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Executive summary

The Benchmark Workshop on Flatfish (WKFLAT) met from February 25 to March 4
2010 at ICES Headquarters in Copenhagen. The meeting was chaired by Bill Brodie
(Canada) and the ICES Coordinator was David Miller (Netherlands), who also served
as a subgroup chair. Bill Clark (USA) and Darren Gillies (Canada) participated in the
meeting as invited external experts. A total of 22 participants from 8 countries were
in attendance.

The main goals and objectives of the meeting were to evaluate the appropriateness of
stock assessment data and methods for four flatfish stocks: sole in IIla, sole in IV,
plaice in VIId and plaice in VIle. WKFLAT was to agree and document the preferred
stock assessment method for each stock and update the relevant stock annexes with
current best practice assessment inputs and methods.

Much of the first two days of the Workshop were devoted to reviewing data in the
context of current assessments (as part of a data workshop), including invited input
from stakeholders, and to identifying assessment issues and a work plan. The re-
mainder of the Workshop then concentrated on resolving the assessment issues and
revising the Stock Annexes.

The Report is structured along the lines of a pre-agreed template. The detailed de-
scriptions of data and assessment methods are contained in the individual stock by
stock sections. A key output was the updated stock annex for each stock.

The key findings of WKFLAT include:

e for sole in Illa, the recommended use of a new assessment method (sto-
chastic state-space assessment model - SAM);

e for sole in IV, the continued use of an XSA-based approach with considera-
tion of moving to a SAM approach;

e for plaice in VIId, the use of an XSA model which accounts for migration
to/from the adjacent stocks of plaice in the North Sea and English Channel.
However there are limitations on the use of this model in providing fore-
casts and reference points;

e for plaice in Vlle, the use of an XSA approach which accounts for catches
taken in Q1 in the adjacent VIId stock. An alternative model using trun-
cated indices was also explored.

e for sole in Illa and the two plaice stocks, there was considerable discussion
on stock definition/structure and appropriate stock boundaries. For sole in
IITA it was recommended that the assessment include catches from the ad-
jacent Belts area (Subdivision 22 and 23).

e for the plaice stocks, it was recognized that there was considerable catch in
Q1 in VIId which came from plaice spawning in that area but otherwise re-
siding in VIle or IV. WKFLAT recommended revised approaches for both
the VIId and Vlle stocks, and recognized that catches for IV plaice would
also have to be adjusted in reciprocal fashion.

e for all four stocks, WKFLAT carefully considered all available data, par-
ticularly the survey and commercial indices used in tuning the stock as-
sessment models. In several instances, recommendations were made to
change the use (discontinue or change the year or age-range) of some of
these tuning-series.
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Introduction

The requirements for benchmark workshops were detailed by ACOM in 2008. This
Flatfish Workshop is the second such Benchmark Workshop for flatfish stocks (the
first for flatfish was WKFLATOQ9 in February 2009). The key aspects of the Terms of
Reference (see Annex 1 for full ToRs) are:

i)  Evaluate the appropriateness of stock assessment data and methods;
ii) Agree and document preferred stock assessment method for each stock;

iii) Update the relevant Stock Annexes to include what WS participants
identify as current best practice assessment inputs and methods, provid-
ing sufficient detail to ensure that assessments can be readily replicated.

Much of the first two days of the Workshop were devoted to reviewing data in the
context of current assessments, including invited input from stakeholders, and to
identifying assessment issues and a work plan. The remainder of the Workshop then
focused on resolving the assessment issues to the extent possible, with a view to re-
vising the Stock Annexes.

The meeting was chaired by Bill Brodie (Canada) and the ICES Coordinator was
David Miller (Netherlands), who also served as a subgroup chair. Bill Clark (USA)
and Darren Gillies (Canada) participated in the meeting as invited external experts.
Other participants included members of the WGNSSK and WGCSE ICES assessment
groups, other scientists, industry representatives, and members of the ICES Secre-
tariat and ACOM. A full list of participants is provided in Annex 2.

2.1 Plaice mixing issue and recommendation to investigate a com-
bined assessment of plaice in Areas IV and VII.

Tagging data show substantial mixing of plaice between the western and eastern
English Channel (Areas VIle and VIId) and between the eastern English Channel and
the North Sea (Area IV) and possibly Illa. At present a separate assessment is done
for each of these three areas, but the abundance estimates obtained from these as-
sessments for the smaller stocks may be questionable because they assume a closed
population in each area. When there is mixing among areas, standard stock assess-
ments that do not account for this are liable to overestimate present abundance in
some areas and underestimate it in others. As a result, quotas based on the separate
assessments can result in actual fishing mortality rates well above target in some ar-
eas and well below in others. The sum of the separate estimates should accurately
estimate total historical abundance in all areas, but may or may not be accurate for
total abundance in each individual area at a given time.

In this case, the mixing occurs when a portion of the North Sea stock moves into the
eastern English Channel in January and February to spawn. The magnitude and tim-
ing of this migration is known approximately from archival tagging data. Kell et al.
(2004) simulated its effect on separate assessments in the North Sea and Area VIId.
They found that if the two areas are managed to the same target F, the separate as-
sessments perform well, with negligible bias. But if Area VIId is fished at a much
higher rate, the separate Area VIId assessment will grossly underestimate F and
overestimate abundance in Area VIId. (The North Sea assessment is little affected.) At
present the estimated F in the North Sea is under 0.3 and the estimated F in Area VIId
is 0.6, so there is little doubt that the VIId assessment is biased and the true F there is
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very high. If Area VIId were fished to a target F of 0.3, like the North Sea, this prob-
lem would go away and the separate assessments could be relied on. Unless and until
that happens, the standalone Area VIId assessment will be unreliable.

There was considerable discussion on the stock structure of plaice in VIId , VIle, and
SA 1V, including how the stocks are defined, where spawning and nursery areas oc-
cur, likelihood that there are stock components that do not mix completely, etc. There
are no genetic studies which give an answer to the stock definition, and there are
questions on the extent of mixing on the spawning grounds, where the juveniles set-
tle, etc. which make traditional definition of closed population stocks complex and
quite difficult. Given the tagging results and relative sizes of the three stock units, the
effect of mixing is likely to have much more impact on the assessment of the smaller
components (English Channel) than on the larger one (North Sea).

Bias due to mixing can be avoided by combining the areas and conducting a single
assessment, but that approach raises some difficult issues. One is how to choose and
combine series of relative abundance data that reflect trends in the combined area as
a whole. A more difficult issue is how to apportion the estimated catch opportunities
among areas. Although there are examples of how this has been applied elsewhere
(Clark and Hare, 2007, herring reference), these issues require careful study for the
plaice stocks.

Therefore WKFLAT recommends that ICES set up a Study Group similar to
SGHERWAY to explore for all plaice stocks between Vlle and Illa, 1) stock identity 2)
improved management regimes, with the potential for performing a combined as-
sessment of plaice in the North Sea and English Channel, and apportioning catch op-
portunities between them. Such a SG could also explore the possibility of
modeling/assessing the three different “sub-populations” and trying to estimate mi-
gration factors between the areas, using tagging studies to ground-truth these results.

WKFLAT explored impacts of various mixing rates on the assessments of the plaice
stock components in VIId and Vlle, based on published tagging results and some
previous studies (e.g. Burt et al., 2006; Hunter et al., 2004; Kell et al., 2004). For plaice
in Vlle, an adjustment to the catch-at-age was carried out by adding 15% of Q1 land-
ings from VIId to the catch in VIle. For plaice in VIId, the catch-at-age was also ad-
justed for that change, and a further 50% of Q1 landings and catch-at-age in VIId
were assumed to come from North Sea (SA IV). Thus the Q1 catch-at-age for plaice in
VIId was reduced by 65%. WKFLAT emphasized the importance of making corre-
sponding adjustments if catch from one area is re-assigned to another.
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Plaice Eastern Channel (ICES Division Vlid)

3.1

Current stock status and assessment issues

The spawning-stock biomass of plaice in VIId has followed a steady decline in the
last ten years, following a peak generated by the strong 1996 year class. The current
level of SSB is stable at a low level, below Bim, and this confirms the fishers’ impres-
sions as assessed by a survey in France in 2006.

F varies without trend around the long-term average. Year classes 2006 and 2007 sug-
gest a substantially stronger recruitment than in recent years. Based on a status quo
fishing value in 2009 and 2010, the short-term projections suggest a stock size be-
tween Biim and Bpa by 2011 (WGNSSK, 2009).

The evaluation of the status of the stock is based on an XSA assessment using three
commercial cpue indices, and three survey indices. The commercial tuning-series are
the Belgian Beam Trawlers, the UK Beam Trawlers and the French Otter Trawlers. It
is notable that those three commercial tuning-series are the major contributors to the
total catches of plaice in the Eastern Channel. The French Otter trawler time-series
has been split into two parts, before and after 1997, because of trends in the log-
catchability residuals. The survey indices are the UK Beam Trawl Survey (designed
for catching plaice and sole), the French Groundfish Survey and the International
Young fish Survey. The International Young Fish survey (combination of UK and
French YFS survey, on the basis of the carrying capacity of the respective habitats),
was stopped in 2006 because of the cessation of the UK YFS, which is a cause of con-
cern for the estimation of recruitment.

The current level of sampling of the commercial fishery is considered to be reason-
able.

The assessment has a tendency to overestimate SSB and underestimate F, especially
from 2000, when survey and commercial fleet information begins to diverge.

There is uncertainty about the stock structure. Historical tagging information demon-
strates migration routes from North Sea and Western Channel into the Eastern Chan-
nel during winter for spawning (see Section 3.3).

Lack of discarding information also adds to the uncertainty. Routine discard sam-
pling began in 2003 following the introduction of the EU Data Collection Regulations
and indicates percentages of discards up to 50% in number, depending on the trip
and on fishing practices. However, the time-series of discards is not yet long enough
to be used in an analytical assessment (ICES Advice, 2009).

The assessment settings used in the most recent years were as follows:

YEAR OF ASSESSMENT 2008 2009
Assessment model XSA XSA
Assessment software FLR library FLR library
Fleets
UK Inshore Trawlers Age range Excluded Excluded
Year range
UK Beam Trawl Age range 2-10 2-10
Yearrange 1991-2007 1991-2008
BE Beam Trawlers Age range 2-10 2-10
Year range 1981-2007 1981-2008
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FR Otter Trawlers Age range 2-10 2-10
Year range 1989-1996 1989-1996
2-10 2-10
1997-2007 1989-1996
UK Beam Trawl Survey Age range 1-6 1-6
Year range 1988-2007 1988-2008
FR Ground Fish Survey Age range 1-3 1-3
Year range 1988-2007 1988-2008
Intern’l Young Fish Survey Age range 0-1 0-1
Year range 1987-2007 1987-2008
Catch/Landings
Age range: 1-10+ 1-10+
Landings data: 1980-2007 1980-2008
Discards data None None

Model settings

Foar: 3-6 3-6
Time-series weights: None None

Power model for ages: No No

Catchability plateau: Age 7 Age 7

Survivor est. shrunk towards the mean F: 5years/3 ages 5years/3 ages
S.e. of mean (F-shrinkage): 1.0 1.0
Min. s.e. of population estimates: 0.3 0.3
Prior weighting: No No

The previous Reference Points were as follows:
Biim = 5400 t.
Bpa = 8000 t.
Fiim = 0.54
Fpa=0.45

Compilation of available data

3.2.1 Catch and landings data

The landings are taken by three countries France (55% of combined TAC), England
(29%) and Belgium (16%). Quarterly catch numbers and weights were available for a
range of years depending on country; the availability is presented in the text table
below. Levels of sampling prior to 1985 were poor and these data are considered to
be less reliable. In 2001 international landings covered by market sampling schemes
represented the majority of the total landings. More detailed information on sampling
procedures is available in the stock annex document.

COUNTRY NUMBERS WEIGHTS-AT-AGE
Belgium 1981-present 1986-present
France 1989-present 1989-present
UK 1980-present 1989-present

For investigation by the Benchmark Working Group, a time-series of discards has
been estimated using all discards samples available from the three countries involved
in the plaice VIId fisheries (Belgium, UK and France). The stratification used and the
number of samples per strata is given in Table 3.2.1. The details of the estimation pro-



ICES WKFLAT REPORT 2010 |

cedure were reviewed by WKFLAT. The results are presented in Figure 3.2.1 and Ta-
ble 3.2.2 for length distribution and Figure 3.2.2 and Table 3.2.3 for age distribution.
The final annual estimates of discards for inclusion in the assessment are presented in
Table 3.2.4.

3.2.2 Biological data

Natural mortality: assumed constant over ages and years at 0.1, as for plaice in the
North Sea.

Maturity ogive: assumes that 15% of age 2, 53% of age 3 and 96% of age 4 are mature
and 100% for ages 5 and older.

Weights-at-age: prior to 2001, stock weights were calculated from a smoothed curve
of the catch weights interpolated to the 1st January. From 2001, second quarter catch
weights were used as stock weights in order to be consistent with North Sea plaice.
The database was revised back to 1990.

Both the proportion of natural mortality before spawning (Mprop) and the proportion
of fishing mortality before spawning (Fprop) are set to 0.

3.2.3 Survey tuning data

A dedicated 4 m beam trawl survey for plaice and sole has been carried out by Eng-
land using the RV Corystes since 1988. The survey covers the whole of VIId and is a
depth stratified survey with most samples allocated to the shallower inshore stations
where the abundance of sole is highest. In addition, inshore small boat surveys using
2 m beam trawls were undertaken along the English coast and in a restricted area of
the Baie de Somme on the French coast. In 2002, The English and French Young Fish
Surveys were combined into an International Young Fish Survey. The dataset was
revised for the period back to 1987. The two surveys operate with the same gear
(beam trawl) during the same period (September) in two different nursery areas. Pre-
vious analysis (Riou et al., 2001) has demonstrated that asynchronous spawning oc-
curs for flatfish in Division VIId. Therefore both surveys were combined based on
weighting of the individual index with the area nursery surface sampled (Cf. Annex
1). Taking into account the low, medium, and high potential area of recruitment, the
French YFS got a weight index of 55% and the English YFS of 45%. The UK Young
Fish Survey ceased in 2006, disrupting the ability to derive an International YFS.

A third survey is the French otter trawl groundfish survey (FR GFS) in October. Prior
to 2002, the abundance indices were calculated by splitting the survey area into five
zones, calculating a separate index for each zone, and then averaging to obtain the
final GFS index. This procedure was not thought to be entirely satisfactory, as the
level of sampling was inconsistent across geographical strata. A new procedure was
developed based on raising abundance indices to the level of ICES rectangles, then by
averaging those to calculate the final abundance index. Although there are only mi-
nor differences between the two indices, the revised method was used in 2002 and
subsequently.

3.2.4 Commercial tuning data

Three commercial fleets have been used in tuning. UK and Belgian Beam Trawlers
and French Otter Trawlers.

The effort of the French otter trawlers is obtained from the logbook information on
the duration of the fishing time weighted by the engine power (in KW) of the vessel.

11
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Only trips where sole and/or plaice have been caught are accounted for. The effort of
the Belgian Beam Trawlers is corrected for engine power.

3.2.5 Industry/stakeholder data inputs

No industry/stakeholder data inputs were available to the Benchmark.

Stock identity and migration issues

The management area for this stock is strictly ICES Area VIId, called the Eastern Eng-
lish Channel, although the TAC area includes area VIle (Western English Channel).

Major spawning centres were found in the eastern English Channel, the Southern
Bight, the central North Sea and the German Bight. Other less important local spawn-
ing centres were found in the western English Channel and off the UK coast from
Flamborough Head northwards to Moray Firth (Houghton and Harding, 1976; Hard-
ing and Nichols, 1987 in ICES PGEGGS, 2003). The regions of plaice spawning are
generally confined within the 50 meter depth contour (Harding et al., 1978, in ICES
PGEGGS, 2003).

The stocks of plaice in the Channel and North Sea are known to mix greatly during
the spawning season (January-February). At this time many western Channel and
North Sea plaice may be found in the eastern Channel. The comparable lack of
spawning habitat in the western Channel alone suggests that this migration from VIle
to VIId during the first quarter may be of considerable importance. More details on
plaice migration and related figures may be found in Section 4.3.

From tagging experiments, it was possible to derive estimates of the proportion of
fish in quarter 1 in VIId that would return, if not caught by the fishery, to VIle and IV
(complete details, tables and figures may be found in Section 4.3.2). In summary, 14%
of males and 9% of females would migrate to Vlle, while 52% of males and 58% of
females would migrate to IV. To the nearest 5%, this suggests that 10 to 15% of the
catch in Q1 in VIId should be allocated to VIle, while between 50 and 60% of the
catch in Q1 in VIId should be allocated to IV. These estimates are in agreement with
previous analyses (based on the same data) reported by Pawson (1995), which sug-
gest that 20% of the plaice spawning in VIle and VIId spend summer in Vlle, while
56% migrate to the North Sea. Given the assumptions involved in these calculations
and the relatively small numbers of adult tags returned the estimates of movement
rates are subject to great variability. The limitations of the data do not permit an esti-
mate of annual movement probabilities. Recent studies based on data storage tags
suggest that the retention rate of spawning plaice tagged in the eastern English
Channel is 28%, while 62% of spawning fish tagged were recaptured in the North Sea
(Kell et al., 2004).

