautionary B(lim) 100 000 tonnes Smoothed B(loss)
approach B(pa) 140 000 tonnes B(pa) = 1.4 * B(lim) (*)

F(lim) 1.0 F(lim) = 1.4 * F(pa) (*)
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F(pa) 0.7 10% probability that 
SSB(MT) < B(pa)

Targets F(HCR) 0.3 Based on F1CR 
simulations and 
agreed in the 
management plan

*The m ultiplier of 1.4 is derived from exp(a2), where a 2 ~ 0.34 is intended to reflect the variability of the 
time-series concerned (B orF).

In its report of January 2011, WKBENCH recom m ended that the biological reference 
points for N orth Sea haddock be revised in time for the 2011 advisory round: "If the 
proposed new  assessm ent (w ith tim e-varying natural m ortality and m aturity esti­
mates) is accepted for use in subsequent updates, WKBENCH recom m ends that bio­
m ass and  fishing m ortality reference points and m anagem ent strategy evaluations be 
revisited and potentially updated." The use of revised m aturity  values w ithout due 
consideration of concomitant changes in fecundity and reproductive potential could 
result in m isleading advice, and WKBENCH concluded that reference points based 
on reproductive potential w ould  probably serve the advisory process best. This issue 
will be revisited in time for the WGNSSK m eeting in May 2011.

Yield and spawning biomass per recruit reference points

The estim ation of MSY and Fmy was first carried out by WGNSSK in 2010. A total of

nine estimates were provided, each w ith associated confidence limits. The principal 
m odel used was an equilibrium  age-structured model, described below: analyses 
were also conducted using an ADMB im plem entation and FLR modules, bu t these 
are w idely available and are not further described here.

This im plem entation was developed in the M arine Laboratory, Aberdeen, and is 
coded in R. It was used to generate Fmsy estimates for the WKFRAME m eeting (ICES- 
WKFRAME 2010), and  the following text is adopted from  that report.

F  , B and  MSY can be calculated for any given stock, using a combination of fit­

ted  stock-recruit, yield-per-recruit and SSB-per-recruit curves. The estim ation pro­
ceeds as follows:

1 ) D raw  a stock-recruit plot: that is, a curve illustrating the fitted relationship
betw een recruitm ent R  and  spaw ning-stock biom ass S. Denote this curve 
by R = G ( S ) .

2 ) D raw  a second plot, containing both  yield-per-recruit and spawner-per-
recruit curves. Denote these by Y /R  = H ( /•’) and  S /R  = I ( /•’).

3 ) For any given F (say, F ' ), the corresponding point on the spawner-per-
recruit curve is given by S '/R ' = I ( /• ').

4 )  Take the reciprocal, so that R '/S ' = l / l ( A ') . This denotes the slope of a

straight line on the stock-recruit plot, that passes through the origin and 
cuts the curve at (S ',G (5')) = (S ',R ') .  Hence such a line on a stock-recruit

plot does not specify directly a particular fishing m ortality rate, bu t the re­
ciprocal of its slope does.
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5 ) Iterate through m ultipliers E¡ e [O.0,2.0], and hence fishing m ortalities

(since Fi = E i x F j .  For an y e„  R , / s ,= l / l ( F l ) = l / l ( E l xF iq) .  This is the

slope of the line on the stock-recruit plot that intersects the stock-recruit 
curve at ( .S',. II ) .

6 ) The yield-pre-recruit curve is w ritten as Y /R  = H ( /•’) .  From  this w e can ob­

tain yield F = ä x H ( F ) .  For a given Et , Y¡ = x H(iT) = x H (E ¡ x F ^ ] .  

Plotting these for all i gives the yield curve Y = J  ( /•’) , for w hich we can ob­

tain F ^  by maximising:

dY
F  = F  such t h a t  = 0.msy  d F

7 ) Note that the same procedure can be carried out for spaw ning biomass, so
we can plot yield Y against spaw ner biomass S to estim ate at w hat biomass 
yield is maximised.

The calculation is repeated for 1000 bootstrapped stock-recruit curves, which are 
obtained by sam pling from  a m ultivariate norm al distribution determ ined by the 
variance-covariance m atrix of the estim ated stock-recruit m odel param eters.

The assum ed form  of the underlying stock-recruit curve is very influential in the 
derivation of Fmsy estimates, bu t is also very difficult to determ ine for N orth  Sea had­
dock. The m ain draw back of this particular im plem entation is that it only includes 
the Ricker stock-recruit m odel so far, and thus does not perm it evaluation of the sen­
sitivity of Fmsy estimates to stock-recruit assum ptions. It also does not yet allow for 
annual variation in biological param eters such as grow th and  m aturity. On the other 
hand, it does carry out retrospective Fmsy estim ation automatically.

O ther issues

No other issues.
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Stock Annex: Haddock in Subareas I and II

Stock H addock in Subareas I and II (N ortheast Arctic) 

Arctic Fisheries W orking G roupW orking Group 

Date 31.01.2011

Revised by WKBENCH 2011/Alexey Russkikh (stock coordina­
tor), Gjert Endre D ingsor

A. G eneral

A .1. Stock definition

The N ortheast Arctic H addock (Melanogrammus aeglefinus) is d istributed in the Bar­
ents Sea and  adjacent waters, mainly in waters above 2°Celsius. Tagging carried out 
in 1953-1964 show ed the contem porary area of the N ortheast Arctic haddock inhabits 
the continental shelf of the Barents Sea, adjacent w aters and polar front. The m ain 
spaw ning grounds are located along the N orw egian coast and area betw een 70°30' 
and  73° N  along the continental slope, bu t spaw ning also occurs as far south as 62°N. 
Larvae are dispersed in the central and southern Barents Sea by w arm  currents. The 
0-group haddock drifts from  the spaw ning grounds eastw ards and northw ards and 
during the international 0-group survey in  august it is observed over w ide areas in 
the Barents Sea. Until m aturity, haddock are m ostly d istributed in the southern Bar­
ents Sea being their nursery area. Having m atured, haddock m igrate to the N orw e­
gian Sea.

A.2. Fishery

H addock are harvested throughout the year; in years w hen the commercial stock is 
low, they are m ostly caught as bycatch in cod traw l fishery; w hen the commercial 
stock abundance and biomass are high, haddock are harvested during their target 
fishery. O n average approxim ately 25% of the catch is w ith  conventional gears, 
m ostly longline, w hich are used alm ost exclusively by Norway. Part of the longline 
catches are from  a directed fishery.

The fisheiy is restricted by national quotas. In the N orw egian fishery the quotas are 
set separately for traw l and other gears. The fisheiy is also regulated by a m inim um  
landing size, a m inim um  m esh size in traw ls and D anish seine, a m axim um  by catch 
of undersized fish, closure of areas w ith high density/catches of juveniles and other 
seasonal and areal restrictions.

In recent years Norw ay and Russia have accounted for m ore than  90% of the land­
ings. Before the introduction of national economic zones in 1977, UK (mainly Eng­
land) landings m ade u p  10-30% of the total. Each country fishing for haddock and 
engaged in  the stock assessment provide catch statistic annually. Summ ary sheets in 
the AFWG Report indicate total yield of haddock by Subareas I, Ila and lib, as well as 
catch by each country by years. Catch inform ation by fishing gear used by N orw ay in 
the haddock fisheiy is used internally w hen m aking estim ations at AFWG meeting. 
Catch quotas were introduced in the traw l fisheiy in 1978 and for the fisheries w ith 
conventional gears in 1989. Since January 1997 sorting grids have been m andatory for
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the traw l fisheries in m ost of the Barents Sea and Svalbard area. D iscarding is prohib­
ited.

From 01.01.2011, the m inim um  catching size of haddock is 40 cm in the Russian Eco­
nom ic zone, the N orw egian Economic zone, and the Svalbard area. It is allow ed that 
u p  to 15% (by num ber) of the fish is below  the m inim um  catching size of (this is 
counted for cod, haddock and saithe combined), larger proportions of undersized fish 
leads to closure of areas. The m inim um  m esh size in  traw l codends is 130 mm. The 
fisheries are controlled by inspections at sea, requirem ent of reporting to catch con­
trol points w hen entering and leaving the EEZs and by inspections w hen landing the 
fish for all fishing vessels. Keeping a detailed fishing logbook on board  is m andatory 
for m ost vessels, and large parts of the fleet report to the authorities on a daily basis. 
There is some evidence that the present catch control and reporting systems are insuf­
ficient to prevent discarding and under-reporting of catches. A lthough since 2005 
Port State Control (PSC) has been im plem ented, these should prevent IUU catches at 
Barents Sea.

The historical high catch level of 320 000 t in  1973 divides the time-series into two 
periods. In the first period, highs were close to 200 000 t around 1956, 1961 and 1968, 
and  lows were betw een 75 000 and 100 000 t in 1959, 1964 and 1971. The second pe­
riod show ed a steady decline from  the peak in 1973 dow n to the historically low  level 
of 17 300 t in 1984. Afterwards, landings increased to 151 000 t before declining to 
26 000 t in 1990. A new  increase peaked in 1996 at 174 000 t. Three strong year classes 
(2004—2006) are causing peak catches at the present time. The exploitation rate of 
haddock has been variable (F betw een 0.2 and  0.5 in the last 20 years).

The highest fishing m ortalities for haddock have occurred at interm ediate stock levels 
and show  little relationship w ith the exploitation rate of cod, in spite of haddock be­
ing prim arily a bycatch in the cod fishery. The exception is the 1990s w hen m ore re­
strictive quota regulations resulted in a similar pattern  in  the exploitation rate for 
both  species. It m ight be expected that good year classes of haddock w ould  attract 
m ore directed traw l fishing, bu t this is not reflected in the fishing mortalities.

Since 2007, estim ates of unreported  catches (IUU catches) of haddock have been 
added  to reported  landings for the years 2002 and onw ards. In 2007-2008, tw o as­
sessments were presented, based on N orw egian and Russian estim ates of IUU 
catches, respectively. The basis for the N orw egian IUU estimates (N - IUU) is the 
annual ratio betw een cod and haddock in the international reported  landings from 
Subarea I and Division lib in  2002-2008. These ratios are assum ed to be representa­
tive of the ratios in the IUU catches. The ratio is applied to the estim ated IUU catches 
of cod in order to get the estim ate for haddock. The estimates are similar to those 
m ade by the N orw egian Directorate of Fisheries for 2005-2008. The Russian estimates 
of IUU haddock are obtained by applying the same ratio, bu t using the Russian esti­
m ate of IUU catches of cod in 2002-2007. Both approaches show an increase from 
2002 to 2005 followed by a decline. In 2010 the W orking G roup decided to set the IUU 
estim ate for haddock in 2009 to 0. D uring the benchm ark m eeting in 2011, as in recent 
AFWG, it was decided to use N orw egian estim ates for the period 2002-2008, because 
now  IUU catches equal Zero and only small differences exist in  final estimates using 
both  values of IUU.
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A.3. Ecosystem aspects

The com position and distribution of species in the Barents Sea depend considerably 
on the position of the polar front which separates w arm  and salty Atlantic waters 
from  colder and fresher waters of arctic origin. Variation in the recruitm ent of had ­
dock has been associated w ith  the changes in  the influx of A tlantic w aters to the large 
areas of the Barents Sea shelf.

Independently  from  age and season, haddock vary their diet and will prey on plank­
ton or benthic organisms. D uring spaw ning m igration of capelin (Mallotus villosus) 
haddock prey on capelin and their eggs on the spaw ning grounds. W hen the capelin 
abundance is low  or w hen their areas do not overlap, haddock can com pensate by 
eating other fish species (e.g., young herring) or euphausiids and benthic organisms. 
H addock grow th rate depends on the population abundance, stock status of m ain 
prey species and  w ater tem perature.

W ater tem perature at the first and second years of the haddock life cycle is a fairly 
reliable indicator of year-class strength. If m ean annual w ater tem perature in the 
bottom  layer during the first tw o years of haddock life does not exceed 3.75°C (Kola- 
section), the probability that strong year classes will appear is very low even under 
favorable effects of other factors. A steep rise or fall of the w ater tem perature shows a 
m arked effect on abundance of year classes.

Nevertheless, w ater tem perature is not always a decisive factor in the form ation of 
year-class abundance. Strength of year classes is also determ ined to a great extent by 
size and structure of the spaw ning stock. U nder favorable environm ental conditions, 
strong year classes are mainly observed in years w hen the spaw ning stock is dom i­
nated by individuals from  older age groups w ith  abundance at a fairly high level.

A nnual consum ption of haddock by m arine mam m als, m ostly seals and whales, de­
pends on stock status of capelin as their m ain prey. In years w hen the capelin stock is 
large the im portance of haddock in the diet of m arine m am m als is minimal, while 
under the capelin stock reduction a considerable increase in consum ption by m arine 
m am m als of all the rest abundant gadoid  species including haddock is observed 
(Korzhev and Dolgov, 1999; Bogstad et al., 2000).

The appearance of strong haddock year classes usually leads to a substantial increase 
in natural m ortality of juveniles as a result of cod predation.

Data

B.l. Commercial catch 

Norway

N orw egian commercial catch in tonnes by quarter, area and gear are derived from  
the sales notes statistics of The Directorate of Fisheries. D ata from  about 20 subareas 
are aggregated on six m ain areas for the gears, gillnet, longline, handline, purse seine, 
D anish seine, bottom  trawl, shrim p traw l and trap. For the bottom  trawl, the quar­
terly area distribution of the catches is adjusted by logbook data from  The Directorate 
of Fisheries and the total bottom -traw l catch by quarter and area is adjusted so that 
the total annual catch for all gears is the same as the official total catch reported  to 
ICES. No discards are reported or accounted for.
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The sam pling strategy is to have age and length sam ples from  all m ajor gears in each 
m ain area and quarter. The m ain sam pling program  is sam pling the landings. A ddi­
tional samples from  catches are obtained from  the coast guard, from  observers and 
from  crew m em bers reporting, according to an agreed sam pling procedure (reference 
fleet).

The age distribution and weight-at-age for the N orw egian catches were estim ated 
using the software based on the m ethod of H irst et al. (2005). In this method, the three 
different types of available sam ples (age and w eight samples, age and w eight strati­
fied by length groups, and length samples) are m odelled sim ultaneously using a pre­
viously developed Bayesian hierarchical m odel (Hirst et al., 2004). This m ethod 
replaced the traditional m ethod in 2006, and the time-series of N orw egian catch-at- 
age (early 1980s and onw ard) was updated  based on the m odelling approach. The old 
m ethod involved allocating unsam pled catches to sam pled catches based on judge­
m ents on "distance criteria's" (in area, time and  sometimes gear) and the use of ALK's 
to fill holes in the sam pling frame.

Russia

Russian commercial catch in  tonnes by season and area are derived from  the Russian 
Federal Research Institute of M arine Fisheries and Oceanography (VNIRO, Moscow) 
statistics departm ent. D ata from  each fishing vessel are aggregated on three ICES 
subdivisions (I, Ila and lib). Russian fishery by passive gears was alm ost stopped by 
the end of the 1940s. Until late 1990s, relative w eight (percentage) of haddock taken 
by bottom  traw ls in the total Russian yield exceeded 99%. Only in recent years an 
u pw ard  trend  in  a proportion of Russian longline fishery for haddock was observed 
to be u p  to 5% on the average and longline catches were taken into account for esti­
m ation catch-at-age matrix.

The sam pling strategy was to conduct mass m easurem ents and collect age samples 
directly at sea, onboard both research and commercial vessels to have age and length 
distributions from  each area and season. D ata on length distribution of haddock in 
catches are collected in areas of cod and haddock fishery all the year round by a 
"standard" fishery trawl and  sum m arized by three ICES subareas (I, Ila and lib).

Age sam pling was carried out in tw o ways: w ithout any selection (otoliths were 
taken from  any fish caught in one trawl, usually from  100-300 sp.) or using a strati­
fied by length sam pling m ethod (i.e. approxim ately 10-15 sp. per each 10 cm length 
group). The last m ethod has been used since 1988.

All fish taken for age-reading were m easured and w eighted individually.

D ata on length distribution of haddock catches, as well as age-length keys, are 
form ed for each ICES subarea, each fishing gear (trawl and  longline) for the whole 
year. Catch-at-age are reported  to ICES AFWG by subdivision (I, Ila and  lib) for the 
whole year. In the lack of data by ICES subareas, inform ation on size-age composi­
tion of catches from  other areas is used.

Germany

Catch-at-age w ere reported  to the WG by ICES subdivision (I, Ila and lib) according 
to national sampling. M issing subdivisions were filled in  by use of Russian or N or­
w egian sam pling data.
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O ther nations

Total annual catch in tonnes is reported  by ICES subdivisions or by Russian and 
N orw egian authorities directly to WG. All catches by other nations are taken by 
trawl. The age com position from  the sam pled traw l fleets is therefore applied to the 
catches by other nations.

Table below shows w hich country supplied w hich kind of data:

Kind o f data

Country Caton (catch 
in weight)

Canum 
(catch-at-age 
in numbers)

Weca 
(weight-at- 
age in the 
catch)

Matprop 
(proportion 
mature by 
age)

Length 
composition 
in catch

Norway X X X X X

Russia X X X X X

Germany X X X X

United
Kingdom X

France X

Spain X

Portugal X

Ireland X

Greenland X

Faroe Islands X

Iceland X

Poland X

Belarus X

The com bined catch data were previously estim ated by the SALLOC program  (Pat­
terson, 1998). The national data from  2009 and onw ards are available in Intercatch 
(ICES database); earlier data should be found in the national laboratories and w ith 
the stock coordinator.

For 1983 and later years m ean weight-at-age in  the catch is calculated as the w eighted 
average for the sam pled catches. For the earlier period (1946-1982) m ean weight-at- 
age in catches is set equal to m ean weight-at-age in  the catch for period 1983-2009.

The result files can be found at ICES (SharePoint) and w ith the stock co-ordinator as 
ASCII files on the Lowestoft format.

B.2. Biological

W eights and length-at-age in stock and proportion of m ature fish to ages 1-11 de­
rived from  Russian surveys in au tum n (mostly October-Decem ber) and N orw egian 
surveys in January-M arch for the period from  1983 and onw ards. In 2006 the AFWG, 
based on WKHAD06 investigations, decided to sm ooth raw  data of stock weight-at- 
age and m aturity-at-age using models in order to remove some of the sam pling vari­
ability in the estimates.

M ean length-at-age is calculated from  the bottom  traw l surveys. A von Bertalanffy 
function is fitted to the data:
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L  - I .  -
w ith  L and A  being the length and  age variables. L„ and Ao are constants, estim ated 
on the entire time-series, while K y  is dependent on year class. W eight-at-age is then 
fitted with:

W =a-U

w here a  and ß are constants and L are sm oothed lengths.

Norw egian m aturity  data are sm oothed by fitting a logistic function using both age,
A , and length, L, as explanatory variables:

Russian m aturity  data are sm oothed by fitting a logistic function using age, A, and 
year-class dependent age at 50% m aturity, A y , , as explanatory variables:

1
Mat = -7—   rr

j  .j. pi,- ®

Estimates were produced separately for the Russian au tum n survey and the joint 
w inter survey and  w ere later com bined using an arithm etic average. These averages 
are assum ed to give representative values for the beginning of the year.

Norw egian lengths-at-age are used to estim ate m ean weights-at-age and m aturity-at- 
age for the period 1980-1982.

The com bined data on weight-at-age in stock and proportion of m ature fish by age 
group for the period (1950-1979) are set equal to m ean values for period 1980-2010.

N atural m ortality used in the assessment is estim ated as 0.2 + m ortality from  preda­
tion by cod. The estim ated consum ption of NEA haddock by NEA cod is incorpo­
rated  into the XSA analysis on first step by constructing catch-at-age matrix, adding 
estim ated num bers of haddock eaten by cod to the catches for the ages 1-6, for years 
w here such data are available (1984—present). The fishing m ortality estim ated by the 
XSA is split into the m ortality caused by the fishing fleet (F) and the m ortality caused 
by the cod's predation (M2) according to the ratio of fleet catch and predation 
"catch". The new  natural m ortality data set w ere then prepared  by adding 0.2 (M l) to 
the predation mortality. This new  M m atrix is used in the final XSA. N atural m ortal­
ity for period w ithout observations (1950-1983) is replaced by m ean values for period 
1984-2010.

Both the proportion of natural m ortality before spaw ning (MProP) and the proportion 
of fishing m ortality before spaw ning (Fprop) are set to 0. The peak spaw ning occurs 
m ost years in the m iddle of April.

B.3. Surveys

Russian surveys of cod and haddock in the southern Barents Sea started  in the late 
1940s as traw l surveys of young dem ersal fishes. Since 1957 such surveys have been 
conducted over the whole feeding area including the Bear Island-Spitsbergen area 
(Baranenkova, 1964; Trambachev, 1981); both young and adult haddock have been 
surveyed sim ultaneously. D uration of the survey has declined from 5-6 m onths (Sep- 
tem ber-February) in  1946-1981 to 2-2.5 m onths (October-December) since 1982. The 
aim  of the survey is to investigate both the commercial size haddock as well as the
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young haddock. The survey covers the m ain areas w here juveniles settle to the bot­
tom, as well as the area w here the commercial fishery takes place. A total num ber of 
m ore than 400 traw l hauls are conducted during the survey (mainly bottom  trawl, a 
few pelagic trawls). In 1984, acoustic m ethods started to be im plem ented during sur­
veys of fish stocks (Zaferman and Serebrov, 1984; Lepesevich and Shevelev, 1997; 
Lepesevich et a l, 1999). From 1995 onw ards there has been a substantial change in the 
m ethod for calculating acoustic indices, w hich allow ed the differentiation and  regis­
tration of echo intensities from  fish of different length (Shevelev et a l, 1998).

There are tw o survey abundance indices at age: 1) absolute num bers (in thousands) 
com puted from  the acoustics estim ated by the new  m ethod (RU-Aco-Q4) for the pe­
riod 1995-2009 (ages 0-10); 2) traw l index, calculated as relative num bers per hour 
traw ling (RU-BTr-Q4) for the period 1983-2009 (ages 0-9).

The indices (RU-Aco-Q4) were not used for tuning the XSA due to a strong "year 
effect" observed in  years w ith incomplete area coverage. This index needs further 
adjusting before it can be used for tuning. Based on internal consistency test the RU- 
BTr-Q4 index is used in  tuning for ages 1-7.

Norwegian winter (February) survey (from 2000-Joint Barents Sea survey, NoRu-BTr-Q 1 and  NoRu-Aco-
Q i )

The survey started in  1981 and covers the ice-free part of the Barents Sea. Both swept 
area estimates from  bottom  traw l and acoustic estimates are produced. The sw ept 
area estimates are used in the tuning for ages 1-8. The survey is described in Ja- 
kobsen et al. (1997) and  Aglen et al. (2002).

Before 2000 this survey was m ade w ithout participation from  Russian vessels, while 
in  the three latest surveys Russian vessels have covered im portant parts of the Rus­
sian zone. The indices for 1997 and 1998, w hen the Russian EEZ was not covered, 
have been adjusted as reported  previously (Mehl, 1999). The num ber of fish (age 
group by age group) in  the Russian EEZ in 1997 and  1998 was interpolated assum ing 
a linear developm ent in  the proportion found in the Russian EEZ from  1996 to 1999. 
These estimates were then added  to the num bers of fish found in  the N orw egian EEZ 
and the Svalbard area in 1997 and 1998.

It should be noted that the survey conducted in  1993 and later years covered a larger 
area com pared to previous years (Jakobsen et a l, 1997). O ther changes in the survey 
m ethodology through time are described by Jakobsen et al. (1997). Note that the 
change from  35 to 22 m m  m esh size in the codend in 1994 has not been corrected for 
in  the time-series. This m ainly affects the age 1 indices. There are tw o abundance 
indices at age from  that survey used in stock assessment:

1 ) sw ept area estimates from  bottom  traw l NoRu-BTr-Ql for the period 1981-
2010 (ages 1-10);

2 ) sw ept area estim ates from  acoustic NoRu-Aco-Ql for the period 1981-2010
(ages 1-10).

For tuning XSA used: NoRu-BTr-Ql for (ages 1-8) and NoRu-Aco-Ql for ages 1-7. 

Joint Norwegian-Russian Ecosystem survey (Eco-NoRu-Btr-Q3)

The bottom -traw l estim ates from  the joint ecosystem survey in  A ugust-Septem ber, 
starting in 2004. This survey covers a larger portion of the distribution area of had ­
dock. The new  index Eco-NoRu-Btr-Q3 for period 2004—2009 ages 1-8 became avail-
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able for AFWG 2010. This time-series have been tested as new  tuning fleet in XSA 
and  it was found that the index was acceptable for use in the NEA haddock assess­
ment.

Based on the test m ade during WKBENCH 2011 and  previous AFWG w ork it is de­
cided to use only tuning indices for the period 1990 and onw ards.

B.4. Com m ercial cpue 

Russia

N o Russian data are used in the stock assessment.

Norway

Historical time-series of observations onboard N orw egian traw lers were earlier used 
for tuning of older age groups in VPA. The basis was catch-per-unit-of-effort (cpue) 
in N orw egian statistical areas 03, 04 and 05 embracing coastal banks north  of Lofoten, 
on which approxim ately 70% of N orw egian haddock catch was taken. However, the 
proportion of haddock taken as bycatch is pretty  high and thus it is difficult to esti­
m ate their actual catch-per-unit-of-effort. Since 2002, cpue indices have not been used 
in XSA tuning.

B.5. O th e r relevant da ta

N ot used.

C. Assessment: data  and method

M odel used: XSA

Software used: FLR suite and VPA95 suite 

M odel Options chosen:

Tapered time weighting applied, pow er = 3 over 20 years 

Catchability independent of stock size for ages >9 

Catchability independent of age for ages >= 9

Survivor estimates shrunk tow ards the m ean F of the final 5 years or the 3 oldest ages 

S.E. of the m ean to w hich the estim ate are shrunk = 0.5002

M inim um  standard  error for population estimates derived from  each fleet = 0.300 

Prior weighting not applied

2 the low shrinkage value adopted (i.e. 0.5) may cause underestimation/overestimation of stock in situations when 
strong trends occur. It is recommend that AFWG evaluate the appropriateness of this value in such situations and to 
change this setting to higher value if needed.



2 1 8  I ICES W K BE N C H  REPORT 2 0 1 1

Input data types and characteristics:

Type N am e Year range Age range

V ariab le  from  
year to  year  
Y e»/N o

C at on Catch in tonnes 1950-last data 
year

1-11+ Yes

Canum Catch-at-age in 
numbers

1950-last data 
year

1-11+ Yes

Weca Weight-at-age in 
the commercial 
catch

1983-last data 
year

1-11+ Yes, set equal to 
west for 1950- 
1982

West Weight-at-age of 
the stock at start of 
year.

1950-last data 
year

1-11+ Yes

Mprop Proportion of 
natural mortality 
before spawning

1950-last data 
year

1-11+ No-set to 0 for all 
ages in all years

Fprop Proportion of 
fishing mortality 
before spawning

1950-last data 
year

1-11+ No-set to 0 for all 
ages in all years

Matprop Proportion
mature-at-age

1950-last data 
year

1-11+ Yes, set equal to 
average for 1950- 
1980

Natmor Natural mortality 1950-last data 
year

1-11+ Includes annual 
est. of predation 
by cod from 1984, 
otherwise set to 
0.2 for all ages in 
all years

Tuning data:

Typo N am e Year range Age range

Tuning fleet 1 
(RU-BTr-Q4)

Russian bottom trawl 
survey, October- 
December

1983-last data year 1-7

Tuning fleet 2 
(BS-NoRu-BT r-Ql )

Joint Norwegian- 
Russian trawl survey, 
February

1982-last data year 1-8

Tuning fleet 3 
(BS-NoRu-Aco-Ql)

Joint Norwegian- 
Russian Acoustic 
survey, February

1980-last data year 1-7

Tuning fleet 4 
(Eco-NoRu-Btr-Q3)

Joint Norwegian- 
Russian Ecosystem 
survey

2004-last data year 1-8

D. Short-term  projection

M odel used: Age structured

Software used: R and FLR suite, MFDP w ith m anagem ent option table and yield per 
recruit routines
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Initial stock size: Estim ated in  XSA as abundance of individuals that survive the ter­
minal year for age 3 and older.

Recruitm ent at age 3 for the start year and the tw o consecutive years is estim ated 
from  survey data in RCT3.

F and M before spawning: assum ed equal to 0 for all ages in all years

M aturity: for current year sm oothed actual data com bined by Russian and N orw e­
gian surveys are used; for subsequent years; using the fitted param eters and last year 
m aturity  as input.

W eight-at-age in the stock: for current year sm oothed actual data com bined by Rus­
sian and N orw egian surveys are used, for tw o years ahead, using the fitted param e­
ters and last year lengths as input.

The N orw egian and Russian weight-at-age and m aturity-at-age are then com bined as 
arithm etic averages.

W eight-at-age in  the catch and natural mortality: show strong patterns related to 
periods of good recruitm ent. The W orking G roup believes that the estim ated re­
cruitm ent in  the m ost recent years is so high that it will affect growth. The W orking 
G roup therefore decided to use similar trends in weight-at-age, and natural mortality 
as has been observed in  previous periods following good recruitment.

Exploitation pattern: For current year it is taken to be at the level of previous year 
(Fstatus quo) or to be equal to average for the recent three years; for subsequent years 
m ethod used to determ ine this param eter and its substantiation are given in the 
AFWG Reports. In 2010 the average fishing pattern  observed in  the three last years, 
scaled to F status quo was used for distribution of fishing mortality-at-age for 2010- 
2012.

Interm ediate year assum ptions:

Stock-recruitm ent m odel used: None

Procedures used for splitting projected catches: N ot relevant

E. M edium-term projections

N ot used in  assessment.

F. Long-term projections

N ot used in  assessment.
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G. Biological reference points
Type Value Technical basis

MSY MSY
Btrigger

Not
defined

Approach FMSY Not
defined

Blim 50 0001 Poor recruitment has resulted from SSBs lower than 
50 0001; all moderate or large year classes have been 
produced at higher SSBs.

Precautionary Bp a 80 0001 BlimM.67

Approach Flim 0.49 Median value of Floss

Fpa 0.35 Fmed

H. O ther issues

H .l . Historical overview of previous assessm ent m ethods

Sum m ary of data ranges used in  recent assessments:

2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0
Data assessment assessment assessment assessment assessment

Years: 1950- Years: 1950- Years: 1950- Years: 1950- Years: 1950-
Catch data 2005 2006 2007 2008 2009

Ages: 1-11+ Ages: 1-11+ Ages: 1-11+ Ages: 1-11+ Ages: 1-11+

Available: Available: Available: Available: Available:

Cod
consumption
data

Years 1984- Yearsl984- Yearsl984- Yearsl984- Yearsl984-
2005
Ages: 0-6

2006
Ages: 0-6

2007
Ages: 0-6

2008
Ages: 0-6

2009
Ages: 0-6

Used ages: 1- Used ages: 1- Used ages: 1- Used ages: 1- Used ages: 1-
6 6 6 6 6

Available: Available: Available: Available: Available:
Yearsl983- Yearsl983- Yearsl983- Yearsl983- Yearsl983-

Fleet 01 2005 2006 2007 2008 2009
Survey: Ages 0+ 9 Ages 0+ 9 Ages 0+ 9 Ages 0+ 9 Ages 0+ 9
RU-BTr-Q4 Used 1991- Used 1991- Used 1991- Used 1991- Used 1991-

2005 2006 2007 2008 2009
ages: 1-7 ages: 1-7 ages: 1-7 ages: 1-7 ages: 1-7

Available: Available: Available: Available: Available:
Fleet 02 Yearsl980- Yearsl980- Yearsl980- Yearsl980- Yearsl980-
Survey: 2006 2007 2008 2009 2010
NoRu-Aco- Ages 110+ Ages 110+ Ages 110+ Ages 110+ Ages 1 10+
Q l Used: shifted Used: shifted Used: shifted Used: shifted Used: shifted

1990-2005 1990-2006 1990-2007 1990-2008 1990-2009
ages: 1-7 ages: 1-7 ages: 1-7 ages: 1-7 ages: 1-7

Available: Available: Available: Available: Available:
Fleet 04 Yearsl982- Yearsl982- Yearsl982- Yearsl982- Yearsl982-
Survey: 2006 2007 2008 2009 2010
NoRu-BTr- Ages 110+ Ages 110+ Ages 110+ Ages 110+ Ages 1 10+
Q l Used: shifted Used: shifted Used: shifted Used: shifted Used: shifted

1990-2005 1990-2006 1990-2007 1990-2008 1990-2009
ages: 1-8 ages: 1-8 ages: 1-8 ages: 1-8 ages: 1-8
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Harvest control rule

The harvest control rule (HCR) was evaluated by ICES in 2007 (AFWG 2007) and 
found to be in agreem ent w ith the precautionary approach. The agreed HCR for had­
dock is as follows (Protocol of the 36th Session of The Joint N orw egian Russian Fish­
ery Commission, 10 October 2007):

• TAC for the next year will be set at level corresponding to Fpa.