Spatial changes in the fishery and stock distribution

The international dataset used for the discarding estimates (see Section 3.2.1) was
used to investigate spatial changes in the position of the catches (Figure 3.4.1) and/or
the effort spatial distribution (Figure 3.4.2) over the period 2002-2008. The yearly
landings distribution of plaice displays a relative stability, with the two northeastern
ICES rectangles being the most productive, although the area around Boulogne sur
Mer (North coast of France) tends to demonstrate a decline over time. The distribu-
tion of days-at-sea for the otter trawlers, beam trawlers and gillnetters from Belgium,
UK and France demonstrates a strong north/south dichotomy. The most fished ICES
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rectangles are those along the UK coast and Northern France. Like the spatial distri-
bution of landings, no significant change can be demonstrated in the distribution of
effort over such a short period of time.

Environmental drivers of stock dynamics

Not investigated during the Benchmark Workshop. Information in the Stock Annex
given to be up to date.

Role of multispecies interactions

3.6.1 Trophic interactions

Not investigated during the Benchmark Workshop.

3.6.2 Fishery interactions

Not investigated during the Benchmark Workshop.

Impacts on the ecosystem

Not investigated during the Benchmark Workshop.

Stock assessment methods

3.8.1 Models

The flexible Statistical Catch-at-Age model developed by Aarts and Poos (2009) for
reconstructing discards in the North Sea plaice stock has been tested, using the provi-
sional 2004-2008 discard estimates provided to the WKFLAT (see Section 3.2.1). To
reduce the number of parameters, only the configuration with time-invariant discard
spline was tested, though allowing for time-variant selectivity spline. This choice was
supported by evidence that discarding ogives were stable over the years in the sam-
ple dataset (Figure 3.8.1). However, the model did not succeed in providing reason-
able and robust fit. The convergence was poor and the results did not fit well to the
observations. The current discard time-series was considered too short and too vari-
able to support proper model fitting. In particular, observed discard rates at age 1
varied between 30 to 80% in number (Figure 3.8.2), and this lead to very large uncer-
tainty estimates in the statistical model.

Further work on the data and method used for estimating the 2004-2008 series of dis-
cards is necessary before further inclusion in the statistical model. For example, the
Group suggested the use of the ratio of plaice discarding over the landings of sole
(the targeted species) or over the landings of plaice and sole (the targeted assem-
blage). Following this review, and including the year 2009 in the estimates, a new
trial should be made to reconstruct the historical time-series, then perform new trial
runs including discards.

As regards the uncertainty in the assessment, exploratory analyses were carried out
using the FLR packages, with the objectives of improving the retrospective pattern.

13
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3.8.2 Sensitivity analysis

3.8.3 Retrospective patterns

Given our knowledge of the spawning migrations of plaice in the Channel and the
opposite retrospective patterns in F and SSB in the western Channel (VIle) assess-
ment, WKFLAT attempted a simple combined assessment for Channel VIId,e plaice.
Because the VIId stock and landings are about five times greater than those in Vlle, it
is perhaps unsurprising that the combined VIId,e assessment model resembles the
current VIId assessment and suffers the same retrospective problem in F and SSB.

The persistent retrospective pattern in F and SSB has been scrutinised during the
Benchmark Workshop, with the objectives of improving the consistency of the as-
sessment. In the preliminary stage, single fleet runs were carried out (Figure 3.8.3)
and the results indicate clearly the difference of perception between the UK BTS, and
to a lesser degree the International YFS, and the remaining tuning-series. The second
run was done with exactly the same settings as in the 2009 Assessment Working
Group. The retrospective analysis split by age (Figure 3.8.4) highlights that the final
retrospective pattern in F and SSB is due to the persistent underestimating fishing
mortality-at-ages 2 to 4.

The perception of historical stock trends from UK BTS differs from that of the com-
mercial tuning-series. This is interpreted as if the survey would have a full view of
the age structure of the stock, whereas the information coming from the commercial
series is truncated due to the discarding behaviour. A similar response would be ex-
pected from the French GFS, but it is not the case, probably due to a lesser internal
consistency than the UK BTS (Figure 3.8.5), and thus a lesser weight in the assess-
ment.

A run was carried out with ages 1, 2 and 3 removed from the UK BTS, to see if the
final assessment would indicate no distortion between commercial and survey per-
ception of adult stock size. The resulting retrospective analysis is given in Figure
3.8.6, and shows a net improvement from the original assessment. This demonstrates
the potential large effect of discards in the assessment of plaice in VIId. It was there-
fore agreed that, for consistency reasons, the final assessment should either i) include
discards in the assessment and keep the full age range of the UK BTS or ii) perform
the assessment on landings only (no discards) then remove the young ages in the UK
BTS.

The second aspect scrutinised during the Benchmark Workshop was the effect of mi-
gration on the results of the assessment (see Sections 3.3 and 4.3 for the details of the
migration behaviour affecting the Eastern Channel). It has been demonstrated that
plaice from the southern North Sea and from Western Channel migrate into the East-
ern Channel for spawning in January and February, and return back to their home
ground relatively quickly after spawning. From the Eastern Channel perspective, ac-
counting for such behaviour would imply removing a proportion of catches from
quarter 1 in the input files. However, while the existence of these important migra-
tions is an acknowledged fact, their extent and year-to-year variability are more diffi-
cult to quantify precisely. The tagging data suggest that on average 15% of the
Eastern Channel plaice stock in quarter 1 are individuals from Western Channel, and
50% of individuals are from the Southern North Sea (see Sections 3.3 and 4.3.2 for the
details). The analysis uses a proportion of individuals from VIle and a proportion of
individuals from IV which move into VIId, rather than the proportion of plaice in
VIId which come from neighbouring sectors, but the tagging results do not permit
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such calculation. WKFLAT recommends that tagging studies be carried out in order
to assess the proportions of the providing areas (VIle and IV) migrating into the re-
ceptive area (VIId).

The run with 65% of catches removed from VIId quarter 1, for all ages and years, was
carried out. The removal of 65% of the catches was done on the true values of quar-
terly age structure of the catch-at-age matrix from 2000 to 2008 based on the data
available during WKFLAT. For the previous years, the catch-at-age values for the first
quarter were computed using the average percentage of catches from the first quarter
over the period 2000 to 2008 and the annual catch-at-age structure of the landing. The
landings values were adjusted accordingly (Table 3.8.1). During the Benchmark As-
sessment, only the Belgian tuning-series of quarterly age structure was available, so
only this tuning-series was modified by removing the same percentage of catches
form the series The resulting retrospective analysis (Figure 3.8.7) displays no im-
provement against an assessment using the same settings as last year, but including
only the Belgian tuning-series.

A last run consisted in removing 65% of quarter 1 and ages 1, 2 and 3 from UK BTS.
The resulting retrospective patterns (Figure 3.8.8) in F and SSB, are significantly re-
duced compared with the original assessment, especially in the most recent year. This
is confirmed by Mohn’s rho indicator (Figure 3.8.9). The log q residuals of this run
were plotted (Figure 3.8.10) and hardly any improvement with the original assess-
ment could be seen. The full diagnostics of this run are given Table 3.8.2. It is worth
noting that the strong pattern in the log q residuals of the UK BTS is still present. A
summary of the assessment results is shown in Table 3.8.3.

3.8.4 Evaluation of the models

Stock assessment

Waiting for further improvement in the time-series of discard estimates, WKFLAT
recommends the use of XSA for assessing plaice VIId stock, with the final settings as
follows:

15

YEAR OF ASSESSMENT 2009

Assessment model XSA
Assessment software FLR library
Fleets
UK Beam Trawl Age range Excluded

Year range
BE Beam Trawlers Age range 2-10

Year range 1981-2009 (*)
FR Otter Trawlers Age range Excluded

Year range
UK Beam Trawl Survey Age range 4-6

Year range 1988-2009
FR Ground Fish Survey Age range 2-3

Year range 1988-2009
Intern’l Young Fish Survey Age range 1
Age range of IYFS should be 1987-  Yearrange 1987-2006
2006
Catch/Landings
Age range: 1-10+
Landings data: 1980-2009 (*)

Discards data None
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Model settings

Fbar: 3-6
Time series weights: None

Power model for ages: No

Catchability plateau: Age 7

Sunvivor est. shrunk towards the mean F: 5years/3 ages

S.e. of mean (F-shrinkage): 1.0
Min. s.e. of population estimates: 0.3
Prior weighting: No

(*) 65% of quarter 1 to be removed.

The proposed final model improves the retrospective pattern, and takes into account
the acknowledged mixing between neighbouring areas, but the model is not entirely
satisfactory in terms of quality of the assessment. The reasons are that the model still
does not account for discards, removes younger ages from an internally consistent
survey, and does not provide solutions for some patterns in log-catchability residuals.
The assessment is thus useful in determining recent trends in F and SSB, and in pro-
viding a short-term forecast and advice on relative changes in F. However, WKFLAT
does not recommend this as an analytical assessment, as it will not be useful for cal-
culation of reference points.

Until the further work on including the discard estimates, and sensitivity of the as-
sessment to the 65% adjustment to the Q1 catch-at-age has been examined, an ana-
lytical assessment cannot be defined. Further review of this work could be conducted
either by correspondence or if a future meeting of WKFLAT was to occur, but in ei-
ther case an analytical assessment will not be available in time for the next assess-
ment of this stock.

Recruitment estimation

Not investigated during the Benchmark Workshop.

Short-term and medium-term forecasts

Not investigated during the Benchmark Workshop.

Biological reference points

Not investigated during the Benchmark Workshop.

Recommended modifications to the Stock Annex

All relevant information has been updated to the Stock Annex during the Benchmark
Workshop.

Recommendations on the procedure for assessment updates

See Section 3.9.

Industry supplied data

No information from the Industry was brought to the Benchmark Workshop.
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Recommendations from the Workshop

The recommendation for the settings of the assessment model stands only for the As-
sessment Working Group 2010. Further work will be carried out on discards during
the year 2010 and following the results of this intersessional work, a new recommen-
dation will have to be made.

WKFLAT recommends that ICES set up a study group similar to SGHERWAY to ex-
plore the potential for performing a combined assessment of plaice in the North Sea
and English Channel, and apportioning quota between them. Such a SG could also
explore the possibility of modelling/assessing the three different “subpopulations”
and trying to estimate migration factors between the areas, using tagging studies to
ground-truth these results.

Future work to be done on the stocks

In priority, future work should consist of refining the estimation of discards from the
international dataset already available. The reconstruction of the time-series of dis-
cards prior to 2004 should follow, and different runs of the Aart and Poos model
tested. Whether the choice of the model and settings to be used in future could be
agreed by correspondence or during another benchmark remains to be seen.

The sensitivity and relevance of all tuning-series should be investigated when discard
data have been added. Presently, the three commercial tuning-series correspond to
more than 60% of the overall catches, which leads to some circularity in the assess-
ment. Moreover, most of the tuning-series display long-term trends in catchability.
During this session, WKFLAT has only used the Belgian Beam Trawl commercial tun-
ing-series for its recommended settings, because only this series could be adjusted for
the removal of 65% of Q1 landings.

Investigation on the spatial patterns in length distributions at ages in the age-length
keys should be carried out. The methodologies used for raising age structures should
be reviewed and an international code of good practice should be developed.

Data problems relevant to data collection regulation

The scorecard results (see Annex 4) pointed out the difficulty in estimating discards
with all confirmed bias positioned on the estimation of discard weight, namely the
significant on-board observer refusal rate and the problematic temporal coverage.

The following points were listed as potential bias:

e The difficulty to quantify the landings of vessels not submitting logbooks
and not selling their landings under auction;

17
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e The lack of randomness in sampling for length, and the fact that some auc-
tions do not present the entire landings of a vessel to the buyers (pre-sales);

e The lack of randomness in the collection of samples for age.

It was acknowledged that the recent Workshop on maturity for flatfishes
(WKMSSPDEF, IJmuiden, March 2010) would improve the agreement on assessing
maturity stages for plaice, and that there was a need to evaluate the gains in moving
to international spatial age-length keys (planned ICES WKDRASS in 2010).
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Table 3.2.1. Plaice in VIId. Number of trips sampled per strata, for estimation of discards. All
countries combined.
2002 2003 2004 2005 2006 2007 2008
S1I S2 sl S22 sl s2 sl s2 Sl S2 SI S22 sl s2
DRB_MOL_[0,+) 2 1 2
G.._DEF_(0,+) 2 8 4 4 3 3 1 1 137 2 7
OT._DEF_(0,12) 2 2 2 2 5 1 2 4 6 2 2
OT._DEF_[12,+) 1 4 8 3 15 3 13 7 6 4 13 2 28
TBB_DEF_(0,24) 4 5 1 2 2
TBB_DEF_[24,+) 1 5 6 8 4 6 5 7 4 3 9
Table 3.2.2. Plaice in VIId. Length distribution of discards-per-year and semester. Lengths over
the minimum landing size are shaded in grey.
length 2004-1 2004-2 2005-1 2005-2 2006-1 2006-2 2007-1 2007-2 2008-1 2008-2 2009-1 2009-2
60 0 0 0 0 0 0 0 0 0 0 0 0
80 26952 0 0 0 0 0 0 0 0 0 0 0
90 17277 0 0 0 0 0 0 0 0 0 0 0
100 9235 0 0 0 0 2207 0 0 0 0 0 0
110 13842 0 0 0 0 6620 0 0 0 0 0 0
120 9235 0 0 0 0 0 0 0 0 0 0 0
130 35147 23556 0 0 0 4413 0 0 0 0 0 0
140 88820 13673 16417 0 27669 4413 0 0 25278 0 0 0
150] 368574 50903 61126 30208 158059 0 209648 0 52626 850 0 0
160] 396950 67853 18540 0 188495 6620 616605 0 974 6970 0 0
170] 732335 196894 26295 76383 451677 37262 143121 2765 173204 19828 0 27864
180| 881038 157534 103396 8834 668704 9001 165614 11861 264229 47457 4399 18576
190] 871964 200165 205151 70475 520510 48427 141744 24884 787445 83722 0 35797
200| 854653 281017 363732 134572 737767 45403 384509 14276 1313348 91425 2466 55728
210| 949367 556612 339688 127956 463906 47086 337766 40127 1203243 74616 4399 55728
220| 805743 447939 428719 213928 534488 99816 572670 144076 1501888 50037 6910 111456
230 675440 560175 648496 272663 409397 67561 582875 185114 1279515 71286 1256 69660
240| 1034942 397201 628772 408441 279803 125036 601455 60289 1558962 125461 13820 0
250| 879977 469234 490485 461043 359687 174717 573211 268392 1095951 180583 55299 65016
260 897212 344139 642341 430484 220719 116540 346216 74533 770510 195991 89859 71982
270 1029289 105030 256437 298846 133827 59774 557293 21788 511050 140828 5022 107
280| 780840 23012 89941 260224 45068 15326 122507 19539 14157 60096 3767 6966
290] 930193 14559 15632 88782 15612 2854 34658 10272 0 29335 1256 0
300f 466439 9262 18558 135412 3862 348 2498 3387 0 21640 1256 0
310f 293798 569 16803 20408 1394 0 2498 3387 0 15411 0 0
320 71574 4076 8690 16073 1609 174 0 677 0 9341 0 0
330 61774 191 11470 1075 1154 0 1249 0 0 8176 0 0
340 46064 4076 8014 451 134 89 0 0 0 4264 0 0
350 20533 191 0 1335 268 0 0 0 0 1981 0 0
360 5837 191 0 659 322 174 0 892 0 1210 0 0
370 0 0 7122 433 0 0 0 0 0 461 0 0
380 0 191 0 901 107 0 0 0 0 0 0 0
390 0 0 7122 433 0 0 0 0 0 2481 0 0
400 0 382 0 0 0 0 0 0 0 666 0 0
410 0 0 0 0 0 0 0 0 0 256 0 0
420 0 0 0 0 0 0 0 0 0 51 0 0
430 0 191 0 0 0 0 0 0 0 51 0 0
440 0 0 0 0 0 0 0 0 0 0 0 0
450 0 0 0 0 0 0 0 0 0 0 0 0
460 0 0 0 0 0 0 0 0 0 0 0 0
470 0 0 0 0 0 89 0 0 0 102 0 0
480 0 191 0 0 0 0 0 0 0 103 0 0
500 0 0 0 0 0 0 0 0 0 102 0 0
520 0 0 0 0 0 0 0 0 0 102 0 0
540 0 0 0 0 0 0 0 0 0 0 0 0
Table 3.2.3. Plaice in VIId. Age distribution of discards-per-year and semester.
age 2004 -1 2004-2 2005-1 2005-2 2006-1 2006-2 2007-1 2007-2 2008-1 2008-2
1| 912380 1237687 95578 299754 35685 205072 109473 341909 1082774 371372
2| 6837675 1979167 2473088 1841501 3721722 462600 2572758 457751 7815509 625016
3| 3896241 680000 1564657 724465 1040352 121912 1177129 16236 1199499 125421
4| 365370 8800 245895 75426 50740 19502 69243 30852 363795 35346
5 71553 0 0 267 1195 3065 0 0 51367 8042
6 0 0 0 0 0 89 0 0 0 3889
7 0 0 0 3182 0 0 0 0 0 589
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Table 3.2.4. Plaice in VIId. Final estimates of annual age distribution of discards.

age 2004 2005 2006 2007 2008
1 2150076 395332 240757 451382 1454146
2 8816842 4314589 4184322 3030510 8440525
3 4576241 2289122 1162264 1193366 1324920
4 374170 321320 70242 100096 399141
5 71553 267 4260 0 59409
6 0 0 89 0 3889
7 0 3182 0 0 589

Table 3.8.1. Plaice in VIId. Modification of the annual landings by removing 15% of Q1 catches
expectedly coming from VIle plaice stock, and 50% of Q1 catches expectedly coming from IV

plaice stocks.

Year Total Landings Total landings Q1 Landings Q1 from Landings Q1 Modified Total
(tonnes) (tonnes) Vlle (tonnes) from NS (tonnes) Landings (tonnes)
1980 3756 908 136 454 3166
1981 4735 1635 245 818 3672
1982 4805 1668 250 834 3721
1983 4680 1729 259 865 3556
1984 4431 1770 266 885 3281
1985 5957 2064 310 1032 4615
1986 5762 2343 351 1172 4239
1987 7867 2868 430 1434 6003
1988 9103 3572 536 1786 6781
1989 6667 3002 450 1501 4716
1990 7798 3101 465 1551 5782
1991 7437 2678 402 1339 5696
1992 6232 2173 326 1087 4820
1993 4771 1828 274 914 3583
1994 5633 2099 315 1050 4269
1995 4569 1758 264 879 3426
1996 4598 1849 277 925 3396
1997 5316 2207 331 1104 3881
1998 4830 1993 299 997 3535
1999 5437 2116 317 1058 4062
2000 5233 2647 397 1324 3512
2001 4963 1820 273 910 3780
2002 5499 2340 351 1170 3978
2003 4536 1340 201 670 3665
2004 4007 1268 190 634 3183
2005 3018 1114 167 557 2294
2006 3305 1019 153 510 2643
2007 3674 1207 181 604 2889
2008 3491 1120 168 560 2763
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Table 3.8.2. Plaice in VIId. Final run diagnostics.

L

CONOOBAWNE

owestoft VPA Version 3.1
3/03/2010 13:02
Extended Survivors Analysis

Plaice in VIld (run: XSAAEDB01/X01)

Cpue data from file D:\Expertise\WKFLAT\xsa\Migration\7d_65percMigration\PLE7DFleet.txt

Catch data for 29 years. 1980 to 2008. Ages 1 to 10.

Fleet, First, Last, First, Last, Alpha,

R year, year, age , age
BE CBT R 1981, 2008, 2, 9, .000,
UK BTS N 1988, 2008, 4, 6, .500,
FR GFS N 1988, 2008, 1, 3, .750,
IN YFS R 1987, 2006, 1, 1, .500,

Time series weights :
Tapered time weighting not applied

Catchability analysis :
Catchability independent of stock size for all ages
Catchability independent of age for ages >= 7

Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 5 years or the 3 oldest ages.-
S.E. of the mean to which the estimates are shrunk =
Prior weighting not applied

Tuning converged after 37 iterations

Regression weights

Beta

1.000
.750
1.000
.750

1.00

0

, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000

Fishing mortalities

Age 1999 2000 2001 2002 2003
0.045 0.090 0.142 0.046 0.042
0.151 0.555 0.377 0.603 0.333
0.672 0.575 0.861 0.998 1.270
1.196 1.003 0.561 1.071 1.137
0.886 1.056 0.740 0.937 0.638
0.657 0.623 0.492 0.780 0.526
0.669 0.678 0.316 0.755 0.673
0.619 0.401 0.339 0.346 0.510
0.327 0.676 0.305 0.707 0.460

XSA population numbers (Thousands)

YEAR 1 2 3 4 5
1999 17700 13200 26000 9740 1870
2000 16800 15300 10300 12000 2660
2001 21300 13900 7970 5240 3990
2002 21000 16700 8640 3050 2700
2003 16500 18100 8290 2880 945
2004 13800 14300 11800 2110 837
2005 12400 11600 8220 5430 1050
2006 13800 10900 7530 3750 2740
2007 29500 12000 6980 3840 1860
2008 14300 26000 8070 3640 1800

Estimated population abundance at 1st Jan 2009
R 0.00E+00, 1.26E+04, 1.98E+04, 4.89E+03, 1.85E+03

Taper weighted geometric mean of the VPA populations:

R 2.11E+04, 1.85E+04, 1.21E+04, 5.51E+03, 2.21E+03
Standard error of the weighted Log (VPA populations):
R .3701, .3746, .4570, .5525, .5546

Log catchability residuals.

Fleet : BE CBT

Age , 1981, 1982, 1983, 1984, 1985, 1986, 1987,
1 , No data for this fleet at this age
2, .00, -.18, .48, -1.29, .44, .57, .38,
3, .37, -.29, .02, .04, -.10, .01, -.39,
4, .42, .04, .36, .00, .04, -.34, -.47,
5, -.46, .07, -.31, .08, -1.21, -.30, -.67,
6, -.64, -.13, -.15, .18, .37, .02, -.95,
7, -.27, -.40, -.46, .38, -.03, -.09, .34,
8 , .03, .36, .92, -.07, .79, -1.05, -.33,
9, .00, .00, .00, .00, .00, .00, .00,

Age , 1989, 1990, 1991, 1992, 1993, 1994, 1995,
1 , No data for this fleet at this age
2, -1.96, .34, 1.00, 1.28, .50, .94, -1.66,
3, -.32, .48, .81, .54, -.14, .15, .12,
4, -.12, .08, .13, -.27, -.47, .62, .15,
5, .37, -.19, .61, -.32, -.22, .09, .24,

2004

0.077
0.454
0.672
0.591
0.671
0.436
0.319
0.552
0.466

6

373
696
839
1720
958
452
387
516
1650
859

2005

0.028
0.329
0.685
0.583
0.615
0.754
0.554
0.321
0.538

7

185
175
338
464
714
512
264
165
273
962

2006

0.040
0.346
0.574
0.601
0.410
0.537
0.767
1.216
0.342

8

184
86
80

223

197

330

337

137
69

106

2007

0.029
0.295
0.551
0.659
0.672
0.437
0.845
1.103
0.663

143
90
52
52

143

107

172

221
37
21

, 1.03E+03, 5.07E+02, 6.20E+02, 6.92E+01,

. 9.79E+02, 5.00E+02, 2.57E+02, 1.23E+02,

. .6

1988

.14
-.12
-.45
-.98

-1.00
-.14
-.29

.00

1996,

-.19,
-.07,
.20,
.44,

560, .7057,
1997, 1998
99.99, -1.07
-1.50, -.43
.49, .08
1.18, .26

.7564,

1.0374,

2008

0.027
0.170
0.402
0.579
0.456
0.427
0.340
0.325
1.657
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-.18,
-.44,
.10,
.00,

. 1999,

, -1.58,
. --10,
. -36,
. -68,
. -75,
. -46,
. --18,
. -00,

CONOUBRWNEODO©O®ON®

.04, .55, .38, -.25,
-1.18, 17, -.27, -.19,
-.70, -.91, .56, -.66,
.00, .00, .00, .00,
2000, 2001, 2002, 2003,

No data for this fleet at this age

-1.46, .46, .50, .22,
-1.04, .86, .73, .68,
-1.19, .13, .51, .43,
-.37, .15, .57, .04,
-.65, .09, -.21, .44,
-.50, -.60, .29, .48,
-.65, -.20, -1.08, .06,

.00, .00, .00, .00,

-.04,

-.06,
.30,
.00,
2004,

.23,
.16,
-.13,
.21,
-.15,
-.03,
.25,
.00,

-.23, .00, .95,
.57, -.44, .63,
.19, .10, -.27,
.00, .00, .00,

2005, 2006, 2007,

.33, .54, -89,
-.06, -.17, -.15,
-.27, -.15, -.27,

.40, -.36, .17,

.54, -.10, -18,

.22, .30, .86,
-.26, .86, .79,

.00, .00, .00,

Mean log-catchability and standard error of ages with catchability

independent of

Age ,
Mean Log q, -
S.E(Log ),

Regression stat

year-class strength

2 3 4

7.9635, —6.1678, —5.6é11
.8912, .5123, .3885
istics:

. -5.

and constant w.r.t. time

5 6
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.16

-.16
-.03
.12
-.40
.00

7

7é06, —5.9520, —5.9;90,

5100, .4586,

.4516,

Ages with g independent of year-class strength and constant w.r.t. time.

Age, Slope , t-

1.21,
1.45,
1.22,
1.14,
1.04,
1.12,
1.29,
1.00,

CO~NOUAWN

Fleet : UK BTS

Age 1981,
No data
No data
99.99,
99.99,
99.99,

ODABRWNE

Age 1989,
No data
No data
No data
.32,
-.12,
-.23,

ONBAWNPE

Age , 1999,
, No data
, No data
, No data
., -.65,
., —-43,
., -—-51,

DU WNE

value , Intercept, RSquare,
-.372, 7.58, .11,
-1.432, 4.71, .28,
-1.262, 4.96, .55,
-.687, 5.45, .47,
-.282, 5.95, .62,
-.828, 5.95, .65,
-1.669, 6.19, .56,
-.122, 5.98, 1.00,

1982, 1983, 1984, 1985,

No data for this fleet at this age

for this fleet at this age
for this fleet at this age
99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99,

1990, 1991, 1992, 1993,
for this fleet at this age
for this fleet at this age
for this fleet at this age
-.27, -.07, .23, -.60,
-.08, .17, .55, -.22,

.23, -.19, .93, -.13,

2000, 2001, 2002, 2003,
for this fleet at this age
for this fleet at this age
for this fleet at this age
.58, .47, .62, .53,
.57, 1.10, -.18, .56,
.35, .82, .89, -.15,

No Pts,

27,
28,
28,
28,
28,
28,
28,
28,

1986,

99.99,
99.99,
99.99,

1994,

.24,
-.01,
-.54,

2004,

.67,
.13,
-.84,

Reg s.e, Mean Q

Mean log-catchability and standard error of ages with catchability
independent of year-class strength and constant w.r.t. time

Age ,
Mean Log q, -
S.E(Log @),

Regression stat

Ages with g independent of year-class strength and constant w.r.t.

4 5 6

6.6648, -6.4844, -6.5458
5954, ~5800, 6217
istics:

Age, Slope , t-value , Intercept, RSquare,
4, 1.04, -.173, 6.58, .45,
5, .91, .412, 6.59, .55,
6, .97, 2131, 6.56, .55,

Fleet : FR GFS

Age , 1981,
1, 99.99,
2, 99.99,
3, 99.99,

Age 1989,

1. -.70,
2 . -.30,
3. -7,

1982, 1983, 1984, 1985,
99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99,
99.99, 99.99, 99.99, 99.99,

1990, 1991, 1992, 1993,
-.70, -1.30, 1.06, 1.19,
-1.54, -.84, -.51, .10,
-.37, -.90, .12, .41,

No Pts,
21,
21,
21,

1986,
99.99,
99.99,
99.99,

1994,
-.38,
-.55,
-1.31,

1.10, -7.96,
.73, -6.17,
.47, -5.63,
.59, -5.73,
.49, -5.99,
.51, -5.98,
.70, -6.05,
.00, -5.98,
1987, 1988
99.99, -.13
99.99, .30
99.99, -.29
1995, 1996, 1997, 1998
-.26, -1.32, -1.33, -.15
-.54, -.65, -1.14, -1.01
-.59, -.41, -.97, -.53
2005, 2006, 2007, 2008
.82, .07, .25, -.01
1.03, -.16, -.03, .17
1.30, .47, .17, .21
time.
Reg s.e, Mean Q
.64, -6.66,
.54, -6.48,
.62, -6.55,
1987, 1988
99.99, -.40
99.99, .44
99.99, .09
1995, 1996, 1997, 1998
-.74, -1.08, .73, .63
-.52, -1.08, -.27, -.01
-.35, -1.99, .45, -.39

8,
-5.9790,
.5628,

9
-5.9790,
.0007,
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Table 3.8.2. Plaice in VIId. Final run diagnostics (continued)

Age , 1999, 2000, 2001, 2002,
1, -.08, .33, -.14, .34,
2, -.29, 1.10, -.33, .31,
3, .30, .32, -.21, .87,

Mean log-catchability and standard error of ages with catchability

2003, 2004, 2005, 2006,
-.21, .52, .05, .77,
.36, .69, 1.08, .93,
.18, .55, 1.34, .75,

independent of year-class strength and constant w.r.t. time

Age , 1, 2,
Mean Log q, -7.6165, -7.5462,
S.E(Log @), 6859, 7188,

Regression statistics:

Ages with g independent of year-class strength and constant

3
-7.7487,
.7757,

2007, 2008
-.14, .25
.65, .57
.75, 211

w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q
1, 2.29, -1.164, 4.70, .04, 21, 1.56, -7.62,
2, 1.24, -.390, 7.02, .12, 21, .91, -7.55,
3, 1.40, -.793, 7.10, .17, 21, 1.10, -7.75,
1
Fleet : IN YFS
Age , 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988
1, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, .22, .28
Age , 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998
1, .02, .05, -.25, .59, .52, .27, .67, -.45, -.54, .38
Age , 1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008
1, .22, -.21, .14, .20, -1.09, .47, -.98, -.51, 99.99, 99.99

Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time

Age , 1
Mean Log q, -10.1388,
S.E(Log @), 5003,

Regression statistics:

Ages with g independent of year-class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare,

1, .85, .471, 10.10,

.36,

Fleet disaggregated estimates of survivors :

Age 1 Catchability constant w.r.t. time and
Year class = 2007
Fleet, Estimated,
. Survivors,
BE CBT B 1.,
UK BTS s 1.,
FR GFS N 16196.,
IN YFS B 1.,
F shrinkage mean , 7735.,
Weighted prediction :
Survivors, Int, Ext,
at end of year, s.e, s.e,
12634., .57, .43,

Age 2

Year class = 2006

Fleet, Estimated,

R Survivors,

BE CBT R 23242,

UK BTS s 1.,

FR GFS B 24331.,

IN YFS B 1.,
F shrinkage mean , 8716.,

Weighted prediction :

Survivors, Int, Ext,

at end of year, s.e, s.e,

19828., .41, .30,

Int,

s.e,

.000,

.000,

.702,

.000,
1.00,,,,
N, Var,
R Ratio,
2, .745,

Int,
s.e,
.908,
.000,
.508,
.000,
1.00,,,,
N Var,
. Ratio,
4, .745,

No Pts, Reg s.e,

20, .44,

dependent on age

Ext, Var,
s.e, Ratio,
.000, .00,
.000, .00,
.000, .00,
.000, .00,

F
.027

Catchability constant w.r.t. time and dependent on age

Ext, Var,

s.e, Ratio,
.000, .00,
.000, .00,
.356, .70,
.000, .00,
F
.170

0,
(o]
1
0

Mean Q

-10.14,

N, Scaled, E

Weights,
.000,
.000,
.664,
.000,

.336,

Scaled,

Weights,
.195,
.000,
.614,
.000,

.191,

stimated
F
.000
.000
.021
.000

.043

Estimated
F
.147
.000
.141
.000

.352



Table 3.8.2. Plaice in VIId. Final run diagnostics (continued)

Age 3
Year class = 2005

Fleet,

BE CBT
UK BTS
FR GFS
IN YFS

F shrinkage mean ,

Weighted prediction :

Survivors, Int,
at end of year, s.e,

4887., .26,
Age 4 Catchability

Year class = 2004
Fleet,

BE CBT
UK BTS
FR GFS
IN YFS

F shrinkage mean ,
Weighted prediction :
Survivors,

at end of year,
1846.,

Int,
s.e,
.22,

Age 5
Year class = 2003
Fleet,

BE CBT B
UK BTS B
FR GFS B
IN YFS B

F shrinkage mean ,
Weighted prediction :
Survivors,

at end of year,
1030.,

Int,
s.e,
.22,

Age 6
Year class = 2002
Fleet,

BE CBT
UK BTS
FR GFS
IN YFS

F shrinkage mean ,
Weighted prediction :
Survivors,

at end of year,
507.,

Int,
s.e,
.22,

Age 7
Year class = 2001
Fleet,

BE CBT
UK BTS
FR GFS
IN YFS

F shrinkage mean ,

Weighted prediction :

Survivors, Int,
at end of year, s.e,
620., .20,

Estimated,
Survivors,
5374.,
1.,
8004.,
2938.,

2149.,

.23,

Int,

s.e,

.455,

.000,

.433,

.513,
1.00,,,,
N, Var,
. Ratio,
7, .857,

Catchability constant w.r.t. time and dependent on age

Ext, Var,
s.e, Ratio,
-394, .87,
.000, .00,
.207, .48,
.000, .00,

F
.402

constant w.r.t. time and dependent on age

Estimated,
Survivors,
1975.,
1822.,
3281.,
695.,

1379.,

Ext,
s.e,
.15,

Catchability constant w.r.t.