• The TAC should not be changed by m ore than +/-25% com pared w ith the 
previous year's TAC.

• If the spaw ning stock falls below  Bpa/ the procedure for establishing TAC 
should be based on a fishing m ortality that is linearly reduced from Fpa at 
Bpa to F= 0 at SSB equal to zero. At SSB-levels below  Bpa in any of the opera­
tional years (current year and a year ahead) there should be no limitations 
on the year-to-year variations in TAC.

At the 39th Session of The Joint N orw egian Russian Fishery Com mission in 2010 it 
was agreed that this HCR should be left unchanged for five years and then re­
evaluated.
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Stock  A nnex: N orth  S ea  S a ith e  (S u b a rea  IV, D ivision Illa a n d
S u b a re a  VI)

Stock Saithe in Subarea IV (North Sea) Division Illa West 
(Skagerrak) and Subarea VI (West of Scotland and 
Rockall)

WGNSSKWorking Group 

Date January 2011 

WKBENCH/ Irene H useRevised by

A. G eneral

A .1. Stock definition

The saithe stock is defined to be a single stock in  ICES Subarea IV, D ivision Illa and 
Subarea VI. The stock assessm ent is done accordingly.

A.2. Fishery

Saithe in Subarea IV, Division Illa and Subarea VI (referred to here as North Sea saithe 
for brevity) are mainly taken in a direct traw l fisheiy in deep w ater along the N orth­
ern  Shelf edge and the N orw egian Trench. Norw egian, French, and Germ an traw lers 
take the majority of the catches. In the first quarter of the year the fisheries are di­
rected tow ards m ature fish in spaw ning aggregations, while concentrations of im m a­
ture fish (age 3-4) often are targeted during the rest of the year. A small proportion of 
the total catch is taken in a lim ited purse-seine fisheiy along the w est coast of N or­
w ay targeting juveniles (age 2-4). In the N orw egian coastal purse-seine fisheiy inside 
the 4 nrn limit (south of 62°N), the m inim um  landing size is 32 an .

The m ain fisheiy developed in the beginning of the 1970s. The fisheiy in  Subarea VI 
consists largely of a directed French, German, and N orw egian deep-w ater fisheiy 
operating on the shelf edge, and a Scottish fisheiy operating inshore. In recent years 
the French fisheiy has deployed less effort along the N orw egian Trench. There seems 
to have been a tem poral change in the N orw egian fisheiy, and m ore of the effort is 
now  in the 2nd quarter. The Germ an fleet in the last few years has concentrated al­
m ost all of its effort in the shallow waters south of southern Norway.

Since the fish are distributed inshore until they are about three years old, discarding 
of young fish is assum ed to be a small problem  in this fisheiy. However, low  prices 
and  m ixed catches m ight lead to high grading. In fleets that are targeting saithe, the 
quota is less limiting, and the problem  m ay be less in these fleets. N orw egian legisla­
tion requires the N orw egian traw lers to m ove out of the area w hen the boat quotas 
are reached, and in addition, the fisheiy is closed if the seasonal quota is reached.

In 2009 the landings were estim ated to be around 105 529 t in Subarea IV and  Divi­
sion Illa, and 6963 t in Subarea VI, w hich are both well below the TACs for these ar­
eas (125 934 and 13 066 t respectively). Significant discards are observed only in 
Scottish traw lers. However, as Scottish discarding rates are not considered represen­
tative of the majority of the saithe fisheries, these have not been used in the assess­
ment. Ages 1 and 2 are m ainly distributed close to the shores and are veiy scarce in 
the m ain fishing areas for saithe.
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Conservation schemes and technical conservation measures

M anagem ent of saithe is by TAC and technical measures. The available kw-days at 
sea for com m unity vessels are restricted via the cod m anagem ent p lan (Council regu­
lation 1342/2008). Only some vessels were exem pted from  these effort restrictions in 
2009 due to low  by catch (<1.5%) of cod. In the N orw egian zone (south of 62°N) the 
current m inim um  landing size is 40 cm, while in the EU zone it is 35 cm. Discards are 
not allowed in the N orw egian zone. M inim um  m esh size in the in the N orw egian 
zone is 120 m m  for N orw egian traw lers, and  110 m m  for com m unity vessels.

A.3. Ecosystem aspects

The geographical distributions of juvenile (< age 3) and adult saithe differ. Typical for 
all saithe stocks are the inshore nursery grounds. Juvenile saithe in the N orth Sea are 
therefore m ainly d istributed along the w est and south coast of Norw ay, the coast of 
Shetland and the coast of Scotland. At around age 3, the individuals gradually m i­
grate from  the coastal areas to the northern part of the N orth  Sea (57°N-62°N).

The age at first m aturity  is betw een 4 and 6 years, and spaw ning takes place in Janu- 
ary-M arch at about 200 m  depth  along the N orthern Shelf edge and the western edge 
of the N orw egian Trench. Larvae and  post-larvae are w idely d istributed in  Atlantic 
w ater masses across the northern part of the N orth  Sea, and  around May the 0-group 
appears along the coasts (of Norway, Shetland and  Scotland). The mechanisms be­
h ind  the 0-group's m igration from  oceanic to coastal areas rem ain unknow n, bu t it 
seems like they are actively sw im m ing tow ards the coasts. The w est coast of N orw ay 
is probably the m ost im portant nursery ground for saithe in the N orth Sea.

W hen saithe exceeds 60-70 cm in length the diet changes from  plankton (krill, cope- 
pods, fish larvae) to fish (mainly N orw ay pout, blue whiting, haddock and herring). 
Large saithe (>70 cm) have a highly m igratory behaviour and the feeding m igrations 
extend from  far into the N orw egian Sea to the N orw egian coast.

Tagging experim ents by various countries have show n that exchange takes place 
betw een all saithe stock com ponents in the northeast Atlantic. In particular, exchange 
betw een the saithe stock north  of 62°N (Northeast Arctic saithe) and  saithe in  the 
N orth Sea has been observed.

A sharp decline in the m ean weight-at-age was observed from  the mid-1990s, but 
now  seems to be halted. There is insufficient inform ation to establish w hether this 
decline is linked to changes in the environm ent. The reduced grow th rates have an 
effect on stock productivity and the consequences need to be further explored. H ow ­
ever, there are no indications that the observed decline in weight-at-age is density- 
dependent.

The im pact of a large saithe stock on prey species such as N orw ay pout and  herring is 
unknow n. Poor spatial and tem poral sam pling of stom ach data of saithe makes the 
estim ation of the saithe diet uncertain.

B. Data

B .l. Com m ercial catch

Landings-at-age data by fleet are supplied by Denmark, Germany, France, Norw ay, 
UK (England), and UK (Scotland) for Subarea IV and only UK (Scotland) for Subarea 
VI.
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In the data provided, landings from  the industrial fleet are only spedfied  w hen saithe 
is delivered separately, and therefore bycatch of saithe that has not been separated 
from  the bulk  catch will not be reported  as saithe.

B.2. Biological 

Weight-at-age

W eights-at-age in  the landings are m easured weights from  the various national ob­
server program m es, reference fleet and m arket sam pling program s. These weights 
are also used as stock weights. There has been a decreasing trend  in  m ean weights 
from  the mid-1990s for ages 4 and older, bu t the d ed ine now  seems to be halted.

Natural mortality

A natural m ortality rate of 0.2 is used for all ages and years.

Maturity

Following m aturity  ogive is used for all years:.

Age 1 2 3 4 5 6 7+

Proportion mature 0.0 0.0 0.0 0.15 0.7 0.9 1.0

B.3. Surveys

Three Surveys are available:

• N orw egian acoustic survey, 1995-present (NORACU)

• IBTS quarter 3, age range: 1991-present (IBTS-Q3)

• N orw egian acoustic survey for saithe, 2006-present (NORASS)

B.4. Com m ercial cpue

Three commercial tuning-series are available:

• French dem ersal trawl, age range: 3-9, year range 1990-present 
("FRATRB")

• G erm an otter trawl, age range: 3-9, year range 1995- present ("GEROTB")

• N orw egian bottom  trawl, age range: 3-9, year range 1980-present 
("NORTRL")

(Part 1:1980-1992, part 2 :1993-present)

C. Assessment: data  and methods

M odel used: XSA (Darby and Flatman, 1994)

Software used: FLXSA 

M odel Options chosen:

Input data types and charaderistics:

Typo N am e Year range Age range

V ariab le from  
year to year  
Yes/N o

C at on Catch in tonnes 1967-present 3-10+ No
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Canum Catch-at-age in 
numbers

Weca Weight-at-age in 
the commercial 
catch

West Weight-at-age of 
the spawning 
stock at spawning 
time.

Mprop Proportion of 
natural mortality 
before spawning

Fprop Proportion of 
fishing mortality 
before spawning

Matprop Proportion
mature-at-age

See Section B2: maturity No

Natmor Natural mortality See Section B2: Natural mortality No

Tuning data:

Type N am e Year range A ge range

FRATRB French demersal trawl 1990-present 6-9

GEROTB German otter trawl 1995-present 6-9

NORTRL Norwegian bottom trawl 1980-present 6-9

NORACU Norwegian acoustic survey 1995-present 3-6

IBTS-Q3
International bottom trawl 
survey in the North Sea, in the 
3th quarter

1992-present 3-5

NORASS
Norwegian acoustic survey for 
saithe 2006-present 3-4
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XSA settings:

Age range: 3-10+

Catch data: 1967-2006

F b ar: 3-6

Time-series weights: Tricubic over 20 years

Power model for ages: No

Catchability plateau: Age 7

Survivor est. shrunk towards the mean F: 5 years/3 ages

S.e. of mean (F-shrinkage): 1.0

Min. s.e. of population estimates: 0.3

Prior weighting: No

Number of iterations before convergence: 51

D. Short-term  projection

Because the assessm ent on which the advice is based is currently a fully determ inistic 
XSA, the short-term  projection can norm ally be done in FLR using FLSTF. Weight-at- 
age in the stock and weight-at-age in the catch are taken to be the m ean of the last
three years. The exploitation pattern  is taken to be the m ean value of the last three
years. Population num bers-at-ages 4 and older are XSA survivor estimates, num bers- 
at-age 3 are taken from  the geom etric m ean for the years 1988-assessment year.

M odel used:

Software used: FLSTF

Initial stock size: Population num bers-at-ages 4 and older are XSA survivor estimates, 
num bers-at-age 3 are taken from  the geom etric m ean for the years 1988-assessment 
year.

M aturity:

F and M before spawning:

W eight-at-age in the stock: M ean of the last 3 years 

W eight-at-age in the catch: M ean of the last 3 years 

Exploitation pattern: m ean value of the last three years 

Interm ediate year assum ptions:

E. M edium-term projections

No m edium -term  projections are done for this stock.

F. Long-term projections

No long-term  projections are done for this stock.
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G. Biological reference points
Type Value Technical basis

MSY M S Y  B trigger 200 0001 Default value B Pa

Approach F m s y 0.30 Stochastic simulation using hockey-stick stock- 
recruitment

B lim 106 0001 B ioss = 106 0001 (estimated in 1998).

B  pa 200 0001 affords a high probability of maintaining S S B  above B u m

Precautionary
approach

F lim 0.6 Floss the fishing mortality estimated to lead to stock 
falling below B u m  in the long term.

F pa 0.4 implies that B e q >  B Pa and 
P(SSBmt < B  p a) < 10%.

Precautionary reference points were derived in 2006 and  are:

F o .i 0.10 F  lina 0.60

F  max 0.22 F p a 0.40

F m ed 0.35 B lim 106 000 t

F  high >0.49 B p a 200 000 t

In 2010 the working group estim ated the F m s y  to be 0.3. The F m s y  should be reana­
lyzed if changes are found in the m aturity.

These reference points refer to an Fbar from  ages 3 to 6. The proportion of catches 
taken by purse seine decreased significantly in the early 1990s. This caused a change 
in  the exploitation pattern  as the purse seiners m ainly targeted young saithe. There­
fore, it m ay be m ore appropriate to use a reference F that does not include age 3. The 
influence on the m aturity ogive from  the observed decrease in the weight-at-age is 
unknow n, but it is reasonable to believe that the spaw ning capacity of the stock will 
be affected.

H. O ther issues

H I. Historical stock developm ent:

The settings in final XSA assessm ent for the years 2007 to 2010 are listed below. In 
2011 WKBENCH meeting a new  survey-series were included (NORASS, ages 3-4), 
and ages 3-5 of commercial tuning-series w ere excluded.
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Year of
assessment: 2 0 0 7 2 0 0 8 2 0 0 9 2010
Assessment XSA no change no change No assessment
model:

Fleets: FRAtrb (age 
range: 3-9,1990 
onwards)

no change no change Not available

GERotb (age no change no change
range: 3-9,1995
onwards)

NORacu (age no change no change Not available
range: 3-6,1996
onwards)

IBTSq3 (age no change no change Uncertain, no
range: 3-5,1992 Norwegian
onwards) effort

Age range: 3-10+ no change no change

Catch data: 1967-2006 1967-2007 1967-2008 1967-2009

Fbar: 3-6 no change no change

Time series Tricubic over 20 no change no change
weights: years

Power model for No no change no change
ages:

Catchability Age 7 no change no change
plateau:

Survivor est. 5 years/3 ages no change no change
shrunk towards
the mean F:

S.e. of mean (F- 1.0 no change no change
shrinkage):

Min. s.e. of 0.3 no change no change
population
estimates:

Prior weighting: No no change no change

Number of 51 47 47 No assessment
iterations before was done
convergence:

References
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6.2 . Relevant Working docum ents  a t  WKBENCH

Stock: Herring in Division Va (Icelandic summer-spawners)

The Ichthyophonus hoferi outbreak in the Icelandic summer-spawning herring 
stock during the autumns 2008 to 2010

ICES, WKBENCH 2011, WD Her-Vasu No. 2

by G uöm undur J. Oskarsson and Jónbjörn Pálsson, MRI, Iceland.

Abstract

A n outbreak of Ichthyophonus infection in the Icelandic sum m er-spaw ning herring 
was first observed in N ovem ber 2008; consequently a com prehensive research pro­
gram m e was launched to estim ate its m agnitude. These researches continued the two 
following autum ns and winters. The infection rate in the adult part of the stock was 
estim ated to be 32%, 43% and 37% during the autum ns 2008-2010, respectively. All 
existing inform ation from  the literature indicate that the infection causes a dead 
w ithin at m axim um  six m onths, while prelim inary results for the Icelandic stock indi­
cate that this could take some longer time. Estimates of infection in herring juveniles 
on the nursery grounds off the NW  and N  coast over the same period indicated fur­
ther how  widely d istributed the infection and the source of the infection was. The 
consequences of the infection on the developm ent of the stock size are apparent. The 
increase in the natural m ortality has been estim ated directly from  the infection rate 
and  the estimates should be used in  analytical assessment of the stock, at least until 
the estim ates can be verified w ith some stock assessm ent software packages some 
years after the outbreak ceases. Even if the prevalence of the infection is still high in 
the au tum n 2010, there are indications that the outbreak could be vanishing.

Introduction

In N ovem ber 2008, the M arine Research Institute (MRI) in Iceland was inform ed by 
the commercial fleet fishing on the Icelandic sum m er-spaw ning herring that the stock 
was seemingly infected by some parasite or had  some disease. It was quickly identi­
fied by the Institute for Experimental Pathology of the University of Iceland and sci­
entist at MRI as infection by the protozoan parasite Ichthyophonus hoferi.

There are several Ichthyophonus epidem ics in herring know n from  the literature. For 
example in the early 1990s in the N orw egian spring-spaw ning herring and N orth Sea 
herring (both having prevalence of around 10%; Kramer-Schadt et ah, 2010; Patterson, 
1996) and off the east coast of C anada during the years 1930-1931 (Gulf of M ain w ith 
prevalence of around 70%; Lauckner, 1984) and 1954—1955 (Gulf of Saint Lawrence 
w ith  prevalence of around 50%; Lauckner, 1984). Ichthyophonus is not only found in 
herring, it has been found in at least 80 different fish species (Lauckner, 1984). In 
N orth Sea there is for example, constant infection found in haddock and plaice at 
various levels and the same is off the east coast of C anada (Lauckner, 1984) and  in 
plaice in  Iceland (Jónbjörn Pálsson, personal data).

Herring get the infection by oral intake of resting spores of Ichthyophonus, which are 
either floating freely in the sea or inside of the herring 's prey (Jones and  Dawe, 2002). 
For example, Ichthyophonus has been found in Calanus species (Torgersen et ah, 2002; 
Lauckner, 1984), w hich are generally one of the m ost im portant prey species for her­
ring. In the acid herring stomach, the spores are activated. They grow  through the
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digestive tract wall and end in the blood vessels and circulate over the whole body. 
The parasite settles particularly in blood rich organs, such as the heart and kidney 
and  start to produce m ore spores there that then circulates further around the body. 
This leads to an escalation in  the infection w ithin the fish and researches indicate that 
the fish will generally die w ithin 100 days or at m axim um  w ithin six m onths 
(Sinderman, 1958; McVicar, 1981) because of the infection. There seems to be a com­
m on conception that all herring infected by Ichthyophonus will die because of it 
(Sinderman, 1958; McVicar, 1981).

It is not well know n w hat factors are responsible for setting off the epidemics. For 
example, researches on the N orw egian spring-spaw ning herring (Kramer-Schadt, et 
al., 2010) and Pacific herring (Marty et al., 2003) did  not find relatedness betw een her­
ring infection and  stock size. The peaks in the infection of N orw egian spring- 
spaw ning herring were, however, found to be associated w ith strong year classes and 
overall good body condition (Kramer-Schadt et ah, 2010). The sea tem perature could 
have some effects on the infection w here culture experim ents indicate that Ichthyo­
phonus grows only at tem perature from  3-20°C, w ith highest grow th at 10°C 
(Sinderm ann and Scattergood, 1954, see in Lauckner, 1984). No clear indications have 
appeared that can answ er w hat initiated the current Ichthyophonus epidem ic in the 
Icelandic herring stock (Oskarsson and Pálsson, 2009).

As soon as the cause of the infection was discovered, a massive program  was 
launched by MRI to estim ate the m agnitude of the infection in the stock. It involved 
both increased sam pling from  the catch of the commercial fleet and increased effort in 
research surveys. The objective here is to reveal the m ain results of these researches, 
including the spatial and tem poral variation in  m agnitude of the infection and infor­
m ation about the nature and developm ent of the infection over the w inters as repre­
sented by the data.

As a background information, the Icelandic sum m er-spaw ning herring has in recent 
four decades been almost exclusively fished during the overw intering period of the 
stock or from  around September through February. The highest catch rate is usually 
in N ovem ber (ICES 2009; 2010). Since the au tum n 2007 and to at least the au tum n of 
2010, m ost of the stock overw intered in relatively small areas west of Iceland, or in 
the northern  part of the bay Breiöafjöröur (Figure 1). Consequently, the fishery du r­
ing this period was m ore or less lim ited to that area. This w esterly distribution of the 
stock that started gradually from  around 1995 is opposite to the easterly and south­
easterly distribution of the stock that existed since the m iddle of the 1960s (Jakobsson, 
1980; Oskarsson et ah, 2009a).

M aterial and  m ethods 

The samplings

The prevalence of the infection in the stock was estim ated from  data from  tw o differ­
ent sources, from  catch sam ples and  from  research survey samples. It was requested 
by MRI that the fishing vessels w ould  generally collect from  every fishing operation 
w ith purse seine (or pelagic traw l if used) total 50 herrings and  either freeze them  
onboard or deliver them  fresh to MRI personnel. This procedure m eant that if a ves­
sel needed for example to use the purse-seine three times to fill the vessel, it w ould 
collect 3x50 herring. This approach was followed during the fishing seasons 
2008/2009 to 2010/2011, bu t in some periods m ore samples w ere requested. That was
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for example in January to M arch 2010 w hen the fishing vessels had  finished their 
fishing quota bu t to secure sam pling over this period, an additional quota of 7 kt was 
given to the vessels w ith the obligation to deliver at least 10x50 fish sam ple from 
purse-seine fishery weekly during January and February.

Samples were also collected during the acoustic surveys w ith  either pelagic- or bot­
tom  traw ls (Table 1). In some cases purse-seine samples were obtained from  fishing 
vessels operating in  the same area at the same time. The m ain purposes of the re­
search surveys were to get an estim ate of the stock size using the acoustical instru­
m ents and to get estim ates of the intensity of the Ichthyophonus infection in the stock, 
both the adult part and the juveniles. However, estim ates of prevalence of Ichthyo­
phonus infection in herring caught by purse-seine are considered m ore reliable than 
data from  tow ed fishing gears w here the probability of escape of healthy individuals 
is higher than  infected and sick individuals (Holst, 1996). Therefore, we used data 
from  purse-seine sam plings in m aking predictions for the stock w henever possible 
and used only samples from  pelagic- and bottom  traw ls for areas and periods w here 
purse-seine sam ples were unavailable. Over this almost three years period, we have 
also learned that the catch size in  the traw ls have to be above certain size, or several 
tons, for the prevalence estim ates to be com parable to purse-seine estimates, and 
therefore reliable. The actual catch size depends of course also on the tow ing time. 
Thus, the catch size is also considered w hen selecting samples w here and w hen traw l 
samples are required. The infection estimates during these three seasons for the fish- 
able part of the stock relies alm ost entirely on purse-seine sam ples while the esti­
m ates for the juveniles rely exclusively on traw l samples.

The juvenile surveys cover the considered m ain nursery grounds of the herring stock, 
or the fjords in NW  Iceland and the fjords and bays off N  Iceland. It has been ob­
served that the abundance index of age-1 herring can be used to predict the future 
year-class strength, while not the age-2 index (G udm undsdóttir et al., 2007). It was 
considered to be a consequence of either different distribution of age-2 herring or less 
catchability, bu t since this is the case, only the age-1 indices are considered here. Gen­
erally, the boundaries betw een age-1 and age-2 herring followed G udm undsdóttir et 
al. (2007), or herring <15 cm is set to age-1 and herring at 15 to 20 cm set to age-2. This 
was verified and adjusted w ith  aging of the herring.

The total num ber of samples from  the fishable stock over this period came to 598 and 
included 46 thousands individuals (Table 2). Samples of juvenile herring, or age-1, 
came to total 20 w ith total 1215 individuals and  were as well constrained to the dif­
ferent years and areas (Table 4).

Analyses of the samples

All the traditional m easurem ents and recordings were done on each sam pled herring, 
consisting of: total length (cm), whole body w eight (g), sex, m aturity  stage, ovarian 
w eight (g), and age determ ined from  scales (not for all the samples). In addition, the 
heart was rem oved for further examination. To determ ine if fish w here infected by 
Ichthyophonus or not, the hearts were exam ined macroscopically under a dissecting 
microscope as recom m ended by ICES (1993). The hearts w ere classified into three 
different stages: Stage-0, uninfected; Stage-1, light infection (white cysts visible); 
Stage-2, serious infection (many cysts visible, often m aking the heart freckly, and the 
pericardium  often connate to the heart). Finer classification of the hearts was done
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additionally by divide the Stage-2 into three stages according to their visual appear­
ance (Oskarsson et ah, 2010), bu t they are not explored in  this paper.

To obtain average inter-annual estimates of the infection in the fishable part, as well 
as the different year classes of the juveniles, the average infection estim ates (i.e. 
prevalence of the infection) for the different areas were weighed w ith the abundance 
estim ates (Ntotai) from  the acoustic surveys, w hich gave the num ber of infected fish in 
the stock (Ninfected). The corresponding estim ate of natural m ortality caused by the 
infection Minfected was then determ ined as follows:

hlinfected— —(log2(Ntotal_  Ninfected) — log2(Ntotal).

Results

The fishable slock 

2008/2009

The Ichthyophonus infection determ ined from  catch sam ples in  Breiöafjöröur (Figure 
1), w here m ost of the stock was found during the w intering in 2008/2009, was in the 
range of 14 to 72%, w ith average of 33.7% (SD=9.3, N=73). There were some variations 
in  prevalence of the infection on a weekly basis over the observation period, ranging 
from  28.1 to 48.9% (Figure 2a). However, the proportion at stage 1 (light infection) 
decreased over the period (Figure 2a), w ith corresponding increase in proportion at 
stage 2 (serious infection). Apparently, there was a difference in prevalence of the 
infection am ong areas (Figure 3). The lowest prevalence was found off the SE coast 
near Breiöam erkurdjüp (in January 2009), bu t the highest near Keflavik (see locations 
in  Figure 1).

The total infection in the adult stock during the w inter 2008/2009 was estim ated from 
data of heart inspection of 4957 individuals and  abundance estimations from  the 
acoustic m easurem ents in  the December and  January surveys (Table 3a). The ratio 
betw een the total num ber of individuals and num ber of infected individuals in the 
stock provided estim ation of 32.2% infection rate which corresponds to Minfected= 0.39.

W hen exploring all available data from  Breiöafjöröur, there was no systematic differ­
ence am ong the age groups or the length groups in prevalence of infection (Figure 4). 
There was some indication for higher prevalence of infection for age 6 and for length 
27 and 28 cm, bu t there is not a consistency there because fish at age 6 is all above 
30 cm in length.

2009/2010

The purse-seine catch sam ples in Breiöafjöröur, (Figure 1) w here m ost of the stock 
was found during the w intering in  2009/2010, indicated that the Ichthyophonus infec­
tion was in the range of 30 to 73%, w ith overall estim ate of 44.4% (SD=9.8, N=58). The 
prevalence of the infection d id  not change m uch on a weekly basis over the observa­
tion period and was in the range of 36 to 56% (Figure 2b). However, the proportion at 
stage 1 (light infection) decreased over the period (Figure 2b), w ith  corresponding 
increase in proportion at stage 2 (serious infection). It should be noted that the sam ­
pling in January and February was based on the research catch quota so the num ber 
of stations was generally lower in each period then (1 to 3) bu t the num ber of samples 
per station was higher (300 to 500).
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Different from  2008/2009, there was a d ea r linear ded ine  in prevalence of in fed ion  as 
the fish was older and  larger (Figure 5), particularly for fish >27 cm (r2=0.955, n=9, 
p<0.001; arc-sine transform ed) and >3 years old (r2=0.851, n=8, p<0.01; arc-sine trans­
formed). H erring at length <27 cm and age <3 year had  on average in fed ion  of 54.6% 
and 49.6%, respedively. Thus, the prevalence of the infection was highest for the 
youngest and the smallest fish bu t lowest for the oldest and largest fish.

The bases for the determ ination of the total infection in the adult stock during the 
w inter 2009/2010 and the subsequent m ortality rate, w ere heart in sped ion  of 5856 
individuals and abundance estimates from  the acoustic m easurem ents in the O dober 
surveys (Table 3b). Apparently, there was a difference in prevalence of the infection 
am ong areas, w ith  the lowest estim ates in Breiöam erkurdjüp off the SE coast. Because 
of the observed length dependent in fed ion  rate in Breiöafjöröur (Figure 5), the total 
infection in the stock was also calculated for the different age groups separately (Ta­
ble 4). The estim ated proportion in feded  in the whole fishable stock (>26 cm) was 
43.0%, which corresponds to Minfected= 0.56.

2010/2011

The prevalence of the infection in the autum n 2010 was a similar level as the two 
previous fishing seasons, or on average 37 .4%  (Table 3 and Figure 2c), which corre­
sponds to Minfected=0.41. This estim ate for this season should be regarded as prelim i­
nary figures as the catch samples colleded have not all been analysed. It includes that 
the data will be analysed to determ ine if the prevalence of the in fed ion  is length/age 
dependent as in 2009 /2010  or not as in  2 0 08 /2009 . It is d ea r that the proportion of 
lightly in feded  herring (Stage 1) is lower now  in the beginning of the seasons com­
pared  to tw o previous years, indicating that the in feded  herring has further devel­
oped infection the autum n 2010.

The juveniles

2008/2009

The 2007 year class, at age-1, was observed in the highest num ber in Skjálfandi (Fig­
ure 1) and in that area no Ichthyophonus infection was observed in  the herring (Table 
5a). In other areas, the abundance was lower w ith  often high prevalence of infedion. 
The estim ated strength of the 2007 year-class index, w hen the m ortality due to the 
in fed ion  has been accounted for comes therefore to 516 million individuals.

2009/2010

The 2008 year dass was in the highest num ber in Eyjafjöröur and had  overall low 
prevalence of Ichthyophonus infedion, or around 4% (Table 5b). The estim ated 
strength of the 2008 year-dass index, w hen the m ortality due to the infection has been 
accounted for, is 758 million individuals.

2010/2011

The abundance estim ate of the 2009 year class was low  com pared to the tw o previous 
years (Table 5c) and  in  a historical perspective (G uöm undsdóttir et al., 2007). The 
highest estim ate of the 1 year olds was from  Eyjafjöröur as the w inter before. The 
prevalence of the in fed ion  was also low  or 0.8% and it m eans that the year-class 
strength index is estim ated to be 85 million individuals.
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Discussion 

The fishable slock

The results show  that the Ichthyophonus outbreak in the Icelandic sum m er-spaw ning 
herring since it was first detected in the au tum n 2008 and until the w inter 2010/2011 
is serious and have had  and will have further affects on the stock developm ent in the 
coming years. There are several assum ptions that we have m ade w hen interpreting 
the data. Two of the assum ptions are discussed below  (in the section "Implications to 
the stock assessm ent") and another involves that we have interpreted the data as 
there is no new  infection occurring in  Breiöafjöröur during the overwintering, m ean­
ing that the herring is already infected w hen entering the overw intering areas. That is 
based on our observations of: (1) near a constant proportion of uninfected herring 
throughout the season (Figure 2a-c); (2) the resting spores that distribute the infection 
m ust be eaten in one way or another to be activated (i.e. need an a d d  environm ent; 
Spanggard et ah, 1995) bu t the herring is not feeding during the overw intering period. 
We further suggest that the m ain m ortality takes place late in the w inter or early 
spring bu t to an insignificant degree on the overw intering grounds. It is supported  by 
(1) no indications of mass m ortality over the w inter on the overw intering grounds; (2) 
seemingly developm ent of infection according to the time-series w here fish are going 
from  stage-1 to stage-2 through the w inter (Figure 2a-c); (3) finer scaling of the stage- 
2 (divided into three stages on the basis of the developm ent of the infection) does not 
indicate a high m ortality rate until in  the late w inter (Oskarsson et ah, 2010). An alter­
native hypothesis regarding the developm ent of the infection and the corresponding 
m ortality is that fish is dying because of the infection throughout the season. To com­
pensate for the rem oval of fish because of the m ortality so the ratio of uninfected fish 
w ould  be near constant as observed (Figure 2a-c), fish w ould  have to get infected on 
the overw intering grounds (i.e. new  infection). According to this hypothesis, the m or­
tality because of the infection would, for an example, explain the observed almost a 
linear decrease in abundance of herring in  Breiöafjöröur betw een four acoustical es­
tim ations undertaken from  October 2009 to February 2010 (Oskarsson et ah, 2010). 
Thus, the hypothesis implies that there is a massive m ortality ongoing through the 
season, bu t observations from  divers during the w inter 2008/2009 d id  not support 
that as very few dead  fish were found lying on the bottom. A mass m ortality of in­
fected herring was observed in the end of M arch 2009 in Vestm annaeyjar harbour, off 
the south coast, while no m ortality had  been observed there during the winter. Re­
lated to this, several tips were given to MRI regarding dying herring on shores in the 
w inter 2008/2009 and they came all in M arch or thereafter. Furtherm ore, as m en­
tioned above if the alternative hypothesis is true, then the difference betw een the 
abundance estim ations in October 2009 and  February 2010 m entioned above (Oskars­
son et ah, 2010) is mainly because of the m ortality caused by the infection (54% lower 
abundance estimate) and happening betw een the m easurem ents. However, in Febru­
ary 2010, the prevalence of the infection was still around 43% w hich indicated that a 
further m ortality was going to take place. This w ould  also apply for the w inter 
2008/2009, bu t such a drastic decline in the stock (-55%) was not observed in the 
acoustic m easurem ents betw een the tw o winters. Thus, even if the alternative hy­
pothesis cannot be fully rejected and could logically be correct, we find no support 
for its existence. On the other hand, the data and observations support our interpreta­
tion, w hich indicate that the herring got the infection during the post-spaw ning feed­
ing season (-A ugust-Septem ber) and during the pre-spaw ning feeding season 
(~April-June) bu t not on the overw intering grounds. The infection develops over the
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w inter m onths and the m ortality because of it takes then place in the spring from  
M arch and onw ards. The reasons for the drop in the acoustic m easurem ents 
th roughout the w inter 2009/2010 are therefore not believed to be consequences of the 
m ortality but because of changes in  distribution and/or behaviour of the stock (see 
further in Oskarsson et al. (2010) and an internal report at MRI by G. Oskarsson, R. 
Pálsson and A. G udm undsdóttir (2009)). Moreover, there was a low  proportion of 
seriously infected fish (near the end of Stage 2, around 5%; Oskarsson et ah, 2010) in 
the period betw een October and N ovem ber m easurem ents, bu t should have been at 
least 22% to com pensate for the drop in  the acoustic m easurem ents.

The proportion of lightly infected herring (Stage 1) was relatively low  in the autum n 
2010 in com parison to the tw o earlier autum ns (Figure 2a-c). It could indicate that the 
stock was not getting infection during the late sum m er, m eaning that the infection 
outbreak could be retrieving. Supporting this was the observation of the 2007 year 
class in Breiöam erkurdjüp in the au tum n 2010 w ith  almost no infection (1%). This 
pattern  of generally a sincere developed infection in the autum n 2010 was also ob­
served in the younger age groups on the nursery grounds off W and N  Iceland. H ow ­
ever, the surface w aters off the south and  west coast off Iceland were exceptional 
w arm  during the sum m er 2010 m ainly related to stable and strong therm ocline due 
to calm w eather condition. Thus, it is possible that w arm er seawater was simply 
speeding up  the developm ent of the infection in the herring, considering that the 
Ichthyophonus grow th is tem perature dependent (Sinderm ann and  Scattergood, 1954, 
see in  Lauckner, 1984). The question if the Ichthyophonus outbreak in  the stock is com­
ing to an end in the w inter 2010/2011 will therefore not be answ ered w ith any confi­
dent until the sum m er 2011.

In the beginning of July during the sum m er 2009 and  2010, acoustic surveys were 
conducted on the spaw ning grounds of the stock off the SW, S, and SE coast to esti­
m ate the infection rate and for acoustic m easurem ents (MRI, internal survey reports). 
The prevalence of the infection of the pre-spaw ning herring was near 30% in the both 
summers, w here half of the herring was considered lightly infected (Figure 6). The 
infection detected in  the sum m er m onths has been considered to be either also de­
term ined in the w inter before or the subsequent autum n. In other w ords, the assum p­
tion has been m ade that only one generation of the infection exists in the stock over a 
year and it is m ost adequately estim ated during the overw intering of the stock. It is 
based on observations from  the time-series of the infection (Figure 6), the incubation 
period of the infection of m inim um  six m onths (Figure 6; Oskarsson et ah, 2010), and 
the difference am ong acoustic abundance m easurem ents of the stock betw een adjoin­
ing w inters that is less than m ortality of all this infection w ould cause, i.e. one genera­
tion during the sum m er and another during the w inter (ICES, 2010). This is discussed 
further below.

The juveniles

The num ber of age-1 herring estim ated acoustically on the nursery grounds off NW 
and N  Iceland has been found to be a valid index to predict the num ber at age 2 in the 
stock a year later (G udm undsdóttir et ah, 2007). Consequently, it was im portant to 
estim ate the prevalence of the infection of the juveniles during the outbreak and 
along w ith the abundance estim ates they provide the indices of age-1 herring. H ow ­
ever, it m ust be considered that the relationship betw een the abundance index of age- 
1 and num ber at age-2 was determ ined from  years w ith no Ichthyophonus infection
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and the infection now  that is observed in all age groups (Oskarsson et al., 2009b; 2010) 
can lead to lower num ber at age-2 than  predicted from  the relationship.

Considering infection rate of the adults and the juveniles, beside that the juveniles are 
probably rather stationary in the fjords that they drifted in as larvae, it is obvious that 
the source of the infection reached over a w ide area, or from  the SE coast and clock­
wise to the NE coast of Iceland (Oskarsson and Pálsson, 2009).

Implications to th e  stock assessm ent

The results are considered to provide a valid estim ate of the prevalence of the infec­
tion during the autum ns and overw intering of the stock. There is an uncertainty re­
lated to the num ber of generations of the infection over the year. However, w hen 
considering both that the tim e from  a herring gets infected until it dies because of it 
seems to be m inim um  six m onths and the herring stock is seemingly only getting 
infected w hen feeding on the feeding grounds, the assum ption of one generation of 
infection in the stock over the year seems reasonable. In other w ords, at this point 
there are no indications to suggest that the infection rate estim ated over the sum m er 
period, during spaw ning (Figure 6), should be used additionally to the infection rate 
m easured during the overw intering w hen estim ating the total m ortality caused by 
the infection inter annually. A nother im portant assum ption made, which is sup­
ported  by the literature and observations on the Icelandic sum m er-spaw ning herring 
over the infection period, is that all infected herring will die because of it w ithin in 
several m onths. The tw o assum ptions above im ply that the m ortality rate over the 
year because of the infection is considered to be well represented by the estim ates of 
the prevalence of the infection during the overw intering of the stock. Yet another 
uncertainty involves if m ortality because of the infection, Minfection, should be added  to 
the fixed natural m ortality of the stock, M=0.1, used in the analytical assessment. 
Presently there is no w ay to verify it either num erically or biologically, so it is consid­
ered appropriate to add  Minfection to the M=0.1 to come up  w ith  the M used in the as­
sessments. This procedure exemplifies how  the stock was assessed in  the stock 
assessments in 2009 and 2010 (ICES 2009; 2010). It m eans that M for 2008, 2009 and 
2010 in the future stock assessments should be as indicated for Minfection in  Table 3 and 
Table 4 in addition to the fixed M of 0.1. Finally, it is suggested to estim ate M for 
these years retrospectively and  independently  in about five years from  now  by means 
of VP As or TSA (time-series analyses).
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T a b le  1. O v e r v ie w  o f  th e  r e s e a rc h  s u rv e y s  s in c e  th e  a u tu m n  2008 to  2010 a n d  a im e d  f o r  a c o u s tic  
m e a s u re m e n ts  o f  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  a n d  e s t im a t io n  o f  th e  I c h th y o p h o n u s  i n f e c ­
t io n  in  th e  s to c k .

Year Vessel Period
Survey
No. Area M ain ta rg e t

2008 RV Dröfn Dec. 5-17 1 SW and W coastal 
areas

Adults and 
juveniles

2008 RV Bjarni 
Sæmundsson

Dec. 7-11 2 SW and W off Iceland Adults

2009 RV Dröfn Jan. 18-30 3 N coastal areas Juveniles

2009 RV Dröfn Feb. 21-22 4 Breiöafjöröur Adults

2009 RV Arni Friöriksson Feb. 4-6 5 E and SE off Iceland Adults

2009 RV Bjarni 
Sæmundsson

Jul. 3-12 6 Spawning grounds, 
SW and S

Adults

2009 RV Dröfn Oct. 23-27 7 Breiöafjöröur Adults

2009 Four charter vessels Oct. 21-27 8 E, SE, S, SW, and W 
off Iceland

Adults

2009 RV Dröfn Nov. 18- 
Dec. 2

9 Breiöafjöröur and 
NW and N coastal 
areas

Adults and 
juveniles

2010 RV Dröfn Jan. 16-18 10 Breiöafjöröur Adults

2010 RV Dröfn Feb. 27-28 11 Breiöafjöröur Adults

2010 RV Bjarni 
Sæmundsson

Jan. 15-19 12 SW and W off Iceland Adults

2010 RV Bjarni 
Sæmundsson

Jun. 29- 
Jul.7

13 Spawning grounds, 
SW and S

Adults

2010 Four charter vessels Oct. 17-21 14 E, SE, S, SW, and W 
off Iceland

Adults

2010 RV Dröfn Oct. 18-21 15 Breiöafjöröur Adults

2010 RV Dröfn Nov. 3-16 16 Breiöafjöröur and 
NW and N coastal 
areas

Adults and 
juveniles
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T a b le  2. O v e r v ie w  o f  th e  s a m p lin g  o f  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  d u r in g  th e  f i s h in g  
s e a s o n s  2008/2009, 2009/10 a n d  2010/2011 i n  b o th  a l l  th e  d i s t r i b u t io n  a r e a s  a n d  i n  th e  m a in  d i s t r i ­
b u t io n  a re a , B re iö a f jö rö u r ,  f ro m  c o m m e rc ia l  c a tc h  a n d  f ro m  r e s e a rc h  s u rv e y s  ( n u m b e r  1 -1 2  r e fe rs  
to  N o . i n  T a b le  1) w h e r e  B T  s ta n d s  fo r  b o t to m  t r a w l  a n d  P S  p u r s e - s e in e .

Overall Breiöafjöröur*

Season Survey # samples # herring # samples # herring
examined BT PS examined

2008/09 Catch
samples

101 5015 73 3582

2008/09 1 15 925 2 2 350

2008/09 3 16 820 4 3 350

2008/09 4 5 249 5 0 249

Total 137 7009 11 78 4531

2009/10 Catch
samples

99 10 951 18 70 7920

2009/10 7 8 702 8

2009/10 9 11 1079 1 1 150

2009/10 10 5 499 4

2009/10 12 1 50

Total 124 13 281 31 71 8070

2010/1 lj: Catch
samples

24 1891 23 1846

2010/1 lj: 14 2 145

2010/1 lj: 15 5 432 5 432

2010/1 lj: 16 7 524

Total 38 2992 5 23 2278

Grand total 598 46 564 94 344 29 758

Only PS samples were considered significant and representative of the stock in the infection determi­
nations.

tW ill be revisited in the spring 2011 when more data are available.
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T a b le  3. T h e  e s t im a te s  o f  p r e v a le n c e  o f  I c h th y o p h o n u s  i n f e c t io n  i n  I c e la n d ic  s u m m e r - s p a w n in g  
h e r r in g  a c c o rd in g  to  c a tc h  s a m p le s  (P in fe c te d )  ta k e n  f ro m  O c to b e r - J a n u a r y  i n  (a) 2008/2009, (b) 
2009/2010, a n d  (c) 2010/2011 ( s a m p le  s iz e  p r o v id e d ) ,  th e  n u m b e r  o f  h e r r in g  i n  th e  d i f f e r e n t  a re a s  
a c c o rd in g  to  a c o u s t ic  m e a s u re m e n ts  ( N to ta i ;  l e n g th  >26 cm ), e s t im a te d  n u m b e r  i n f e c te d  (N in fe c te d )  

a n d  c o r r e s p o n d in g  e s t im a te  o f  Pinfected o f  th e  w h o le  s to c k  w h e n  w e ig h e d  w i th  th e  h e r r in g  q u a n t i ty  
o f  th e  d i f f e r e n t  lo c a t io n s  (see  lo c a t io n s  i n  F ig u re  1).

From catch sam ples
From acoustic 
m easurem ents

Location Sample
size

Pinfected
(%)

Ntotai
(xl06)

Ninfected
(xl06)

Weighed
Pinfected
%)

Minfected

(a)
2008/2009

Breiöamerkurd. 450 12.7 274.7 34.9

Vestm.eyjar 300 59.7 16.0 9.6

Keflav./Hafn. 439 70.2 45.0 31.6

Breiöafjöröur 3582 33.7 1645.1 554.4

Isafjöröur 86 63.0* 50.0 31.5

Papagrunn 152 6.6% 27.2 1.8

Total 5009 2058.0 663.7 32.3 0.39

(b)
2009/2010 Breiöafjöröur 5326 45.9 2114.0 960.0

Breiöamerkurd.§ 530 20.9 246.0 51.0

Total 5856 2360.0 1012.0 42.9 0.56**

(b)
2010/2011 Breiöafjöröur 1377 39.0 1414.5 551.6

Breiöamerkurd.§ 217 29.1 278.2 81.0

Total 1594 1692.7 632.6 37.4# 0.41#

'Estim ated from research surveys because no catch samples available, 

t Two samples taken in a capelin survey on RV Am i Friöriksson.

§ Samples from both purse seines and pelagic trawls.

"  Length-dependent, see Table 4.

tt Will be reanalyzed in the spring 2011 when more data are available.
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T a b le  4. T h e  to ta l  a c o u s t ic  e s t im a te  ( N to t a i )  o f  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  i n  th e  w in te r  
2 0 0 9 / 2 0 1 0  fo r  a g e  g r o u p s  3  to  1 1 ,  th e  n u m b e r  o f  in f e c te d  h e r r in g  (N in fe c te d )  a n d  e s t im a te s  o f  p r e v a ­
le n c e  o f  I c h th y o p h o n u s  in f e c t io n  (P in fe c te d )  o f  th e  w h o le  s to c k  w h e n  w e ig h e d  w i th  th e  h e r r in g  
q u a n t i ty  o f  th e  d i f f e r e n t  lo c a t io n s ,  a n d  f in a l ly  th e  c o r r e s p o n d in g  e s t im a te  o f  n a tu r a l  m o r ta l i ty  
c a u s e d  b y  th e  in f e c t io n  (M in fe c te d =  - ( l o g 2( N to t a i - N m f e c te d )  -  l o g 2 ( N to t a i ) ) .

Age (years) Acoustic e stim a te  Ntotai ( '1 0 6 ) N infected ( '1 0 6 )
W eighed 
Pinfected %) M infected

3 337.3 160.2 47.5 0.64

4 525.4 248.6 47.3 0.64

5 466.9 207.8 44.5 0.59

6 273.6 113.3 41.4 0.53

7 335.3 132.1 39.4 0.50

8 156.5 60.1 38.4 0.48

9 140.7 52.6 37.4 0.47

10 149.3 54.6 36.6 0.46

11 36.9 13.2 35.7 0.44

Total 2421.8 1042.6 43.0 0.56
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T a b le  5 .  T h e  p r e v a le n c e  o f  I c h th y o p h o n u s  in f e c t io n  (P in fe c te d )  fo r  ag e -1  I c e la n d ic  s u m m e r - s p a w n in g  
h e r r in g  d u r in g  th e  w in te r s  (a) 2008/2009, (b ) 2009/2010, a n d  (c) 2010/2011 f o r  th e  d i f f e r e n t  a re a s  
(se e  i n  F ig u re  1) c o v e re d  i n  th e  a c o u s t ic  r e s e a rc h  s u rv e y s  (T a b le  1). T h e  s a m p le  s iz e  is  p r o v id e d  in  
a d d i t i o n  to  th e  n u m b e r  o f  h e r r in g  in  th e  a r e a s  a c c o rd in g  to  a c o u s t ic  m e a s u re m e n ts  (N to t a i ) ,  a n d  
e s t im a te d  n u m b e r  o f  in d iv id u a l s  s u r v iv in g  th e  m o r ta l i ty  c a u s e d  b y  th e  in f e c t io n  (N su r v iv e ) .

Location Sam ples size
Pinfected
(%)

Ntotai 
(xi 06) Nsurvive (xi 06)

(a) 2008/2009 Vestm.eyjar 60* 2.1 0.8

Kefl./Hafnarf. 70* 0.0 0.0

Breiöafjöröur 34* 0.0 0.0

Patreksfjöröur 68 63 55.1 20.4

Arnarfjöröur 0.0 0.0

Isafjöröur 25 68 62.3 19.9

Húnaflói 50 42 92.4 53.6

Skagafjöröur 0.0 0.0

Eyjafjöröur 0Í 5.0 5.0

Skjálfandi 100 0 416.3 416.3

Total 269 18 633.2 516.1

(b) 2009/2010 Jökulfiröir 99 2.0 56.3 55.2

Miöfjöröur 100 1.0 74.9 74.1

Steingrimsfj. 85 3.5 9.6 9.3

Eyjafjöröur 309 4.5 580.0 553.9

Skjálfandi 98 2.0 65.2 63.9

Total 691 3.8 787.2 757.5

(c) 2010/2011 Isafjöröur 21 0.0 5.6 5.6

Skötujöröur 23 17.4 2.8 2.3

Miöfjöröur. 97 1.0 19.5 19.3

Eyjafjöröur 90 0.0 57.6 57.6

Skjálfandi 24 0.0 0.0 0.0

Total 255 0.8 85.4 84.7

* The percentages used are according to samples across all length groups. 

(No sample was getted from the area and it is therefore set to 0.
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o or.

Breiöafjöröur

24° 20 ° 16° 12 °

F ig u re  1. T h e  lo c a t io n s  o f  th e  a r e a s  t h a t  a re  r e f e r r e d  to  i n  th e  te x t. T h e  r e d  c irc le  d e n o te s  th e  m a in  
o v e r w in te r in g  a r e a  o f  th e  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  i n  th e  w in te r s  2008/2009 to  
2010/2011 i n  B re iö a f jö rö u r .
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F ig u re  2. T h e  p r e v a le n c e  o f  th e  d i f f e r e n t  in f e c t io n  s ta g e s  (0 to  2; 0 in d ic a t in g  n o  in f e c t io n )  o f  
I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  in  c a tc h  s a m p le s  in  B re iö a f jö rö u r  (se e  F ig u re  1) fo r  th e  d i f ­
f e r e n t  w e e k s  ( in d ic a te d  a s  y e a r -w e e k )  o f  s a m p lin g  d u r in g  th e  f i s h in g  s e a s o n s  (a) 2008/2009, (b ) 
2009/2010, a n d  (c) 2010/2011. T h e  d o t te d  l in e s  r e p r e s e n t  th e  w e ig h e d  m e a n  in f e c t io n  a n d  th e  n u m ­
b e r s  a b o v e  th e  s a m p le  s iz e s .

n = 3 5 8 0  n = 4 4 0  n = 3 0 0  n = 4 5 0
100%

9 0 %

8 0 %

7 0 %

6 0 %

5 0 %

4 0 %

3 0 %

20%
10%
0%

Breiöafj. Keflavik V estm .eyjar B reiöam erkurd .

F ig u re  3. T h e  p r e v a le n c e  o f  th e  d i f f e r e n t  in f e c t io n  s ta g e s  (0 to  2; 0 in d ic a t in g  n o  in f e c t io n )  o f  
I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  i n  c a tc h  s a m p le s  d u r in g  th e  f i s h in g  s e a s o n  2008/2009 in  f o u r  
d i f f e r e n t  a re a s  (see  lo c a t io n s  o n  F ig u re  1).
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F ig u re  4. T h e  p r e v a le n c e  o f  in f e c t io n  ( f i l le d  d o ts  o n  l e f t  y -a x e s)  a n d  th e  n u m b e r  (n ) o f  e x a m in a te d  
f i s h  (+ o n  r ig h t  y -a x e s)  o f  (a) d i f f e r e n t  a g e  g r o u p s  a n d  (b ) o f  d i f f e r e n t  le n g th  g r o u p s  o f  I c e la n d ic  
s u m m e r - s p a w n in g  h e r r in g  f ro m  a l l  a v a i la b le  s a m p le s  i n  th e  w in t e r  2008/2009 i n  B r e iö a f jö rö u r  
(see  F ig u re  1). A g e  a n d  le n g th  g r o u p s  w i th  n< 20  w e r e  o m it te d .
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F ig u re  5. T h e  p r e v a le n c e  o f  in f e c t io n  ( f i l le d  d o ts  o n  l e f t  y -a x e s)  a n d  th e  n u m b e r  (n ) o f  e x a m in a te d  
f i s h  (+ o n  r i g h t  y -ax es)  o f  (a) d i f f e r e n t  a g e  g r o u p s  (N =2394) a n d  (b ) o f  d i f f e r e n t  le n g th  g r o u p s  
(N =5326) o f  I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  t a k in g  i n  p u r s e - s e in e  in  O c to b e r - D e c e m b e r  in  
2009 in  B r e iö a f jö rö u r  (F ig u re  1). A g e  a n d  le n g th  g r o u p s  w i th  n< 40  w e r e  o m it te d .
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F ig u re  6. T h e  p r e v a le n c e  o f  th e  d i f f e r e n t  in f e c t io n  s ta g e s  (0 to  2; 0 in d ic a t in g  n o  in f e c t io n )  o f  
I c e la n d ic  s u m m e r - s p a w n in g  h e r r in g  in  c a tc h  s a m p le s  in  B re iö a f jö rö u r  (se e  F ig u re  1) fo r  th e  d i f ­
f e r e n t  y e a r s  a n d  w e e k s  o f  s a m p lin g  d u r in g  th e  f i s h in g  s e a s o n s  2008 /2009-2010/2011  a n d  i n  s u rv e y  
s a m p le s  o n  th e  d i f f e r e n t  s p a w n in g  g r o u n d s  o f  th e  s to c k  in  w e e k  27  in  2009 a n d  2010.
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Icelandic summer-spawning herring; An analysis of the signals in the catch-and 
survey data  and preliminary assessments

W orking docum ent 03. WKBENCH 2011

Asta G udm undsdottir, MRI, Reykjavik, Iceland

Introduction

The Icelandic sum m er-spaw ning herring stock collapsed late 1960s bu t d id  recover. It 
has been m onitored by yearly acoustic surveys since 1973. From  late 1970s until 2002 
VPA were used to assess the Icelandic sum m er-spaw ning herring stock. (As biologi­
cal sam pling from  the catch took place further back in  tim e assessments have been 
m ade back to 1947 (NPBWWG 1998)). Since then several softwares have replaced it. 
Am ong these software packages are AMCI, TSA and NFT-Adapt. The NFT-Adapt 
has been used since 2005 as the m ain assessm ent tool. All these exercises w ith the 
software packages have been done due to a retrospective patterns in the assessment, 
w hich is very prom inent around 2000. D ue to this pattern  the age range in the time- 
series was reduced from  age 15+ to 12+ in  the catch data and instead of using age 5+ 
from  the acoustic-series as one index the indices at age 3-9 are used as they are. The 
year range has also been shortened to 1986.

The aim  w ith  this paper is to analyse the signals in the data available for the Icelandic 
sum m er-spaw ning herring since the recovery of the stock, or from  1975-2009, and 
decide on w hich to use. D ata from  both catches and  from  acoustic surveys are avail­
able.

Landings

The landings since 1951 are show n in Figures 1 and 2; the proportion taken by differ­
ent gears since 1975. The stock collapsed late 1960s and a fishing ban was enforced 
during the years 1972-1974. The stock recovered and the landings increased to 
around 100 000 tonnes around 1990. The landings have since then been close to 
100 000 and exceeded 150 000 tonnes in 2005 and  2006. D ue to an Ichthyophonus infec­
tion in  the stock since 2008 the landings have decreased drastically and were almost 
50 000 tonnes in 2009.

Catch da ta

The data used are those presented in the NWWG report in  spring 2010 (ICES, 2010).

Catches in  num bers were plotted by age and years (Figure 3). The figure shows the 
variation in the num bers of year classes in the fishery each year. In some years there 
is m ainly one year class in the fishery, like the 1979 year class in the years 1983 to 
1985, in other years, like 1991 and 1992, there are quite m any year classes in the fish­
ery and in yet another years they are just tw o dom inating the fishery, as in  2003.

The m ost abundant ages in the fishery are ages 3-9 (Figures 3 and 4), bu t only big 
year classes are caught in some am ount at age 8 and 9. A round 90% of the catches in 
num bers are from  these ages. In the years 1979 to 1990 m uch smaller proportion was 
taken at age 3 than  in  the other years, suggesting one should start a new  separable 
period in 1979 and in 1991, if thinking of using a separable m odel for the assessment.

W hen the data are arranged by year classes the removals from  the year classes are 
seen (Figures 5 to 7). The yield from  the year classes is very variable. The yield from 
the 1976 year class is about 110 millions in num bers and about 30 000 tonnes in
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weight, whereas the yield from  the 1999 year dass so far is in  excess of eight and 
seven times respectively m ore in num bers and weight.

Catch-curves for year classes 1975 to 2005 were exam ined (Figure 8). The pattern  of 
the data above age 10 looks noisy. There is a difference in how  the year classes have 
been exploited. In the rebuilding phase of the stock it was tried to "spare" some year 
classes so the exploitation was not the same then as now  in the past years. The year 
classes from  1975 to 1977 have tw o tops. The 1980 and 1981 year classes are both con­
sidered small and look "flat" whereas the big year class from  1989 seems to drop 
"norm ally". Year dasses 1982 to 1986 were not fully recruited to the fishery until age 
6. But from  year dass 1987 onw ards the year dasses have been fully in the fishery at 
age 4, w ith 3 exceptions, nam ely the 1991, 2000 and 2003 year classes w hich were 
fully in the fishery at age 3. Overall it looks like that the m ortality sign, Z, is dose to 
0.4.

For the year classes 1996 and younger the last datapoint drops dow n (Figure 8). This 
is caused by the lower quota allocated in the fishing season starting in 2009.

Until the assessment in  2005, age 15 was used as a plus group bu t since the assess­
m ent in  2006 age 12 has been used as a p lusgroup. Even though there are not so m any 
num bers in the oldest age groups they add  up  to some am ount in several years. Low­
ering the plus group to age 12 m eans that about 6-10% of the catches in the corre­
sponding years w ould  fall in that g roup in five cases. On the other hand  lowering it 
to 13 w ould  m ean that only 5% of the catches w ould  fall in that group in three cases 
during this period (1975-2009). W hich criteria to use w hen d edd ing  on a plus group 
is not d ea r to me.

The log catch ratio (LCR) for ages 2 to 14 is show n in Figure 9. The ratio is quite vari­
able, especially for the oldest and the youngest ages. It is also very high for the oldest 
ages. W hen plotting it for the central ages, that is ages 4 to 10 (Figure 10), it looks a bit 
better, bu t even though variable. The average LCR over ages 5 to 10 is also show n on 
the plot. There are several periods of increase in  the LCR over the time. The last point 
is very high, due to small quota in  the 2009/2010 season as a consequence of the Ich- 
thyophonus infedion.

To summarise:

• Total m ortality seems to be around 0.4 since 1989.

• There m ay be 2 or even m ore separable periods in the series.

• The plus group should be low ered to age 12 or 13.

Survey da ta

The data used are those presented in the NW WG report in spring 2010 (ICES, 2010) 
and  results from  an acoustic survey in au tum n 2010 on the overw intering area (sur­
vey report is available).

The herring stock has been m onitored by acoustic surveys since 1973. The acoustic 
surveys are surveys on the overw intering area, w hich in  some years can be different 
from  the fishing area, like the fishing season 2006/2007 w hen the m ain fishing took 
place south of Iceland, while the overw intering area was in Breidafjördur, a large bay 
w est of Iceland. The overw intering areas have also changed over the years (Ja- 
kobsson, 1980; Óskarsson et al., 2009). Since 2007/2008 almost all the fishing has taken 
place on the overw intering area.
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Results from  the surveys, age disaggregated indices, have been used as tuning-series 
in  stock assessments since late 1970s. Until 1986 only the m ost recent acoustic esti­
m ates were used each year. In early 1990s it was realised that the stock was overesti­
m ated in the acoustic surveys due to too low  TS value. Therefore the TS value was 
changed in  1993 and the time-series recalculated (Jakobsson et ah, 1993). These values 
have been used since 1993 in  the assessments.

Similar plots by ages, years and year classes were m ade for the acoustic data as for 
the catch data (Figures 11 and  12). The same "m edium /big" year classes w hich are 
seen in the catch data can be followed in the survey. The small ones are hardly seen. 
It can be related to the sam pling, as the small year classes m ay be poorly represented 
in the survey samples. The m ain age groups in the survey are ages 3 to 8 (Figures 11- 
13). In the first years there were only few age groups in the survey, bu t have in­
creased w ith time. They were also less num erous in the first years. The 1999 year 
class is the m ost num erous one hitherto. Only the year classes from  1999-2002 have 
been observed in great num bers at age 2.

Log index and log-index ratio

In Figure 14 the log of the survey indices are plotted by year classes 1971-2004 in the 
years 1975-2010. Year effects are visible in  the survey and the overall picture suffers 
from  the missing surveys. The indices are noisy, especially for older ages. The year 
classes were also plotted on a log scale one by one (Figures 15-16). For those year 
classes w ho are not punctuated it looks like that they are fully recruited to the survey 
at age 4. They also look noisy for the oldest ages. As very few aged fish are behind 
the indices at age 13 and 14 in m ost years the indices for those ages should be 
skipped.

Only few data points are for the year classes 1967-1970 in the time-series and there is 
no clear m ortality signal in these points.

For year class 1971 and 1973-1975 there is a m ortality signal up  to age 10 bu t noise for 
older ages. Year class 1972 is a small one and noise dom inates signal.

Year classes 1976-1978 are also small ones. The curves look quite similar in the sur­
vey, have a steep slope for the youngest and oldest ages bu t are flat in the m iddle. For 
year class 1977 there are only tw o scales behind the index at age 12, so it should be 
skipped. The same applies for the 1978 year class at age 11.

Due to very few aged fish the indices are very noisy and untrustw orthy for year class 
1979 above age 10; for year class 1980 above age 9; for year class 1981 above 8 and for 
year class 1982 above age 9. So there is a valid m ortality signal only in few age groups 
for these year classes.

Year classes 1983 and 1984 have some m ortality signal up  to age 10, bu t are noisy 
above that age. Year class 1985 is sm all/interm ediate and the log index ratio is rela­
tively flat.

Year classes 1986 and  1987 have a similar shape and show  a m ortality signal up  to 
ages 12. The slope is steep, for year class 1985 the slope for ages 5-7 is -0.9 and for 10- 
12 it is -0.7.

The year classes 1988 and 1989 are m uch bigger than  the 1986 and  1987 year classes. 
They have a m ortality sign up  to ages 11/12 b u t are a bit noisy in the oldest ages. 
Their slope is not so steep, around -0.4.
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Year classes 1990 and 1991 are also considered big. They have the same trend, the 
slope around -0.6 for ages 4-9. Above age 10 they become a bit noisy. For year class 
1991 the indices should be skipped as from  age 12 due to very few scales in the key 
used to calculate the indices.

Year classes 1992 and 1993 are small. They look similar in the survey, flat over the 
m iddle ages. D ue to few scales the indices should be skipped for ages 11 and older 
for the 1992 year class, and for ages 10 and older for the 1993 year class. This flat 
curve over m iddle ages m eans that the log catch ratio is 0, w hich could indicate that 
there has been a change in the catchability during the late 1990s. It can also be that 
noise dom inates any m ortality signal as these year classes are small and  worse sam ­
pled in the survey that the big ones.

Year classes 1994 and 1995 look similar. They are flat up  to age 7/8, fall steeply to age 
9/10 and are just noisy above that. The slope of the 1994 year class is -0.33 for ages 4— 
8, bu t -0.142 for the 1995 year class for ages 3-7. This flat curve for the 1995 year class 
m eans that the year class was grow ing by every assessm ent m ade during that time. 
For year class 1995 ages 11 and older should be skipped and  from  ages 13 for the 1994 
year class.

Again there is a pair of similar year classes in the survey, the 1996 and 1997 ones. 
They look noisy above age 7/8 bu t have a clear m ortality signal up  to that age.

Year class 1999 is the biggest one seen hitherto. There is a signal in the data u p  to age 
11. The 1998 year class is sm aller and has a m ore zigzag form ed curve. It is question­
able if the num bers at age 11 and 12 are not just noise.

Year classes 2000 and 2001 look similar and have a m ortality signal up  to age 9 or 
even 10. The increase in  year classes 1998 and  2000 in the year 2010 is a bit strange in 
the light of the Ichtyophonus infection.

Year classes 2002-2004 can only be followed up  to ages 6-8. The year classes 2003 and 
2004 have a similar shape as the 2001 year class. They are nearly flat at ages 4—6. Year 
class 2002 is closer to the 2000 year class, w ith an astonishing high value at age 8 (the 
2010 value).

Observations from  the catch curve analyses from  the survey can be sum m arised as 
follows:

• There is a lot of noise in  the data bu t usable signals can generally be ob­
tained from  around age 4—8, w ith num ber of exceptions.

• The year classes seem to be fully recruited to the survey at age 4.

• Before age 3 the indices are noisy.

• The expected increased m ortality because of the Ichthyophonus infection 
starting from  the 2009 survey is not apparent from  the catch curves.

• Some year classes:

■ show just noise;

■ are zig-zagged as cause of year effects;

■ have a flat curve at the m iddle ages, m ostly the small year classes;

■ show m ortality signal only part of the age range;

■ show  m ortality signal up  to age 12 (1971, 1986, 1987, 1988, 1989,
1990,1996);
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■ the slope of the year dasses is very variable, from  being almost 
flat to -0.9.

The log index ratio from  the survey is show n in Figure 17 and for ages 4—10 in Figure 
18. It is quite variable and noisy, espedally  for the youngest and  oldest ages. The log- 
ratio for age 10 in 2005 is far too high. It is caused by an untrustw orthy index at age 
11 from  the 1995 in  2006. The m ean of the ages 4—8 is show n in Figure 18. There is an 
increase in the LCR from  1977-1980 and from  1990-1992. There is a decrease in LCR 
from  2002-2008. The increase in LCR in the last year is suggested to be caused by the 
Ichthyophomis infection, bu t it m ust be considered that there is a lot of noise in the 
data.

Correlation within a  survey

The correlation betw een ages in  the survey were plotted (Figure 19). A n inconsistency 
in the survey can be seen for example through the 1999 year dass. It is alternately 
above and below  the regression line from age 3 onw ards, just reflecting the zigzag 
shape of the log of the index-curve for that year dass. W hich age groups can be used 
in  an assessment? W ith regard  to R-squared then one w ould  probably decide on age 
groups 3-10.