Estimated,
Survivors,
853.,
1252.,
2246.,
1646.,

718.,

Ext,
s.e,
.10,

Estimated,
Survivors,
502.,
568.,
990.,
170.,

377.,

Ext,
s.e,
.08,

Estimated,
Survivors,
631.,
738.,
949.,
754.,

283.,

Ext,
s.e,
.10,

Int,
s.e,
.310,
.609,
.434,
.513,
1.00,,,,
N, Var,
. Ratio,
9, .656,
time
Int,
s.e,
.288,
.446,
.435,
.513,
1.00,,,,
N, Var,
R Ratio,
11, .482,

Int,
s.e,
.278,
.396,
.440,
.513,
1.00,,,,
N, Var,
Ratio,
13, .373,

Int,
s.e,
.245,
.378,
.434,
.513,

1.00,,,,

N, Var,
R Ratio,
14, .486,

Ext, Var,
s.e, Ratio,
.110, .36,
.000, .00,
.266, .61,
.000, .00,

F

.579

and dependent on age

Ext, Var,
s.e, Ratio,
.061, .21,
.035, .08,
.159, .36,
.000, .00,

F

.456

Catchability constant w.r.t. time and dependent on age

Ext, Var,
s.e, Ratio,
.055, .20,
.078, .20,
.457, 1.04,
.000, .00,

F

.427

Catchability constant w.r.t. time and dependent on age

Ext, Var,
s.e, Ratio,
.094, .38,
.242, .64,
.070, .16,
.000, .00,

F

.340

N, Scaled,

, Weights,
2, .347,
0, .0o00,
3, .334,
1, .206,

.113,

N, Scaled,
, Weights,
, -b16,
, .154,
. -142,
, -086,

-102,

N, Scaled,
Weights,
.517,
.262,
.077,
.046,

-098,

N, Scaled,
Weights,
.557,
.292,
.035,
.020,

.096,

N, Scaled,
Weights,
.666,
.202,
.031,
.019,

.082,

Table 3.8.2. Plaice in VIId. Final run diagnostics (continued)

Age 8

ICES WKFLAT REPORT 2010

Estimated
F
.372
.000
.264
.600

.754

Estimated
F
.550
.585
.365
1.126

.718

Estimated
F
.529
.389
.235
.309

-604

Estimated
F
.431
.389
.241
.951

-540

Estimated
F
.335
.293
.235
.288

.634

Catchability constant w.r.t. time and age (fixed at the value for age) 7
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Year class = 2000

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F

BE CBT R 75., .284, .218, .77, 7, .730, .303
UK BTS N 137., .391, .176, .45, 3, .120, .177
FR GFS N 79., .453, .121, .27, 3, .008, .291
IN YFS R 79., .513, .000, .00, 1, .004, .289

F shrinkage mean , 24, 1.00,,,, .138, .744
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,

69., .25, .18, 15, .714, .325

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 7
Year class = 1999

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F
BE CBT R 4., .001, .000, .34, 8, 1.000, 1.657
UK BTS N 8., .416, .386, .93, 3, .000, 1.045
FR GFS N 5., .437, .348, .80, 3, .000, 1.395
IN YFS R 3., .513, .000, .00, 1, .000, 1.829
F shrinkage mean , 35., 1.00,,,, .000, .365
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,
4., .00, .00, 16, 1.367, 1.657
BE CBT
cpue adjusted to start of year
Al
YEAR 1 2 3 4 5 6 7 8 9
1981 0.0000 7.9448 41.5967 23.3414 2.1029 0.6818 0.2727 0.2562 0.4274
1982 0.0000 3.3866 29.0256 22.1346 5.5695 1.4353 0.5354 0.2871 0.1237
1983 0.0000 12.4777 19.6932 51.7631 5.2653 1.5433 0.6325 1.2367 0.0315
1984 0.0000 1.7641 37.4850 18.8079 12.3160 3.3483 1.6112 0.6426 0.1535
1985 0.0000 12.3761 28.2638 32.2692 2.0237 5.0520 1.2330 0.9442 0.3790
1986 0.0000 16.1941 32.2793 19.2733 7.6394 3.8309 1.5897 0.2633 0.1511
1987 0.0000 27.5920 27.3177 16.0714 5.6318 1.4287 2.9330 0.6888 0.5166
1988 0.0000 11.1992 75.9662 23.5566 3.8692 1.7125 2.0415 0.6109 0.4930
1989 0.0000 1.1744 31.5206 60.5745 21.7430 3.7882 1.9076 1.1735 0.4360
1990 0.0000 6.8917 61.8951 45.8980 22.2753 4.2786 0.8386 0.9845 0.5304
1991 0.0000 14.7501 48.1235 33.3987 29.6789 17.7895 2.1832 0.7601 1.3125
1992 0.0000 22.7387 30.8214 11.0662 7.3271 8.0663 4.0557 1.7252 1.4265
1993 0.0000 13.5236 19.4358 7.7977 5.2499 3.2627 2.0800 1.6235 0.4075
1994 0.0000 10.0910 34.4331 40.0542 6.9552 3.1356 2.5410 2.0075 2.1441
1995 0.0000 0.9605 15.9165 25.7478 10.1467 1.9073 3.5238 2.0411 0.6969
1996 0.0000 5.8441 17.5209 14 .5552 14.1297 3.3789 1.0689 1.2566 0.9930
1997 0.0000 0.0000 6.4604 27.4953 16.1302 7.6198 3.5882 0.8129 0.6073
1998 0.0000 3.9901 27.0869 21.9543 4.1040 1.1240 1.1716 0.4968 0.4860
1999 0.0000 0.9482 49.4923 49.8547 11.9274 1.9760 0.7453 0.3887 0.3628
2000 0.0000 1.2430 7.6298 13.1032 5.9602 0.9075 0.2683 0.1134 0.2274
2001 0.0000 7.6469 39.4257 21.3329 15.0105 2.2858 0.4698 0.1660 0.1316
2002 0.0000 9.5978 37.4444 18.1511 15.5076 3.4818 1.5639 0.1915 0.1312
2003 0.0000 7.8358 34.2338 15.8283 3.1829 3.7173 2.9222 0.5310 0.3608
2004 0.0000 6.2775 28.9943 6.6069 3.3623 0.9681 1.2631 1.0686 0.2713
2005 0.0000 5.5931 16.1568 14.8510 5.0969 1.6526 0.8299 0.6571 0.4350
2006 0.0000 6.4815 13.3185 11.5981 6.1815 1.1610 0.5651 0.8217 0.5600
2007 0.0000 10.1496 12.5695 10.5049 7.1879 4.9083 1.6374 0.3843 0.0933
2008 0.0000 10.5950 15.3072 14.4711 4.9854 2.0749 2.7559 0.1802 0.0526
UK BTS
cpue adjusted to start of year
Al
YEAR 1 2 3 4 5 6 7 8 9
1988 0.0000 0.0000 0.0000 11.4961 6.5269 2.0036 0.0000 0.0000 0.0000
1989 0.0000 0.0000 0.0000 33.4431 6.2758 2.0698 0.0000 0.0000 0.0000
1990 0.0000 0.0000 0.0000 11.4514 11.6640 2.9905 0.0000 0.0000 0.0000
1991 0.0000 0.0000 0.0000 9.7009 8.9973 4.8457 0.0000 0.0000 0.0000
1992 0.0000 0.0000 0.0000 6.4751 8.2205 8.0197 0.0000 0.0000 0.0000
1993 0.0000 0.0000 0.0000 2.4367 2.4868 2.1163 0.0000 0.0000 0.0000
1994 0.0000 0.0000 0.0000 9.7447 2.9571 1.0989 0.0000 0.0000 0.0000
1995 0.0000 0.0000 0.0000 6.0497 2.1814 0.7636 0.0000 0.0000 0.0000
1996 0.0000 0.0000 0.0000 1.1341 2.2373 1.2907 0.0000 0.0000 0.0000
1997 0.0000 0.0000 0.0000 1.5891 0.7427 0.6403 0.0000 0.0000 0.0000
1998 0.0000 0.0000 0.0000 6.1808 0.5461 0.3000 0.0000 0.0000 0.0000
1999 0.0000 0.0000 0.0000 6.4906 1.8475 0.3205 0.0000 0.0000 0.0000
2000 0.0000 0.0000 0.0000 27.4050 7.1815 1.4125 0.0000 0.0000 0.0000
2001 0.0000 0.0000 0.0000 10.7223 18.3913 2.7480 0.0000 0.0000 0.0000
2002 0.0000 0.0000 0.0000 7.2516 3.4329 6.0555 0.0000 0.0000 0.0000
2003 0.0000 0.0000 0.0000 6.2598 2.5338 1.1821 0.0000 0.0000 0.0000
2004 0.0000 0.0000 0.0000 5.2309 1.4548 0.2794 0.0000 0.0000 0.0000
2005 0.0000 0.0000 0.0000 15.7645 4.5286 2.0425 0.0000 0.0000 0.0000
2006 0.0000 0.0000 0.0000 5.1069 3.5740 1.1903 0.0000 0.0000 0.0000
2007 0.0000 0.0000 0.0000 6.2592 2.7505 2.7961 0.0000 0.0000 0.0000
2008 0.0000 0.0000 0.0000 4.5797 3.2535 1.5279 0.0000 0.0000 0.0000

Table 3.8.2. Plaice in VIId. Final run diagnostics (continued)

FR GFS
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cpue adjusted to start of year

AGE

YEAR 1 2 3 4 5 6 7 8 9

1988 8.7362 23.0323 19.2319 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1989 4.0064 9.4013 4.3991 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1990 4.6248 1.5862 5.4363 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1991 2.9192 3.5554 1.7921 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1992 39.7348 5.7743 4.1486 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1993 21.5192 13.7744 6.9333 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1994 5.8444 3.4458 1.6491 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1995 5.9101 4.5570 2.0459 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1996 5.0842 3.6499 0.5287 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1997 38.1694 10.6520 9.3702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1998 13.9277 17.4082 5.7698 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1999 8.0594 5.2285 15.1036 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2000 11.5741 24 .2650 6.1320 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2001 9.1432 5.3089 2.7761 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2002 14.5470 12.0058 8.8560 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2003 6.5674 13.7174 4.2896 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2004 11.4363 15.0894 8.8293 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2005 6.3747 18.0338 13.4928 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2006 14.5755 14.6119 6.8444 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2007 12.6444 12.1438 6.3557 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2008 9.0479 243157 3.8763 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

IN YFS
Cpue adjusted to start of year
AGE

YEAR 1 2 3 4 5 6 7 8 9

1987 1.5336 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1988 1.3844 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1989 0.6608 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1990 0.7906 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1991 0.6702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1992 1.9952 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1993 0.8844 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1994 0.8943 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1995 1.9435 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1996 0.7638 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1997 0.8599 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1998 0.8692 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1999 0.8758 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2000 0.5406 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2001 0.9653 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2002 1.0080 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2003 0.2186 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2004 0.8709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2005 0.1841 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2006 0.3273 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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Table 3.8.3. Plaice in VIId Summary Table of final XSA results.

RECRUITMENT SSB CATCH LANDINGS DISCARDS Fear3-6 Y/ssB
1980 19611 3875 2060 2060 0 0.46 0.53
1981 9804 4468 3706 3706 0 0.59 0.83
1982 19276 5432 3781 3781 0 0.62 0.7
1983 15638 5648 3919 3919 0 0.61 0.69
1984 20034 5180 4010 4010 0 0.74 0.77
1985 22429 5806 4680 4680 0 0.58 0.81
1986 45527 7315 5311 5311 0 0.66 0.73
1987 23256 9584 6502 6502 0 0.55 0.68
1988 20 150 9240 8098 8098 0 0.6 0.88
1989 12 509 9757 6807 6807 0 0.65 0.7
1990 15422 9860 7031 7031 0 0.7 0.71
1991 17063 7067 6072 6072 0 0.73 0.86
1992 22 409 6088 4925 4925 0 0.66 0.81
1993 10345 5315 4143 4143 0 0.43 0.78
1994 14 085 5362 4757 4757 0 0.64 0.89
1995 20791 4779 3987 3987 0 0.53 0.83
1996 23936 4214 4191 4191 0 0.64 0.99
1997 28 105 4519 4872 4872 0 1.19 1.08
1998 11162 5227 4467 4467 0 0.8 0.85
1999 14318 5661 4951 4951 0 0.95 0.87
2000 13 496 3934 4294 4294 0 0.74 1.09
2001 16563 4010 4083 4083 0 0.57 1.02
2002 16 145 4198 4256 4256 0 1.03 1.01
2003 13205 2932 3665 3665 0 0.91 1.25
2004 11117 3049 3183 3183 0 0.58 1.04
2005 9460 3127 2722 2722 0 0.68 0.87
2006 9829 3112 2643 2643 0 0.57 0.85
2007 22735 3051 2889 2889 0 0.61 0.95
2008 6920 3571 2763 2763 0 0.53 0.77
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Figure 3.2.1. Plaice in VIId. Length distribution of discards per year and semester. The bars
represent the final estimates, and the segments represent the confidence intervals at 95%.
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Figure 3.2.2. Plaice in VIId. Age distribution of discards per year and semester. The bars represent
the final estimates, and the segments represent the confidence intervals at 95%.
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Year = 2008

Figure 3.4.1. Plaice in VIId. International landings from 2002 to 2008.
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Year = 2008

Figure 3.4.2. Plaice in VIId International effort in days at sea from 2002 to 2008.
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Figure 3.8.1. Plaice in VIId. Discarding ogive by métier and all métiers combined from the dataset
used for the Working Document.
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Figure 3.8.2. Plaice in VIId. Discard ratio at age. The segments represent the confidence intervals
of the means.

i
S = et :
o FR COTI
.- UKBTS
FR GFS e
m — —— IN¥F3 i T
7| ksl N,
g e
L
o -
T T T T T T
1980 1985 1990 1995 2000 2005
= Final nun
— BE CHT F 0.578
foe) B FR COT1 F 0622
T © FR 5F5 F 0 50
o | == mrFsFogg
= UK CBT F 0608 i
W FR COT2 F D662
2 31
= |
= | | | | | |
1980 1985 1990 1995 2000 2005
year

Figure 3.8.3. Plaice in VIId. Retrospective analysis based on single fleet assessment runs.
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Figure 3.8.5. Plaice in VIId. UK BTS and FR GFS Internal consistency.
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Figure 3.8.6. Plaice in VIId. Retrospective analysis with ages 1, 2 and 3 removed from UK BTS.
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Figure 3.8.7. Plaice in VIId. Retrospective analysis with 65% removal of quarter 1 catches (in the
commercial tuning-series, only the Belgian beam trawls series was kept).
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Figure 3.8.8. Plaice in VIId. Retrospective analysis with 65% removal of quarter 1 catches (in the
commercial tuning-series, only the Belgian beam trawls series was kept) and ages 1, 2 and 3 re-
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Figure 3.8.9. Plaice in VIId. Mohn’s rho indicator on the different retrospective runs.
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Stock Annex: Plaice in Division Vild

Stock specific documentation of standard assessment procedures used by ICES.

Stock Plaice in Division VIId
Date 05/03/2010
Revised by Joél Vigneau (Joel.Vigneau@ifremer.fr) and Youen

Vermard (Youen.Vermard@ifremer.fr)

Initial Contributors Richard Millner (r.s.millner@cefas.cu.uk) and Joél
Vigneau (Joel.Vigneau@ifremer.fr) 05/03/2003

A. General

A.1. Stock definition

The management area for this stock is strictly that for ICES Area VIId called the east-
ern Channel, although the TAC area includes the smaller component of VIle (western
Channel).

Major spawning centres were found in the eastern English Channel, the Southern
Bight, the central North Sea and the German Bight. Other less important local spawn-
ing centres were found in the western English Channel and off the UK coast from
Flamborough Head northwards to Moray Firth (Houghton and Harding, 1976; Hard-
ing and Nichols, 1987 in ICES PGEGGS, 2003c). The regions of plaice spawning are
generally confined within the 50 meter depth contour (Harding et al., 1978, in ICES
PGEGGS, 2003c).

The stocks of plaice in the Channel and North Sea are known to mix greatly (Figure
1), especially during the spawning season (January-February). At this time many
western Channel and North Sea plaice may be found in the eastern Channel. The
comparable lack of spawning habitat in the western Channel alone suggests that this
migration from VIle to VIId during the first quarter may be of considerable impor-
tance.

Releases (6 months at liberty) from Viid Releases (~6 months at liberty) from Vlle

B e s [ s s e s B e s e s s e s s ey
08 & 4 2 0 2 4 E 8 08 & 402 0 2 4 53 8

Figure 1. Locations of recaptures (red circles) after 6 or more months at liberty for tagged plaice
released (blue crosses) in the English Channel: bottom left, released in the eastern (VIId) Channel
and bottom right, released in western (VIIe) Channel.
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From tagging experiments, it was possible to derive estimates of the proportion of
fish in quarter 1 in VIId that would return, if not caught by the fishery, to VIle and IV
(Table 1). In summary, 14% of males and 9% of females would migrate to VIle, while
52% of males and 58% of females would migrate to IV. To the nearest 5%, this sug-
gests that 10 to 15% of the catch in Q1 in VIId should be allocated to VIle, while be-
tween 50 and 60% of the catch in Q1 in VIId should be allocated to IV. These
estimates are in agreement with previous analyses (based on the same data) reported
by Pawson (1995), which suggest that 20% of the plaice spawning in VIle and VIId
spend summer in Vlle, while 56% migrate to the North Sea. Given the assumptions
involved in these calculations and the relatively small numbers of adult tags returned
the estimates of movement rates are subject to great variability. The limitations of the
data do not permit an estimate of annual movement probabilities. Recent studies
based on data storage tags suggest that the retention rate of spawning plaice tagged
in the eastern English Channel is 28%, while 62% of spawning fish tagged were re-
captured in the North Sea (Kell et al., 2004).

Table 1. Summary of estimated movement probabilities for plaice (2270 mm) recaptured after 6 or
more months at liberty, for data collected between 1960 and 2006.