Timing of th e  survey

In the first years after the reopening of the fishery the surveys took place at the end  of 
the fishing season, m ost often in the beginning/m iddle of December. It has, however, 
changed over time. The surveys have usually taken place from  the beginning of De­
cember to the end of January. An exception is the survey in  the fishing season 
1998/1999 as it was in the beginning of November. Both in 2009 and 2010, the survey 
took place in late O dober, or before the fisheiy started.

In late 1990s it was tried to account for the different tim ing in the assessments, by 
lowering the indices by some means. As it was done differently each year, this proce­
dure was stopped and  the indices used as they were obtained from  the surveys. But 
different tim ing m eans that the m agnitude caught before/after the survey differs be­
tw een years. A rough estim ate is as follows:

Fishing seaso n
Percent catch taken  
before  th e  survey

1990/91 99

1991/92 63

1992/93 86

1993/94 98

1994/95 No survey

1995/96 84

1996/97 75

1997/98 78

1998/99 40

1999/00 93
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Fishing seaso n
Percent catch taken  
before  th e  survey

2000/01 79

2001/02 75

2002/03 90

2003/04 85

2004/05 100

2005/06 100

2006/07 100

2007/08 76

2008/09 95

2009/10 3

The conclusion draw n from  the table above is that approxim ately 80% of the catches 
are taken before the survey (2009/2010 not included). The fishing season 1998/1999 is 
outstanding w ith  only 40%. In the assessments m ade up  to now  it has been assum ed 
that all of the catches w ere taken before the survey.

As from  the 2007 assessm ent the surveys from  the fishing seasons 1997/1998 and 
2001/2002 were om itted from  the tuning as they were not considered to cover the 
stock fully. The analyses here do not show that they are very different from  the other 
surveys, so they will be included again.

It is suggested to:

• use survey indices from  age 3 up  to age 12 w here possible (3-9 has been 
used in the last assessments);

• skip the fishing season 2009/2010 as the Ichtyophonus infection had  then in­
fested the stock.

A ssessm ent

A n assessment (NFT-Adapt) from  2009 exists (NWWG 2009). D ata used are: 

c@a: 3-12+, 1986-2008

i@a: 3-9 at the end of the years 1987-2008, w hich are ages 4—10 in the begin­
ning of 1988-2009 (the surveys are supposed to be at JAN 1 in NFT Adapt)

There were some starting problem s w ith  getting the NFT-Adapt running. The run  
from  2009 (base run) could be reproduced but the program  could not be run  after 
adding any data. Finally it w orked, b u t both the Scaled Step Tolerance and the Rela­
tive Function Tolerance were tightened to 1.0E-18 and the Scaled G radient Tolerance 
was loosened to 6.05545E-05.

The following runs were m ade and com pared to the one from  2009.

• Include the surveys again from  1997/1998 and 2001/2002

• Begin in 1987
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• dow nw eighting the "untrustw orthy" indices

• use 13 as a plusgroup instead of 12

• use ages up  to age 12 w here possible in the survey

• a long run, by using data from  1977-2008

• the catches in num bers were split betw een years corresponding to the ratio 
of catches taken before/after the survey

• w ithout the survey from  1998/1999

Inclusion of the surveys from  1997/1998 and 2001/2002 didn 't have any eye-catching 
effect so they were included again. N either d id  the splitting of the catch data have 
any effect, so catches in num bers were kept as they have been used u p  to now. On the 
basis of the runs m ade then the age range in the catch data was chosen to be 3-13+, 
and in the survey indices 3-10.

Inclusion of longer time period affected the assessment (Figure 20). This results most 
likely from  the estim ated survey catchability for these tw o runs (Figure 21). It is 
higher for the shorter and  new er period. In the first years of the rebuilding period 
then there were almost no older fishes, likely causing the catchability to be lower. 
Therefore it is considered m ore appropriate to use the shorter period.

The final ru n  (run8) includes therefore ages 3-13+ from  the catch data and ages 3-10 
from  the survey data in the years 1987-2008. The input file and the ou tpu t files are on 
the SharePoint w ith  the nam es RUN8.DAT and RUN8.0UT).

The residuals from  the final ru n  are show n in Figure 22. The 1984 year class has nega­
tive residuals for all ages.

A retrospective ru n  was m ade (Figure 23). There is a still the same retrospective pat­
tern in the assessm ent as in 2009, w hereas the SSB is overestim ated and the Fs under­
estim ated. A retrospective plot of the catchabilities shows some changes. These 
changes are likely just m arginal and not significant.

C om parison with o th e r m odels

Assessments of the stock were also done by using TSA (WD 4) and Colraine (WD 9). 
A com parison of the biomass Jan-1 for ages 3-11 is show n in Figure 25. This age 
range was chosen as Colraine was run  w ith age 12 as the plusgroup, NFT-Adapt w ith 
13 as the plusgroup and TSA w ith 12 as the oldest age and no plusgroup. The trend  is 
the same by all assessments bu t there is a difference in the level the last years. Col­
raine has the higest level and TSA the lowest w ith  NFT-Adapt in the m iddle.

A w eighted F w ith  stocknum bers is used for this stock instead of an average F. N ow  
age range 5-10 is used. In the old days the age range was 5-15. The w eighted F 5-10 
from  the 3 assessm ent m odels is show n in Figure 26. The Fs from  the NFT-Adapt and 
the TSA models are m ore in line w ith each but largely they show  the same.

Recruitm ent estim ated by the program s is show n in Figure 27. The same goes for this 
figure as the biomass, the trend  is the same, bu t different level in  the last year.

The year classes 2000 and 2002 are estim ated m uch higher by Colraine than  by the 
other m odels (Figure 28) which results in higher biomass in the recent years. The 
stock num bers at age in the year 2005 are show n in Figure 29.
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Remark

Three models have been used to assess the data from  the Icelandic sum m er spaw ning 
herring. They all show  similar trend  bu t at different level the last years. The plus 
group in the catch data was upgraded  to 13 and one m ore index from  the acoustic 
survey was included. The results were the same. Since 2005 NFT-Adapt has been the 
m ain assessment tool bu t TSA have also been run  and looked at. All the three m odels 
were run  to the fishing season 2008/2009. Since then the Ichtyophonus infection has 
infested the stock. In these years (with the infection) the assessm ent m odel were run  
w ith  a higher M, as high as the estim ated ratio in the sam ples taken over the fishing 
season. It will be very interesting to have a discussion about how  to m ake an assess­
m ent under such abnorm al conditions like the Ichtyophonus infection.
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F ig u re  2. ISSFF. P r o p o r t io n  o f  th e  to ta l  c a tc h e s  t a k e n  b y  d i f f e r e n t  g e a rs .
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Figure 13. ISSH. Boxplot of survey indices at age in  numbers.
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Figure 16. ISSH. Catch curves from survey data by year classes 1988-2006. The grey lines corresponds to Z=0.4.



ICES W K BE N CH  REPORT 2 0 1 1 I 273

14
12
1310

o

1975 1980 1985 1990 1995 2000 2005 2010

Year

Figure 17. ISSH. Log index ratio at age from the survey.
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Figure 18. ISSH. Log index ratio at age over ages 4 to 10 from the survey. The black thick line is an average over ages 4-8.
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F ig u re  19. ISSFF. C o rre la tio n  w ith in  th e  aco u stic  su rv ey .



ICES W K BE N CH  REPORT 2 0 1 1 I 2 7 5

1987-2008  
1977-2008  
A ssessm ent in 2009oo00

/  \Q

OO-3-

ooOJ

o

1980 1985 1990 1995 2000 2005

Year

Figure 20. ISSFF. SSB trajectories from three runs.
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Figure 21. ISSFF. Calculated catchability for age 4-11 from runs w ith  data from 1977-2009 (black line) and 1987-2008 (run8 
red line w ith dots).
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Figure 23. ISSFF. Retrospective plot of SSB, average F 5-10 and recruitment at age 3 (from run8).
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Figure 24. ISSFF. Retrospective plot of catchabilities from 2001-2008.
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Figure 25. ISSH. Biomass January 1 for ages 3-11 as estimated by three different assessm ent pro­
grams, Colraine (blue), NFT-Adapt (red) and TSA (black, open circles).
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Figure 26. ISSH. W eighted F 5-10 w ith stocknumbers from 3 assessm ent models.
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Figure 27. ISSFF. Recruitment-at-age 3 as estimated by three different assessm ent programs, Col- 
raine, NFT-Adapt and TSA.
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Figure 28. ISSFF. Stock in numbers by age in tire year 2005 by tire tFiree assessm ent models.
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A s s e s s m e n t  o f  th e  s to c k  s iz e  o f  Ic e la n d ic  s u m m e r  s p a w n  h e r r in g  by  t im e - s e r ie s  
a n a ly s is

by G udm undur G udm undsson, Science Institute, University of Iceland

A descr iption of the tim e-series m ethod is appended on pages 6-12, including equa­
tions and definition of sym bols, referred to in the follow ing text.

The present analysis is based on catch-at-age- and acoustic survey data. Because of 
the exceptional mortality from  infection by Ichtyophonus hoferi in  2009 and 2010, the 
m odel selection and retrospective analyses are based on the data from 1987-2008. The 
survey index is m issing in 1994. Part of the area w as not accessible for surveying in 
1997 and 2001, but there is no indication of exceptional residuals in these years so that 
no m odification of the survey data was applied. The catch-at-age data includes ages 
from 3-12 years and the survey index from 2-9 years.

Estimated parameters w ith standard deviations, obtained by the H essian matrix, are 
presented in Table 1 below  and estim ates of stocks and fishing mortality raters in 
Tables 3 and 4 on page 3. The estim ation is carried out w ith a3=6years and a4=8 years.

Table 1.

PARAMETER ESTIMATE S.D.

r0 6.21 0.13

£.10 -1.08 0.19

£30 -1.65 0.57

or 0.58 0.08

0fl 0.13 0.03

ct£3 0.57 0.12

ct£4 0.29 0.12

CTlj’l 0.21 0.04

cnj’3 0.28 0.14

cr£l* 0.85 0.20

0cl 0.15 0.04

0c2 0.05 0.04

0c3 3.61 2.13

0il 0.35 0.05

0i2 0.22 0.09

0i3 4.49 0.40

QC 0.20 0.18

Qi 0.49 0.08

x i o -6.30 0.22

X20 -0.79 0.32

X30 -0.51 0.30

^Applies only to two year's age.

Recruitment is supposed to be log-norm ally distributed w ith  estim ated standard  
deviation 0.58.

Permanent variations in logF are produced by tw o random  w alk terms. The standard  
deviation of the innovations is determ ined by ova and ovo according to equations (7)-
(9).
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The estim ated random  elem ents in the time-series analysis of the herring are large 
com pared w ith results from other Icelandic stocks. N o  m eaningful estim ates of the 
average or random  variations of the natural mortality rate could be obtained and the 
present analysis was carried out w ith  a constant M=0.1.

The estim ated standard deviations of the total transitory variations of the logarithmic 
values of catch-at-age, fishing mortality rates and survey indices is presented in Table 
2.

Table 2.

AGE 2 3 4 5 6 7 8 9 10 11 12
cat 0.18 0.16 0.15 0.15 0.16 0.18 0.21 0.25 0.30 0.36

fat 0.48 0.29 0.20 0.16 0.17 0.19 0.19 0.19 0.19 0.19

iat 1.05 0.49 0.40 0.36 0.36 0.40 0.49 0.62

The variance of Cat is obtained from equation (6). The variance of fat is the sum  of the 
variance of 5t,at in equation (7) and the sum  of the product of the variances of 5qt m ul­
tiplied by the squared values of respective Tf,j,a. The variance iat includes estim ated  
transitory variations in catchability at tw o years.

The assum ption of a constant rate of natural mortality im plies that actual variations 
in  M are expressed by the estim ated random effects in other variables. But in normal 
conditions, variations in an M that is of the order of 0.1 are small, com pared w ith the 
estim ated random  effects in c, f and i.

Estimated first order correlations by age in the residuals of catches and survey indices 
(equations (1) and (3)) are positive (0.20 and 0.49, Table 1) w hich indicates that errors 
in  age-reading are not a major source of the observed irregularities in  the data. This is 
similar w ith  our experience from other stocks.

There w as no indication of stock-dependence so that all estim ation w as carried out
W ith (j)a=l.

Surveys are designed and conducted w ith  the aim of avoiding system atic variations 
in  catchability unless they are accounted for. But marine research institutions do not 
control nature w hich can also affect catchability. Equation (11) provides the m eans of 
including system atic variations in catchability by random  walk or linear trend. A  
normal null hypothesis about the parameters is that 0v and the variance of the re­
siduals are zero. There is no significant evidence against this here and m ost of the 
analysis is carried out w ith the zero values for these parameters. H ow ever, the esti­
m ated value of 0xi is 0.024 annual increase in log-catchability w ith a standard devia­
tion of 0.014. This im plies a decrease in the estim ated total biom ass in 2008 from 612 
to 481 thousand tonnes.

A s no residuals are included in the stock equation (2) or the definition of natural mor­
tality in equation (13), n.i = ra.t+i in the sm oothed estim ates in Table 3.

There is no indication of serial correlation or non-normality in the residual statistics 
presented w ith  Tables 5 and 6 on page 4.

The same parameters were estim ated in all retrospective runs, presented on page 5. 
W ith the exception of the results w ith  terminal year 2002, the discrepancies are in 
tolerable agreement w ith  the estim ated accuracy.
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Table 3. Estimated stock of Icelandic summer spawn herring, (M illion fish).

b i o m a s s

1 9 8 7 46 4  .

19 8 8 4 4 9

1 9 8 9 41 4

19 9 0 3 7 1

1 9 9 1 3 8 9

19 9 2 47 5

19 9 3 5 2 1

19 9 4 5 3 2

19 9 5 45 2

1 9 9 6 3 3 6

199 7 3 6 0

19 9 8 3 5 9

1 9 9 9 3 6 9

2 0 0 0 38 7

2 0 0 1 3 5 0

2 0 0 2 5 2 9

2 0 0 3 610

2 0 0 4 640

2 0 0 5 72 8

2 0 0 6 77 9

2 0 0 7 667

2 0 0 8 612

2 3 4 5 6 7 8 9 10 11  12

2 4 3 . 6  4 7 7 . 4  9 3 5 . 7  3 0 7 . 3  8 2 . 0 9  6 3 . 9 7  9 5 . 2 1  3 8 . 8 2  3 3 . 8 2  2 8 . 1 4  3 3 . 4 5

4 2 7 . 9  2 4 3 . 6  4 2 6 . 9  7 8 3 . 6  2 2 4 . 3 0  5 5 . 1 2  3 9 . 8 7  5 3 . 0 9  2 3 . 1 2  1 9 . 9 2  1 6 . 7 3

2 7 9 . 0  4 2 7 . 9  2 1 5 . 8  3 5 0 . 1  6 0 0 . 3 0  1 3 5 . 5 8  2 8 . 8 5  1 9 . 3 1  2 3 . 2 0  1 1 . 0 2  9 . 4 7

8 1 0 . 6  2 7 9 . 0  3 6 7 . 1  1 6 8 . 6  2 4 9 . 7 6  3 9 5 . 1 3  7 9 . 8 0  1 7 . 5 9  1 1 . 6 1  1 3 . 3 9  6 . 3 1

1 0 1 5 . 8  8 1 0 . 6  2 3 8 . 3  2 7 8 . 6  1 1 9 . 9 6  1 5 8 . 8 0  2 3 0 . 5 3  4 2 . 9 9  9 . 6 6  6 . 6 2  7 . 6 0

6 0 6 . 2  1 0 1 5 . 8  6 5 4 . 5  1 6 8 . 3  1 7 5 . 0 2  7 8 . 8 9  9 8 . 5 5  1 2 6 . 0 5  2 6 . 9 2  5 . 5 2  3 . 9 6

6 8 6 . 2  6 0 6 . 2  8 3 5 . 8  4 7 3 . 5  1 1 4 . 9 5  1 0 4 . 3 1  5 1 . 1 6  5 9 . 5 3  6 9 . 9 5  1 5 . 7 3  3 . 2 9

1 8 3 . 2  6 8 6 . 2  4 9 8 . 9  6 0 1 . 0  3 3 8 . 0 5  8 4 . 6 0  6 8 . 9 2  3 6 . 5 7  3 9 . 9 9  4 7 . 8 0  1 0 . 6 9

1 8 0 . 9  1 8 3 . 2  5 1 0 . 1  3 4 5 . 6  4 1 1 . 0 0  2 3 1 . 2 2  6 1 . 6 5  4 5 . 7 5  2 3 . 8 6  2 6 . 1 4  3 1 . 4 2

7 6 4 . 3  1 8 0 . 9  1 4 5 . 7  3 4 4 . 6  2 2 9 . 8 9  2 6 4 . 9 8  1 4 2 . 5 6  3 9 . 3 3  2 8 . 1 9  1 4 . 7 3  1 5 . 9 2

3 1 9 . 0  7 6 4 . 3  1 4 9 . 1  9 9 . 8  2 2 8 . 9 5  1 4 6 . 0 9  1 6 3 . 6 9  9 1 . 1 3  2 4 . 1 8  1 7 . 7 4  8 . 9 8

5 3 8 . 7  3 1 9 . 0  6 5 3 . 0  1 0 8 . 2  6 7 . 4 6  1 6 3 . 6 2  9 9 . 9 0  1 1 4 . 9 6  6 2 . 7 0  1 6 . 0 9  1 2 . 3 1

3 8 0 . 9  5 3 8 . 7  2 4 6 . 2  4 4 7 . 1  7 5 . 7 8  5 0 . 3 5  1 1 1 . 2 0  6 9 . 1 8  7 8 . 7 3  4 3 . 5 3  1 1 . 4 3

4 8 6 . 8  3 8 0 . 9  4 3 3 . 0  1 7 1 . 5  2 8 6 . 5 2  5 1 . 6 1  3 3 . 6 6  7 1 . 8 0  4 5 . 5 6  5 1 . 5 5  2 8 . 5 4

1 5 5 3 . 6  4 8 6 . 8  2 9 5 . 1  2 8 1 . 5  1 1 0 . 6 3  1 8 5 . 8 9  3 5 . 5 9  2 3 . 6 8  4 8 . 6 3  3 1 . 6 8  3 5 . 3 7  

1 1 0 2 . 5  1 5 5 3 . 6  3 9 7 . 5  1 9 3 . 6  1 7 4 . 1 1  7 0 . 8 8  1 1 6 . 0 6  2 2 . 9 0  1 4 . 9 1  3 1 . 1 8  2 0 . 1 2

5 7 1 . 3  1 1 0 2 . 5  1 3 3 5 . 9  2 9 5 . 0  1 3 1 . 8 3  1 0 9 . 5 8  4 4 . 6 2  6 9 . 5 9  1 3 . 6 6  9 . 2 1  1 9 . 6 1

9 8 7 . 7  5 7 1 . 3  8 2 2 . 0  9 4 1 . 5  2 1 0 . 0 0  9 2 . 3 8  7 5 . 4 5  2 9 . 5 6  4 8 . 9 9  9 . 6 1  6 . 2 0

5 5 7 . 6  9 8 7 . 7  458

5 5 3 . 7  5 5 7 . 6  873  

2 8 6 . 3  5 5 3 . 7  3 9 9

4 4 0 . 8  2 8 6 . 3  4 1 9

0 6 0 7 . 0  6 8 6 . 6 1  1 5 3 . 0 8  6 8 . 8 9  5 6 . 6 0  2 1 . 3 9  3 6 . 2 8  6 . 9 1

5 3 7 2 . 3  4 5 1 . 1 6  5 0 2 . 2 0  1 1 2 . 1 9  5 0 . 6 0  4 1 . 6 8  1 5 . 3 2  2 6 . 6 8

8 6 0 5 . 5  2 8 2 . 5 0  3 5 5 . 6 1  3 9 8 . 1 7  8 9 . 0 9  4 0 . 2 9  3 3 . 1 9  1 2 . 3 3

3 2 8 0 . 2  4 1 0 . 3 6  1 9 9 . 1 3  2 4 4 . 6 8  2 7 5 . 7 9  6 1 . 5 9  2 7 . 6 8  2 3 . 1 2

S t a n d a r d  d e v i a t i o n  o f  l o g a r i t h m i c  s t o c k  v a l u e s  2 0 0 8 ,  a d j u s t e d  f o r  e r r o r s  i n  p a r a m e t e r  

e s t i m a t e s

2 0 0 8  ( 9 0 . )  0 . 5 2 6  0 . 3 0 2  0 . 2 1 8  0 . 1 9 3  0 . 1 9 3  0 . 1 9 1  0 . 2 1 1  0 . 2 2 5  0 . 2 3 6  0 . 2 4 6  0 . 2 5 9
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Table 4. Estimated fishing mortality rate of Icelandic summer spawn herring.

A v e r a g e

F, 4 - l O y 3 4 5 6 7 8 9 10 11 12

198 7 0 3 2 8 0 . 0 1 2 0 077 0 . 2 1 5 0 2 9 9 0 3 7 4 0 4 84 0 4 1 9 0 42 9 0 42 0 0 . 424

19 8 8 0 46 0 0 . 0 2 1 0 09 9 0 . 1 7 1 0 404 0 5 4 8 0 627 0 7 3 1 0 641 0 644 0 . 632

1 9 8 9 0 3 4 7 0 . 05 5 0 148 0 . 2 4 5 0 3 3 4 0 4 3 0 0 4 03 0 4 1 6 0 450 0 46 0 0 . 440

19 9 0 0 3 9 1 0 . 05 8 0 17 6 0 . 2 5 1 0 3 6 6 0 4 5 0 0 5 1 9 0 5 0 5 0 472 0 47 0 0 . 4 7 6

1 9 9 1 0 3 9 7 0 . 1 1 4 0 2 4 8 0 . 3 6 5 0 3 5 0 0 4 1 2 0 5 2 2 0 3 9 8 0 484 0 45 0 0 . 434

19 9 2 0 3 9 7 0 . 0 9 7 0 2 2 4 0 . 2 8 8 0 423 0 3 9 8 0 4 5 1 0 5 1 2 0 47 9 0 45 4 0 . 472

19 9 3 0 2 8 5 0 . 0 9 8 0 2 3 2 0 . 2 4 5 0 2 4 3 0 3 4 1 0 2 8 3 0 3 4 0 0 3 1 2 0 3 2 4 0 . 3 1 7

19 9 4 0 3 3 9 0 . 1 9 7 0 2 7 6 0 . 2 9 7 0 3 1 9 0 3 2 3 0 367 0 40 3 0 3 9 0 0 3 7 8 0 . 3 6 6

19 9 5 0 3 5 8 0 . 1 3 1 0 3 0 1 0 . 3 0 9 0 3 4 2 0 3 9 5 0 3 7 1 0 3 9 6 0 3 9 6 0 4 0 6 0 . 3 7 4

1 9 9 6 0 3 5 0 0 . 1 0 3 0 2 9 5 0 . 3 2 1 0 3 5 4 0 3 8 2 0 3 4 8 0 38 7 0 3 6 3 0 3 9 5 0 . 3 5 1

199 7 0 2 6 6 0 . 0 6 5 0 2 2 1 0 . 2 9 2 0 237 0 2 8 0 0 2 5 3 0 2 7 4 0 3 0 8 0 2 6 6 0 . 2 5 9

19 9 8 0 2 6 2 0 . 1 5 9 0 2 8 0 0 . 2 5 6 0 195 0 2 8 6 0 2 7 0 0 2 8 0 0 2 6 6 0 2 4 3 0 . 2 6 6

1 9 9 9 0 3 1 2 0 . 1 1 9 0 2 6 2 0 . 3 4 9 0 2 8 4 0 30 7 0 337 0 3 1 9 0 3 2 4 0 3 2 3 0 . 3 1 4

2 0 0 0 0 3 0 9 0 . 1 7  6 0 3 6 4 0 . 3 4 2 0 3 3 6 0 2 7 8 0 2 7 2 0 2 9 4 0 2 7 4 0 2 8 4 0 . 2 8 5

2 0 0 1 0 3 6 0 0 . 1 0 6 0 3 2 8 0 . 4 0 0 0 3 5 1 0 3 8 6 0 3 4 2 0 3 6 3 0 3 4 9 0 3 5 6 0 . 3 4 5

2 0 0 2 0 3 6 7 0 . 0 6 0 0 19 9 0 . 2 9 0 0 3 8 9 0 3 8 3 0 4 58 0 4 4 6 0 402 0 3 9 0 0 . 437

2 0 0 3 0 2 6 6 0 . 1 9 5 0 2 5 4 0 . 2 4 1 0 2 5 6 0 27 9 0 3 1 8 0 2 5 8 0 2 5 5 0 2 9 9 0 . 2 7 3

2 0 0 4 0 2 0 7 0 . 1 2 1 0 2 0 4 0 . 2 1 8 0 2 1 8 0 1 9 5 0 187 0 2 2 3 0 2 0 0 0 2 3 1 0 . 2 1 9

2 0 0 5 0 19 8 0 . 03 2 0 110 0 . 1 9 7 0 2 1 4 0 2 1 1 0 2 0 9 0 20 7 0 2 3 6 0 2 0 9 0 . 2 1 3

2 0 0 6 0 157 0 . 2 3 3 0 2 6 8 0 . 1 7 7 0 138 0 1 3 2 0 1 3 1 0 12 8 0 128 0 11 8 0 . 122

2 0 0 7 0 2 6 9 0 . 1 7 8 0 2 5 8 0 . 2 9 0 0 2 5 1 0 2 7 4 0 2 6 8 0 2 6 9 0 2 7 6 0 2 6 2 0 . 2 6 1

2 0 0 8 0 3 0 8 0 . 1 5 2 0 2 7 6 0 . 3 2 5 0 3 1 1 0 3 2 9 0 3 1 0 0 2 8 8 0 3 2 0 0 3 1 6 0 . 3 0 4

S t a n d a r d  d e v i a t i o n  o f  l o g a r i t h m i c  f i s h i n g  m o r t a l i t y  r a t e s ,  a d j u s t e d  f o r  e r r o r s  i n  p a r a m e t e r  
e s t i m a t e s

0 . 3 4 8  0 . 2 5 4  0 . 2 3 2  0 . 2 2 6  0 . 2 4 5  0 . 2 6 0  0 . 2 6 4  0 . 2 7 2  0 . 2 7 3  0 . 2 7 3
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Table 5. Standardized residuals of catch-at-age.

3 4 5 6 7 8 9 10

1 9 8 9 - 0 . 06 0 18 0 59 0 91 - 0 88

1 9 9 0 - 0 . 09 - 0 26 0 39 0 95 1 31

1 9 9 1 1 . 25 0 87 0 62 0 64 0 57

1 9 9 2 1 . 03 - 0 14 - 0 65 - 0 49 0 87

1 9 9 3 0 . 21 0 45 - 1 04 - 1 81 - 1 11

1 9 9 4 1 . 37 0 91 0 00 0 09 1 20

1 9 9 5 - 1 . 29 - 0 22 0 15 - 0 11 0 83

1 9 9 6 - 1 . 43 0 17 - 1 31 0 29 0 20

1 9 9 7 0 . 67 - 0 76 - 0 60 - 2 74 - 0 78

1 9 9 8 0 . 14 2 15 - 0 01 - 1 95 - 0 07

1 9 9 9 0 . 45 0 27 0 76 - 0 34 0 97

2 0 0 0 0 . 00 0 73 0 46 - 0 60 - 0 50

2 0 0 1 0 . 13 - 0 33 - 0 67 - 0 31 - 0 59

2 0 0 2 - 0 . 01 0 30 - 0 81 - 0 67 - 0 15

2 0 0 3 1 . 36 1 38 0 14 - 0 78 - 1 41

2 0 0 4 - 0 . 20 - 0 25 0 37 0 01 - 1 36

2 0 0 5 - 1 . 38 - 1 48 0 29 0 46 0 27

2 0 0 6 1 . 30 2 75 0 60 - 1 56 - 1 41

2 0 0 7 1 . 23 0 51 2 10 1 84 1 92

2 0 0 8 - 0 . 48 - 0 33 1 01 0 80 1 38

r a = 0 . 5 0 , r t = 0 . 03 , r coh = 0 . 19

Yi = - 1 . 1 2 , Y 2 = 0 . 47

11 12
- 0 99 - 0 47 - 1 14 0 27 - 0 20

- 0 14 1 25 0 51 - 1 11 - 0 53

1 21 - 1 63 0 49 0 57 - 0 76

0 94 0 57 0 91 - 0 08 0 91

0 24 0 51 - 1 11 - 0 19 - 0 40

0 53 2 21 1 48 0 51 0 36

1 85 0 89 1 17 0 98 - 0 19

0 02 1 16 0 11 0 78 - 0 83

- 1 45 - 0 36 0 48 - 1 03 - 1 89

0 44 0 54 0 03 - 1 60 - 0 12

0 44 0 81 0 50 0 61 0 05

0 35 - 0 63 - 0 34 - 0 43 - 0 16

0 76 1 98 0 16 1 03 0 15

- 0 15 1 28 0 52 - 0 86 1 06

- 0 16 - 2 81 - 2 01 0 38 - 0 97

- 2 57 - 1 10 - 1 99 0 50 0 26

0 11 - 0 56 0 39 - 1 05 - 0 70

- 0 99 - 0 91 - 1 49 - 2 85 - 2 45

1 46 1 94 2 07 1 11 0 89

0 49 - 0 49 0 75 0 70 - 0 03
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Table 6. Standardized residuals of survey indices.

2 3 4 5 6 7 8 9

1 9 8 9 - 0 . 62 - 0 17 - 0 . 63 - 0 6 6 0 . 31 0 38 - 0 37 0 .

1 9 9 0 0 . 26 - 1 83 - 1 . 7 7 - 1 45 - 0 . 38 1 16 - 0 06 1 .

1 9 9 1 0 . 57 0 61 0 . 68 0 00 0 . 04 0 46 0 79 - 0 .

1 9 9 2 - 0 . 09 0 35 - 0 . 1 9 - 0 34 - 0 . 68 0 43 0 98 0 .

1 9 9 3 0 . 00 - 0 06 0 . 32 0 16 - 0 . 63 - 0 59 2 48 0 .

1 9 9 4 - 0 . 01 - 0 02 - 0 . 01 - 0 02 - 0 . 01 0 01 0 01 0 .

1 9 9 5 - 0 . 27 - 1 72 0 . 4 1 0 26 0 . 6 9 0 68 2 23 1 .

1 9 9 6 - 1 . 80 - 0 81 - 0 . 4 8 - 0 21 0 . 7 4 0 85 1 29 1 .

1 9 9 7 0 . 02 1 04 - 2 . 30 - 2 30 - 0 . 4 8 0 07 0 33 0 .

1 9 9 8 - 0 . 88 - 0 85 1 . 92 - 0 50 - 1 . 0 9 - 0 81 - 0 6 6 - 0 .

1 9 9 9 0 . 49 1 10 - 0 . 15 0 26 0 . 13 0 02 0 6 6 0 .

2 0 0 0 - 0 . 33 0 86 1 . 93 0 03 0 . 51 - 0 90 - 1 02 - 1 .

2 0 0 1 1 . 08 - 0 55 - 1 . 7 7 - 1 73 0 . 32 0 69 1 33 1 .

2 0 0 2 1 . 47 1 47 1 . 2 6 - 0 64 - 0 . 22 1 08 0 77 1 .

2 0 0 3 1 . 08 1 07 1 . 85 0 34 - 1 . 1 6 - 1 43 - 1 12 - 1 .

2 0 0 4 1 . 71 0 15 0 . 51 0 56 - 0 . 4 4 - 1 20 - 1 73 - 2  .

2 0 0 5 0 . 33 - 0 87 - 0 . 6 6 0 60 1 . 38 1 40 1 08 1 .

2 0 0 6 - 0 . 87 0 05 1 . 5 9 0 42 - 0 . 8 4 0 10 - 0 68 1 .

2 0 0 7 - 1 . 01 0 21 - 0 . 92 - 0 28 0 . 12 - 0 09 0 60 1 .

2 0 0 8 - 0 . 57 - 0 86 - 0 . 07 0 27 0 . 2 4 0 6 6 - 0 38 - 1 .

r a = 0 . 4 6 r t 0 . 0 2 , r Coh = 0 . 1 9 .

36

46

84

24

6 6

02

04

82

32

25

52

04

85

99

69

05

01

09

13

05

Yi  = 0 . 5 6 Y  2 = - 0 . 4 6
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Retrospective analyses

Terminal years 2001-2008.
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Tim e-seríes m odels fo r analysis of ca tch -a t-ag e  observations

This is a description of the time-series m ethodology, currently applied in assessm ent 
of several Icelandic stocks by observed catch-at-age and survey indices. It is a combi­
nation of estim ation procedures, described by G udm undsson (1994 and 2004) w ith  
som e later m odifications. Analysis of survey indices below  catchable ages follow s the 
second paper except that it is com bined w ith  the analysis of older fish and catch-at- 
age data, instead of introducing estim ates of the stock at the youngest catchable age 
externally. The m ain departures from the 1994 paper are that logarithm ic values of 
stocks and catches-at-age are analyzed and the estim ation of variations in selectivity  
has been m odified. Natural mortality is m odelled in a similar w ay as Aanes et al. 
(2007).

The m ain purpose of the analysis is to use given relationships betw een the variables 
to estimate the unobserved values of stocks and mortality rates by the observed val­
ues of catches and catch per unit effort. U nobserved series are called state variables in 
the present m ethodology. This is multivariate tim e-series analysis, w here observa­
tions of catch-at-age or survey index at a g iven age constitute the series.
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From the point of v iew  of tim e-series analysis, this is a state-space problem  in m ulti­
variate tim e-series analysis. The unknow n series of state variables are estim ated from  
the observed catches and indices. The number of observed series is rather large and  
they are very short. The relationships betw een observations and state variables are 
non-linear but fairly w ell known, although som e parameters need to be estimated. 
There are several sources of substantial random  elements; m easurem ent errors, sam­
pling variations, natural variations in mortality and catchability and social- and tech­
nological changes in fishing.

For linear relationships and normally distributed residuals, the Kalman filter can be 
em ployed to calculate the likelihood function for estim ation of parameters, and the 
least squares estimate of the state variables in the last period. The non-linearity of the 
present m odels affects the calculation of covariance matrices, required in  this proce­
dure. It can be resolved by linear approximations, but this introduces bias. The Kal­
m an filter m ethodology is described by (Harvey, 1989) and arrangements to deal w ith  
the catch-at-age analysis by G udm undsson (1994).

Models

The notation is conventional; age and time are m easured in years. Small letters de­
note logarithm ic values of respective variable.

C a t  catch in numbers of fish of age a in year t,

N a t  stock in numbers at the beginning of year t,

F a t fishing mortality rate,

M a t  natural mortality rate,

Z a t  =  F a t +  M a t  total mortality rate,

Iat survey index,

a l youngest age in survey data,

a2 youngest age in catch-at-age data,

a3 constant catchability in survey for a > a3,

a4 constant catchability for a > a4,

a5 oldest fish in survey data,

a6 oldest fish in catch-at-age data.

More sym bols and parameters w ill be explained as they appear in the text. In practice 
F  refers to recorded catches and M includes unrecorded discards and landings as w ell 
as natural mortality. Small letters w ill denote logarithmic values.

The catch observations are connected w ith the stocks and mortality rates through the 
equation.

_ z

Cat =  fat -  Zat +  l 0 g ( l  -  e  * ) +  n at +  £ C/at, ( 1 )

where m easurem ent errors are represented by the serially uncorrelated residuals Ec,at. 

The stock equation is

n a t  =  n a - l .t - l  — F a-l.t-1  — M a - l . t - l  +  5 n ,a t. ( 2 )

The residuals 5n,at are often left out. Literally they represent m igration at the begin­
ning of the year. If the natural mortality rate is regarded as know n and the fishing
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m ortality rate represented by a m anageable time-series model, stocks and fishing 
m ortality rates can be estim ated from  catch-at-age data and equations (1) and (2), 
(G udm undsson, 1994). But usually catch-at-age analysis is com bined w ith catch-per- 
un it of effort data.

In the catchable ages, a catch-per-unit of effort index from  a survey is related to the 
stock through the m odel

iat = qat + cj)a(nat -  xZat) + £i,at, a > a2, (3)

w here qat denotes log-catchability and cf>a allows a relationship w here the index is not 
proportional to the stock. The survey is supposed to take place at the same time each 
year, denoted by t . (Generalization to m ore than  one survey- or fleet data is simple in 
principle. But the specification of appropriate covariance matrices is very difficult 
and  this will not be considered here).

Useful indices can often be obtained from young ages w here negligible catches are 
taken. N atural m ortality in these ages is high and variable according to age and so are 
variations in catchability. As no observations of m ortality are available, it is not pos­
sible to estim ate stock size w ith  these data. N ever the less, they contain valuable in­
form ation about the relative size of respective cohort. Instead of equations (2) and (3), 
w ith inaccessible m ortality rates in these ages, we define

rat — i + bn,at, a l  11 a2 (4)

and

iat = qat + (jjaTat + £i,at, (5)

where rat is the expected size of the cohort w hen it reaches the age a2 and ra2,t = m y 
(Gudm undsson, 2004). The residuals 5n,at in equation (4) represent irregular variations 
in natural m ortality at age a-1 in year t-1. Variations in catchability and natural m or­
tality cannot be separated and are represented by q at. The residuals cut include irregu­
lar variations in catchability that are not included in the definition of qat, as well as 
sam pling- and m easurem ent errors in the survey indices.

The variances of the residuals in equations (l)-(5) vary w ith age. The standard  devia­
tion of £c,at is represented by a parabola:

CTc,a = Gel +  0c2(a — 0c3)2 (6 )

and correlation across ages by a first order autoregressive process w ith  correlation Qc. 
The variances of the residuals 5n,at and cut are defined in the same w ay w ith similar 
param eter notation.

For the youngest age w e usually start w ith  a constant value,

ral,t = ro + 5r,t

w here by represents the variation in recruitm ent.

W ith catch-at-age observations, survey indices and a given or narrow ly specified rate 
of natural mortality, it is possible to estim ate stock values w ithout m odelling the fish­
ing m ortality rate. This avoids the errors incurred by inevitable m isspedfication of 
the models, bu t looses the advantage of taking into account regular aspects, indud ing  
stochastic ones, of the fishing m ortality. In m y experience the modelling is preferable.

The logarithm ic fishing m ortality rate is m odelled as a linear com bination of func­
tions of age, m ultiplied by state variables, Cu,
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4

fa t =  ^   ̂ Q ,t- i r f „ j ,a  +  S f,at, a2 < a < a6. (7)
H

In the present applications Ti, i.¡, is a constant, Tf,2,a adds a constant to f i t ,  and Tf,3,a and 
rf,4,a are second- and  th ird  order polynom ials w ith zero derivatives at a = a4. The 
standard  deviation of bf,at is m odelled in the same w ay as Oc,a in  equation (6). There 
are also arrangem ents to account for exceptional changes at a given time.

The state variables are defined

Cj,t = 4>j,t-i +  &Cjt, (8 )

rjij.t — r!11,t -1 + cV’ii. (9)

The residuals b^t produce random  walk variations. The transitory residuals bet, m ul­
tiplied by respective Tt^a, can be regarded as a modification of the variation w ith age 
and  correlation structure of the residuals in  equation (7).

The catchability is m odelled in  a similar way:

4

qat = ¿.i.i-i r  i.,,a, a l  < a < a5, (10)
j=i

w here Tua and Tmu have zero derivatives at a = a3 and the state variables are defined 
as

£j‘ = X)4-i + &5jt, ( l í )

Xit = XTt-1 + 0x1 + bxit, (12)

Xt = X4-1 +  &xjt, j > 1

N o additional residuals are included in equation (10) because it is im possible to esti­
m ate them  separately from  the residuals in  equations (3) and  (5). In the present appli­
cations, the Ti,j,a functions are defined in the same way as Ty,a, w ith zero derivatives at 
a3. A non-zero value of the param eter (h produces a linear trend  in catchability. The 
T- functions em ployed in the assessment of Icelandic sum m er spaw ning herring are 
presented below:
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A □ f,1  ,a □ F ,2 ,A □ F ,3 ,A □ f,4 ,A

3 1 .0 0 0 1 .0 0 0 0.780 0.368

4 1 .0 0 0 -0 .1 1 1 0.420 -0.277

5 1 .0 0 0 -0 .1 1 1 0.140 -0.416

6 1 .0 0 0 -0 .1 1 1 -0.060 -0.258

7 1 .0 0 0 -0 .1 1 1 -0.180 -0.010

8 1 .0 0 0 -0 .1 1 1 -0.220 0.118

9 1 .0 0 0 -0 .1 1 1 -0.220 0.118

10 1 .0 0 0 -0 .1 1 1 -0.220 0.118

11 1 .0 0 0 -0 .1 1 1 -0.220 0.118

A □1,1 ,A D , 2  ,A D  , 3 ,  A □ 1 ,4  ,A

2 1 .0 0 0 1 .0 0 0 0.766 0.421

3 1 .0 0 0 -0.143 0.328 -0.516

4 1 .0 0 0 -0.143 0.016 -0.502

5 1 .0 0 0 -0.143 -0.172 -0.089

6 1 .0 0 0 -0.143 -0.234 0.171

7 1 .0 0 0 -0.143 -0.234 0.171

8 1 .0 0 0 -0.143 -0.234 0.171

9 1 .0 0 0 -0.143 -0.234 0.171

It is m uch m ore difficult to estim ate the rate of unobserved m ortality, Mat, than the 
fishing m ortality from  catch-at-age- and survey data. Actual stock assessm ent is often 
based on the assum ption of a predeterm ined constant value of M. The m ost general 
m odel that we have considered is

mat = mo + pt + 5m,at, (13)

pt = Vt-1 + 5 tat,

vt = vt-i + 5vt,

w ith standard  deviations crm, c in  and ov. It is generally not possible to estim ate sim ul­
taneously the variance of 5m,at and bn,at. But if bm,at is estim ated, corresponding vari­
ance is included in equation (4).

The function cjja, producing stock-dependent relationship w ith the index if it differs 
from  1, is also produced by a linear combination of Ti,j,a:

4
(j}a — 04),) Ti,j,a. (14)

j=l

In order to set off the Kalm an filter algorithm, initial values of the state variables and 
their covariance matrices m ust be provided. In linear problem s this is easily achieved 
by arbitrary values of the state variables and very large variances. After a num ber of 
steps, depending on the num ber of observed series and state variables, values w ith 
covariance matrices corresponding to the actual accuracy have emerged. The likeli-



2 9 2  I ICES W K BEN CH  REPORT 2 0 1 1

hood function for estim ating the param eters is obtained from  subsequent prediction 
errors of the residuals. (Harvey, 1989).

In non-linear problems, w here the state variables are used to calculate the covariance 
matrices, their initial values m ust not be too far from  reasonable values. In the p re­
sent case, initial stock values are obtained by virtual population (VP) analysis. Initial 
values of other state variables are estim ated as param eters and the VP run  is also 
used to select suitable initial values for the estim ation of these param eters. Reason­
able, rather than  extremely large, values are selected for the initial covariance m atri­
ces.

Estim ated param eters determ ine initial catchability and selectivity, stock dependence, 
m agnitude and character of the variations of the functions Ç and Ç and the m agni­
tude of the various residuals. The accuracy of these param eters is obtained by the 
H essian matrix and the accuracy increases w ith the length of the series in  accordance 
w ith  established likelihood theory. The first tw o years are not included in the likeli­
hood function because of the initialization of the state variables w hich implies that 
the covariances m ay not provide a good assessment of the accuracy of the state vari­
ables. Stocks, fishing m ortality rates and other state variables are estim ated by the 
Kalm an filter and the sm oothing algorithm  (Harvey, 1989). The Kalman filter p ro­
vides the covariance m atrix of estim ated state variables. These are calculated, assum ­
ing estim ated variances and other param eters to be correct. An adjustm ent, taking 
into account the inaccuracy in the param eters, obtained from  the Hessian matrix, is 
calculated for the estimates in  the final year as described by Ansley and  Kohn (1986).

It is not possible to estim ate all param eters in the present models w ith  the available 
data. M any m ust be assigned predeterm ined values, often zero. Some param eters are 
alm ost always im portant bu t others are useful w ith some data sets and insignificant 
in  others. Commonly estim ates of tw o or m ore param eters are strongly correlated so 
that only one can be estim ated significantly. In so far as the quantity and  quality of 
data allows, w e follow the concept, familiar in econometrics, of "general to specific" 
in m odel selection w ithout, however, introducing any autom atic procedure for this 
purpose, (H endry and  Krolzig, 2005).

The calculations w ith  the Kalman filter proceed forw ard in time. For each year the 
present estimates of the state variables are used to predict next year's variables and 
the values of catch-at-age and survey indices. The difference betw een actual observa­
tions and these predictions constitute the observed residuals in this analysis. The 
likelihood function is calculated from  the residuals and their covariance matrices.

In the estim ation of the state variables in  year t, the Kalman filter uses inform ation in 
that year and previous years bu t not subsequent observations. It is therefore only in 
the last year that the Kalman filter uses all inform ation in the data for estim ation of 
the state variables. For earlier years this is achieved by an algorithm  called sm ooth­
ing, proceeding backw ard from  the last year (Harvey, 1989). These are the estimates 
usually presented. Corresponding covariance m atrices can also be obtained, but 
unlike the estimates of the state variables, these estim ates are unreliable here. This is 
because of the difficulty in distinguishing betw een m easurem ent errors and other 
random  elements. Their relative m agnitudes have a great effect upon  the estim ated 
accuracy of the earlier state variables in  the sm oothing procedure bu t less in the Kal­
m an filter. I suspect that even w hen the likelihood function appears to produce toler­
able estimates of both kinds of variations, they are susceptible to m isspedfications 
and the adjustm ent from  Ansley and Kohn (1986) does not deal w ith  that.
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The observed residuals do not directly represent any of the residuals defined in the 
model. They are standardized by dividing by the calculated standard  deviation of 
respective residual into the observed value and first order serial correlation coeffi­
cients w ith respect to age, time and  cohort calculated. They are denoted by ra, n and 
rcoh in the results. The estim ation procedure requires that there is no serial correlation 
in  the data so that significant values of n and ivoh are an indication of misspecification. 
On the other hand, correlations w ithin each age are expected and m odelled. Large 
values of ra are therefore not an indication of misspecification. W ith independent 
observations, the distribution of calculated serial correlation coefficients w hen the 
true value is zero is approxim ately norm al w ith  variance=(number of observations)1. 
In the present case this value is som ew hat too low  because of the correlation w ith 
age. Tests for norm ality, based on 3rd and 4th moments, are denoted by yi and y i  and 
are N(0;1) w hen the residuals are norm ally distributed. M oderate departure from  that 
assum ption is harm less for the estimation. The variances of the standardized residu­
als are calculated for each year and age, both for survey and  catch-at-age, and  exam ­
ined in order to detect abnorm ally large values, calling for changes in specification, 
b u t these statistics are not presented.

The present selection of time-series m odels for catch-at-age analysis is strongly af­
fected by the fact that the series are often only about 20 years long and sometimes 
shorter. The non-stationary random  w alk m odel w ould hardly be a realistic m odel of 
long-term  behaviour of fishing m ortality rates or catchability. But it is very flexible 
and  probably fairly adequate to capture the m ain variations, developing over a time- 
span of this length. Notice that a first order autoregressive m odel requires the same 
num ber of param eters as our random  walk + transitory variations.

The Kalm an filter is designed for linear relationships. The present application em­
ploys linear approxim ations of non-linear relationships in  order to fit into the Kalman 
filter fram ework. This introduces some bias in  the estim ation of param eters, state 
variables and covariance matrices. The m agnitude of this is not easily tractable by 
analytical m ethods, bu t an obvious w ay to investigate it is to generate data in accor­
dance w ith  the estim ated models, estim ate them  and com pare the results w ith the 
know n param eters and  state variables. Prelim inary unpublished results of such 
analysis indicate that the bias is m uch sm aller than  errors resulting from  the random  
elements.
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Predictions of w hole  body w eight of Icelandic sum m er-spaw ning  herring

ICES, WKBENCH 2011, WD Her-Vasu No. 6 

by G uöm undur J. Oskarsson, MRI, Iceland

Abstract

The m ain objective of the paper is to verify the different m odels in predicting the 
weight-at-age for Icelandic sum m er-spaw ning herring and  determ ine if it could be 
done m ore accurately than  done in  recent years in the stock assessment. Exploring 
the weight-at-age m atrix used in assessm ent of the stock over the years 1986 to 2009 
and  age groups 2 to 12+, the m ost appropriate m odel was considered the one that 
accounts for the w eight of the year class in the year before (W y+i-W y= /(W y)). That 
m odel was considered to have advantages over the presently used three years m eans 
to predict the weight, and it is recom m ended to use that in  projection of the stock in 
the coming years.

Introduction

In the stock prognosis in  past years' assessments of Icelandic sum m er-spaw ning her­
ring, the predicted weight-at-age has been set to the m ean w eight of the age group 
over the previous three years (ICES, 2010). Some uncertainties about this procedure 
have evoked in  recent assessments (e.g. G uöm undsdóttir and Oskarsson, 2008; ICES, 
2008). Furtherm ore, the body condition, and the grow th rate, of the stock have been 
show n to be related to stock size, w hich indicate a density-dependent grow th 
(Oskarsson, 2008). Considering that, the objective here is to verify the different m od­
els in predicting the weight-at-age and determ ine if it could be done m ore accurately 
than  done in recent years and possibly by using available biological knowledge.

M aterial and  m ethods

The data used in this exercise is the weight-at-age m atrix used in  assessm ent of the 
stock over the years 1986 to 2009 and age groups 2 to 12+ (ICES, 2010). These data are 
actually the stock weights as represented by the catch samples. Results of the analyti­
cal assessment in  2010 provide the num ber-at-age for the age groups 3 to 12+ (N age3+) 
over these years (ICES, 2010). These w eight data represents the observed weights and 
are used alone or w ith  stock related data to predict the weights-at-age in  three differ­
ent ways:

i ) The predicted w eight at equals the m ean w eight of the age group over
the previous three years (like done in recent years' assessments).

ii ) The weights are predicted from  the num ber of herring in the stock at age
3+.

iii ) The year classes are followed and their w eight gain over a year is m od­
eled (W y+i-W y=/(W y)) and used to predict the weight-at-age.

The relationships betw een observed and predicted weights for all age groups ob­
tained from  these three m ethods were then used to select the m ost appropriate m eth­
ods in predicting the weight-at-age for the stock.

W hen testing for a density-dependency, the m ost appropriate m easure of stock size is 
biomass, as for example used by Oskarsson (2008). However, the biomass requires 
inform ation about weights and  is therefore not applicable for predicting m ean 
weights. Instead, Nage3+ of the stock was used. Prelim inary exam ination indicated that 
Nage3+ gave similar fit to the weights as the biomass, w hich supports its use.
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Results and  discussions

The predictability pow er of the currently used m ethod to predict the m ean w eight of 
the stock, as m ean w eight over the three previous years, was explored by com paring 
the predicted weights to the observed weights (Figure 1) for the period 1986 to 2009. 
The com parison shows that the predictability pow er is poor for age 5 and older. The 
linear relationships betw een observed and predicted weights were only significant (at 
a=.05.) for age 3 and 4 (Figure 1).

Giving that body condition, and the grow th rate, of the stock have been show n to be 
density-dependent (Oskarsson, 2008), the observed weights w ere fitted to N. (Fig­
ure 2). The relationships were only positively significant for age groups 3-5 at a=.05. 
Thus, the w eight for these three age classes (age 3-5) can be predicted from  age and 
N age3+ (Figure 3) by using this single obtained relationship:

(1) W= -333.0+188.3xlog2(age)+35.88xlog2(Nage3+) (n=72, r2=0.891, p«0.001).

The relationships betw een observed and fitted weights as obtained from  this relation­
ship are show n in Figure 3. It is obvious that this m odel is an im provem ent in pre­
dicting the weights relative to the currently used m ethod (Figure 1), particularly for 
age group 5.

The th ird  m ethod to predict the w eight was m odeling the inter-annual w eight gain 
by follow the m ean w eight of the same year class in  the year y and y+1 for all year 
classes from  1979 to 2005 at age 2 to lO.The data (Figure 4) were fitted both w ith a 
m odified von Bertalanffy grow th functions that estim ate changes in w eight instead of 
length and  a linear regression. The von Bertalanffy grow th function was on this form:

(2) W y+l - W y = ^  = k (w : /3 x W 2' 3 -  W ) .

Two param eters w ere estim ated w ith  the data, K=1.130 (corresponds to 
Weight=KxLength3) and Wx  =371.8. The behaviour of the residuals from  the observed 
versus predicted w eight was not as desired, especially for age (Figure 5). The fitted 
linear m odel to the data became:

d W
(3) W y+l - W y = —  = -0 .2 2 2 9  x W y + 90 .27  (r2=0.596, n=258, p«0.001).

The residuals from  the linear m odel (Figure 6) behaved better than  from  the von Ber­
talanffy grow th function w ith no signs of system atic trends over years, year classes or 
age groups. Accordingly, the linear m odel was selected over the von Bertalanffy 
grow th function and explored how  well it d id  in predicting the w eight (Figure 7).

As can be seen in Figures 3 and 7, there were not 1:1 relationships betw een observed 
and  predicted weights. The reason is that each relationship was obtained across three 
and  eight age groups, respectively. The relationships become, accordingly, close to 
1:1 w hen all the three age groups are combined. That does however, not affect the 
predicted values.

Concluding rem arks

The weight-at-age of 3 to 5 years old Icelandic sum m er-spaw ning herring can be pre­
dicted m ore accurately than  w ith the presently used approach by tw o alternative 
m odels (Equations 1 and 3). The question is then, w hich of these tw o m odels should 
be selected. In favour of Equation 3, its predictions are generally fitting better to the 
observed weights than  the predictions from  Equation 1, and  that kind of m odel has
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been used for the stock previously (ICES, 1993). Using Equation 1 is supported  by the 
observation of Oskarsson (2008) of density-dependent grow th and condition of the 
stock. However, he observed also a strong auto-correlation in the data that is re­
flected indirectly in Equation 3. Consequently, it is suggested using Equation 3 to 
predict weight-at-age for all age groups in the stock prognosis. W hen applying m odel 
that utilizes the w eight from  the previous year to predict w eight in  one year (e.g. 
Equation 3), then the density-dependency is incorporated indirectly to the approach 
since changes in stock num ber or biomass are norm ally not huge betw een tw o adjoin­
ing years.
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A b stract

This is the first Coleraine assessment of Icelandic herring, using input d a ta  starting  in 
1987 and ending in 2008, to  exclude the ongoing period of Ichthyophonus infection. Point 
estim ates of interest include spawning biomass -B2 009  =  563 thousand t, depletion level 
B 2 0 0 9 /B o  =  0.22, and current surplus production 92 thousand t. The 95% confidence interval 
of these and other quantities is presented, based on MCMC analysis.
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1 In trod u ction

1.1 C oleraine assessm ent

During a recent TAC meeting at Hafro, it was decided to assess the Icelandic summer-spawning 
herring stock using the Coleraine statistical catch-at-age model (Hilborn et al. 2003), in addition 
to the VPA and state-space models tha t have been used in previous herring assessments. The 
main objectives are to (1) provide a model run th a t can be compared with the other models to 
confront model uncertainty, and (2) evaluate the general usefulness of Coleraine as a software 
platform to assess Hafro stocks.

1.2 B iology, fishery, data

The biology, fishery, and available data for the Icelandic summer-spawning herring are described 
in other working documents. The ongoing Ichthyophonus infection is of central importance, as it 
undermines common assumptions used stock assessment models, such as constant natural mor­
tality  rate M.  Instead of explicitly modelling the consequences of the Ichthyophonus infection, 
the assessment data are limited to the years up to and including 2008, before the infection had 
a major effect on the stock.

Early assessment data are also truncated, starting the model in 1987 to make the results 
directly comparable with the VPA and state-space model runs. Furthermore, age 2 is excluded 
from the acoustic survey data. These decisions, to exclude all data from 1975 to 1986, and to 
exclude age 2 from the survey data, are discussed and examined in other working documents.

2 D a ta

The main data used in this assessment (Table 1) are annual landings (Fig. 1), annual biomass 
index from the acoustic survey (Fig. 2), commercial catch at age (Fig. 3), and survey catch at 
age (Fig. 4).

T a b le  1. D ata  overview.

D ata Years How many
Landings 1987-2008 22
Commercial catch at age 1987-2008 22
Survey catch at age 1987-1993, 1995-2008 21
Survey biomass index 1987-1993, 1995-2008 21

2
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2.3 C om m ercial catch at age
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Figure 3. C om m ercial catch  a t  age. Circles show rela tive  frequency 
w ith in  a  year.
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2.4 Survey catch at age
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3 M od el

Coleraine (Hilborn et al. 2003) is a versatile environment for single-species statistical catch-at- 
age modelling. It can incorporate a combination of catch at age, catch at length, and abundance 
indices from different fisheries and surveys, allowing for missing years. D ata and parameters can 
be sex- and gear-specific. Future projections can be used to evaluate a range of harvest policies. 
The model is implemented in AD Model Builder (ADMB Project 2008), supporting maximum 
likelihood or Bayesian estimation, using the delta method and/or Bayesian MCMC to analyze 
the uncertainty.

Optional software for working with Coleraine include an Excel spreadsheet interface and two 
R packages, ‘scape’ and ‘scapeMCMC’, for plotting and diagnosing model fits and MCMC output 
(Magnusson 2005). Several variations of simple age-based Coleraine models have been described 
and analyzed in detail by Magnusson and Hilborn (2007), while diverse examples of sex- and 
gear-specific age- and length-based model output can be found in Magnusson (2005).

The model used in this assessment is a simple age-based Coleraine model. Natural mortality 
rate is assumed to be M  = 0.1, age 12 is a plus group, and recruitment is estimated as annual 
deviates from a Beverton-Holt line with steepness h = 0.9 and variability <tr  =  0.6. Selectivity is 
constant between years and landings are assumed to be known without error. All parameters 
are assigned wide bounds tha t are used as flat priors in the Bayesian uncertainty analysis, where 
1 000 draws were saved out of 1 000 000 MCMC iterations.

3.1 D ynam ics

The population dynamics are governed by the equation:

N t+i,a+i = N t¡ae - M ( í - c S au t) (1)

where N t¡a is population size at time t  and age a, M  is the rate of natural mortality, CS  is 
the selectivity of the commercial fishery, and u is harvest rate. The oldest age group, age A, is 
treated as a plus group:

A W  =  N t¡A - i e - M ( l - c S A-iUt) + N t¡Ae - M ( í - c S Au t) (2)

Selectivity is asymptotic, shaped like a normal curve on the left:

e x p (  / '  ' ' ) ,  a < Sfuii
S„ =  { V “ P (S |' “ ) > (3)

1, (2 > Afull

where Sfun is the age at full selectivity and S ieft describes the left-hand slope of the curve. 
Harvest rate is defined as the fraction removed from the vulnerable biomass in the middle of the 
fishing year,

u t = Yt /V t (4)

where Y  is catch, vulnerable biomass is

Vt =  A W , a ) e ~ M/2 (5)

6



and w is body weight.
The population size at the start of the first year is

N 1A =  ñ o ñ i n i t  X e x p ^ e y i  -  a l /2 )

a — 1

iVii0 =  ñ 0 ñ in ite_(a_1)M]^[(l-c5'¿M init) X exp(Re ij0- c r^ /2 )
i =  1 

A —l

N hA = R j R init e - (-A- 1'>M l [ ( l - c S iu init) / [ i - e - M ( l - c S Au init) } x R plus (6)
i =  1

for one-year-olds, intermediate ages, and the plus group, where R q is the average virgin recruit­
ment. Recruitment is stochastic around a Beverton-Holt stock-recruitment function, reparametrized 
according to Francis (1992):

4hRo(Bt /Bo)  . o . , , ,
=  i - A + ( 5 f t - i m / a , ) x <7>

where B t = J2aN t¡a&t,awt,a is spawning biomass,

Bo =  ] T  R o e - {a- 1)M<S>aw ha + R 0 e A A^ M <í>Aw 1A / ( í - e - M ) (8)
a =  1

is average virgin spawning biomass, h is steepness of the stock-recruitment curve, and <F is 
m aturity at age.

3.2 P aram eters

A total of 6 parameters are estimated (Table 2), in addition to 40 recruitment deviates. Ages 
3-12 are are fully selected in the survey.

T a b le  2 . E stim ated  param eters.

Param eter Meaning
Ro Average virgin recruitm ent
Rinit Initial population scaler
riinit Initial harvest rate
C  8 f u l l Age at full selectivity in the commercial fishery
C  Ifieft Left slope of commercial selectivity curve
q Survey catchability coefficient

3.3 E stim ation

The objective function for the param eter estimation is the sum of three components:

ƒ =  -  log L j  -  log L c  -  log L s  -  log L r  (9)

The survey biomass index likelihood component is lognormal:

,  r  ST'  ( lo g t  -  l o g t ) 2 n r .,

=  E  V   ( ’
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where I  and I  are observed and fitted abundance indices,

It qVt (H)

and a} is the standard error of the log residuals, one value across all years.
Catch-at-age data are provided to the model in the form of proportions at age. The robust 

normal likelihood for proportions (Fournier et al. 1990) is assumed for the commercial catch-at- 
age data,

exp- lo g  L c = 1°S
t a

as well as the survey catch-at-age data: 

- l o g L s = log

(C'Pt,a cPt,<

exp

2[c-Pi,a(l — cPt,a) +  0.1/A] c n.

______(sPt,g— sPt,a)2____
2[s-Pi,a(l— sPt,a) +  0.1/A] sn t

-1
t

0.01

0.01

where P  and P  are observed and fitted catch at age,

Pt.
S aN t,a

t,a E  a S a Nt ,a

and n t is the year-specific effective sample size.
Recruitment deviates are penalized under the assumption of lognormality:

-  log L h
A —l

E
R^l , q  

2

m̂ax 1 ~2

E
1

2 c r |a=2 K t=2
The magnitude of the observation noise (o>, cn t , sn t ) is estimated iteratively as

' E  (log-ft -  log/i)2
T  -  1

for the abundance index, where T  is the number of abundance index datapoints, and 

X)A,a(l -  Pt,a)
n t

(12)

(13)

(14)

(15)

(16)

(17)
E ( Pt’° -  PtEa

for commercial and survey catch at age (McAllister and Ianelli 1997).

3.4 R eference poin ts

Depletion level is defined as the current biomass relative to the average virgin biomass, £>200 9 /Bo- 
MSY is the long-term average yield at a fixed harvest rate wmsy> -B2 0 0 9 /-BMSY is the current 
biomass relative to the average biomass at « m s y , and surplus production is defined as the last 
year’s catch, plus the resulting change in vulnerable biomass. See Magnusson and Hilborn (2007) 
for a detailed description and analysis of these reference points.
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4 R esu lts

4.1 K ey q u antities

T a b le  3. E stim a ted  key q u an tities w ith  95% confidence intervals.

Q uantity 2 .5 % Estim ate 97 .5 % ,

Param eters
R o 6 9 6 9 5 5 1 3 6 1

Rinit 0 .4 7 0 .8 0 1 .4 5

Minit 0 .3 1 0 .3 7 0 .5 2

C S fu ll 4 .5 8 4 .7 9 4 .9 7

C 5"left 0 .7 2 0 .9 6 1 .1 2

i! 0 .9 5  X 1 0 ~ 3 1 .0 8  X 1 0 ~ 3 1 .2 1  X 1 0 ~ 3

Reference points
£>2009 3 8 8 5 6 2 8 3 3

P 2OO9 3 7 7 5 4 5 8 0 6

Un 008 0 .1 8 0 .2 5 0 .3 3

MM SY 0 .2 3 0 .2 4 0 .2 4
Depletion 0 .1 5 0 .2 2 0 .3 4

MSY 9 0 1 2 3 1 7 5

-B2009/-B M SY 0 .6 8 1 .0 4 1 .5 8
Surplus 6 0 9 2 1 5 1

T a b le  4. E stim ates of
observation noise.

Q u a n tity E s t im a te
ö j 0 .2 3

en 1 0 8

sn 7 2

G ear 1 ----------
Survey 1

£=O
0.6

o
Q .O 0.4

CL

0.2

2 4 6 8 10
Age

F ig u r e  5 . Selectivity and  m atu rity  (m).
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4 .3  U ncerta in ty
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Figure 9. Spawning biomass with 95% confidence intervals.
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Figure 10. Recruitment with 50% and 95% confidence intervals.
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4 .4  R etrosp ective  analysis

■o£=
aí

aí
Eo
JD
O)
£= 
Ia.m

CD

1990 1995 2000 2005

Year

F ig u r e  12. R etrospective analysis.
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5 D is c u s s io n

A s t a  G u d m u n d s d o t t i r  h a s  c o m p a r e d  t h e  r e s u l t s  p r e s e n t e d  a b o v e  t o  t h e  V P A  ( m a i n  a s s e s s m e n t  

m o d e l )  a n d  s t a t e - s p a c e  ( G u d m u n d u r  G u d m u n d s s o n )  m o d e l  r u n s .  D e s p i t e  c o n s i d e r a b l y  d i f f e r e n t  

s t a t i s t i c a l  a p p r o a c h e s  a n d  a s s u m p t i o n s ,  t h e  t h r e e  m o d e l s  s h o w e d  r a t h e r  s i m i l a r  r e s u l t s  o v e r a l l .  