WEIGHTED BY INTN CATCH AND SSB

Release Information period pr(recap) after 6 or more months at liberty

DIV Sex Release Recapture N 7A 7E 7D 4

Vile B ALL 564 0.001 0.90 0.06 0.04
M Jan-Mar 2 0 0.74 0.26 0
F 3 0 0.60 0.40 0
M ror Dec 180 0 0.91 0.05 0.03
F pr_ 224 0.001 0.93 0.03 0.04
M 17 0 0.66 0.11 0.23
F Jan-Mar | Apr_Dec 8 0 0.67 0.24 0.09
M 68 0 0.83 0.12 0.05
F Apr_Dec | Jan-Mar 62 0 0.88 0.07 0.06

viid B ALL 990 0.00 0.10 0.54 0.36
M Jan-Mar 31 0 0.04 0.73 0.22
F 86 0 0.08 0.58 0.34
M o Dec 144 0 0.10 0.76 0.14
F Pr_ 180 0 0.09 0.79 0.12
M 144 0 0.14) 0.35 0.52
F Jan-Mar | AprDec | 50 0 ( 0.09 0.33 (0.58
M 31 0 020 0.57 .
F Apr_Dec | Jan-Mar 63 0 0.11 0.72 0.17

Ve B ALL 812 0 0.01 0.06 0.93
M Jan-Mar 54 0 0 0.03 0.97
F 17 0 0 0.28 0.72
M o Dec 172 0 0.01 0.06 0.92
F Pr_ 235 0 0.01 0.04 0.95
M 102 0 0 0 1
= Jan-Mar Apr_Dec 28 0 0 0 1
M 54 0 0.02 0.05 0.93
F Apr_Dec | Jan-Mar 71 0 0.01 0.18 0.80

A.2. Fishery

Plaice is mainly caught in beam trawl and gillnet fisheries for sole or in mixed demer-
sal fisheries using otter trawls. There is also a directed fishery during parts of the year
by inshore trawlers and netters on the English and French coasts. The Belgian beam
trawlers fish mainly in the 1st and 4th quarters and their area of activity covers al-
most the whole of VIId south of the six mile contour from the English coast. There is
only light activity by this fleet between April and September. The second offshore
fleet is mainly large otter trawlers from Boulogne, Dieppe and Fecamp. The target
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species of these vessels are cod, whiting, plaice, gurnards and cuttlefish and the fleet
operates throughout VIId. The inshore trawlers and netters are mainly vessels <12 m
operating on a daily basis within 12 miles of the coast. There are a large number of
these vessels (in excess of 400) operating from small ports along the French and Eng-
lish coast. These vessels target sole, plaice, cod and cuttlefish.

The minimum landing size for plaice is 27 cm. Minimum mesh sizes for demersal
gears permitted to catch plaice are 80 mm for beam trawling and 100 mm for otter
trawlers. Fixed nets are required to use 100 mm mesh since 2002 although an exemp-
tion to permit 90 mm has been in force since that time.

There is widespread discarding of plaice, especially from beam trawlers. The 25 and
50% retention lengths for plaice in an 80 mm beam trawl are 16.4 cm and 17.6 cm re-
spectively which are substantially below the MLS. Routine data on discarding is now
available, and reveal plaice discards ratio between 20 and 60% depending on the mé-
tier. Discard survival from small otter trawlers can be in excess of 50% (Millner et al.,
1993). In comparison discard survival from large beam trawlers has been found to be
between less than 20% after a 2 h haul and up to 40% for a one-hour tow (van Beek et
al., 1989).

A.3. Ecosystem aspects

Biology: Adult plaice feed essentially on annelid polychaetes, bivalve molluscs, coe-
lenterates, crustaceans, echinoderms, and small fish. In the English Channel, spawn-
ing occurs from December to March between 20 and 40 m. depth. At the beginning,
pelagic eggs float at the surface then progressively sink into deeper waters during
development. Hatching occurs 20 (5-6°C) to 30 (2-2.5°C) days after fertilization. Lar-
vae spend about 40 days in the plankton before migrating to the bottom and moving
to coastal waters when metamorphosing (10-17 mm). The fry undergo relatively fast
growth during the first year (Carpentier et al., 2005).

Environment: This bentho-demersal species prefers living on sand but also gravel or
mud bottoms, from the coast to 200 m depth. The species is found from marine to
brackish waters in temperate climate (Carpentier et al., 2005).

Geographical distribution: Northeast Atlantic, from northern Norway and Greenland to
Morocco, including the White Sea; Mediterranean and Black Seas (Carpentier et al.,
2005).

Vaz et al. (2007) used a multivariate and spatial analyses to identify and locafish,
cephalopod, and macrocrustacean species assemblages in the eastern English Chan-
nel from 1988 to 2004. Four sub-communities with varying diversity levels were
identified in relation to depth, salinity, temperature, seabed shear stress, sediment
type, and benthic community nature (Vaz et al., 2004). One group was a coastal het-
erogeneous community represented by pouting, poor cod, and sole and was classi-
fied as preferential for many flatfish and gadoids. It displayed the greatest diversity
and was characterized by heterogeneous sediment type (from muds to coarse sands)
and various associated benthic community types, as well as by coastal hydrology and
bathymetry. It was mostly near the coast, close to large river estuaries, and in areas
subject to big salinity and temperature variations. Possibly resulting from this poten-
tially heterogeneous environment (both in space and in time), this sub-community
type was the most diverse.

Community evolution over time: (From Vaz et al., 2007). The community relationship
with its environment was remarkably stable over the 17 y of observation. However,
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community structure changed significantly over time without any detectable trend,
as did temperature and salinity. The community is so strongly structured by its envi-
ronment that it may reflect interannual climate variations, although no patterns could
be distinguished over the study period. The absence of any trend in the structure of
the eastern English Channel fish community suggests that fishing pressure and selec-
tivity have not altered greatly over the study period at least. However, the period
considered here (1988-2004) may be insufficient to detect such a trend.

More details on biology, habitat and distribution of plaice in VIId from the Interreg
3a project CHARM II, may be found in Carpentier et al. (2009)*

B. Data

B.1. Commercial catch

The landings are taken by three countries France (55% of combined TAC), England
(29%) and Belgium (16%). Quarterly catch numbers and weights were available for a
range of years depending on country; the availability is presented in the text Table
below. Levels of sampling prior to 1985 were poor and these data are considered to
be less reliable. Prior to 1989, UK age-length key was applied to the French length
structure of the landings.

Belgian commercial landings and effort information by quarter, area and gear are
derived from logbooks. Sampling for age and length occurs for the beam trawl fleet
(main fleet operating in Belgium). Quarterly sampling of landings takes place at the
auctions of Zeebriigge and Oostende (main fishing ports in Belgium). Length is
measured to the cm below. Samples are raised per market category to the catches of
both harbours. Quarterly otolith samples are taken throughout the length range of
the landings (sexes separated). These are aged and combined to the quarterly level.
The ALK is used to obtain the quarterly age distribution from the length distribution.
From 2003, an on-board sampling programme is routinely carried out following the
provision of the EU Regulation 1639/2001.

French commercial landings in tonnes by quarter, area and gear are derived from
logbooks for boats over 10 m and from sales declaration forms for vessels under 10 m.
These self declared production data are then linked to the auction sales in order to
have a complete and precise trip description. The collection of discard data began in
2003 within the EU Regulation 1639/2001. This first year of collection was incomplete
in terms of time coverage, therefore the use of these data should be c considered only
from 2005. The length measurements were done by market commercial categories
and by quarter into the principal auctions of Grandcamp, Port-en-Bessin, Dieppe and
Boulogne until 2008. From 2009, concurrent sampling by métier was initiated follow-
ing the provisions of EU Regulation 95/2008. Otoliths samples are taken by quarter
throughout the length range of the landed catch for quarters 1 to 3 and from the Oc-
tober GFS survey in quarter 4. These are aged and combined to the quarterly level
and the age-length key thus obtained is used to transform the quarterly length com-
positions. The lengths not sampled during one quarter are derived from the same
year in the nearest available quarter. Weight, sex and maturity-at-length and at-age
are obtained from the fish sampled for the age-length keys.

! Document also available on the internet: http://www.ifremer.fr/docelec/doc/2009/rapport-7377.pdf (page 310-322).
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English commercial landings in tonnes by quarter, area and gear are derived from the
sales notes statistics for vessels under 12 m which do not complete logbooks. For
those over 12 m (or >10 m fishing away for more than 24 h), data are taken from the
EC logbooks. Effort and gear information for the vessels <10 m is not routinely col-
lected and is obtained by interview and by census. . No information is collected on
discarding from vessels <10 m. Discarding from vessels >10 m has been obtained
since 2002 under the EU Data Collection Regulation.

The gear group used for length measurements are beam trawl, otter trawl and net.

Separate-sex length measurements are taken from each of the gear groupings by trip.
Trip length samples are combined and raised to monthly totals by port and gear
group. Months and ports are then combined to give quarterly total length composi-
tions by gear group; unsampled port landings are added in at this stage. Quarterly
length compositions are added to give annual totals by gear. These are for reference
only, as ALK conversion takes place at the quarterly level. Otoliths samples are taken
by 2 cm length groups separately for each sex throughout the length range of the
landed catch. These are aged and combined to the quarterly level, and include all
ports, gears and months. The quarterly sex-separate age-length-keys are used to
transform quarterly length compositions by gear group to quarterly age composi-
tions.

A minimum of 24 length samples are collected per gear category per quarter. Age
samples are collected by sexes separately and the target is 300 otoliths per sex per
quarter. If this is not reached, the 1st and 2nd or 3rd and 4th quarters are combined.

The text Table below shows which country supplies which kind of data:

COUNTRY NUMBERS WEIGHTS-AT-AGE
Belgium 1981-present 1986-present
France 1989-present 1989-present
UK 1980-present 1989-present

Data are supplied as FISHBASE files containing quarterly numbers-at-age, weight-at-
age, length-at-age and total landings. The files are aggregated by the stock co-
ordinator to derive the input VPA files in the Lowestoft format. No SOP corrections
are applied to the data because individual country SOPs are usually better than 95%.
The quarterly data files by country can be found with the stock co-ordinator. The re-
sulting files (FAD data) can be found at ICES and with the stock co-ordinator, either
in the IFAP system as SAS datasets or as ASCII files on the Lowestoft format.

B.2. Biological

Natural mortality: assumed constant over ages and years at 0.1, as for plaice in the
North Sea.

Maturity ogive: assumes that 15% of age 2, 53% of age 3 and 96% of age 4 are mature
and 100% for ages 5 and older.

Weights-at-age: prior to 2001, stock weights were calculated from a smoothed curve
of the catch weights interpolated to the 1st January. From 2001, second quarter catch
weights were used as stock weights in order to be consistent with North Sea plaice.
The database was revised back to 1990.
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Both the proportion of natural mortality before spawning (Mprop) and the proportion
of fishing mortality before spawning (Fprop) are set to 0.

B.3. Surveys

A dedicated 4 m beam trawl survey for plaice and sole has been carried out by Eng-
land using the RV Corystes since 1988. The survey covers the whole of VIId and is a
depth stratified survey with most samples allocated to the shallower inshore stations
where the abundance of sole is highest. In addition, inshore small boat surveys using
2 m beam trawls were undertaken along the English coast and in a restricted area of
the Baie de Somme on the French coast. In 2002, The English and French Young Fish
Surveys were combined into an International Young Fish Survey. The dataset was
revised for the period back to 1987. The two surveys operate with the same gear
(beam trawl) during the same period (September) in two different nursery areas. Pre-
vious analysis (Riou et al., 2001) has demonstrated that asynchronous spawning oc-
curs for flatfish in Division VIId. Therefore both surveys were combined based on
weighting of the individual index with the area nursery surface sampled (Cf. Annex
1). Taking into account the low, medium, and high potential area of recruitment, the
French YFS got a weight index of 55% and the English YFS of 45%. The UK Young
Fish Survey ceased in 2006, disrupting the ability to derive an International YFS.

A third survey consists of the French otter trawl groundfish survey (FR GFS) in Octo-
ber. Prior to 2002, the abundance indices were calculated by splitting the survey area
into five zones, calculating a separate index for each zone each zone, then averaging
to obtain the final GFS index. This procedure was not thought to be entirely satisfac-
tory, as the level of sampling was inconsistent across geographical strata. A new pro-
cedure was developed based on raising abundance indices to the level of ICES
rectangles, then by averaging those to calculate the final abundance index. Although
there are only minor differences between the two indices, the revised method was
used in 2002 and subsequently.

B.4. Commercial cpue

Three commercial fleets have been used in tuning: UK and Belgian Beam Trawlers
and French Otter Trawlers.

The effort of the French otter trawlers is obtained by the logbook information on the
duration of the fishing time weighted by the engine power (in KW) of the vessel.
Only trips where sole and/or plaice have been caught are accounted for. The effort of
the Belgian Beam Trawlers is corrected for engine power.

B.5. Other relevant data

None.

C. Historical stock development

Benchmark 2010

This stock was ‘benchmarked” at the WKFLAT 2010 meeting where two main issues
have been under review, (i) inclusion of a discards time-series in the assessment and
(ii) an attempt to overcome the problematic retrospective pattern. Solutions explored
included making an ‘allowance’ for migration patterns between the two Channel
plaice stocks and the southern North Sea.
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The combined assessment of the two Channel plaice stocks was examined. It was
agreed that this would require further investigation as the inclusion of the North Sea
stock would also need to be considered. Any combining of stocks would have a wide
ranging impact on the assessment and any subsequent management.

The issue of including discard estimates was based on a working document provided
to the Benchmark Workshop, where all on-board samples from Belgium, France and
UK from 2002 to 2008 were gathered in an international dataset. An estimate of an-
nual discards-at-age was produced for the period 2004-2008, and the flexible Statisti-
cal Catch-at-Age model developed by Aarts and Poos (2009) has been tested for
reconstructing discards prior to 2004. The model did not succeed in providing rea-
sonable and robust fit. The current discard time-series was considered too short and
too variable to support proper model fitting. Further work on the data and method
used for estimating the 2004-2008 series of discards is necessary before inclusion in
the statistical model is considered further.

The persistent retrospective pattern in the assessment without discards was largely
reduced, when 65% of quarter 1 catches were removed as well as removal of younger
ages (1, 2 and 3) from the survey UK BTS. The patterns in log q residuals, already
demonstrated in the previous assessment remained unchanged.

In conclusion, the proposed final settings (detailed below) improve the retrospective
pattern, and take into account the acknowledged mixing between neighbouring ar-
eas, but the model is not entirely satisfactory in terms of quality of the assessment.
The reasons are that the model still does not account for discards, removes younger
ages from an internally consistent survey, and does not provide solutions for the pat-
terns in log-catchability residuals.

The recommendation from WKFLAT is that this assessment is useful in determin-
ing recent trends in F and SSB, and in providing a short-term forecast and advice
on relative changes in F. However, WKFLAT does not recommend this as an analyti-
cal assessment, as it will not be useful for calculation of reference points.

Because further work on including the discard estimates, on the relevance of the
commercial tuning-series, and sensitivity of the assessment to the 65% adjustment to
the QI catch-at-age need to be examined, the information concerning the settings of
the assessment model is only valid for WGNSSK 2010.

Model used: XSA

Software used: IFAP/Lowestoft VPA suite for final assessment; FLR packages and
SURBA software for exploratory analysis

Model Options chosen:

e Tapered time weighting not applied
e Catchability independent of stock size for all ages
e Catchability independent of age for ages >=7

e Survivor estimates shrunk towards the mean F of the final 5 years or the 3
oldest ages

e S.E. of the mean to which the estimate are shrunk =1.0

e  Minimum standard error for population estimates derived from each fleet
=0.300

e Prior weighting not applied
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e Input data types and characteristics:

e Catch data available for 1980-present year. However, French age com-
positions before 1989 were derived from UK age-length keys.

e Removal of 65% of quarter 1 catches in tonnes, catches-at-age and
weight-at-age for all years.

Input data types and characteristics:

VARIABLE FROM
YEAR TO YEAR

TYPE NAME YEAR RANGE AGE RANGE Yes/No
Caton Catch-in-tonnes 1980-Last yr 1-10+ No
Canum Catch-at-age in numbers 1980-Last yr 1-10+ No
Weca Weight-at-age in the commercial 1980-Last yr 1-10+ No
catch
West Weight-at-age of the spawning 1980-Last yr 1-10+ No
stock at spawning time.
Mprop Proportion of natural mortality 1980-Last yr 1-10+ No
before spawning
Forop Proportion of fishing mortality 1980-Last yr 1-10+ No
before spawning
Matprop Proportion mature-at-age 1980-Last yr 1-10+ No
Natmor Natural mortality 1980-Lastyr 1-10+ No
Tuning data:
TYPE NAME YEAR RANGE AGE RANGE
Tuning fleet 1 UK BeamTrawl Excluded
Tuning fleet 2 BE Beam Trawl 1981-Lastyr 2-10+
Tuning fleet 3 FR Otter Trawl Excluded
Tuning fleet 4. UKBTS 1988-Lastyr 4-6
Tuning fleet 5 FR GFS 1988-Lastyr 2-3
Tuning fleet 6 Int YFS 1987-2006 1

D. Short-term projection

No short-term forecast has been provided since 2005 as the Review Group deemed it
unhelpful in the management of the stock given the strong retrospective bias in F.

Model used: Age structured
Software used: FLR package
Initial stock size:

1) the survivors at age 2 and greater from the XSA assessment;

2) N atage 1=geometric mean over a long period (1998, last data year).
Maturity: same ogive as in the assessment is used for all years
F and M before spawning: Set to 0 for all ages and all years

Weight-at-age in the stock: average stock and catch weights over the preceding 3
years.