T h u s ,  m o d e l  u n c e r t a i n t y  a p p e a r s  t o  s o m e w h a t  l e s s  t h a n  t h e  a u t h o r s  e x p e c t e d .  C l e a r l y ,  t h e  m a i n  

c o n c e r n  f o r  c u r r e n t  m a n a g e m e n t  o f  t h e  I c e l a n d i c  h e r r i n g  f i s h e r y  i s  t h e  o n g o i n g  I c h t h y o p h o n u s  

i n f e c t i o n .

C o l e r a i n e  h a s  b e e n  u s e d  i n  p r e v i o u s  I c e l a n d i c  c o d  ( I C E S  2 0 0 1 ,  I C E S  2 0 0 2 ,  I C E S  2 0 0 3 )  a n d  

s i l v e r  s m e l t  ( I C E S  2 0 1 0 )  a s s e s s m e n t s .  T h e  s c i e n t i f i c  c o n t r i b u t i o n  o f  t h i s  h e r r i n g  a s s e s s m e n t  

i s  b o t h  p r o v i d i n g  a  c o m p a r i s o n  m o d e l  r u n  t o  c h e c k  m o d e l  u n c e r t a i n t y  a g a i n s t  t h e  V P A  a n d  

s t a t e - s p a c e  m o d e l s ,  a n d  a l s o  a n  e x p l o r a t i o n  o f  u n c e r t a i n t y  a n d  r e f e r e n c e  p o i n t s .

O n e  o f  t h e  b e n e f i t s  o f  a  s t a t i s t i c a l  c a t c h - a t - a g e  m o d e l ,  c o m p a r e d  t o  V P A ,  i s  a  f r a m e w o r k  t o  

e v a l u a t e  u n c e r t a i n t y  a b o u t  e s t i m a t e d  a n d  d e r i v e d  q u a n t i t i e s  i n  a  s t a t i s t i c a l l y  s o u n d  a n d  s t r a i g h t ­

f o r w a r d  w a y .  C o l e r a i n e ,  l i k e  o t h e r  A D  M o d e l  B u i l d e r  a p p l i c a t i o n s ,  h a s  b u i l t - i n  c a p a b i l i t y  t o  

e v a l u a t e  u n c e r t a i n t y ,  u s i n g  e i t h e r  t h e  d e l t a  m e t h o d  o r  M C M C .  T h e  M C M C  o p t i o n ,  u s e d  i n  t h i s  

h e r r i n g  a s s e s s m e n t ,  t a k e s  m o r e  c o m p u t a t i o n a l  w o r k  t h a n  t h e  d e l t a  m e t h o d ,  b u t  i s  m o r e  r o b u s t  

t o  n o n - G a u s s i a n  e r r o r  s t r u c t u r e .

R e f e r e n c e  p o i n t s  w e r e  e x p l o r e d  b r i e f l y  i n  t h i s  a s s e s s m e n t  ( T a b l e  3 ) .  F u r t h e r  e x p l o r a t i o n  w o u l d  

b e  w o r t h w h i l e ,  u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  h e r r i n g  p o p u l a t i o n  w i l l  r e t u r n  t o  p r e v i o u s  s t o c k  

d y n a m i c s  a f t e r  r e c o v e r i n g  f r o m  t h e  I c h t h y o p h o n u s  i n f e c t i o n .  T h e  r e f e r e n c e  p o i n t s  d e s c r i b e  t h e  

s t o c k  s t a t u s  b e f o r e  t h e  i n f e c t i o n ,  a n d  l e a d  t o  q u e s t i o n s  a b o u t  s u s t a i n a b l e  h a r v e s t  l e v e l s .  I t  i s  

w o r t h  n o t i n g  t h a t  t h e  u n c e r t a i n t y  a b o u t  t h e  r e f e r e n c e  p o i n t  « m s y  ( o p t i m a l  l o n g - t e r m  h a r v e s t  

r a t e )  i s  n o t  p r o p e r l y  a n a l y z e d  i n  t h i s  s i m p l e  a s s e s s m e n t ,  w h e r e  « m s y  i s  d e f i n e d  a s  a  f u n c t i o n  o f  

M ,  h ,  c S f u i i ,  c A i e f t ,  a n d  b o d y  g r o w t h ,  b u t  m o s t  o f  t h e s e  q u a n t i t i e s  w e r e  f i x e d .  M o r e  a m b i t i o u s  

a p p r o a c h e s  t o  h a r v e s t  c o n t r o l  r u l e  e v a l u a t i o n  a r e  l i k e l y  t o  b e  d i s c u s s e d  i n  t h e  b e n c h m a r k  w o r k i n g  

g r o u p .
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Evaluation of the survey indices from the autum n/w inter surveys of Icelandic 
summer-spawning herring

ICES, WKBENCH 2011, WD Her-Vasu No. 8

by G uöm undur J. Oskarsson

Abstract

There has been a susp idon  that the age com position in the acoustic surveys of Ice­
landic sum m er-spaw ning herring m ight be inadequately determ ined for some years 
as results of insuffident biological sam pling in  the survey. The survey indices from 
the years 1986 to 2010 are therefore validated here by com paring them  to the catch 
com position the same year and determ ine if the survey indices needs to, and then 
can, be revisited and  recalculated w ith for example m ore adequate biological samples 
originating from  the com m erdal catch. The analyses revealed that all the major dis- 
crepandes betw een the proportion of the age groups in the catch and in the survey 
could be explained by the nature and location of the fishery and/or different spatial 
and tem poral distribution of the fishery and the acoustic surveys. Thus, there is nei­
ther reason nor justification to revisit the acoustic m easurem ents and recalculate the 
indices w ith for example different biological samples.

Introduction

As for m any other herring stocks, the survey indices from  the acoustic m easurem ents 
are used as tuning-series in the analytical assessment of the stock. There has been a 
suspicion that the age com position in the acoustic surveys m ight be inadequately 
determ ined as results of an occasional insufficient biological sam pling in the survey. 
It can lead to a discrepancy betw een the observed age com position of the stock as 
represented by the catch samples and as represented by the acoustic surveys. A likely 
consequence of such a discrepancy is that the strength of the year dasses in the as­
sessm ent models are determ ined inaccurately and it can cause unw anted  retrospec­
tive patterns in the results. The age com position in the survey indices are based on 
length distributions and age-at-length keys from  the surveys themselves. The age-at- 
length keys are norm ally not different from  the keys that are obtained from  the catch 
sam ples the same year while the length distribution can be different. It can be norm al 
that the length distribution from  a survey and catch samples the same year vary since 
the survey is assum ed to cover the whole distribution area of the stock while the fish­
ery can be concentrated in a single or few subareas. Thus the objedive here is to vali­
date the survey indices from  the years 1986 to 2010, by com paring it to the catch 
com position the same year and determ ine if the survey indices needs to, and then 
can, be revisited and recalculated w ith  for example m ore adequate biological samples 
originating from  the com m erdal catch.

M ethods and  results

The age distributions from  the survey and the catch data were com pared and dis­
crepancy betw een determ ined, and thereby verified if the age com position in the 
acoustic surveys m ight be inadequately determ ined because the biological sam pling 
in the being insufficient. It involved that for each year the proportion of the different 
age groups was calculated for the survey data and the catch data and the difference 
determ ined as this equation indicates:
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AT \/catch,age X
V 1 fase Y 1age \ I age

~  ~  Ai survey^  catch ^  survey,age x  ^  ^

J J

The survey and the catch data are the same as used in the analytical assessment of the 
stock and  are provided in  the assessment reports (e.g. ICES, 2010). The age groups (x) 
included in the calculations w ere age 4 to 9 (Figure 1) and age 5 to 9 (Figure 2).

Results and  discussions

The data were analyzed both for age groups 4 to 9 (Figure 1) and age 5 to 9 (Figure 2). 
Figure 1 shows that proportion  of age 4 is usually higher in the survey than  in the 
catches. This can m ost likely be explained by that the fishery is targeting larger her­
ring. There are some exceptions to this, for example in 2006 and 2007 w here the fleet 
had  problem s in finding large herring and fished instead a large am ount of younger 
herring off the south coast, particularly age 4 in 2006 and age 4 and 5 in 2007 (ICES, 
2007; 2008). Because the relative difference is largest in the age groups that are enter­
ing the fishery, i.e. age 4, the analyses were also lim ited to age groups 5 to 9 (Figure 
2). The m axim um  difference betw een the proportions was less than 0.1 in 14 years out 
of total 21 years. Further attention was given to years w here the m axim um  difference 
was >0.1 to determ ine w hat caused the differences.

In 1987 and  1988 the differences betw een the proportions in  the catch and surveys 
was u p  to 24% (Figure 2). The reason for this difference is that the fishery took mainly 
place off the east coast that lies the furthest north  w here old part of the stock was 
found (> age 6), while for example age groups 3 to 5 w ere m easured in  considerable 
am ount off the southeast coast in 1987 were no fishery took place (MRI, 1988). Thus 
the fishing pattern  in  these tw o years was atypical and different from  previous years 
(ICES, 1989) and  explains the low  proportions of age 5, and consequently higher pro­
portions of o lder ages, in the catch in com parison to the acoustic m easurem ents.

D uring the years 1991 and 1992, the herring fishing fleet was mainly fishing off the 
southeast coast of Iceland (ICES, 1993; 1994). The proportion of young fish was high 
in  the catches so area closures were frequent, particularly in 1991. It m eans that the 
fleet was forced to fish in different areas m ost likely w ith  the consequences that age 
com position of the catches was skewed tow ards older fish relative to the age compo­
sition seen from  the acoustic surveys, w hich took place in  the same areas during the 
m iddle of the fishing seasons. That explains the higher proportion of age groups 5 as 
seen in the survey (Figure 2). The 1983 year class (at age 8 in 1991) appeared to show 
the highest discrepancy of the older age groups, b u t that can be expected since it was 
m uch larger (2-3 times) than  the adjoining year classes.

In 1993, there was a completely tem poral disharm ony betw een the acoustic m eas­
urem ents undertaken in January and  the fishery, w hich took m ainly place in October 
and  N ovem ber w ith almost no fishery in  January (ICES, 1995). It m eans that the 
acoustic m easurem ent that was based on nine biological samples (ICES, 2008) cannot 
be recalculated w ith  m ore sam ples originating the fishery. Thus, this apparent dis­
crepancy in the age compositions in  1993 as represented by the catch data and the 
acoustic data (Figure 2) m ust be accepted as the best available estimates.

In 2000, the 1994 year class (at age 6; Figure 2) was in higher proportion in the acous­
tic m easurem ents than  in the catches. A round 70% of the catches that season were 
taken of the east coast while only 11% of the adult part of the stock was m easured 
there acoustically (ICES, 2001). Thus, m ost of the stock was m easured acoustically of 
the w est coast w here the 1994 year class was abundant. The stock began to utilize the
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areas w est of Iceland for overw intering from  1995 and on. W hat initiated these 
changes has been suggested to be linked to occurrence of the 1993 and the relative big 
1994 year classes there, which adopted presum ably a new  m igration pattern  (Oskars- 
son et al., 2009). Thus, considering the fishing pattern  w ith  the m ost fishery off the 
east coast and that the relative abundance of the 1994 year class was less off the east 
coast than  off the west coast, this observed discrepancy (Figure 2) can be expected 
and cannot been rejected.

The discrepancy betw een the proportions in 2003 is probably related to the fact that 
the 63% of the catch was taken off the east w here only 28% of the stock was located 
according to the acoustic m easurem ents, beside that the am ount of older herring 
m easured was considered small (MRI, 2004). Thus this observed discrepancy in  2003 
(Figure 2) seems to be reasonable.

Considering that all the m ajor discrepancies betw een the proportion of the age 
groups in the catch and in  the survey can be explained by either the nature and loca­
tion of the fishery or different spatial and tem poral distribution of the fishery and the 
acoustic surveys, there is neither reason nor justification to revisit the acoustic m eas­
urem ents and recalculate the indices w ith for example different samples.
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Figure 1. The difference of proportion of number at age for age groups 4 to 9 of Icelandic summer- 
spawning herring between the number in commercial catch and number in the survey during 
1986 to 2010 where positive residuals represent relative higher proportion in the catch.
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Figure 2. The difference of proportion of number at age for age groups 5 to 9 of Icelandic summer- 
spawning herring between the number in commercial catch and number in the survey during 
1986 to 2010 where positive residuals represent relative higher proportion in the catch.
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Stock: H addock in S u b a rea s  I an d  II (N ortheast Arctic)

Inclusion of cod predation on haddock in the NEA haddock assessment

WKBENCH WD_ had_arct_l, by Bjarte Bogstad, IMR, Bergen, N orw ay

Since 1995, predation by cod on haddock has been included in the assessment of NEA 
haddock. This has been done for the years 1984 and onw ards, w here data on p reda­
tion are available.

The am ount of haddock consum ed by cod is calculated using the m ethodology de­
scribed by Bogstad and Mehl (1997). The calculations are based on data from  the joint 
PINRO-IMR stom ach content data base (Dolgov et al., 2007) and stom ach evacuation 
rates from  experim ents (dos Santos and Jobling, 1995).The consum ption is calculated 
separately for each cod age group (1-9+) and separately for three areas and for the 
first and  second half of the year. The am ount consum ed is calculated by prey species 
and  length group. A ge-length keys from  surveys are used to transform  these to 
num ber consum ed by prey age group. The num ber of haddock consum ed by age 
group and  year is then included in the VPA as an additional catch (ICES, 2010). The 
estim ated M2 values for ages 1-3 are fairly high (Figure 1). The M2 values for ages 4— 
6 are in almost all cases below  0.1. The M2 and N  values for ages 1 and 2 are missing 
from  the report.

Note that an historic average of M2 values is used for ages 3-6 before 1984. D ata on 
frequency of occurrence from  Russian stom ach content data are available back to 
1947 (Yaragina and Dolgov, 2009), and those could be utilized in  order to calculate 
the historic abundance of ages 1 and  2.

P redation by cod on cod (cannibalism) is also included in the cod assessment, and it 
was concluded that including cannibalism  im proves the assessment. Also, variability 
in cod cannibalism  has been studied in m ore detail by Yaragina et al. (2009). For cod 
predation  on haddock there is little w ork done, although the M aster thesis by Tor- 
vanger (2008) provides some information.

Figure 2-4 shows that the VPA w ith predation by cod included fits well to the survey 
indices from  the N orw egian (2000-2005 and 2007 joint Norwegian/Russian) bottom- 
traw l survey in the w inter. The analysis is lim ited to the years 1994—2007, because a 
change in spatial coverage as well as survey gear took place in 1994, and these 
changes significantly affected the indices for the younger age groups (Jakobsen et ah, 
1997). There are several sources of uncertainty in  the stom ach content data (stomach 
sam pling coverage, species and size identification of prey, age-length keys for prey) 
and  also uncertainty related to the calculation of consum ption from  the stom ach con­
tent data, so this good fit is encouraging.
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Figure 1. Haddock mortality due to predation by cod.
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Figure 2. Haddock age 1 VPA vs. bottom-trawl survey indices for the period 1994-2007.
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Figure 3. Haddock age 2 VPA vs. bottom-trawl survey indices for the period 1994-2007.
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Figure 4. Haddock age 3 VPA vs. bottom-trawl survey indices for the period 1994-2007.



1 9 8  I ICES W K BE N C H  REPORT 2 0 1 1

A re  th e r e  d if f e r e n c e s  in  l e n g t h - a t - a g e  a n d  w e ig h t - a t - a g e  o f h a d d o c k  b e tw e e n  
N o rw e g ia n  a n d  R u ss ia n  su rv e y  d a ta ?

WD # 2 to WKBENCH 2011. by H arald  Gjosæter, IMR.

Background

In the AFWG 2010 report the use of stock weights is described as follows:

"Stock weights (Table 4.6) used from  1985 to 2009 are averages of values derived 
from  Russian surveys in autum n (mostly October-Decem ber) and N orw egian sur­
veys in January-M arch the following year (Table B6). These averages are assum ed to 
give representative values for the beginning of the year. In 2006 the W orking group 
decided to m odel the stock weight-at-age data in  order to remove some of the sam ­
pling variability in  the estimates. The weight-at-age is m odelled as follows: M ean 
length at age is m odelled using a von Bertalanffy m odel w ith L°° and To param eters 
estim ated over the w hole time-series and a separate K param eter for each year class. 
W eight-at-age is estim ated from  a length-w eight relationship using the sm oothed 
(modelled) length-at-age. Estimates were produced separately for the Russian au­
tum n survey and the joint w inter survey and were later com bined as plain average."

The decision m ade in  2006 to m odel weights from  length instead of using m easured 
weights directly, was m ade to avoid random  sam pling variability in w eight data.

C om paring table B5 (length) and B6 (weight) in  the 2010 AFWG report give rise to 
suspicion w hether there could be system atic differences betw een length-at-age and 
weight-at-age data from  the Russian late autum n survey and the N orw egian (or joint) 
survey in February.

C om paring lengths and  w eights from  the  surveys

To study this in  some m ore detail, the data in table B5 and B6 were com pared in a 
system atic m anner. Since the haddock age is shifted by one year at 1 January, the 
basis for com parison was age X in the Russian survey in N ovem ber year Y, and age 
X+l in the N orw egian survey in February year Y+l. Absolute and relative difference 
betw een length- and weight-at-age for such pairs of data were calculated and plotted 
as time series and sum m arized over years for age-groups. The results are show n in 
Figure 1 and Figure 2.

Paired tw o-sam ple t-tests were m ade for each of the age groups, w ith the 0- 
hypothesis that there is no difference betw een recorded length- and weight-at-age in 
the tw o surveys. Those years w here observations were lacking in one or both data 
series were left out of the analyses. The results are show n in Table 1 and Table 2. For 
all age groups except the 1- and 2-year-olds (length) and  2-year-olds (weight), there 
are significant (at the 5% level) differences betw een the N orw egian and  the Russian 
surveys. For age groups larger than  4, the recorded lengths and weights from  the 
Russian survey are larger than  those from  the N orw egian survey. For the younger 
age groups, the lengths or weights are either equal or the N orw egian lengths or 
weights are larger.

Figure 3 and  4 show  m odelled and observed weights (in the February survey) respec­
tively.

W hat a re  the  reasons for th ese  system atic differences?

There could be various reasons for the observed differences and it is difficult to pin­
point the m ost prom inent reasons. For the younger age groups, traw l selectivity
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m ight be an issue. Plotting survey indices by year class for the Russian and  N orw e­
gian surveys reveals that the youngest age groups are probably underrepresented. If 
this is a traw l selectivity problem, lengths (and weights) will be underestim ated for 
the younger age groups, and if this is a bigger problem  in the N orw egian survey than 
in the Russian survey, this m ight explain that lengths and weights from  the N orw e­
gian survey are larger for the youngest age groups.

For age groups four and older, the Russian lengths and weights are larger than the 
N orw egian observations. Two reasons could possibly explain this: first, there could 
be a sam pling problem  caused by behavioural changes of haddock from  autum n to 
w inter and second, there could be systematic differences in the interpretation of age 
readings betw een the institutes.

If, for instance, m aturing fish m ove out of the February survey area to spaw n some­
w here else, and if the longest and heaviest fish in each age group have a higher prob­
ability of being m ature, then these fish could be underrepresented  in the N orw egian 
survey while being caught in  the Russian survey.

H addock otoliths have been exchanged and  the interpretation com pared am ong age 
readers at PINRO and  IMR for about 15 years. The reports from  such otolith w ork­
shops show  that the am ount of discrepancy betw een N orw egian and Russian age 
readers has decreased during that period, from  12-35% during the late 1990s to 5 - 
15% during recent years. The reports do not show  how  the discrepancy is distributed 
to random  variation and systematic variation (bias). However, in the report from  the 
m eeting in M ay 2009 in  Bergen, it is stated: "The m ain reason of discrepancies be­
tw een PINRO and IMR readers is different interpretation of the otolith sum m er struc­
tures in the first and second year of the haddock life due to false zones. PINRO 
identified false zones and, while IMR interpreted them  to be annual structures." This 
rem ark pertains to a specific reading exercise and it is unclear w hether this is a com­
m on observation. The N orw egian lead haddock age reading expert cannot confirm 
this to be the case. If this is a common phenom enon (im plying that fish older than  1-2 
years are given a higher age by N orw egian age readers) that w ould explain (at least 
part of) the observed differences in  length-at-age and weight-at-age in  the material 
from  the surveys.

To gather m ore circum stantial evidence for or against the theory that the differences 
m ight stem  from  differences in  age reading, the weight-at-age in the catches was ana­
lysed. The weight-at-age in catch data from  Norw ay and Russia divided on ICES 
areas I, Ila and lib, re-analysed during the WKHAD m eeting in 2006 for the period 
1980-2006 was com pared. The plots of weight-at-age confirm the findings from  the 
survey data in that younger fish (typically up  to 3-4 years) from  all areas were gener­
ally lighter in  the Russian data than  in  the N orw egian data, while for older fish the 
Russian data had  in  general heavier fish. This strengthens the theory that biased age 
readings m ight be responsible for at least parts of the observed differences.

W hat is gained  by m odelling stock w eights com pared  to  using observed w eights?

The analysis of variation in lengths and weights from  the N orw egian and  Russian 
surveys shows that the variability is com parable for lengths and for weights and that 
they both are significantly different in the tw o survey-series for m ost age groups. 
Inferring weights from  lengths by use of a von Bertalanffy grow th equation seems 
attractive if the precision of w eight m easurem ents is questioned while the precision 
of length m easurem ents is not. It does not help to overcome the observed differences 
betw een the tw o surveys used for establishing the grow th equations, w hether those
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differences are caused by various sam pling problem s or by for instance age reading 
problems.

Concluding rem arks

It m ay be concluded that the m odelling exercise could be continued, bu t w ork should 
be undertaken to understand  the reasons for the systematic differences betw een the 
Novem ber survey and the February survey. If the reasons for the difference could be 
revealed, it m ight seem preferable to base the stock weights on one of the surveys 
instead of averaging the m easurem ents (or the m odel output) from  each of the sur­
veys.

Further, since the sam e type of difference is also revealed in  the catch data, w ork 
should be undertaken to analyse in m ore detail the reason for these discrepancies. 
(The analysis also show ed that in  one particular year (2003) there are so large differ­
ences in weight-at-age data betw een N orw ay and Russia that they probably stem 
from  some erratic calculations.) Potentially, the differences found could introduce 
errors at various input data to the sequential population analysis m odels used for 
haddock stock assessment. W hether these errors are large enough to w arran t re­
analysis of age m aterial back in tim e is not considered here, bu t this should be further 
investigated.
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Table 1. Paired two-sam ple t-tests of differences betw een length-at-age for each of the age groups. 
Age group 1 means age group 0 in  late autumn compared w ith age group 1 in  February the year 
after. Those tests marked w ith yellow  are significant at the 5% level.

Age group N o of pairs M ean  N orw  M ean  Russian t-va lu e P(T<st)

1 10 16.5 14.9 1.8500 0.0974

2 26 22.9 22.8 0.1916 0.8496

3 26 30.7 29.8 2.2156 0.0361

4 26 38.7 37.6 2.4757 0.0204

5 24 45.6 46.7 -2.1248 0.0437

6 23 50.1 52.3 -3.7796 0.0010

7 22 54.1 56.6 -4.5584 0.0002

Table 2. Paired two-sam ple t-tests of differences betw een weight-at-age for each of the age 
groups. Age group 1 means age group 0 in late autumn compared w ith age group 1 in  February 
the year after. Those tests marked w ith yellow  are significant at the 5% level.

Age group N o of pairs M ean  N orw  M ean  Russian t-va lu e P(T<t)

1 10 29.2 26.1 2.290 0.0478

2 26 106.1 106.7 -0.200 0.8432

3 26 280.8 249.0 2.598 0.0155

4 26 585.7 527.8 2.907 0.0075

5 24 913.2 985.1 -2.280 0.0322

6 23 1293.4 1422.6 -3.034 0.0061

7 22 1622.4 1826.0 -4.315 0.0003
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R e c ru itm e n t p re d ic t io n  f o r  NEA h a d d o c k

by Gjert E. D ings0r

Introduction

Recruitm ent of N ortheast Arctic haddock is highly variable and stock-recruitment 
m odels do not give any reliable predictions of future recruitm ent. The traditional 
procedure to predict recruitm ent at age-3 has been to use the RCT3 program , w here 
the predictions are based on only survey indices. However, w e know  that external 
factors (e.g. cod predation) influence survival and regression m odels including exter­
nal factors are used by AFWG to predict recruitm ent at age-3 for NEA cod (ICES, 
2010). In this w ork I w anted to investigate if it is possible to im prove age-3 predic­
tions w ith  the use of regression models.

Several approaches to regression validation are available. Regression R-squared can 
give m isleading and overly optim istic view of accuracy of prediction w hen the m odel 
is applied outside the calibration period. Split-validation or cross-validation are often 
recom m ended. In split-validation, the time series is split in tw o and the m odel is cali­
b ra ted  using one fraction and validated using the other fraction. W ith relatively short 
time series, cross-validation m ay be a better choice. In cross-validation, one leaves out 
n  observations, calibrates the model, and predicts the years left out. This procedure is 
repeated several times leaving out different subsets, the standard  error of prediction 
can then be estim ated. In this w ork I have applied leave-one-out cross-validation.

M ethods

The different abundance indices available for haddock at age 0-3 (Table 1) were used 
together w ith tem perature and cod/capelin ratio to construct recruitm ent models. 
Tem perature was included under the assum ption that survival is better at high tem ­
peratures and cod/capelin ratio was included under the assum ption that the p reda­
tion pressure from  cod is higher w hen this ratio increases, i.e. decreased survival. A 
Generalized Linear M odelling approach was used and the selection of variables in the 
final m odels were determ ined by a backw ard selection strategy based on Akaike in­
form ation criterion (AIC) and  statistical significance of terms. The GLM m odels 
w here calibrated by the 1983-2004 year-classes, the last five year classes were not 
used in the calibration to reduce the influence of tuning processes in XSA.

Table 1. Variables used in  fitting of the regression models.

A b r é v ia t io n D e f i n i t i o n

had3vpa Number-at-age-3 from XSA (AFWG 2010)

hadB l-3 Abundance indices from Norwegian trawl 
survey, ages 1-3

hadA l-3 Abundance indices from Norwegian acoustic 
survey, ages 1-3

hadR l-3 Abundance indices from Russian trawl survey, 
ages 0-2

hadO 0-group abundance index from Joint survey

kolaAMlx Annual mean temperature lagged x years, Kola 
section

CCRIx Cod/capelin ratio lagged x years
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The regression m odels com pared in this w ork are the following:

Models that can predict numbers at age-3 in year t, t+1 and t+2:

log(had3vpa) ~ kolaAM12 +log(hadBl) + log(CCR12)

log(had3vpa) ~ kolaAM12 + log(hadA l) + log(CCR12)

log(had3vpa) ~ log(hadRO) + log(CCR12)

log(had3vpa) ~ log(hadO) + log(CCR12)

Models that can predict numbers at age-3 in year t and t+1:

log(had3vpa) ~ log(hadB2) + log(CCRll)

log(had3vpa) ~ log(hadA2) + log(CCRll)

log(had3vpa) ~ log(hadRl) + log(CCRll)

Models that can predict numbers at age-3 in year t:

log(had3vpa) ~ log(hadB3)

log(had3vpa) ~ log(hadA3)

log(had3vpa) ~ log(hadR2)

All of these m odels w ere com pared to RCT3 predictions. RCT3 can predict num ber at 
age-3 in year t, t+1, and t+2.

Regression validation statistics:

Sum of squares of validation errors:

in  year i. The notation (i) indicates that the data for year i was not used in  the fitting 
of the model. In this case, SSE is equivalent to leave-one-out cross-validation. A 
m easure of the average size of the prediction error for the validation period is then 
the square root of the m ean squared error of validation:

RE m easures the skill of a regression model, defined as its accuracy relative to a p re­
diction based on no knowledge. Similar to R2, the closer RE is to 1, the better is the 
m odel perform ing. How ever it is im portant to note that RE is m ore conservative than 
the traditional R2 based on residual sum  of squares.

S S B V =  J & „ F
(D

w here — 7 t  ? i t ï ,  i.e. sum  of difference betw een observed and predicted values

(2)

Reduction of error:

(3)

where

-  f̂o ;>>)*
(4)



ICES W K B E N CH  REPORT 2 0 1 1 I 2 0 7

The RMSEv does also allow for estim ation of prediction confidence intervals given by 
the pointw ise estim ate + 2d RMSEv.

The m odels are also com pared using AIC, penalizing additional terms.

Results and  discussion

The results indicate that RCT3 does a fairly good job at predicting recruitm ent at age- 
3 (Tables 2 and 3, and  Figure 1), bu t it is possible to m ake better predictions w ith 
relatively simple models, w hich take into account predation from  cod and tem pera­
ture differences. All models produce similar predictions (Table 3 and Figure 1). H ow ­
ever, the confidence intervals are w ide and w idest for the t+2 predictions (Figures 2 - 
4). The RCT3 predictions for t+2 are consistently low er than  the predictions from  the 
other m odels (Figure 1), probably caused by the shrinkage tow ards m ean recruit­
ment.

The cod/capelin ratio show  a consistent, negative effect in the t+1 and t+2 m odels 
(Table 2) and diagnostic plots indicate that this effect is more im portant than  the posi­
tive tem perature effect. Tem perature is only significant for the t+2 predictions. H ow ­
ever, it is possible that tem perature estimates from  one of the m ore w estern sections 
w ould  give a better fit since haddock have a south-w estern distribution in the Barents 
Sea.

To reduce the influence of possible outliers in  survey indices, one m ay argue that it is 
advisable to use the m ean of different and independent predictions. This is done for 
recruitm ent m odelling of NEA cod and seems to be a good idea for NEA haddock, as 
well. Note that the predictions are not strictly independent since they use some of the 
same inpu t variables and the acoustic estimates use age-length keys from  the bottom- 
traw l stations. This m ay bias the estimates, bu t the influence is likely to be minor.

Conclusion

All models have a tendency to underestim ate the largest year classes, bu t this is not a 
bad  property in a precautionary m anagem ent regime. It is m ore severe if they tend to 
overestim ate poor year classes. All models produce fairly good predictions and the 
new  models seem to be more precise than the RCT3 predictions, especially for year 
t+2. However, it is debatable if it is w orth  taking the 'risk ' of introducing m ore uncer­
tain  variables into the prediction of haddock at age-3. NEA haddock as a one-year 
HCR and estim ates tw o years ahead has little effect on the advice given. Thus, it is 
recom m ended that the use of RCT3 is continued and is the m ain source of predicted 
values. However, the other m odels are useful for support and m ay give us early indi­
cations of arising problem s due to increased predation from  cod.
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Table 2 .  Comparison of regression models. AIC: Akaike information criterion; R M S E v :  root mean  
squared error of validation; R E :  reduction of error (leave-one-out cross validation); R 2: deviance 
explained (calibration period). Best m odels in  bold.

M odel Form ulation AIC RMSEv RE R2

HAD1B log(had3vpa) ~ 7.08 + 0.52*kolaAM12 + 0.45*log(hadBl) - 0.23*log(CCR12) 21.19 0.39 0.80 0.87

HAD1A log(had3vpa) -  7.66 + 0.50*kolaAM12 + 0.39*log(hadAl) - 0.25*log(CCR12) 28.39 0.45 0.74 0.82

HADOR log(had3vpa) -  11.42 + 0.43*log(hadR0) - 0.23*log(CCR12) 27.92 0.44 0.75 0.81

HADOG log(had3vpa) -  9.26 + 0.44*log(had0) - 0.39*log(CCR12) 38.16 0.54 0.61 0.70

HAD2B log(had3vpa) ~ 8.95 + 0.60*log(hadB2) - 0.20*log(CCRll) 4.99 0.27 0.91 0.93

HAD2A log(had3vpa) -  9.64 + 0.51*log(hadA2) - 0.15*log(CCRll) 17.77 0.36 0.83 0.88

HAD1R log(had3vpa) -  10.94 + 0.56*log(hadRl) - 0.13*log(CCRll) 10.75 0.31 0.87 0.91

HAD3B log(had3vpa) -  9.10 + 0.64*log(hadB3) 18.05 0.36 0.83 0.87

HAD3A log(had3vpa) ~ 9.39 + 0.62*log(hadA3) 1.32 0.25 0.92 0.94

HAD2R log(had3vpa) -  10.47 + 0.62*log(hadR2) 6.10 0.26 0.91 0.92

RCT3 NA 0.23* NA 0.72

*Note: R M S E  for R C T 3  is based on sum of squares of residuals and is expected to be smaller than 
R M S E v  based on leave-one-out cross validation.

Table 3. Predicted year-class strength at age-3 of the five last year-classes.

M odel\Yeardass 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9

HAD1B 593 597 301 246 371

HAD1A 457 558 391 330 434

HADOR 438 465 218 199 242

HADOG 733 565 393 365 672

Mean (HAD1B, HAD1A, HADOR) 496 540 303 258 349

HAD2B 602 813 256 129

HAD2A 449 723 256 142

HAD1R 638 715 241 102

Mean (HAD2B, HAD2A, HAD1R) 563 750 251 124

HAD3B 949 845 171

HAD3A 705 873 253

HAD2R 970 1021 194

Mean (HAD3B, HAD3A, HAD2R) 874 913 206

RCT3 (t+2) 521 427 192 146 303

RCT3 (t+1) 658 776 206 101

RCT3 (t) 892 1052 212

VPA (2010) 1029 812
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Figure 2. M odels able to predict two years ahead. Calibrated on year classes 1983-2004 (black 
line), fitted m odel (blue line) and predicted year classes 2005-2009 (red line w ith  confidence in ­
terval, shaded area).
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Figure 3. M odels able to predict one year ahead. Calibrated on year classes 1983-2004 (black line), 
fitted m odel (blue line) and predicted year classes 2005-2008 (red line w ith  confidence interval, 
shaded area).
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Figure 4. M odels able to predict present year. Calibrated on year classes 1983-2004 (black line), 
fitted model (blue line) and predicted year classes 2005-2007 (red line w ith  confidence interval, 
shaded area).
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XSA m o d e l s e t t in g s  f o r  N o r th - e a s t  A rc tic  h a d d o c k

by Y.A. Kovalev and A.A. Tchetyrkin, Polar Research Institute of M arine Fisheries 
and Oceanography, (PINRO), 6 Knipovich Str., M urm ansk 183763 Russia. E-mail: 
kovalev@pinro.ru

Introduction

Currently NEA haddock assessed by AFWG using XSA m odel (ICES, 2011). Different 
alternative m odels and  m ethods w ere tried  by the W orking G roup bu t XSA were 
chosen as m ain m ethod so far. D uring preparation to the benchm ark m eeting it was 
studied if the currently used by AFWG XSA setting gives a best estim ate of haddock 
stock size. D ata available for XSA tuning of NEA haddock and m odel configuration 
(different XSA param eters) were studied in order to im prove quality of assessment.

Data fo r XSA tuning

There are six indices available for estim ation of NEA haddock abundance calculated 
on base of three surveys (see table below).

Surveys available for tuning of XSA model.

Survey Index XSA flee t nam e *
First
year

Lait
year

Russian trawl acoustic survey 
in the Barents Sea and adjacent 
waters in November-

Bottom-trawl index 
(numbers per hour 
trawling)

FLT01: Russian BT 1983 2009

December Acoustic index FLT011: Russian acoustic 1995 2009

Acoustic index (old 
method)

Not used 1985 2009

Norwegian/joint trawl Acoustic index FLT02: Norwegian acoustic 1981 2009
acoustic surveys in the Barents 
Sea in January-March

Bottom-trawl index 
(absolute abundance)

FLT04: Norwegian BT 1981 2009

Joint Ecosystem survey of the 
Barents Sea in A ugust- 
September

Bottom-trawl index 
(absolute abundance)

FLT007: Ecosystem 2004 2009

* Shaded fleets not used in AFWG current assessment.

All indexes were exam ined on internal consistency (Tables 1-5, Figures 1-5). Those 
age groups that have a reasonably good correlation w ith  consequent age groups were 
chosen for XSA tuning. One index (Russian acoustic index (old m ethod)) show ed a 
high level of noise, low  correlations for all ages (Table 6, Figure 6) and  has been ex­
clude from  further analysis. For other five indexes the particular age groups w ith 
reasonably high correlations were chosen for 1st XSA trial ru n  (see table below).

mailto:kovalev@pinro.ru
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Indexes chosen for tuning of XSA m odel for NEA haddock.

Fleets First year Last year First age Last age Alpha Beta

FLT01: 
Russian BT

1990 2009 1 8 .900 1.000

FLT02:
Norwegian
acoustic

1990 2009 1 7 .990 1.000

FLT04:
Norwegian
BT

1990 2009 1 8 .990 1.000

FLT007:
Ecosystem

2004 2009 1 8 .650 .750

FLT011:
Russian
acoustic

1990 2009 2 7 .900 1.000

* Shaded fleets/age groups are not used in AFWG current assessment.

AFWG decided not to use survey data before 1990 and we follow this conclusion 
w ithout further exploration. Com pare to last AFWG haddock assessment in  tuning 
data there are following differences:

• tw o fleets added: FLT011 and  FLT007;

• for fleet FLT01 age group 8 is added.

C atch -a t-ag e  da ta

Catch-at-age data were also studied in order to check if m ore abundant year classes 
could be followed in this m atrix (Table 7, Figure 7). There are reasonably good corre­
lation found betw een catch-at-age data for consequent ages (Figure 7).

AFWG use in NEA haddock assessment data on Barents Sea cod consum ption esti­
mates. Num bers of haddock consum ed by cod are included in catch-at-age m atrix on 
XSA 1st run. After that estim ated fishing m ortality (Fs) are divided on "true" Fs and 
M (natural mortality). We tiy  to check advantages of such an approach. Surveys are 
supposed reflect year-class strength for younger ages m ore accurate com pare to catch 
data. So survey indexes should have higher correlation w ith catch-at-age m atrix w ith 
cod consum ption data included. It was confirmed by analysis for tw o surveys (Figure 
8-11). O ther surveys not studied b u t results expected to be the same. Inclusion of 
num bers of haddock consum ed by cod allows to estim ate abundance of haddock at 
age 1 and 2, and also it allows to use surveys at these ages in  XSA tuning. So it was 
concluded to adopt AFWG practice to include cod consum ption data in assessment.

XSA param eters

It was decided to keep default values for following param eters:

Regression type = C

Minimum of five points used for regression 

Prior weighting not applied  

M inimum standard error for population  

estimates derived from each fleet = .300
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Regarding last one it should be m entioned that it is particularly important to have 
such a lim it now , w hen  w e include Ecosystem  survey index, as it has extrem ely low  
error because of few  points in time-series.

Possible alternative values for other parameters w ere studied.

Q parameters

Based on results of first exploratory run (run 1 in table below ) it w as found that there 
no reasons to assum e q independent of age for any ages (Figure 12). The last age in 
surveys data is 8, so XSA parameter "Catchability independent of age for ages >= 
9" w as taken in  final run.
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S u r v e y s  (a g e s )

1 ST AGE FOR Q  
INDEPENDENT OF 
STOCK SIZE

1 ST AGE FOR Q  
INDEPENDENT OF 
AGE P SHRINKAGE AGES P SHRINKAGE TO F SHRINKAGE TO SHRINKAGE S.E.

T im e  W e ig h t in g  
Po w e r / y ea r s

AFWG-2010 FLT01 (1 and 3-7) 
FLT02 (1 and 3-7) 
FLT04 (1 and 3-8)

7 9 l(3)-6 final 5 years final 5 years and 
3 oldest ages

0.5 3/20

run 1 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8) 
FLT011 (2-7)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

0.5 3/20

run 2 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

0.5 3/20

run 3 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 No No final 5 years and 
3 oldest ages

0.5 3/20

run 4 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

1.0 and 1.5 3/20

run 5 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 1-8 final 3 years final 3 years and 
3 oldest ages

0.5 3/20
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S u r v e y s  (a g e s )

1 ST AGE FOR Q  
INDEPENDENT OF 
STOCK SIZE

1 ST AGE FOR Q  
INDEPENDENT OF 
AGE P SHRINKAGE AGES P SHRINKAGE TO F SHRINKAGE TO SHRINKAGE S.E.

T im e  W e ig h t in g  
Po w e r / y ea r s

run 6 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

0.5 3/10

run 7 FLT01 (1-8) 
FLT02 (1-7) 
FLT04 (1-8) 
FLT007 (1-8)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

1.5 3/10

Final run FLT01 (1-8) 

FLT02 (1-7) 

FLT04 (1-8) 

FLT007 (1-8)

9 9 1-8 final 5 years final 5 years and 
3 oldest ages

1.5 3/20



ICES W KBENCH REPORT 2011 I 189

XSA parameter "Catchability independent of stock size"

Based on analysis of relationship betw een survey indexes and catch-at-age data it 
w as m entioned that pow er function is more suitable for m ost ages (Figure 13-15). 
U sing linear relationship in XSA could lead to overestim ation of more abundant year 
classes and underestim ation of low  abundant ones. So another q parameter could be 
set to "Catchability independent of stock size ages <9".

Results of XSA diagnostic from first exploratory run (run 1) confirm this conclusion  
(Table 8).

Survey choice

First trial run (run 1) w as done taking five chosen surveys into account. Two of them  
w ere not used  in assessm ent previously: Joint ecosystem  survey and Russian acoustic 
survey. A ll XSA parameters w ere close to last AFWG except "Catchability inde­
pendent of stock size ages".

In run 1 Log catchability residuals for all surveys w ere in  general low er than in  
AFWG final run (Figures 16 and 17). On the other hand Russian acoustic survey  
(FLT011) residuals demonstrate strong year effect particularly in  m ost recent years 
(Figure 16). Such a high year effect could be explained by changes of area coverage 
(ICES, 2011) w hat w ere not taking into account in survey index calculation. It was 
decided to exclude this survey from  further analysis and study it again during the 
next benchmark after appropriate adjustment. N ext XSA run (run2) w ithout FleetOll 
show ed slightly low er residuals for all surveys, especially for Ecosystem  survey and 
younger ages.

The differences of run 2 compare to last AFWG final run are:

• Ecosystem  survey added;

• ages 1 and 2 in all surveys are included in tuning;

• age 8 in FleetOl is added in tuning;

• catchability of all surveys taken as depended of stock size for ages 7 and 8.

N evertheless all these changes have a rather minor effect on results of assessm ent. 
SSB estim ates very close in these tw o cases, w hile R at age 3 estimates 13% higher in 
run 2 compare to AFWG run (Figure 18).

Shrinkage

On the next step different options for XSA shrinkage parameters w ere studied. NEA  
haddock stock demonstrate a fast grow  in m ost recent years. Fishing mortality is de­
creasing subsequently. In such a type of stock dynam ic it is difficult to support using  
high w eight (low  assum ed error) both for P and F shrinkage. P shrinkage w eight is 
not regulated in XSA (it is proportional to inverse variance (s.e.) of population abun­
dance in appropriate age). So it w as tried not to use P shrinkage as far as different 
values of XSA parameter "shrinkage s.e."

In run 3 P shrinkage w ere not used, It cased visible increase at stock size (SSB in­
creased on 8% in 2009, w hile R at age 3 increased on 27%). Retrospective run w as 
visibly worse compare to AFWG-2010 final run (Figure 19).

Decrease of shrinkage w eight by setting s.e.=1.0 (run 4) cased small increase in SSB 
and 10% increase in R at age 3 abundance in  year 2009. The difference in previous 
years w as negligible. N evertheless results of retrospective run w ith  XSA settings from  
run 4 w ere considerably different compare to AFWG 2010 final run. The SSB and F
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retro patterns im proved for m ost recent years but deviations of estimates in  historical 
period becom e m uch worse (Figure 20).

Further decrease of shrinkage w eight by setting s.e.=1.5 cause similar but stronger 
effect (Figure 21).

In situation of rapid increase of stock abundance it is deem ed to be reasonable to 
decrease numbers of years used  in shrinkage. Run 5 w as done to test this option. 
D ecreasing of number of years to three dem onstrate retro pattern for SSB and F sim i­
lar but slightly worse compare to AFWG 2010 final run (Figure 22). Decreasing of 
number of last ages used  in shrinkage from 3 to 2 caused similar effect.

It w as concluded to keep these parameters of shrinkage the same as those used  on  
AFWG-2010: Survivor estimates shrunk towards the mean F of the final five years 
or the three oldest ages.

Tapered time weighting

It have been tasted (run 6) to use shorter tim e w in d ow  (ten years) w hich gave worse 
retro for SSB and F compare to AFWG (Figure 23). On the other hand com bine effect 
of low  shrinkage w eight (s.e.=1.5) w hich im prove retro pattern in m ost recent years 
and ten years w in d ow  (run 7) allow s to get im proved retro pattern on all period of 
tim e (Figure 24). N evertheless last variant make w orse survey regression statistic 
(Figure 25). Survey estimates becom e less stable and this could create new  retro prob­
lem  in future.

Based on all exploratory runs a new  set of XSA parameters w ere proposed (final run). 
It is still necessary to do further analysis and discourse retro problem  in light of 
shrinkage and tim e w in d ow  influence before final values for these parameters w ill be 
decided. If w e w ill decide to keep shrinkage and time w in d ow  parameters be the 
same as on last AFWG the final proposal for XSA parameter set w ill be those belong  
to run 2. Compare to AFWG 2010 such a run using new  parameters gives rather m i­
nor changes in current stock status (Figure 18). R at age 3 estim ates 13% higher, SSB 
close to AFWG final run.
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T a b le  1. N o r th e a s t  A rc tic  h a d d o c k .

Russian trawl acoustic survey in  the Barents Sea and adjacent waters in N ovem ber-  
December. 

Bottom-trawl index (numbers per hour trawling) - FLT01.

Year/age 0 1 2 3 4 5 6 7 8 9 10 +

1983 29,8 59,2 9,5 0,5 0,4 0 0 0 0 0 0,8

1984 6,4 58,6 58,4 1,5 0,2 0,1 0 0 0 0 0,3

1985 3 14,4 134,3 90 0,4 0,1 0,1 0 0 0 0,2

1986 0,2 1,4 10,7 36,3 16,4 0,1 0 0 0 0 0

1987 0,3 0,9 1,7 8,3 22,5 5,7 0 0 0 0 0

1988 1,3 0,3 0,7 1,7 4 7,6 0,8 0 0 0 0

1989 2,2 1,8 2,4 0,4 1,4 4,1 8,1 1,1 0,1 0 0

1990 44,8 14,3 10,6 7,3 4,2 7,3 7,4 5,7 0,3 0,1 0

1991 16,7 42,9 17,6 6,2 0,9 0,3 0,6 1,8 1,5 0,2 0

1992 16,4 28,2 128,6 34,6 5 0,4 0,6 0,9 0,8 0,1 0

1993 3,5 4,8 35,7 198,5 35,6 4,8 0,8 0,4 0,4 0 0

1994 9,1 4,9 5,8 44,2 101,4 11,6 1,5 0,1 0,1 0,5 0

1995 6,4 7,2 4,2 3,1 12,3 37 4 0,5 0,1 0,3 0

1996 6 2,3 5,7 2,8 4,9 36,2 33,4 2,9 0,3 0,3 0

1997 1,8 4,6 1,9 3,2 3,2 1 2,7 1 0,8 0 0

1998 10,7 2,9 11,5 3,8 4,6 0,8 0,5 1,5 0,5 0 0

1999 11,7 28,9 6,1 19,6 3,9 3,7 0,8 0,3 0,7 0,7 0

2000 15,1 20,7 26,2 6 10,9 2,6 1,1 0,2 0,1 0,4 0

2001 20,8 14,9 26,1 33,4 4 6,5 1,1 0,4 0,1 0,3 0

2002 33,2 19,3 18,9 39,9 45 4,7 2,4 0,4 0,1 0,2 0

2003 19,8 32,8 25,1 22,1 29,9 23,1 3,4 1,6 0,2 0,1 0

2004 50 11 20,6 11,3 9,4 10,7 8,7 0,5 0,4 0,2 0

2005 62 79,2 13,6 24 8,6 4,8 5,7 2,4 0,1 0,2 0

2006 53,4 79,2 122,7 11,3 11,9 5,7 2,6 2,4 1,1 0,2 0

2007 6,5 83,9 214,2 83,8 7,3 13,7 3,8 1,4 1,1 0,4 0

2008 5,7 12,7 232,7 255,7 105,1 12,4 11,1 1,7 0,7 0,4 0

2009 10 2,9 15,8 164,7 170,4 63,1 5,7 3,2 0,5 0,4 0
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T a b le  2. N o r th e a s t  A rc tic  h a d d o c k .

Norwegian/Joint trawl acoustic surveys in the Barents Sea in January-March.

Acoustic index - FLT02 (stock numbers in m illions).

Year 1 2 3 4 5 6 7 8 9 10

1981 7 14 5 21 60 18 1 0 0 0

1982 9 2 3 4 4 10 6 0 0 0

1983 0 5 2 3 1 1 4 2 0 0

1984 1685 173 6 2 1 0 0 0 0 0

1985 1530 776 215 5 0 0 0 0 0 0

1986 556 266 452 189 0 0 0 0 0 0

1987 85 17 49 171 50 0 0 0 0 0

1988 18 4 8 23 46 7 0 0 0 0

1989 52 5 6 11 20 21 2 0 0 0

1990 270 35 3 3 4 7 11 2 0 0

1991 1890 252 45 8 3 3 3 6 0 0

1992 1135 868 134 23 2 0 0 1 2 0

1993 947 626 563 130 13 0 0 0 0 3

1994 562 193 255 631 111 12 0 0 0 0

1995 1379 285 36 111 387 42 2 0 0 0

1996 249 229 44 31 76 151 8 0 0 0

1997 693 24 51 17 12 43 43 2 0 0

1998 220 122 20 28 12 5 13 16 1 0

1999 856 46 57 13 14 4 1 2 2 0

2000 1024 509 32 65 19 11 2 1 2 0

2001 976 316 210 23 22 1 1 0 0 1

2002 2062 282 216 149 14 12 1 0 0 1

2003 2394 279 145 198 169 17 5 0 0 1

2004 752 474 127 76 76 66 7 2 0 0

2005 3364 209 219 102 36 40 9 0 0 0

2006 2767 804 54 86 30 12 9 2 0 0

2007 3197 868 379 54 88 22 6 5 2 0

2008 1266,6 1835 723 252 57 74 10 6 0 1

2009 849 246,3 1021,7 773 402,1 31,3 14,9 1,6 0,13 0,53

2010 2035,8 81,8 138 593 557,4 191,4 10,3 2,9 0,68 0,72
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w e g ia n /Jo in t traw l aco u stic  su rv e y s  in  th e  B aren ts S ea  in  Ja n u a ry -M a rc h  (XSA FLT02: aco u stic
in d ex ). P o in ts  are m a rk e d  b y  y e a r c la ss /g en era tio n .



196 I ICES W KBENCH REPORT 2011

R2 = 0,824118
1990

16

14

12

10
8

19832000

2002
V H 998  w

1011991

0 10 20 30 40 50

7

R2 = 0 ,3 6 5 8

1983 1990

2001

2000
0 4 + +

20

3,5

R2 = 0,347 1983

2,5

19981992
1993 1991

2000

338 1990

0,5 1 1,5 2 2,5

F ig u re  2. (C o n tin u ed ). R e la tio n sh ip  b e tw e e n  y ear-c lass s tre n g th  e s tim a te s  fo r c o n se q u e n t age
g ro u p s  in  N o rw e g ia n /Jo in t traw l aco u stic  su rv e y s  in  th e  B aren ts Sea in  Ja n u a ry -M a rc h  (XSA
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T a b le  3. N o r th e a s t  A rc tic  h a d d o c k .

N o rw e g ia n /Jo in t tr a w l ac o u s tic  su rv e y s  in  th e  B aren ts  Sea in  Ja n u a ry -M a rc h .

B o tto m  tra w l in d e x  - FLT04.

Year 1 2 3 4 5 6 7 8 9 10+

1981 3,1 7,3 2,3 7,8 1,8 5,3 0,5 0,2 0 0

1982 3,9 1,5 1,7 1,8 1,9 4,8 2,4 0,2 0 0

1983 2919,3 4,8 3,1 2,4 0,9 1,9 2,5 0,7 0 0

1984 3832,6 514,6 18,9 1,5 0,8 0,2 0,1 0,4 0,1 0

1985 1901,1 1593,8 475,9 14,7 0,5 0,5 0,1 0,1 0,4 0,3

1986 665 370,3 384,6 110,8 0,6 0,2 0,1 0,1 0,1 0,1
1987 163,8 79,9 154,4 290,2 52,9 0 0 0 0 0,3

1988 35,4 15,3 25,3 68,9 116,4 13,8 0,1 0 0 0

1989 81,2 9,5 14,1 21,6 34 32,7 3,4 0,1 0 0

1990 644,1 54,6 4,5 3,4 5 9,2 11,8 1,8 0 0

1991 2006 300,3 33,4 5,1 4,2 2,7 1,7 4,2 0 0

1992 1659,4 1375,5 150,5 24,4 2,1 0,6 0,7 1,6 2,3 0

1993 727,9 599 507,7 105,6 10,5 0,6 0,4 0,3 0,4 1,1
1994 603,2 228 339,5 436,6 49,7 3,4 0,2 0,1 0,2 0,6

1995 1463,6 179,3 53,6 171,1 339,5 34,5 2,8 0 0,1 0

1996 309,5 263,6 52,5 48,1 148,6 252,8 11,6 0,9 0 0,1
1997 1268 67,9 86,1 28 19,4 46,7 62,2 3,5 0,1 0

1998 212,9 137,9 22,7 33,2 13,2 3,4 8 8,1 0,7 0,1

1999 1244,9 57,6 59,8 12,2 10,2 2,8 1 1,7 1,1 0

2000 847,2 452,2 27,2 35,4 8,4 4 0,8 0,3 0,7 0,2

2001 1220,5 460,3 296 29,3 25,1 1,7 0,9 0,1 0,1 0,3

2002 1680,3 534,7 314,7 185,3 17,6 8,2 0,8 0,3 0 0,3

2003 3332,1 513,1 317,4 182 73,6 5,5 2,3 0,2 0,1 0,2

2004 715,9 711,2 188,1 102,7 80,4 46,2 5,9 1,1 0,2 0,1

2005 4630,2 420,4 346,5 133,3 66,8 52,2 12,3 0,6 0,2 0

2006 5141,3 1313,1 77,4 140,5 48,2 19,6 15,2 3,1 0,1 0,3

2007 3874,4 1593,8 507,7 66 86 23,3 7,5 3,7 1,4 0,2

2008 860,2 2129,4 1522,4 600,9 86,8 48,9 6,27 2,51 0,82 0,13

2009 564,7 328 1270,4 773,2 365,4 38,5 10,6 1,4 0,1 0,3

2010 1619,5 111,2 102,8 508,6 479,6 131,2 7 1 0,6 0,6
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w e g ia n /Jo in t traw l aco u stic  su rv e y s  in  th e  B aren ts Sea in  Ja n u a ry -M a rc h  (XSA FLT04: b o tto m
traw l index). P o in ts  a re  m a rk e d  b y  y e a r  c la ss /g en era tio n .
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FLT04: b o tto m  traw l index). P o in ts  are m a rk e d  b y  y e a r c la ss /g en era tio n .
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T a b le  4. N o r th e a s t  A rc tic  h a d d o c k .

Joint Ecosystem  survey of the Barents Sea in August-Septem ber. 

Bottom-trawl index - FLT007.

Year 1 2 3 4 5 6 7 8

2004 189 269 123 70 69 31 3 2

2005 627 114 323 89 29 31 15 0

2006 2152 1068 151 143 43 18 16 6

2007 995 1827 1287 89 94 19 6 7

2008 322 1293 1155 406 43 36 5 3

2009 136 143 649 617 306 21 7 1
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F ig u re  4. R e la tio n sh ip  b e tw e e n  y ear-c lass s tre n g th  e s tim a te s  fo r c o n se q u e n t age g ro u p s  in  Jo in t
E co sy stem  su rv ey . (XSA FLT007: b o tto m -traw l index). P o in ts  are  m a rk e d  b y  y e a r c la ss /g en era tio n .
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c la ss /g en era tio n .
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T a b le  5. N o r th e a s t  A rc tic  h a d d o c k .

Russian trawl acoustic survey in  the Barents Sea and adjacent waters in N ovem ber-  
December. 

A coustic index - FLT011 (new  method).

Year 0 1 2 3 4 5 6 7 8 9 10+

1995 163 170 79 71 230 404 41 5 1 1 2

1996 992 245 291 91 63 206 187 17 1 0 0

1997 185 104 21 121 94 48 47 31 20 0 0

1998 257 44 83 20 20 6 2 7 2 0 0

1999 632 499 60 123 14 16 4 1 4 1 0

2000 524 395 287 54 57 14 6 1 1 1 1

2001 491 160 227 221 19 35 5 2 1 1 1

2002 1045 209 139 268 239 27 17 2 1 0 1

2003 1168 473 217 116 134 94 14 6 1 0 0

2004 8529 1141 342 116 54 55 44 3 4 1 1

2005 17782 2903 123 205 62 33 38 16 1 1 0

2006 9396 1286 308 30 31 10 0 5 5 4 1

2007 812 1473 2226 745 53 75 22 8 7 2 1

2008 245 203 2134 1947 728 88 83 13 6 4 2

2009 1650 204 243 1455 1258 485 46 30 4 2 1
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s ia n  b o tto m -traw l aco u stic  su rv e y  (A coustic  in d ex  " n e w  m e th o d "  - XSA F leetO ll). P o in ts  are
m a rk e d  by  y e a r c lass /g en era tio n .
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T a b le  6. N o r th e a s t  A rc tic  h a d d o c k .

Russian trawl acoustic survey in  the Barents Sea and adjacent waters in N ovem ber-  
December. 

A coustic index (old method).

Year 0 1 2 3 4 5 6 7 8 9 +

1985 194 434 1468 636 3 1 0 0 0 1

1986 34 37 208 917 910 2 0 0 0 0

1987 6 16 29 62 197 61 0 0 0 12

1988 2 1 3 18 83 301 46 0 0 0

1989 41 32 94 2 14 35 67 9 1 0

1990 594 176 75 28 17 23 43 44 4 1

1991 240 368 143 65 11 4 7 21 17 2

1992 199 245 758 218 35 3 4 7 6 0

1993 20 26 199 1076 228 31 5 2 3 5

1994 118 51 39 252 591 76 9 0 1 4

1995 38 40 18 18 77 225 23 3 1 1

1996 281 44 148 93 69 280 242 19 3 2

1997 70 138 41 207 82 48 41 25 20 0

1998 107 27 82 22 25 7 3 9 3 0

1999 222 330 43 129 25 29 7 3 7 2

000 246 292 238 49 86 23 9 2 1 4

2001 256 122 200 229 24 45 7 3 1 2

2002 868 811 581 447 237 329 49 20 12 10

2003 352 310 189 124 161 124 19 9 1 1

2004 3164 472 421 176 143 154 151 10 21 5

2005 7156 2521 271 476 172 114 154 79 5 7

2006 0 0 0 0 0 0 0 0 0 0

2007 0 0 0 0 0 0 0 0 0 0

2008 106 172 1960 1911 783 99 96 15 7 5

2009 302 28 126 943 1050 445 40 20 3 2



206  I ICES W KBENCH REPORT 2011

R2 = 0,0113

20062000 ̂

1990
2000*
♦ 2002

2001
2004

R2 = 0,215

2005

3 1990
1983

2006

2000

0 500 1000 1500 2000 2500

R2 = 0,4891
2005

2004

1990
4

1983

'94 2002

0 500 1000 1500 2000 2500

3

R2 = 0,208 2004

1997
1983

1991

5 250 1990

1999

303

53 2001
0 200 400 600 800 1000

4

R2 = 0 ,1889

1990

1999
6  150

2002
1983

1996 .
1991

2003 1997

2000
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c la ss /g en era tio n .
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m a rk e d  b y  y e a r c la ss /g en era tio n .
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T a b le  7. N o r th e a s t  A rc tic  h a d d o c k .

Catch-at-age data together w ith cod consum ption estim ates (AFWG XSA 1st run file 
"canump").

Year 1 2 3 4 5 6 7 8 9 10 11

1984 980 752 15 442 1347 1019 1899 657 950 2619 352 87 77

1985 1 206 223 8120 29 624 1695 564 1009 943 886 1763 588 281

1986 566 946 245 619 191 206 68 429 1565 783 896 393 702 1144 987

1987 768 414 83 5031 87170 64 556 960 597 376 212 230 738

1988 17169 647 10 583 12 478 48115 20 429 397 178 74 88 446

1989 231 357 221 2157 4986 16 071 25 313 3198 147 1 28 177

1990 144 024 38 341 4681 2580 2142 4046 6221 840 134 42 71

1991 457 829 14 762 4421 3564 2416 3299 4633 3953 461 83 54

1992 2 112 408 153 992 12 656 11 567 4099 2642 2894 3327 3498 486 84

1993 1 377 069 165 972 50 334 22 877 16 601 4103 1747 1886 2105 1965 323

1994 1 412 856 80 830 28 338 55 501 37 258 13 275 2057 903 1453 2769 2110

1995 2 900 754 163 748 13 965 45 871 102 528 19 485 6417 746 361 770 1576

1996 1 594 130 161 838 41 830 12 277 39112 77 024 13 426 2944 573 365 1897

1997 906 606 35 582 27 756 7361 13 386 33 361 49 478 5636 778 245 748

1998 1 535 302 29 724 3673 14 210 9763 8633 13 801 19 469 2113 330 490

1999 898 259 23 922 17166 8039 15 365 6073 4466 6355 6204 647 446

2000 1 216 456 65 713 3611 31 131 6683 5228 2406 1657 1570 1744 437

2001 553 375 54 368 17 891 5308 32 049 5279 2941 1137 1161 1169 1204

2002 2 377 170 229 664 45 157 48 757 11478 22 165 2602 1602 482 448 1029

2003 3 616 232 220 097 45 633 43 776 57 633 11 736 14 541 1637 2178 858 1219

2004 2 299 635 300 487 51 411 30 036 43 763 41 226 4939 4914 598 1252 901

2005 5 856 774 266 315 78 759 31 292 26 391 38 271 24 461 2393 2997 990 1524

2006 8 012 771 338 268 7828 39 438 28 802 15 547 16 023 8567 1259 1298 718

2007 8 917 615 565 692 52 745 17 620 48 644 18 860 10 642 7889 2570 678 988

2008 1 118 533 927 748 190 027 67 686 27 522 34 259 9145 4520 2846 1181 654

2009 1 296 085 202 534 206 922 94104 69 557 15 390 15 382 3800 1669 887 960
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F ig u re  7. R e la t io n s h ip  b e tw e e n  y e a r -c la s s  s t r e n g th  e s t im a te s  fo r  c o n s e q u e n t  a g e  g r o u p s  in  c a tc h -  
a t-a g e  d a ta  to g e th e r  w i th  c o d  c o n s u m p tio n  e s t im a te s  (X SA  f i le  c a n u m p ) . P o in ts  a re  m a r k e d  b y  
y e a r  c la s s /g e n e ra t io n .
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F ig u re  7. ( C o n t in u e d ) .  R e la t io n s h ip  b e tw e e n  y e a r -c la s s  s t r e n g th  e s t im a te s  fo r  c o n s e q u e n t  ag e  
g r o u p s  i n  c a tc h -a t-a g e  d a ta  to g e th e r  w i th  c o d  c o n s u m p tio n  e s t im a te s  (X S A  f i le  c a n u m p ) . P o in ts  
a re  m a r k e d  b y  y e a r  c la s s /g e n e ra t io n .
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F ig u re  8. R e la tio n sh ip  b e tw e e n  y ear-c lass s tre n g th  e s tim a te s  b y  catch-a t-age  d a ta  (cod c o n su m p ­
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F ig u re  9. R e la t io n s h ip  b e tw e e n  y e a r -c la s s  s t r e n g th  e s t im a te s  b y  c a tc h -a t-a g e  d a ta  (co d  c o n s u m p ­
t io n  N O T  in c lu d e d )  a n d  N o r w e g ia n /J o in t  t r a w l  a c o u s t ic  s u r v e y  (b o t to m - tra w l  in d e x  -  F lee t0 4 ). 
P o in ts  a re  m a r k e d  b y  y e a r  c la s s /g e n e ra t io n .
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F ig u r e  11 . R e l a t i o n s h i p  b e t w e e n  y e a r - c l a s s  s t r e n g t h  e s t i m a t e s  b y  c a t c h - a t - a g e  d a t a  ( c o d  c o n s u m p ­

t i o n  N O T  i n c l u d e d )  a n d  R u s s i a n  t r a w l  a c o u s t i c  s u r v e y  ( b o t t o m - t r a w l  i n d e x  -  F le e tO l) .  P o i n t s  a r e

m a r k e d  b y  y e a r  c l a s s / g e n e r a t i o n .
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Figure 12. NEA haddock. C atchability  for d iffe ren t surveys (exp(-Log q), XSA ru n  1 see text).
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F ig u r e  1 3 . R e l a t i o n s h i p  b e t w e e n  y e a r - c l a s s  s t r e n g t h  e s t i m a t e s  b y  R u s s i a n  b o t t o m - t r a w l  a c o u s t i c

s u r v e y  ( b o t t o m - t r a w l  i n d e x  - X S A  F le e tO l) .  D a t a  l o g  t r a n s f o r m e d .  B la c k  l i n e  i s  l i n e a r  t r e n d ,  r e d

l i n e  i s  l i n e r  b e n d  w i t h  s lo p e  = 1 . P o i n t s  a r e  m a r k e d  b y  y e a r  w h e n  c a t c h  w a s  t a k e n .
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F ig u r e  14 . R e l a t i o n s h i p  b e t w e e n  y e a r - c l a s s  s t r e n g t h  e s t i m a t e s  b y  N o r w e g i a n / J o i n t  t r a w l  a c o u s t i c

s u r v e y s  ( b o t t o m - t r a w l  i n d e x  - X S A  F L T 0 4 ). D a t a  l o g  t r a n s f o r m e d .  B la c k  l i n e  i s  l i n e a r  t r e n d ,  r e d

l i n e  i s  l i n e r  t r e n d  w i t h  s lo p e  = 1 . P o i n t s  a r e  m a r k e d  b y  y e a r  w h e n  c a t c h  w a s  t a k e n .
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F ig u r e  15 . R e l a t i o n s h i p  b e t w e e n  y e a r - c l a s s  s t r e n g t h  e s t i m a t e s  b y  N o r w e g i a n / J o i n t  t r a w l  a c o u s t i c

s u r v e y s  ( a c o u s t i c  i n d e x  - X S A  F L T 0 2 ). D a t a  l o g  t r a n s f o r m e d .  B la c k  l i n e  i s  l i n e a r  t r e n d ,  r e d  l i n e  is

l i n e r  t r e n d  w i t h  s l o p e  = 1. P o i n t s  a r e  m a r k e d  b y  y e a r  w h e n  c a t c h  w a s  t a k e n .
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T able 8. N ortheast Arctic haddock. Some results of som e diagnostic from  XSA run  1 (see text).