Weight-at-age in the catch: average stock and catch weights over the preceding 3
years.
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Exploitation pattern: The F vector used will be the average F-at-age in the last 3 years,
scaled by the Fuar (2-6) to the level of last year.

Intermediate year assumptions:

Stock-recruitment model used: None, the long-term geometric mean recruitment-at-
age 1is used

Procedures used for splitting projected catches.

E. Medium-term projections

No medium-term projections can be done for this stock, until the quality of the as-
sessment is improved.

F. Long-term projections

No long-term projections can be done for this stock, until the quality of the assess-
ment is improved.

G. Biological reference points
Previous reference points:

Biim = 5400 t.

Bpa = 8000 t.

Fiim = 0.54

Fpa=0.45

The current assessment is indicative for trends only; therefore the biological reference
points are not valid anymore for being used in the Advice.

H. Other issues

None.



48 |

ICES WKFLAT REPORT 2010

I. References

Beek, F.A. van, Leeuwen, P.I. van and Rijnsdorp, A.D. 1989. On the survival of plaice and sole
discards in the otter trawl and beam trawl fisheries in the North Sea. ICES C.M.
1989/G:46, 17pp.

Carpentier, A., Vaz, S., Martin, C. S., Coppin, F., Dauvin, J.- C., Desroy, N., Dewarumez, J.- M.,
Eastwood, P. D., Ernande, B., Harrop, S., Kemp, Z., Koubbi, P., Leader-Williams, N., Le-
febvre, A., Lemoine, M., Loots, C., Meaden, G. J., Ryan, N., Walkey, M. 2005. Eastern
Channel Habitat Atlas for Marine Resource Management (CHARM), Atlas des Habitats
des Ressources Marines de la Manche Orientale, INTERREG IIIA, 225 pp.

Carpentier A, Martin CS, Vaz S. (Eds.) 2009. Channel Habitat Atlas for marine Resource Mana-
gement, final report/Atlas des habitats des ressources marines de la Manche orientale,
rapport final (CHARM phase II). INTERREG 3a Programme, Ifremer, Boulogne-sur-mer,
France. 626 pp. and CD-Rom.

ICES. 2003a. Report of the Working Group on the Assessment of Demersal Stocks in the North
Sea and Skagerrak, October 2002. ICES CM 2003/ACFM:02.

ICES. 2003b. Report of the Study Group on Precautionary Reference Points For Advice on Fish-
ery Management ICES CM 2003/ACFM:15.

ICES. 2003c. Planning Group on North Sea Cod and Plaice Egg Surveys in the North Sea
(PGEGGS). IJmuiden, Netherlands. 24-26 June 2003 ICES CM 2003/G:06 Ref. D. 45 p.

Kell, L.T., Scott, R., and Hunter E. 2004. Implications for current management advice for North
Sea plaice: Part I. Migration between the North Sea and English Channel. Journal of Sea
Research 51: 287-299.

Millner, R.S., Whiting, C.L. and Howlett, G.J. 1993. Estimation of discard mortality of plaice
from small otter trawlers using tagging and cage survival studies. ICES C.M. 1993/G:24,

6pp-

Pawson, M.G. 1995. Biogeographical identification of English Channel fish and shellfish stocks.
Fisheries Research Technical Report No. 99. MAFF Directorate of Fisheries Research, Low-
estoft. http://www.cefas.co.uk/Publications/techrep/tech99.pdf.

Riou et al. 2001. Relative contributions of different sole and plaice nurseries to the adult popu-
lation in the Eastern Channel : application of a combined method using generalized linear
models and a geographic information system. Aquatic Living Resources. 14 (2001) 125-
135.



ICES WKFLAT REPORT 2010 | 49

4 Plaice in the western Channel (Vlle)

4.1 Current stock status and assessment issues

Spawning stock biomass (55B) was stable during the period 1981-1987, peaked above
4000 t during 1988-1990 following good recruitments in the mid-1980s, then de-
creased to 1700 t in 1995-1996. Following the good 1996 year-class, SSB increased but
it has since declined to levels observed in the late 1970s. SSB in 2008 was estimated to
be 1500 t, which is below Bpa (2500 t). Fishing mortality demonstrated a gradually in-
creasing trend until the mid-1990s, then a slight decline followed by a sharp increase
up to 2007. The most recent assessment demonstrated a marked fall in F in 2008 to
0.64, which is above Fpa (0.45). Two periods of below-average recruitments in the pe-
riod 1989-1994 and from 1998-2006 have contributed to the decrease in yield and
SSB. The assessment estimated that only two year-classes have been above the long-
term GM7es-06 (4489) since 2000.

The retrospective analysis demonstrates a strong tendency to overestimate F and to
underestimate SSB. Given that the degree of retrospective bias is not predictable, no
short-term forecast was provided by the Working Group (WGSSDS) in 2006 or there-
after. The WG believed that the assessment was representative of the long-term
trends in stock dynamics and recent recruitment, and that it is mainly the recent es-
timates of F that are affected. This retrospective trend appears to be caused by a dif-
ference in the mortality signals and level of decline in SSB suggested by commercial
and survey information. The most plausible explanation for the difference is incom-
plete mixing or migration.

No short-term forecast has been accepted for this stock since 2004.

The settings used in the most recent assessments are shown in the Table below.

2008 XSA 2009 XSA
Catch-at-age data 1976-2007, 1-10+ 1976-2008, 1-10+
Fleets UK-WECBTS - Survey 1986-2007,1-8 1986-2008, 1-8
UKWECOT - Commercial 1988-2007, 3-9 1988-2008, 3-9
UK WECOT-Commercial historic 1976-1987,2-9 1976-1987,2-9
UK WECBT - Commercial 1989-2007, 3-9 1989-2008, 3-9
UK E+W FSP - Survey 2003-2007,2-9 2003-2007,2-9
Taper No No
Taper range -
Ages catch dep. Stock size None None
q plateau 7 7
F shrinkage se 2.5 25
Year range
Age range
Fleet SE threshold 0.5 0.5
Prior weighting -
Plus group 10 10
F sar Range F(3-7) F(3-7)

There is a heavy reliance on the age composition data derived from UK (E&W) sam-
ple data. Almost 30% of the landings for this stock come from countries that do not
provide age based data. Survivor estimates for ages 1 and 2 are derived almost en-
tirely from the UK beam trawl survey and the Review Group commented that some
consideration should be given to using age 2 information from the commercial tuning
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fleets. WKFLAT 2010 considered that this information should not be used for tuning
because discarding, although small, would be most noticeable in the younger age
groups and may therefore corrupt the cohort signal coming from the survey.

UK Discard data indicate low discard levels in the second half of the year, and overall
that discarding for this stock is variable but relatively low compared with other plaice
stocks. As the time-series of data expands, the WG expects to be better able to better
determine how to include these data in the assessment appropriately.

Both UK survey indices used in the assessment (Commercial BTS and the UK (E&W)
FSP) are spatially restricted to the same area as the commercial tuning fleets and little
information exists on stock dynamics on the French coast.

The stock unit (Division VIle) does not correspond to the management unit (Divi-
sions VIId and VIle). This hampers effective management of plaice in the Western
Channel.

Plaice are taken as a bycatch in the beam trawl fishery mainly targeting sole, and as
part of a mixed demersal fishery by otter trawlers. Therefore the restrictions under
the management plan for sole should also benefit the plaice stocks. In addition to the
days-at-sea regulations there has been a recent UK decommissioning scheme that has
reduced the number of beam trawlers in the southwest fleet.

Compilation of available data

4.2.1 Catch and landings data

In this area the plaice are taken mainly as a bycatch in beam trawls directed at sole
and anglerfish. In 2008, the UK beam trawl fleet took almost 50% of the total landing
of this stock with the UK otter trawl fleet taking almost 20%. The remainder of the
landings is taken by the French fleets (24%) and Belgian fleets (8%). This stock is the
smaller of the two stocks that make up the larger TAC Area of VIId,e. The landings
from this stock in 2008 and 2007 amounted to around 20% of the combined area TAC.
No 2009 landings data were available for this workshop.

Age information for the catch is provided solely by the UK using length distributions
by fleet (beam trawl and otter trawl) and a combined ALK (by quarter for females
and an annual one for males due to the smaller numbers of males in the otolith sam-
ples). The combined UK age composition was then raised to the total international
landings.

WKFLAT 2010 recommends the use of a model taking account of migration patterns.
The catch data for this model reassigns 15% of the first quarter Belgian, French and
UK catch-at-age in VIId to the VIle catch-at-age matrix used previously, to account
for spawning migrations of Vlle fish into VIId. During the meeting, quarterly data for
Belgium and France were available back to 1998 and UK data to 1997. In order to ex-
tend the time-series back to 1980 the first quarter landings and catch-at-age matrix for
each country were inferred from the total annual international landings and catch-at-
age data (which begin in 1980 for VIId). Total annual international catch-at-age data
(1980-1997 for France and Belgium and 1980-1996 for UK) were adjusted downwards
using the average proportion of catch-at-each-age in the first quarter by each country
over the period in which quarterly data were available. Similarly, SOP corrected Q1
landings for each country were calculated back to 1980 using the mean (calculated
over the period in which quarterly data were available) proportion of the annual
landings that were landed in Q1 in VIId.
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4.2.2 Biological data

In recent years, only the UK (E&W) have provided catch-at-age data based on a pro-
gramme of length and age sampling from commercial catches and these account for
almost 70% of the reported international landings. These international catch numbers
and weights-at-age have been derived by raising UK (E&W) age composition data to
the international landings.

Total international catch and stock weights-at-age are calculated as the weighted
mean of the annual weight-at-age data (weighted by catch numbers), and smoothed
in year using a quadratic fit so that:

Wt=a+b*Age+c* Age?

Catch weights are calculated as mid-year values, stock weights are interpolated back
to January 1st. Catch weights-at-age have been scaled to give a SOP of 100%, and the
same scaling is applied to the stock weights-at-age. The Stock Annex describes the
method for this derivation of the international catch numbers and the calculation of
the catch and stock weights-at-age. No 2009 catch-at-age data were available to this
workshop.

The standard settings used for natural mortality (0.12) and the proportions of F and
M before spawning (both 0.0) have been in use for a number of years. These parame-
ters are applied to all ages and all years in the assessment. The maturity ogive in use
is based on UK (E&W) VlIlfg survey data for March 1993 and March 1994 (Pawson
and Harley, 1997).

Age 1 2 3 4 5+
Maturity 0 026 052 086 1.00

This ogive is applied to all years in the assessment. The Stock Annex contains further
details regarding these settings.

4.2.3 Survey tuning data

There are two surveys that provide abundance estimates to the Working Group. The
UK (E&W) commercial beam trawl survey provides indices for years 1986-2008. This
survey has been conducted on the commercial beam trawler FV Carhelmar in most
years. Detailed information on the survey protocols and area coverage can be found
in the Stock Annex.

Since 2003 the Fisheries Science Partnership (FSP: Cefas-UK industry cooperative pro-
ject) has been conducting a survey using commercial vessels with scientific observers
and following a standard grid of stations extending from the Scilly Isles to Lyme Bay.
The survey covers a substantially larger area than the other survey and as a result, is
thought to be more representative of the stock in UK waters. This dataset was first
included in the 2007 assessment, and the exploratory analysis can be seen in that re-
port (ICES, 2007, Section 3.2.5). However, recently the vessel(s) used for the survey
have changed from the FV Nellie and the FV Lady T, to the FV Carhelmar. In 2008, in
addition to the vessel changes there have been other sample protocol changes, nota-
bly the change to using 4 m ‘survey’ beam trawls from the commercial 12 m beam
trawls used previously by the other vessels, which have indicated a strong year effect
despite the use of a linear correction for the beam length.
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Data for the 2009 surveys was available for use at this workshop however no new
catch data were available to the Workshop to examine possible effects of the 2009 FSP
data on the assessment.

4.2.4 Commercial tuning data

Three UK (E&W) commercial tuning indices have been used previously in this as-
sessment (beam trawl 1989-2008; otter trawl 1988-2008 and otter trawl [historical]
1976-1987. No new commercial tuning data were available to the Workshop, how-
ever exploratory XSA runs were carried out that involved either ‘splitting’ the com-
mercial series time data further or truncating them to include recent data only
because of the concerns regarding trends in the residuals of the full time-series (for
further details see Section 4.8.3).

4.2.5 Discard data

Estimates of the length composition of both the discarded and the retained portions
of catches from the UK (E&W) and French discard sampling programmes have pre-
viously been supplied to and presented by the Working Groups (WGSSDS and from
2009 WGCSE). Data is available for years 2002-2008 for both nations but for this
workshop, UK (E&W) data were also available for 2009 (quarters 1-3 only).

No attempt has been made previously to either raise these estimates to the total
catches for the fleets or to incorporate discards into the assessment. The Working
Group (WGCSE 2009) stated that for this plaice stock, discarding is low compared
with that of other plaice stocks and that discarding appears to be at its highest in
quarters 1 and 2.

For this workshop, work was carried out to confirm these WG assumptions and to
attempt to raise the discard data to total catch estimates. The Working Document on
Western Channel (VIle) plaice discard data describes the data exploration and analy-
sis carried out.

This working document made the following summarized observations:

e The assumptions that discard rates are small, compared with other plaice
stocks, and that most of the discarding takes place in quarters 1 and 2 ap-
pear robust. Vlle discard rates in numbers range from 9% in 2003 to 24% in
2008 with an average of 16%. Discarding is at its heaviest in quarters 1 and
2 with 26% and 19% discarded in these quarters and around 5% discarded
in the remainder of the year. One of the reasons for this comparatively low
discarding of plaice is likely a lack of overlap between the very limited
nursery habitat and the fishery in Vlle.

e The discard rate appears to be increasing over time but is still at relatively
low levels. Discard rates for Vlle plaice stock (16%) are much less than
those for adjacent plaice stocks in VIId (57%) and VIIfg (73%).

e Sampling effort on discards is very good for the VlIle plaice stock and dis-
card sampling effort is increasing over time. Most of the sampling effort
has been carried out on beam and otter trawlers and this corresponds to
the fleets where most catches and effort is observed.

e Most discard sampling was carried out on vessels of length 10 to <20 m
and with engine power between 100 to <300 Kw.

e Around 10% by weight are discarded and this measure is increasing. The
proportion discarded by weight has increased steadily from 5% in 2002 to
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around 13% in 2008. This compares favourably with the adjacent stocks
that have rates of around 40% in VIId and around 60% in VIIfg (in 2008).

e There is no evidence of any seasonal differences in the proportions dis-
carded at length. The proportions of fish discarded at length for this stock
demonstrate good levels of consistency over the time period and in addi-
tion the L50 values for each year are very close at around 27 cm. This is not
the case for UK data from VIId and VIIfg stocks but for these stocks, the
inconsistencies may be a feature of lower sample numbers.

e Around 60-70% of fish discarded are regarded as immature.

e Raising the discard sample data is possible by using either landings or ef-
fort but neither method is ideal. The major problem encountered in raising
these data was the limited availability of age data at the smaller/larger
lengths.

e In 2008, most discards were at age 2 and age 3, where an estimated 28%
and 5% respectively would be added to the landings age composition. For
2008, the resulting age compositions from both raising methods were al-
most identical although this may not be the case for other years.

e The total weight of the discarded catch in 2008 is estimated to be approxi-
mately 55 t amounting to around 6% of the commercial landings.

The meeting discussed and agreed that given the confirmed low levels of discarding
in this stock (16% by number and 10% by weight), that estimates of discarding would
not be added to the assessment as part of this benchmark work. Given the stable lev-
els of discarding over the observed period, low discarding of mature fish and stable
proportions-at-length being discarded, the impact on SSB and fishing mortality of
adding this catch component would be small. This workshop considered that the
time-series of discard data available was insufficient to estimate discarding levels in
earlier years.

Additionally, the Workshop had inadequate time to calculate estimates of the dis-
carded catch for all years that sample data were available.

The Workshop did not consider the adding of discard estimates into this assessment
as a high priority, as there were other issues (migration) that were more significant to
the assessment.

4.2.6 Industry/stakeholder data inputs

Jim Portus as the RAC representative at the WG provided substantial anecdotal and
qualitative information with regards to trends in fleet dynamics and important man-
agement issues to consider for the plaice VIle stock.

Stock identity and migration issues

The current stock area for this stock is strictly that for ICES Area Vlle called the West-
ern English Channel, although the TAC area includes the larger component of VIId
(Eastern English Channel).

There are two known plaice spawning areas within VIle and these are south of Start
Point and south of Portland Bill. Spawning takes place between December and March
with a peak in January and February. However, the spawning habitat in VIle is much
lesser than that available in VIId. Previous tagging studies have estimated that 87% of
the recruits to the western Channel (VIle) come from outside the area (34% from the
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eastern Channel VIId and 53% from the North Sea, Pawson 1995). Similarly, 38% of
recruits to the eastern Channel are estimated to have come from the North Sea. The
historical tagging data on which these studies were based also reveal that there is
substantial mixing of adult plaice between the western and eastern Channel and be-
tween the English Channel and the North Sea, but very limited exchange between the
English Channel and the Celtic and Irish Seas (Table 4.3.1; Burt et al., 2006).