FLT01 : 
BT

Russian FLT02:
Norwegian aco

FLT04:
Norwegi¡an BT

FLT007:
Ecosystem

FLT011 : 
acou

Russian

Ago
Slope t-

value
Slope t-

value
Slope t-

value
Slope t-

value
Slope t-

value

1 0.75 1.887 0.88 0.967 0.85 1.604 0.92 0.398 0.71 2.263

2 0.63 4.864 0.76 3.151 0.68 0.6 ■ 0.68 ■

3 0.64 4.866 0.73 3.978 0.73 2.934 0.81 0.92 0.71 1.507

4 0.68 0.69 2.982 0.71 0.82 4.126 0.73 1.285

5 0.69 2.343 0.59 2.923 0.56 4.197 0.64 3.413 0.6 2.791

6 0.72 1.809 0.68 1.756 0.58 2.875 0.96 0.174 0.59 2.235

7 0.73 1.401 0.85 0.418 0.52 3.585 0.62 2.028 0.71 2.263

8 0.71 1.079 0.23 2.796

* Shaded cells show statistically significant difference from linear model (t>2, so power model is better 
for with ages).
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F ig u r e  16 . N o r t h e a s t  A r c t i c  h a d d o c k .  S u r v e y s  r e s i d u a l s  f r o m  X S A  d i a g n o s t i c  ( r u n  1 , s e e  te x t) .
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Figure 16. (C ontinued). N ortheast Arctic haddock. Surveys residuals from  XSA diagnostic (run 1, 
see text).
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Figure 17. N ortheast Arctic haddock. Surveys residuals from  XSA diagnostic (AFWG 2010 p reda­
tion  run).
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Figure 18. N ortheast Arctic haddock. C om parison of XSA resu lts ru n  2 (see text) w ith  AFWG 2010 
final run .



2 2 4  I ICES W K BEN CH  REPORT 2 0 1 1

Retrospective analysis for Arctic haddock
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Figure 19. N ortheast Arctic haddock. R esults of retrospective runs w ith  XSA settings from  ru n  3 
(No P-shrinkage).
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Retrospective analysis for Arctic haddock
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F ig u r e  20 . N o r t h e a s t  A r c t ic  h a d d o c k .  R e s u l t s  o f  r e t r o s p e c t i v e  r u n s  w i t h  X S A  s e t t i n g s  f r o m  r u n  4

( w i t h  P  a n d  F s h r i n k a g e ;  s .e .  f o r  F  s h r i n k a g e  = 1 .0 ).
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Retrospective analysis for Arctic haddock
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F ig u r e  21 . N o r t h e a s t  A r c t ic  h a d d o c k .  R e s u l t s  o f  r e t r o s p e c t i v e  r u n s  w i t h  X S A  s e t t i n g s  f r o m  r u n  4

( w i t h  P  a n d  F s h r i n k a g e ;  s .e .  f o r  F  s h r i n k a g e  = 1 .5 ).
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Retrospective analysis for Arctic haddock
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F ig u r e  22 . N o r t h e a s t  A r c t ic  h a d d o c k .  R e s u l t s  o f  r e t r o s p e c t i v e  r u n s  w i t h  X S A  s e t t i n g s  f r o m  r u n  5

( w i t h  P  a n d  F s h r i n k a g e ;  s .e .  f o r  F s h r i n k a g e  = 0 .5 , s h r i n k a g e  u s e d  f o r  l a s t  3  y e a r s  a n d  l a s t  3  a g e s ) .
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Retrospective analysis for Arctic haddock
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F ig u r e  23 . N o r t h e a s t  A r c t ic  h a d d o c k .  R e s u l t s  o f  r e t r o s p e c t i v e  r u n s  w i t h  X S A  s e t t i n g s  f r o m  r u n  6

( w i t h  t im e  w i n d o w  f o r  d o w n  w e i g h t i n g  o ld  d a t a  = 1 0  y e a r s  w i t h  p o w e r  3 ).
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Retrospective analysis for Arctic haddock

SSB

oo□o
ID

OQOO
ID

1985 1990 1995 2000 2005 2010
ooooooc-\
oooooo’=io

1985 1990 1995 2000 2005 2010

Fbar
CD
O
Li"!ö’=i
örn
O
r-J
O

1985 1990 1995 2000 2005 2010

year

Figure 24. N ortheast Arctic haddock. R esults of retrospective runs w ith  XSA settings from  ru n  7 
(w ith tim e w indow  for dow n w eigh ting  old data = 10 years w ith  pow er 3 and  s.e. for shrinkage = 
1.5).
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Figure 25. N ortheast Arctic haddock. Surveys residuals from  XSA diagnostic (run 7).
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Data availability and critical gaps in knowledge in estim ation of ca tch -at-age for 
th ree  stocks in the Norwegian N ortheast Arctic fishery

by Age Fotland, Institute of Marine Research (IMR), Bergen, Norway.

Biological samples for estimation of Norwegian catch-at-age for NeA cod, NeA had­
dock and NeA saithe in 2008 and 2009

In the time period since 2002 the Norwegian biological samples from commercial 
fishery for these three stocks have been quite stable. The sources are listed in Table 1.

T able 1. A ppropriate com m ercial b iological sam ples u sed  in  assessm ent for catches-at-age.

Source Year range Coverage Comments

Ambulant sampling 1980-20093 ICES Subareas I and 
114

"Amigo" and 
"Falkungen"

Coastguard 1992-last data year ICES Subareas I and 
115

Fishery Directorate 
Surveillance fleet

1980-last data year ICES Subareas I and II Some samples are from 
shrimp trawl

Reference fleet 2002-last data year ICES Subareas I and II

Coast reference fleet 2005-last data year Coast near areas

Moreforsking 1994-last data year Coast near areas in the 
southern part

2008 is the last year, where all sources are available for all seasons. There could be 
some effects on estimation of catches-at-age when changes in sampling strategy have 
been shifted in 2009. Some area and gear group distributions are looked into in ICES 
Subareas I, Ila and lib.

These gear groups are:

NeA cod NeA haddock NeA saithe

Line Line Gillnet

Gillnet Trawl Purse seine

Trawl "Others" Trawl

"Others" "Others"

The Norwegian statistical areas in the ICES Subareas I and II are shown in Appendix 
A. Gears and coding of the gear groups is set up in Table 2.

3 This sampling regime was ended in Q3 in 2009.

4 North of Lofoten 4 6-weeks time periods each Year.

5 Including sampling from the Loop Hole and Loop Ocean.
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T a b l e  2 . G e a r  g r o u p s  a n d  t h e i r  c o d e s .

Code Name

31 Trawl

32 Shrimp trawl

36 Danish seine

37 Puse seine

41 Gillnet

43 Others

51 Line

52 Handline

The program used to estimate catches-at-age; is ECA a Bayesian hierarchical model 
that have been developed to estimate the catch-at-age of fish, using data on weight, 
age, length and age-given-length, (Hirst and Aanes, 2004).

T able 3.1. N eA  cod, sum m ary sam ples w ith  length , by  area.

By area: Norwegi an statistical regions by Fishery Directorate

0 2 3 4 5 6 7 12 20 Total

Ambulant sampl. 0 0 0 1 1 0 0 0 0 2

Coast ref. fleet 3 0 2 6 6 0 0 0 0 17

Surveillance fleet 20 86 69 78 98 0 0 39 73 463

Reference fleet 26 72 61 103 89 0 0 236 385 972

Total 49 158 132 188 194 0 0 275 458 1454

T able 3.2. N eA  cod, sum m ary sam ples w ith  leng th , by  gear groups.

By gear: Gear groups

31 32 41 51 52 Total

Ambulant sampl. 1 0 1 0 0 2

Coast ref. fleet 0 1 16 0 0 17

Surveillance fleet 222 176 0 65 0 463

Reference fleet 246 22 99 605 0 972

Total 469 199 116 670 0 1454

T able 3.3. N eA  cod, sum m ary sam ples w ith  age, by area.

By area: Norwegian statistical regions by Fishery Directorate

0 2 3 4 5 6 7 12 20 Total

Ambulant sampl. 31 0 62 43 41 0 0 0 0 177

Coast ref. fleet 2 0 5 11 6 0 0 0 0 24

Surveillance fleet 0 0 0 3 3 0 0 0 0 6

Reference fleet 9 16 19 17 19 0 0 39 74 193

Total 42 16 86 74 69 0 0 39 74 400
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T a b l e  3 .4 . N e A  c o d ,  s u m m a r y  s a m p l e s  w i t h  a g e ,  b y  g e a r  g r o u p s .

I 2 3 3

By gear: Gear groups

31 32 41 51 52 Total

Ambulant sampl. 3 30 76 58 10 177

Coast ref. fleet 0 2 20 2 0 24

Surveillance fleet 0 6 0 0 0 6

Reference fleet 55 12 21 105 0 193

Total 58 50 117 165 10 400

T able 3.5. N eA  cod, sum m ary sam ples w ith  w eigh t, by  area.

By area: Norwegi¡an statistical regions by Fishery Directorate

0 2 3 4 5 6 7 12 20 Total

Ambulant sampl. 31 0 62 43 41 0 0 0 0 177

Coast ref. fleet 0 0 3 2 3 0 0 0 0 8

Surveillance fleet 0 0 0 0 3 0 0 0 0 3

Reference fleet 9 16 19 17 19 0 0 39 74 193

Total 40 16 84 62 66 0 0 39 74 381

T able 3.6. N eA  cod, sum m ary sam ples w ith  w eigh t, by  gear groups.

By gear: Gear groups

31 32 41 51 52 Total

Ambulant sampl. 3 30 76 58 10 177

Coast ref. fleet 0 0 8 0 0 8

Surveillance fleet 0 3 0 0 0 3

Reference fleet 55 12 21 105 0 193

Total 58 45 105 163 10 381

T able 4.1. N eA  haddock, sum m ary sam ples w ith  leng th , by area.

By area: Norwegi¡an statistical regions by Fishery Directorate

0 3 4 5 6 7 12 20 Total

Ambulant sampl. 0 1 0 0 0 0 0 0 1

Coast ref. fleet 3 1 0 1 0 0 0 0 5

Moreforsking 0 0 0 0 0 0 0 0 0

Surveillance fleet 15 82 68 92 24 14 38 48 381

Reference fleet 25 126 99 181 177 107 205 317 1237

Total 43 210 167 274 201 121 243 365 1624



2 3 4  I ICES W K BEN CH  REPORT 2 0 1 1

T a b l e  4 .2 . N e A  h a d d o c k ,  s u m m a r y  s a m p l e s  w i t h  l e n g t h ,  b y  g e a r  g r o u p s .

By gear: Gear groups

31 36 41 51 Total

Ambulant sampl. 0 0 0 1 1

Coast ref. fleet 0 0 4 1 5

Moreforsking 0 0 0 0 0

Surveillance fleet 238 69 0 74 381

Reference fleet 309 20 142 766 1237

Total 547 89 146 842 1624

rble 4.3. N eA  haddock, sum m ary sam ples w ith  age, by area.

By area: Norwegian statistical regions by Fishery Directorate

0 3 4 5 6 7 12 20 Total

Ambulant sampl. 8 39 18 29 0 0 0 0 94

Coast ref. fleet 0 1 0  0 0 1 0 0 2

Moreforsking 0 0 0 0 0 6 0 0 6

Surveillance fleet 0 1 0  0 0 0 0 0 1

Reference fleet 6 27 13 32 25 19 39 51 212

Total 14 68 31 61 25 26 39 51 315

T able 4.4. N eA  haddock, sum m ary sam ples w ith  age, by gear groups.

By gear: Gear groups

31 36 41 51 Total

Ambulant sampl. 3 29 6 56 94

Coast ref. fleet 0 0 1 1 2

Moreforsking 6 0 0 0 6

Surveillance fleet 0 0 0 1 1

Reference fleet 50 3 14 145 212

Total 59 32 21 203 315

T able 4.5. N eA  haddock, sum m ary sam ples w ith  w eight, by area.

By area: Norwegian statistical regions by Fishery Directorate

0 3 4 5 6 7 12 20 Total

Ambulant sampl. 8 39 18 29 0 0 0 0 94

Coast ref. fleet 0 0 0 0 0 0 0 0 0

Moreforsking 0 0 0 0 0 6 0 0 6

Surveillance fleet 0 0 0 0 0 0 0 0 0

Reference fleet 6 27 13 32 25 18 39 51 211

Total 14 66 31 61 25 24 39 51 311

ible 4.6. N eA  haddock, sum m ary sam ples w ith  w eigh t, by gear groups.

By gear: Gear groups

31 36 41 51 Total
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Ambulant sampl. 3 29 6 56 94

Coast ref. fleet 0 0 0 0 0

Moreforsking 6 0 0 0 6

Surveillance fleet 0 0 0 0 0

Reference fleet 49 3 14 145 211

Total 58 32 20 201 311

T able 5.1. N eA  saithe, sum m ary sam ples w ith  leng th , by  area.

By area: Norwegian statistical regions by Fishery Directorate

0 3 4 5 6 7 Total

Ambulant sampl. 0 0 0 0 0 0 0

Coast ref. fleet 2 0 0 1 0 3 6

Moreforsking 0 0 0 0 0 0 0

Surveillance fleet 19 47 86 85 25 14 276

Reference fleet 32 30 182 198 142 151 735

Total 53 77 268 284 167 168 1017

T able 5.2. N eA  saithe, sum m ary sam ples w ith  leng th , by  gear groups.

By gear: Gear groups

31 37 41 51 Total

Ambulant sampl. 0 0 0 0 0

Coast ref. fleet 0 0 6 0 6

Moreforsking 0 0 0 0 0

Surveillance fleet 203 13 0 60 276

Reference fleet 209 8 156 362 735

Total 412 21 162 422 1017

T able 5.3. N eA  saithe, sum m ary sam ples w ith  age, by  area.

By area: Norwegian statistical regions by Fishery Directorate

0 3 4 5 6 7 Total

Ambulant sampl. 6 13 16 24 0 0 59

Coast ref. fleet 0 0 0 0 0 1 1

Moreforsking 0 0 0 1 0 7 8

Surveillance fleet 0 0 0 0 0 0 0

Reference fleet 3 5 34 18 13 20 93

Total 9 18 50 43 13 28 161
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T a b l e  5 .4 . N e A  s a i t h e ,  s u m m a r y  s a m p l e s  w i t h  a g e ,  b y  g e a r  g r o u p s .

By gear: Gear groups

31 37 41 51 Total

Ambulant sampl. 2 12 30 15 59

Coast ref. fleet 0 0 1 0 1

Moreforsking 6 0 2 0 8

Surveillance fleet 0 0 0 0 0

Reference fleet 46 23 22 2 93

Total 54 35 55 17 161

T able 5.5. N eA  saithe, sum m ary sam ples w ith  w eigh t, by  area.

By area: Norwegian statistical regions by Fishery Directorate

0 3 4 5 6 7 Total

Ambulant sampl. 4 6 9 12 0 0 31

Coast ref. fleet 0 0 0 0 0 0 0

Moreforsking 0 0 0 1 0 7 8

Surveillance fleet 0 0 0 0 0 0 0

Reference fleet 3 5 34 18 13 19 92

Total 7 11 43 31 13 26 131

T able 5.6. N eA  saithe, sum m ary sam ples w ith  w eigh t, by  gear groups.

By gear: Gear groups

31 37 41 51 Total

Ambulant sampl. 0 12 12 7 31

Coast ref. fleet 0 0 0 0 0

Moreforsking 6 0 2 0 8

Surveillance fleet 0 0 0 0 0

Reference fleet 45 23 22 2 92

Total 51 35 36 9 131

A more detailed grouping of gear groups in the NeA saithe assessment are not possi­
ble due to lack of samples, (Tables 6.1-6.3). For Gear groups line and handline there 
are few samples and for gear groups Danish seine, purse seine and gillnet the sam­
ples for some quarters are missing. Although there are 35 samples with age and 
weight from purse seine fishery, there are none in regions 0, 5, 6 and 7. There are two 
samples with length (4, and 32 fishes) in the same regions. The purse seine catches in 
the respective regions are 312, 473, 880 and 6430 tonnes. All samples from Danish 
seine are from the Ambulant sampling regime, marked with deep red colour. For 
shrimp trawl and "others" there are none samples. The catches are only 26 and 72 
tonnes respectively.

T able 6.1. N eA  saithe, sum m ary sam ples w ith  leng th , by  area, u sed  in  assessm ent.

By gear: Gear groups

31 32 36 37 41 43 51 52 Total
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Ambulant sampl. 0 0 0 0 0 0 0 0 0

Coast ref. fleet 0 0 0 0 6 0 0 0 6

Moreforsking 0 0 0 0 0 0 0 0 0

Surveillance fleet 203 0 51 13 0 0 9 0 276

Reference fleet 209 0 18 8 156 0 344 0 735

Total 412 0 69 21 162 0 353 0 1017

Total catch by gear 72 504 26 8359 39 405 36 951 72 2855 5826 165 998

able 6.2. N eA  saithe, sum m ary sam ples w ith  age, by  area, used  in  assessm ent.

By gear: Gear groups

31 32 36 37 41 43 51 52 Total

Ambulant sampl. 2 0 13 12 30 0 1 1 59

Coast ref. fleet 0 0 0 0 1 0 0 0 1

Moreforsking 6 0 0 0 2 0 0 0 8

Surveillance fleet 0 0 0 0 0 0 0 0 0

Reference fleet 46 0 0 23 22 0 2 0 93

Total 54 0 13 35 55 0 3 1 161

Total catch by gear 72 504 26 8359 39 405 36 951 72 2855 5826 165 998

T able 6.3. N eA  saithe, sum m ary sam ples w ith  w eigh t, by  area, u sed  in  assessm ent.

By gear: Gear groups

31 32 36 37 41 43 51 52 Total

Ambulant sampl. 0 0 5 12 12 0 1 1 31

Coast ref. fleet 0 0 0 0 0 0 0 0 0

Moreforsking 6 0 0 0 2 0 0 0 8

Surveillance fleet 0 0 0 0 0 0 0 0 0

Reference fleet 45 0 0 23 22 0 2 0 92

Total 51 0 5 35 36 0 3 1 131

Total catch by gear: 72 504 26 8359 39 405 36 951 72 2855 5826 165 998
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A more detailed grouping of gear groups in the NeA saithe assessment is not possible 
due to lack of samples, (Tables 7.1-8.3). There are changes in sampling density by 
season. For age samples the percent samples by Quarters are:

67% 29% 3% 1%

For weight samples the corresponding samples by Quarters are:

63% 20% 2% 1%

For shrimp trawl and others there are none samples. The catches are only 0 and 6 
tonnes respectively.

T able 7.1. N eA  saithe, sum m ary sam ples w ith  leng th , by  area, u sed  in  assessm ent.

By gear: Gear groups

31 32 36 37 41 43 51 52 Total

Ambulant sampl. 0 0 0 0 0 0 0 0 0

Coast ref. fleet 0 0 0 0 27 0 0 0 27

Coastguard 65 0 11 6 5 0 4 0 91

Moreforsking 3 0 0 0 0 0 0 0 3

Surveillance fleet 266 0 33 24 0 0 2 0 325

Reference fleet 205 0 5 6 140 0 252 0 608

Total 539 0 49 36 172 0 258 0 1054

Total catch by gear: 63 740 0 5322 35 512 33 018 6 1555 5183 144 337

T able 7.2. N eA  saithe, sum m ary sam ples w ith  age, by  area, u sed  in  assessm ent.

By gear: Gear groups

31 32 36 37 41 43 51 52 Total

Ambulant sampl. 1 0 7 4 6 0 1 0 19

Coast ref. fleet 0 0 0 0 0 0 0 0 0

Coastguard 1 0 0 0 0 0 0 0 1

Moreforsking 2 0 0 0 2 0 0 0 4

Surveillance fleet 0 0 0 0 0 0 0 0 0

Reference fleet 30 0 2 0 21 0 10 0 63

Total 34 0 9 4 29 0 11 0 87

Total catch by gear: 63 740 0 5322 35 512 33 018 6 1555 5183 144 337
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T a b l e  7 .3 . N e A  s a i t h e ,  s u m m a r y  s a m p l e s  w i t h  w e i g h t ,  b y  a r e a ,  u s e d  i n  a s s e s s m e n t .

By gear: Gear groups

31 32 36 37 41 43 51 52 Total

Ambulant sampl. 0 0 1 4 2 0 1 0 8

Coast ref. fleet 0 0 0 0 0 0 0 0 0

Coastguard 0 0 0 0 0 0 0 0 0

Moreforsking 2 0 0 0 2 0 0 0 4

Surveillance fleet 0 0 0 0 0 0 0 0 0

Reference fleet 30 0 2 0 21 0 10 0 63

Total 32 0 3 4 25 0 11 0 75

Total catch by gear:: 63 740 0 5322 35 512 33 018 6 1555 5183 144 337

rble 8.1. N eA  saithe, sum m ary sam ples w ith  leng th , by  season, u sed  in  assessm ent.

By Season Quarters

1 2 3 4 Total

Ambulant sampl. 0 0 0 0 0

Coast ref. fleet 11 1 4 11 27

Coastguard 50 25 8 8 91

Moreforsking 0 1 1 1 3

Surveillance fleet 146 116 17 46 325

Reference fleet 360 130 57 61 608

Total 567 273 87 127 1054

Total catch by 
season: 55 516 29 341 34 414 25 065 144 337

T able 8.2. N eA  saithe, sum m ary sam ples w ith  age, by  season, u sed  in  assessm ent.

By Season Quarters

1 2 3 4 Total

Ambulant sampl. 6 13 0 0 19

Coast ref. fleet 0 0 0 0 0

Coastguard 0 0 1 0 1

Moreforsking 3 1 0 0 4

Surveillance fleet 0 0 0 0 0

Reference fleet 49 11 2 1 63

Total 58 25 3 1 87

Total catch by 
season: 55 516 29 341 34 414 25 065 144 337



2 4 0  I ICES W K BEN CH  REPORT 2 0 1 1

T able 8.3. N eA  saithe, sum m ary sam ples w ith  w eigh t, by  season, u sed  in  assessm ent

By Season Quarters

1 2 3 4 Total

Ambulant sampl. 3 5 0 0 8

Coast ref. fleet 0 0 0 0 0

Coastguard 0 0 0 0 0

Moreforsking 3 1 0 0 4

Surveillance fleet 0 0 0 0 0

Reference fleet 49 11 2 1 63

Total 55 17 2 1 75

Total catch by 
season: 55 516 29 341 34 414 25 065 144 337
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In Figures 1.1-1.16 catch-at-age and uncertainty at age for NeA cod are shown and in 
the same detailed level when the ambulant sampling regime is omitted. For the most 
abundant age groups the mean catch-at-age is quite alike but the confidence interval 
is narrower when all sample sources are included. For age groups up to 4 the uncer­
tainty increases as for age groups above age 10. More uncertainty is seen for gillnet 
where the ambulant sampling covers about 70% of the weight samples.

N eA  cod N orw eg ian ca tches  | age in 2008

□
□ omit samples from Falkungen

□
■include all relevant data

mf=o

E 1.5
f=
o

0,5

B

10 11 12 13 14

age

F ig u r e  1 .1 . C a t c h - a t - a g e  f o r  N e A  c o d  2 0 0 8 _ a l lg e a r s _ A r e a _ I .
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8

Figure 1.2. V ariance coefficients for N eA  cod 2008_allgears_Area_I.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.4. V ariance coefficients for NeA  cod 2008_allgears_Area_IIa.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.6. V ariance coefficients for NeA  cod 2008_allgears_Area_IIb.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.8. V ariance coefficients for NeA  cod 2008_allgears_total area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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re 1.10. V ariance coefficients for NeA cod 2008_line_total area.
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F ig u re  1.11. C atch -at-age  fo r  N eA  cod 2008_gillnet_ to tal area .
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.12. V ariance coefficients for NeA cod 2008_gillnet_total area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.14. V ariance coefficients for NeA cod 2008_trawl_total area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  c o d  in 2 0 0 8
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Figure 1.16. V ariance coefficients for NeA cod 2008_others_total area.
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In Figures 2.1-2.14 catch-at-age and uncertainty at age for NeA haddock are show n 
and  in  the same detailed level w hen the am bulant sam pling regim e is om itted. For 
the m ost abundant age groups the m ean catch-at-age is quite alike bu t the confidence 
interval is w ider w hen the am bulant sam pling is excluded. For age groups up  to 4 the 
uncertainty increases as for age groups above age 10. In general the confidence inter­
val is w ider for m ost age groups than for NeA cod. M ore uncertainty is seen for "oth­
ers" (Danish seine, gillnet) w here the am bulant sam pling covers 90%, 20% 
respectively of the age samples.
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F ig u re  2.1. C atch -at-age  fo r N eA  h a d d o c k  2008_allgears_A rea_I.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8
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re 2.2. V ariance coefficients for NeA  haddock  2008_allgears_Area_I.
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F ig u re  2.3. C atch-at-age  fo r N eA  h a d d o c k  2008_allgears_A rea_IIa.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8
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2.4. V ariance coefficients for NeA  haddock  2008_allgears_Area_IIa.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8
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Figure 2.6. V ariance coefficients for NeA  haddock  2008_allgears_Area_IIb.
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F ig u re  2.7. C atch -at-age  fo r N eA  h a d d o c k  2008_allgears_ to tal area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8
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2.8. V ariance coefficients for NeA  haddock  2008_allgears_total area.
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F ig u re  2.9. C atch -at-age  fo r N eA  h a d d o c k  2008_line_ to ta l area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8
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Figure 2.10. V ariance coefficients for NeA haddock  2008_line_total area.
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F ig u re  2.11. C atch -at-age  fo r  N eA  h a d d o c k  2008_traw l_ to tal area .
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8

i i
■ include all relevant data

omit samples from Falkungen

1 2 3 4  5 0 7

age
0 10 11 12 13 14+

2.12. V ariance coefficients for N eA  haddock  2008 traw l total area.

N e A  h a d d o c k  N o r w e g i a n  c a t c h e s  | a g e  in 2 0 0 8

□om it samples from Falkungen

□  include all relevant data
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B B _ s — n , R— r - i ---------(—i

a g e

F ig u re  2.13. C atch -at-age  fo r  N eA  h a d d o c k  2 008_others_ to ta l area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  h a d d o c k  in 2 0 0 8

1.000

include all relevant data

omit samples from Falkungen0.800

0.600

0.400

0.200

0.000
1 2 3 4 5 6 7 8 9 10 11 12 13 14+

age

Figure 2.14. V ariance coefficients for NeA haddock  2008_others_total area.
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In Figures 3.1-3.16 catch-at-age and  uncertainty at age for NeA saithe are show n and 
in the same detailed level w hen the am bulant sam pling regim e is om itted. For the 
m ost abundant age groups the m ean catch-at-age is m ore alike bu t the confidence 
interval is w ider w hen the am bulant sam pling is excluded for all age groups. For age 
groups up  to 3 the uncertainty increases as for age groups above age 8. In general the 
confidence interval is w ider for m ost age groups than  for NeA haddock. M ore uncer­
tainty is seen for Gillnet and "others" (Danish seine, line) w here the am bulant sam ­
pling covers respectively 50%, (100%, 88%) of the age samples.

N e A  s a i t h e  N o r w e g i a n  c a t c h e s  | a g e  in 2 0 0 8

E
£  2000

□omit samples from Falkungen

□ include all relevant data

i=i , n 0 B
1-1 , R - o  g — B  Q . rn. B H ,

age

F ig u re  3.1. C atch -at-age  fo r N eA  sa ith e  2008_allgears_A rea_I.
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U n c e r t a i n t y  in e s t i m a t e s  f o r  N e A  s a i t h e  in 2 0 0 8

1.000
i n c l u d e  all r e l e v a n t  d a t a
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Figure 3.2. V ariance coefficients for N eA  saithe 2008_allgears_Area_I.
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F ig u re  3.3. C atch -at-age  fo r N eA  sa ith e  2008_allgears_A rea_IIa.



N
o.

 I
n 

m
lll

üo
ns

2 6 0 ICES WKBENCH REPORT 2011

U n c e r ta in ty  in e s t i m a t e s  for N eA  s a i t h e  in 2 0 0 8

1.000
i n c l u d e  all r e l e v a n t  d a t a

o m i t  s a m p l e s  f r o m  F a l k u n g e n0 . 8 0 0
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Figure 3.4. V ariance coefficients for N eA  saithe 2008_allgears_Area_IIa.
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□omit samples from Falkungen

□ include all relevant data
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F ig u re  3.5. C atch-at-age  fo r N eA  sa ith e  2008_allgears_A rea_IIb .
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U n c e r t a i n t y  in e s t i m a t e s  f o r  N e A  s a i t h e  in 2 0 0 8
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Figure 3.6. V ariance coefficients for N eA  saithe 2008_allgears_Area_IIb.

N e A  s a i t h e  N o r w e g i a n  c a t c h e s  | a g e  in 2 0 0 8
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F ig u re  3.7. C atch-at-age  fo r N eA  sa ith e  2008_allgears_ to tal area .
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U n c e r ta in ty  in e s t i m a t e s  for N eA  s a i t h e  in 2 0 0 8

1.000
i n c l u d e  all r e l e v a n t  d a t a
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Figure 3.8. V ariance coefficients for N eA  saithe 2008_allgears_total area.
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F ig u re  3.9. C atch-at-age  fo r N eA  sa ith e  2008_g illne t_ to tal area .
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U n c e r t a i n t y  in e s t i m a t e s  f o r  N e A  s a i t h e  in 2 0 0 8
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Figure 3.10. V ariance coefficients for N eA  saithe 2008_gillnet_total area.
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□ include all relevant data
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F ig u re  3.11. C atch -at-age  fo r  N eA  sa ith e  2008_purse se in e  to ta l area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  s a i t h e  in 2 0 0 8
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Figure 3.12. V ariance coefficients for N eA  saithe 2008_purse seine total area.

N e A  s a i t h e  N o r w e g i a n  c a t c h e s  | a g e  in 2 0 0 8

□ omit samples from Falkungen

□ include all relevant data
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age

F ig u re  3.13. C atch -at-age  fo r  N eA  sa ith e  2008_traw l_ to tal area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  s a i t h e  in 2 0 0 8
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Figure 3.14. V ariance coefficients for N eA  saithe 2008_trawl_total area.
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□omit samples from Falkungen

□ include all relevant data
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F ig u re  3.15. C atch -at-age  fo r  N eA  sa ith e  2008_others_ to ta l area.
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U n c e r ta in ty  in e s t i m a t e s  for N eA  s a i t h e  in 2 0 0 8
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Figure 3.16. V ariance coefficients for N eA  saithe 2008_others_total area.

A cknow ledgem ents

Sum m ary

The purpose is to estim ate catch-at-age in the N orw egian fishery by at least ICES 
division and proportion of sam pling allocated to that ICES division over the p ropor­
tion of landings in the same area.

i ) Are there any im portant divisions that are not being sam pled and

ii ) Are there divisions that are being over sampled?

One should be able to redirect the effort so that in  each division a proportional sam ­
pling effort is allocated.

ECA estim ate catch-at-age for categories of cells. Each cell is a single or combination 
of area, gear and season. Since sam ple coverage has changed lately it will influence 
the capability to estim ate distinct categories in favour of aggregated cells. Uncertainty 
in estim ation will increase by that since aggregated cells consists of gears w ith  differ­
ent selection pattern, seasons w ith different grow th and areas w ith different clusters 
of the stock.
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