At present separate assessments are made for plaice in VIle, VIId and IV, but the
abundance estimates obtained from these assessments may be questionable because
they assume a closed population in each area. When there is mixing among areas,
standard stock assessments that do not account for this are liable to overestimate pre-
sent abundance in some areas and underestimate it in others. As a result, quotas
based on the separate assessments can result in actual fishing mortality rates well
above target in some areas and well below in others (Kell ef al., 2004). The sum of the
separate estimates should accurately estimate total historical abundance in all areas,
but may or may not be accurate for total abundance in each individual area at a given
time. Given the relative sizes of the three stock units, the effect of mixing is likely to
have much greater impact on the assessment of the smaller components (in the Eng-
lish Channel) than on the larger one (North Sea).

The stocks of plaice in the Channel and North Sea are known to mix greatly during
the spawning season (January—February). At this time many western Channel and
North Sea plaice may be found in the eastern Channel (Figure 4.3.1; Pawson, 1995).
The comparable lack of spawning habitat in the western Channel alone suggests that
this migration from Vlle to VIId during the first quarter may be of considerable im-
portance. The current flow from the far eastern Channel acts to sweep eggs and lar-
vae back toward the southern Bight in the North Sea (Van der Veer et al., 1998). In
contrast, the currents in the central Channel are variable, while in the western area an
anticlockwise gyre of variable strength exists (Hill et al., 2008).

North Sea (IV) plaice have been demonstrated to spawn in VIId during January-
February and subsequently return to the North Sea (Figure 4.3.2; Hunter et al., 2004).
This migration is tracked by the international fleets fishing in the area: landings peak
in January over the spawning grounds when migrant fish are present and track the
movement towards the North Sea in February and March (Figure 4.3.3). A similar
migration of plaice from the smaller Vlle stock into VIId during quarter 1 is believed
to take place. Once fish have moved into VIId to spawn, they are then subject to fish-
ing, largely by the Belgian and French trawlers that take the majority of their annual
catch in January and February. Although, information from data storage tags is not
available to verify the cyclical movement of fish between Vlle and VIId historical data
are available from conventional tags. Conventional tags inform the recapture position
and date of a tagged fish (with known release point) and such data has been investi-
gated to estimate the likely movement rates of fish from VIId in quarter 1 into Vlle
and IV. The movement rates can then be used to determine the proportion of the
catch in VIId during quarter 1 that is due to immigrant spawning fish. The resulting
estimates of the catch of fish from VIle and IV that are caught in VIId can then be re-
allocated to the appropriate catch-at-age matrix.

There is evidence of significant adult site fidelity for NS plaice following the spawn-
ing migration, with different subpopulations of fish returning to the original area, so
that this is clearly not a fully mixed population during quarters 2-4. As such the
plaice stock complex represents neither a fully mixed nor an entirely unmixed-stock.
The situation is further complicated, because the biological significance of the indi-
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vidual stock SSBs is unknown. If spawning in the same area, one might assume that
the populations are mixed at the juvenile phases joining anyone of the subpopula-
tions. In this case there would be no genetic separation and the relevant SSB to relate
to recruitment would be the sum of all areas. Alternatively, spawning and subse-
quent settlement might be spatially or temporally discrete with migration patterns
being genetically maintained in isolated populations and the SSB relevant to recruit-
ment would be that of the individual stock. For the purpose of biomass reference
points we will consider these stocks as separate biological units, although there is
currently no genetic information available to support this assumption.

4.3.1 Analysis of historical tagging data; Methods

WKFLAT reanalysed data from historical tagging experiments on plaice, which were
archived in the Cefas ‘Tagfish’ database (Burt ef al., 2006). The tags were captured
through the fisheries and most are returned to Cefas within a few months of release;
however these fish, recaptured soon after release, have had little chance to migrate.
Therefore data from tagged fish with <6 months at liberty were excluded from the
analysis. Maps showing recapture positions for tagged plaice, witlz6 months at lib-
erty, that had been released in the Channel are shown in Figure 4.3.1. In order to fo-
cus on movement rates of fish that are available to the fishery only fish greater than
the minimum landing size were considered for further analysis (Table 4.3.2). Because
tags are returned via the fishery the probability that a tag will be caught depends on
the level of catch of plaice in an area: the greater the catch taken the more likely the
tag to be caught. However, the more fish that are present within an area the less
likely a tag is to be caught. So that estimated movement probabilities can be compa-
rable between areas and years, the probability that a tag is caught in an area (Number
recaptured/Number released) in a particular period must be weighted by the ratio of
biomass/catch in that area and year. The resulting weighted proportions of tags re-
turned from each area provide estimates of the movement probabilities between ar-
eas (Table 4.3.3).

The best estimates of biomass in VIle, VIId and IV were taken from the most recent
stock assessments (WGNSSK and WGCSE 2009) and the total international catch of
plaice in the three areas between 1950 and 2007 were gathered from FISHSTAT+.
Prior to 1973, catches of plaice in the Channel were not disaggregated into VIId and
Vlle. However, the average proportions of Vlle and VIId in the total Channel catch in
the period 1973-2007 were investigated and found to vary around constant propor-
tions (22% and 78% respectively). Thus, catches prior to 1973 were disaggregated by
assuming that the constant proportion held in the period 1950-1972. The VIId plaice
stock assessment covered the shortest period (1980-2008) of the three stock assess-
ments and the area IV assessment the longest (1957-2008). The SSB data were simi-
larly investigated and the stock size for VIId, prior to 1980, and Vlle, prior to 1976,
was computed as relative proportions of the North Sea stock (2.8% and 0.9% respec-
tively).

4.3.2 Analysis of historical tagging data; Results and conclusions

The numbers of tagged adult fish (length >270 mm) released in VIla, d, e and IVc and
subsequently recaptured are given in Table 4.3.2. Estimated movement probabilities
are shown in Table 4.3.3. The best estimates of the proportion of fish in quarter 1 in
VIId that would return, if not caught by the fishery, to VIle and IV are circled in red
in Table 4.3.3. So 14% of males and 9% of females would migrate to VIle, while 52%
of males and 58% of females would migrate to IV. To the nearest 5%, this suggests
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that 10 to 15% of the catch in Q1 in VIId should be allocated to VIle, while between 50
and 60% of the catch in Q1 in VIId should be allocated to IV. These estimates are in
agreement with previous analyses (based on the same data) reported by Pawson
(1995), which suggest that 20% of the plaice spawning in VIle and VIId spend sum-
mer in VIle, while 56% migrate to the North Sea. Given the assumptions involved in
these calculations (including identical tag return rates between different fishing na-
tions and constant spatial patterns over time) and the relatively small numbers of
adult tags returned the estimates of movement rates are subject to great variability.
The limitations of the data do not permit an estimate of annual movement probabili-
ties. Recent studies based on data storage tags suggest that the retention rate of
spawning plaice tagged in the eastern Channel is 28%, while 62% of spawning fish
tagged were recaptured in the North Sea (Kell et al., 2004).

WKFLAT explored impacts of various mixing rates on the assessments of the plaice
stock components in VIId and Vlle, based on analyses of historical tagging experi-
ments and published tagging results and studies (e.g. Burt et al., 2006; Hunter et al.,
2004; Kell et al., 2004). For plaice in VIle, an adjustment to the catch-at-age was carried
out by adding 15% of Q1 landings from VIId to the catch in VIle. For plaice in VIId,
the catch-at-age was also adjusted for that change, and a further 50% of Q1 landings
and catch-at-age in VIId were assumed to come from North Sea. Thus the Q1 catch-
at-age for plaice in VIId was reduced by 65%. WKFLAT emphasized the importance
of making corresponding adjustments if catch from one area is re-assigned to an-
other.

Bias due to mixing can be avoided by combining areas and conducting a single as-
sessment, but that approach raises some difficult issues. One is how to choose and
combine series of relative abundance data that reflect trends in the combined area as
a whole. A more difficult issue is how to apportion the estimated total quota among
areas. Although there are examples of how this has been applied elsewhere (Clark
and Hare, 2007), these issues require careful study for the plaice stocks. Therefore
WKFLAT recommends that ICES set up a study group similar to SGHERWAY to ex-
plore the potential for performing a combined assessment of plaice in the North Sea
and English Channel, and apportioning quota between them. Such a SG could also
explore the possibility of modelling/assessing the three different “subpopulations”
and trying to estimate migration factors between the areas, using tagging studies to
ground-truth these results.
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Table 4.3.1. Summary of flatfish tagging data collected between 1960 and 2006 showing numbers
of (a) releases on the database, (b) recaptures on database, and (c) releases not yet entered on the
database, by tag type, release decade and release area (ICES Subarea or Division) (adapted from
Burt et al., 2006).
Commen name Tag type Decade ICES Sub-Area/Division
1 lia IVa Vb Ve Va Vb Via Vila viid Vile viif Vilg Vilh Total
Plaice Conventional 10003 a 41 21,277 5,548 1.020 338 308 28,731
b 60 7.280 1.182 100 a2 8.720
c 198 526 240 4510 2,854 5.217 17.073 71 8 30,504
19703 a 1.220 8.750 2,786 3.673 5,001 5.027 25,102
b 708 29834 1.042 a7 1.858 2.010 8521
c 1.819 803 37 72 233
1980s a 792 5,260 3,450 2,108 115 11,824
b 178 2.158 868 289 a 4.180
c 27 108 537 88 760
19203 a 357 958 4514 2312 2,168 10,307
b 153 240 207 1,012 400 2,001
c 100 100
20003 a 207 74 281
b 4 -] 1o
Table 4.3.2. Summary of tagged plaice €270 mm, where B = both sexes, M = male and F = female)
recaptured after 6 or more months at liberty. The column on the far left indicates where the fish
were released and the 12 rightmost column titles indicate where the fish were recaptured. The
data were pooled for the period 1960 to 2006. The recapture period is specified in the fourth col-
umn but the release period is not constrained.
Release Information |[Recaptures (N) of plaice (length = 270mm on release) with >=6 months at liberty
DIV Sex N Recaptureperiod 3A 4A 4B 4C G6A 7A 7D 7E 7F 7G TH 7J
Vile B 576 |ALL 0 0 9 30 0 1 38 485 7 1 4 0
M 71 |Jan-Mar 0 2 0 3 0 0 10 55 1 0 0 0
F 66 |Jan-Mar 0 2 0 3 0 0 5 55 0 0 1 0
M 199 |Apr_Dec 0 0 2 13 0 0 14 168 2 0 0 0
F 240 |Apr_Dec 0 2 0 12 0 1 11 206 4 1 3 0
Vild B 997 |ALL 0 3 94 302 0 0 510 81 4 2 1 0
M 64 |Jan-Mar 0 1 5 10 0 0 39 7 2 0 0 0
F 149 |Jan-Mar 0 0 12 35 0 0 88 14 0 0 0 0
M 291 |Apr_Dec 0 0 15 94 0 0 152 27 1 2 0 0
F 487 |Apr_Dec 0 2 62 161 0 0 227 33 1 0 1 0
Vlla B 519 |ALL 0 0 1 0 1| 464 0 8 31 18 1 0
M 27 |Jan-Mar 0 0 0 0 0 19 0 0 7 1 0 0
F 40 |Jan-Mar 0 0 0 0 0 26 0 0 12 2 0 0
M 127 |Apr_Dec 0 0 0 0 0| 119 0 2 5 1 0 0
F 325 |Apr_Dec 0 0 1 0 1| 300 0 1 7 14 1 0
Ve B 815 |ALL 2 10 365 369 0 1 59 8 0 1 0 0
M 108 |Jan-Mar 0 1 41 59 0 0 6 1 0 0 0 0
F 88 |Jan-Mar 0 2 32 36 0 0 17 1 0 0 0 0
M 275 |Apr_Dec 1 2 128 125 0 0 16 3 0 0 0 0
F 325 |Apr_Dec 1 5 167 132 0 0 18 1 0 1 0 0
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Table 4.3.3. Summary of estimated movement probabilities for plaice £270 mm) recaptured after
6 or more months at liberty, for data collected between 1960 and 2006.

WEIGHTED BY INTN CATCH AND SSB

Release Information period pr(recap) after 6 or more months at liberty

DIV Sex Release  Recapture| N 7A 7E 7D 2

Viie B ALL 564 0,001 0.90 0.06 0.04
M Jan-Mar 2 0 0.74 026 0
F 3 0 0.60 0.40 0
M ror Dec 180 0 0.91 005 003
F pr_ 224 0.001 0.93 0.03 0.04
M ] 0 0.66 011 023
F Jan-Mar | Apr_Dec 8 0 0.67 0.24 0.09
M 68 0 0.83 012 005
F Apr_Dec | Jan-Mar 62 0 0.88 0.07 0.06

Viid B ALL 990 0.00 0.10 0.54 0.36
M 31 0 0.04 0.73 022
F Jan-Mar 86 0 0.08 0.58 034
M 144 0 0.10 0.76 014
F Apr_Dec 180 0 0.79 012
M 144 0 0.14 035 052
F Jan-Mar | AprDec | g5 0 0.09 0.33 ( 058
M 31 0 - 057 ;
F Apr_Dec | Jan-Mar 63 0 011 0.72 017

Ve B ALL 812 0 0.01 0.06 0.93
M 54 0 0 003 0.97
F Jan-Mar 17 0 0 0.28 0.72
M 172 0 0.01 0.06 0.92
F Apr_Dec 235 0 0.01 0.04 0.95
M 102 0 0 0 1
E Jan-Mar Apr_DeC 38 0 0 0 1
M 54 0 0.02 0.05 0.93
F Apr_Dec | ~Jan-Mar 71 0 0.01 0.18 0.80
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Figure 4.3.1. Locations of recaptures (red circles) after 6 or more months at liberty for tagged plaice released (blue crosses) in the English Channel: bottom left,
released in the eastern (VIId) Channel and bottom right, released in western (VIIe) Channel.
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Figure 4.3.2. Monthly composite plots of locations for plaice carrying electronic data storage tags. Each filled circle represents a single location calculated from
tidal data recorded when fish remained on the seabed for a full tidal cycle. The colours represent three geographically distinct subgroups: western subunit (blue)
eastern subunit (green) and; northern subunit (red). Reproduced from Hunter et al., 2004.
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Figure 4.3.3. Mean monthly landings for the combined international fleets for the period 2003 to
2008 (top left, January; top right, February, bottom left, March and bottom right (April).

Spatial changes in the fishery and stock distribution

WKFLAT 2010 provided investigations of the spatial and temporal trends in effort
and landings are provided in. These demonstrate that for the UK otter trawl fleet,
effort is concentrated in the coastal areas on the south coast of Devon and Cornwall
and this pattern has remained constant over the time period. This is entirely consis-
tent with the type/size of vessel engaged in this fishery with most vessels being rela-
tively small and working single-day trips.

The UK beam trawl fleet effort is concentrated in the Northern areas of VIle from the
Scilly Isles in the west to the Cherbourg peninsular in the east with most effort occur-
ring in the three ICES rectangles close to Start Point. Very little UK beam trawl effort
occurs in French waters and this is consistent with those areas having a hard seabed
stratification that is generally unsuitable for this gear type. This pattern of effort also
has remained consistent over the time period.
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A working document presented to the Workshop also provided a detailed descrip-
tion of the methodology involved in correcting effort for spatial changes and fleet
composition for the tuning-series. However, these were found to be mostly consistent
with the current effort correction to registered tonnage. The new cpue modelled is
likely to provide a more consistent pattern, but it is not clear to what degree historical
estimates will continue to change as additional data are added to the model. As there
was little effect of the changes to tuning information in the XSA assessment it was
decided to retain the current method of determining cpue until the model can be eva-
luated over a longer time period.

Environmental drivers of stock dynamics

Other than statistical correlations between recruitment and temperature (Fox et al.,
2000), little is known about the effects of the environment on the stock dynamics of
Vlle plaice.

Environment influences were considered by WKFLAT by incorporating sea surface
temperature into the XSA model as a tuning fleet for age 1 catch numbers i.e. as an
index of recruitment. The analysis managed to correlate well with the extremes of
temperature, but intermediate values provided little quantitative information on the
relative strength of intermediate cohorts.

There is some anecdotal evidence of range extension of some warm-water species
such as langoustine, triggerfish, and black sea bream from warmer parts of the Atlan-
tic into the Channel, thought to be associated with temperature increase in the area.
Given the biology of plaice it could be hypothesized that such temperature changes
would have a negative impact on the abundance and distribution of plaice.

Role of multispecies interactions

Not investigated during the Benchmark Workshop.

Impacts on the ecosystem

Not investigated during the Benchmark Workshop.

Stock assessment methods

4.8.1 Models

Two stock assessment models were compared at the WKFLAT 2010 to evaluate this
stock because of the differences in their assumptions.

SS3

Stock Synthesis is a highly flexible statistical model framework not necessarily con-
fined to catch-at-age analysis, but was implemented here using the catch-at-age in-
formation. It is able to include a large number of possible trends and dynamics with a
framework to statistically evaluate the parsimony of such submodels. However, here
it was investigated mainly as an exploratory assessment tool and as a way of obtain-
ing a better understanding of the data and its uncertainties. The main conclusions of
this work are summarized below.
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XSA

XSA is the currently used assessment model and was implemented by WKFLAT, us-
ing FLR, in a variety of ways. The XSA method is well known to ICES so its assump-
tions are not further elaborated on here.

4.8.2 Evaluation of the models

SS3

These investigations reveal that there are significant benefits to the model flexibility
offered in SS3 at least in terms of data exploration. Further investigations should be
conducted to see if reasonably robust results can be obtained from such a model,
which clearly has benefits in terms of both realism in the dynamics and its ability to
provide more realistic estimation of the uncertainty in specific parameter estimates.

The complexity of the model does suggest that the time intensity in developing a ro-
bust model will significantly increase the time required at the WG to provide man-
agement advice, but we have also demonstrated that fundamentally the models are
not significantly different as they rely mostly on the catch equation so that it should
be possible to get simpler deterministic models to match the results produced by SS3
once the trends in the dynamics have been understood.

For Vlle plaice it is suggested that the exercise conducted here should be repeated
with the new dataset which includes migration between VlIle and VIId and that the
information in the tuning fleets is extended to a plus group of 15+ also. Furthermore
it is desirable to remove the commercial tuning information from the “survey classifi-
cation” in SS3 (as currently implemented) and replace their effects in separate fisher-
ies, consistent with the samples collected. The aim here would be provide length and
age information at the level of the samples, rather than as raised age information as is
done for the deterministic models. Only in this way will it be possible to evaluate un-
certainty properly.

It is clearly difficult to estimate absolute levels of F as it seems likely that there have
been few significant fluctuations in F over the time period. S53 appears to approach
the problem from a low F, high SSB direction, where as XSA appears to have much
higher levels of F inconsistent with the dynamics in the plus group which were only
evaluated for the SS3 model. Further work is urgently needed to determine if XSA
can make use of this information because for a number of cohorts abundances are low
or absent especially in the survey information and XSA is unable to deal with 0 in the
tuning information.

XSA

The current stock assessment model is carried out using XSA (WGCSE 2009).
WKFLAT investigated numerous changes to the input data (e.g. changes to the tun-
ing fleets), XSA settings (including g-plateau, F-shrinkage, and F bar range) and al-
ternative models in order determine why retrospective patterns and trends in
residual catchability exist in the current stock assessment model. Environmental in-
fluences were also considered by incorporating temperature into the XSA model as a
tuning fleet for age 1 catch numbers i.e. as an index of recruitment.

In the current stock assessment model, the retrospective pattern in mean F for ages 3—
7 indicates that there is typically an overestimation of F and this is coupled with an
underestimation of SSB. WKFLAT investigated the retrospective pattern in fishing
mortalities for each age and demonstrated that the problem extends across ages 4-7
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(ICES Working Document 4.1). Given that the retrospective pattern in F does not ex-
tend to the early ages there is no suggestion that discarding is the cause of the pat-
tern, which can be explained by the small amount of suitable nursery habitat
available within VlIle itself. Even in the surveys few one-year-old plaice are caught in
the area (see Section 4.2.5). It is more likely that the retrospective is caused by a con-
flict in the Z estimates coming from different fleets. This is signified by the pattern in
the residuals particularly of the otter trawl fleet implying an apparent decrease in the
fleet catchability over time. However, WKFLAT could not find any reasonable cause
for such a decrease in catchability after examining fleet dynamics which would have
justified cutting or trimming of the index.

Screening of the tuning indices suggests that each series is internally consistent.
Catch-curve analyses suggest strong correlation between total mortality, Z, estimates
from the commercial indices (beam and otter trawl) and the catch data, but poor cor-
relation between the catch data and beam trawl survey estimates of Z.

Given our knowledge of the spawning migrations of plaice in the Channel and the
opposite retrospective patterns in F and SSB in the eastern Channel (VIId) assess-
ment, WKFLAT attempted a simple combined assessment for Channel VIId,e plaice.
Because the VIId stock and landings are five times greater than those in Vlle, it is
perhaps unsurprising that the combined VIId,e assessment model resembles the cur-
rent VIId assessment (see Section 3; WGNSSK 2009) and suffers the same retrospec-
tive problem in F and SSB as the latter stock alone.

WKFLAT conducted an analysis of historical tagging data and used this information
to create two separate XSA models for the eastern and western Channel stocks that
correct the catch-at-age matrices for the migration patterns observed (see Section 4.3).
These ‘migration’ models were considered further by WKFLAT in addition to an al-
ternative model for VIle plaice, the ‘truncated model that also removes the retrospec-
tive pattern in F and SSB (Section 4.8.4).

Two XSA models were proposed as candidate assessment models for Vlle plaice by
the Benchmark. The preferred (“migration”) model attempts to correct for the migra-
tion of plaice between the eastern and western Channel so that the fundamental as-
sumption of a closed population of the stock assessment model is met. Tagging
information suggested that 15% of the catch in VIId in quarter 1 ought to be reallo-
cated to the VIle dataset, in agreement with previous studies. The assessment model
was considered biologically appropriate and suitable for management advice. The
use of this ‘migration” model for Vlle plaice necessitates a similar alteration to the
VIId input data and has implications for the assessment of North Sea plaice. The de-
tailed diagnostics, output from XSA, suggest that the ‘migration’ model is at least as
stable and robust as the truncated model with less reliance on shrinkage.

The alternative model “the truncated model” was also suggested as a suitable basis for
management advice for VIle plaice because the model did not suffer from retrospec-
tive problems and the detailed diagnostics did not reveal immediate problems. How-
ever, this model makes no account for the known spawning migration of plaice and
therefore violates the closed population assumption. Although this is likely to cause
bias in the estimated numbers, there is no evidence to suggest that the migration rate
has changed over time and therefore the change in F estimates between years should
be robust.

WKFLAT 2010 concluded that the migration model provides the most robust assess-
ment of the plaice stock resident in VIle during 2nd—4th quarter, as it best captures
the dynamics of the stock as we understand them, particularly with regards to the
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information provided by the tagging data. As such, this model should form the basis
of future ICES advice. However, WKFLAT acknowledges that such a change to the
advice implies more complicated management actions, and further work for the as-
sessment in [Vbc with regards to the changes adopted for the VIId in order to remain
consistent with the approach for VIle (removal of quarter one catches attributable for
the stocks resident in VIle and IVbc). Should it not be possible to effect appropriate
management for the three individual stocks (VIle, VIId and IVbc) using the advice
provided by the migration models, advice should be provided for VIle on the basis of
the truncated model. It is noteworthy in this case that the reference point issue would
have to be revisited, see Section 4.12.

The ‘truncated’ model is identified by WKFLAT as a useable model for management,
in the relative sense. It should be possible to provide relative advice in terms of a re-
quired reduction in the exploitation rate, but it cannot provide sound advice on an
absolute basis (see also the Section on VIId plaice), nor is management action likely to
have the desired effect, if the proportion of the Vlle stock taken in VIId during the
first quarter changes from previous ratios. WKFLAT has provided the necessary de-
tails and settings for this model in case it is not possible to implement the migration
model consistently.

4.8.3 Sensitivity analysis

Not investigated during the Benchmark Workshop.

4.8.4 Retrospective patterns

4.8.4.1 The ‘migration’ model

The migration model differs from the current model in that 15% of the commercial
catch-at-age in quarter 1 in VIId is reallocated to the VIle dataset. The reasoning is
that these fish would have returned to VIle had they not been caught by the fishery
during their spawning migration. Once these data are included in the VIle XSA as-
sessment model, the estimates of SSB increase and the retrospective pattern in SSB is
resolved (Figure 4.8.1). The retrospective pattern in F is substantially reduced and the
F level remains relatively stable throughout the time-series.

Catchability residuals still suggest trends (reducing catchability over time) in the
commercial fleets between 1990 and 2000 and WKFLAT discussed the appropriate-
ness and significance of the trends. Given the lack of any evidence to suggest that
there have been dramatic changes in the fleets (see Section 4.4) over the time period
and relative stability of the catchability residuals in the more recent period since 2000,
the trends were not considered to alter the perception of the stock or the reliability of
the assessment estimates of F in the last decade.



66 | ICES WKFLAT REPORT 2010

Retrospective for plaice in Vlle (Fsk = 2.5)
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Figure 4.8.1. Retrospective plots of estimates of SSB (top), recruitment (age 1, middle), and aver-
age F for ages 3 to 6 (bottom). Model = migration model.

4.8.4.2 The ‘truncated’ model (the alternative)

Given that the XSA catchability residuals for the commercial tuning-series suggest
downward trends in catchability the model was re-run, eliminating commercial data
before 1998. The effect of this truncation is to remove the trends in residuals and
eliminate the retrospective patterns in this model run (Figure 4.8.2).
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Retrospective for plaice in Vile (tuning from Ville) (Fsk=1)
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Figure 4.8.2. Retrospective plots of estimates of SSB (top), recruitment (age 1, middle), and aver-
age F for ages 3 to 6 (bottom). Model = truncation model. F-shrinkage is set to 1.0.

Stock assessment

The settings used in the Benchmark assessment and the alternative model are shown
in the Table below alongside the 2009 WG settings (cell with alterations to the previ-

ous settings are in bold).

2009 WG

2010 WK -1 MIGRATION

2010 WK -2 TRUNCATED

Catch-at-age data

1976-2008, 1-10+

1980-2008, 1-10+
add catch from 7d

1976-2008, 1-10+

UK-WECBTS - Survey

1986-2008, 1-8

1986-2008, 1-8

1986-2008, 1-8

UKWECOT - Commercial

1988-208, 3-9

1988-2008, 3-9

1998-2008, 3-9

UK WECOT-Commercial historical

1976-1987,2-9

1980-2087,2-9

UK WECBT - Commercial

1989-2008, 3-9

1989-2008, 3-9

1998-2008, 3-9

UK E+W FSP - Survey

2003-2007,2-9

2003-2007,2-8

2003-2007,2-8

Taper No No No

Taper range

Ages catch dep. Stock size None None None

q plateau 7 7 7

F shrinkage se 25 25 1
year range 5 5
age range 4 4

Fleet SE threshold 0.5 0.5 0.5

Prior weighting

Plus group 10 10 10

F Bar Range F(3-7) F(3-6) F(3-6)




4.11

68 | ICES WKFLAT REPORT 2010

Recruitment estimation

WKFLAT considered the methods of recruitment estimation on the basis of the re-
sults of the new assessment methodology, which includes 15% of catches in Area
VIId in the first quarter, see stock identity and assessment sections.

There is no evidence of a suitable stock-recruitment relationship to use in the estima-
tion of recruitment. WKFLAT 2010 therefore considers the best estimate of recruit-
ment to be geometric mean recruitment of the historically observed recruitment
pattern.

At this present time it seems sensible to use a shortened time-series for estimation of
recruitment 1998—current year -1 (2007) as the historical large recruitments have not
been observed in the recent time-period. Should such large year classes be observed
in future the choice of time-series should be reconsidered by WGCSE and if appro-
priate a longer time-series should be used in which case the final year chosen would
be the current year-2 (2006).

This procedure is in line with the convention used at WGCSE and the historical
treatment of the short-term forecast for this stock.

Short-term and medium-term forecasts

The diagnostics suggest that estimation of the recruiting year class (age 1) is poorly
estimated in the assessment, both because catchability is very low in the commercial
fisheries and because the surveys are very noisy at this age. Consequently, estimation
of survivors from the recruiting age is poorly estimated and should not be used in the
forecast. It was deemed more appropriate to estimate survivors at age 2 on the basis
of the geometric mean abundance of historical recruitment. The time period chosen
should be consistent with that chosen for estimating future recruitment. Currently
this could be formulated as.

The short-term forecast uses:

1) the survivors at age 3 and greater from the XSA assessment;

2) N at age 2 = mean(In(recruitment (1998-current year-1))*exp —(0.12 +
mean(F(age 1)));

3) Stock and Catch weights = average stock and catch weights over the pre-
ceding 3 years, unless there is an indication that there are strong trends in

these, in which case they will be need to be dealt with appropriately by
WGCSE;

4) The F vector used will be the average F-at-age in the last 3 years, unless
there is strong indication of a significant trend in F. In the latter case, the
average selectivity pattern will be rescaled to the final F in the series;

5) The maturity ogive, M and F before spawning files as used in the assess-
ment.

This procedure is in line with the convention used at WGCSE and the historical
treatment of the short-term forecast for this stock.

Medium-term projections were not conducted for this stock at the Workshop

Biological reference points

WKFLAT 2010 examined the stock dynamics provided by the migration model to
determine appropriate biological reference points for this stock on the basis of the
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new assessment. It concluded that the historical reference points for this stock were
no longer appropriate as the new assessment indicated significant changes to the his-
torical perspective of the stock caused by the inclusion of catches from VIId in the
Vlle plaice stock.

In the event that alternate assessment models be used, these reference point discus-
sions will need to be repeated on the basis of the alternative model, as our under-
standing of stock dynamics are likely to be different for such a model. However it is
difficult to envision being able to provide useful biomass based reference points for
what essentially amounts to a partial assessment of the stock.

Examination of the Biomass reference points indicated that recruitment to the stock
was not negatively impacted by SSB levels greater than 2200 t (Bioss (1996) following
which a significant recovery in SSB of the stock had been observed, MBAL.), but there
was little or no evidence of stock collapse at lower SSB levels, although only 2 data
points exist below 2200 tons SSB (Figure 4.12.1). Consequently, WKFLAT had diffi-
culty in deciding whether this should be considered a limit reference point or a pre-
cautionary reference point. Dependent on this choice Bpa would either be 2200 t (with
a commensurate Bim set at 1600 t), or 3100 t (Bim = 2200 t) on the basis that there
should be a 40% buffer between the two reference points (procedure consistent with
the development of reference points in WGCSE).
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Figure 4.12.1. Stock recruitment plot for VII plaice, the black line indicating Bioss (1996) following
which a significant recovery in SSB of the stock had been observed, MBAL.

F reference points consistent with these biomass reference points based on a short-
term recruitment-series were calculated on the basis of the yield-per-recruit calcula-
tions and shown in the Table below as option 1 and 2. Bold numbers indicate the ba-
sis of the reference points for each option.

OopTION 1 OPTION 2 OPTION 3
Biim 1600 2200 2100
Bpa 2200 3100 3000
Fiim 0.55 0.7 0.60

Fpa 0.40 0.55 0.42
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Option 1 indicates that Bim is lower than the observed spawning-stock biomass for
this stock (Figure 4.12.2), while option 2 suggests that Fim is higher than levels of F
observed in the stock (Figure 4.12.3), therefore both sets of reference points would
move to areas of stock dynamics rarely observed, which WKFLAT considered risky.
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Figure 4.12.2. Showing the development of SSB and recruitment as estimated by the new assess-
ment methodology.

0.8
0.7
0.6 A
0.5
0.4
0.3
0.2
0.1 A

0 T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010

Figure 4.12.3. Showing the time-series in F (Fvar 3-6) as estimated by the new assessment method-
ology.

The new assessment indicates that the trend in F has been relatively flat since the late
1980s at levels around 0.6. Over this period SSB has increased and declined in re-
sponse to recruitment, but without causing a collapse in the stock. It might therefore
be considered as a limit reference point (Fim), option (3).

The problem with this stock is that we have an insufficient understanding of the stock
dynamics outside the relatively small range of F’'s and little or no response in re-
cruitment to the range of SSB’s observed. Consequently, each of the choices made in
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considering the calculation of the other reference points is also precautionary so that
the final set of reference points invariably is ultra precautionary. The Group could not
come to a consensus with regards to suitable precautionary reference points but
clearly stated that Fsq is currently too high and should be reduced, while biomass dy-
namics below the reasonably well estimated SSB levels of 2200 t are poorly under-
stood.

The Group felt more confident in using the 2200 t as a Buigger in the new Advisory
framework based on MSY based management targets, provided that the management
intervention at this level of SSB was sufficient to move the stock away from this level
of SSB with considerable certainty. This is in contrast to the precautionary approach
that would aim to maintain the stock above Bps, but not necessarily intervene further
beyond that. In any case it is deemed unlikely that low levels of SSB near Btrigger would
be reached if long-term management aimed to attain F levels near an appropriate
proxy of Fmsy.

No appropriate proxy was developed for Fmsy given the current uncertainty over the
basis for such advice, however WKFLAT 2010 commented that because plaice are
taken largely in conjunction with sole in Area VlIle it is important that the target lev-
els between the stocks are consistent especially because a management plan has been
agreed for sole VIle. The PA reference point software indicated that highest long-term
yield would be achieved by F’s in the region of 0.12 to 0.27 given the current selectiv-
ity pattern in the Table below.

REFERENCE POINT DETERMINISTIC MEDIAN 75TH PERCENTILE ~ 95TH PERCENTILE ~ HIST SSB < REF PT %

MedianRecruits 5435 5435 6320 7802
MBAL 2200 17.24
Bioss 1723
SSB90%R90%Surv 2737 2841 3062 3408 51.72
SPR%ofVirgin 8.40 8.23 9.18 10.65
VirginSPR 4.83 493 5.42 6.42
SPRloss 0.43 0.36 0.41 0.49

Deterministic Median 25th percentile 5th percentile Hist F > ref pt%
Fgar 0.63 0.63 0.61 0.58 24.14
Fmax 0.27 0.26 0.24 0.20 100.00
Fo1 0.12 0.12 0.11 0.10 100.00
Fiow 0.25 0.31 0.29 0.25 100.00
Fmed 0.54 0.53 0.48 0.42 79.31
Frigh 0.98 0.96 0.85 0.73 0.00
F35%SPR 0.14 0.14 0.13 0.12 100.00
Fioss 0.60 0.71 0.61 0.50 58.62

However this assumes a monotinically increasing stock recruit relationship with a
discrete change in slope at around 3000 t which is inconsistent with the conclusions
made by the Working Group as can be seen from the plot below (Figure 4.12.4). Con-
sequently, these values should be taken as no more than a rough guide of possible
future management targets.
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Figure 4.12.4. Stock-recruit relationship implied by PA-soft, which is inconsistent with the con-
clusions of the Working Group with regards to the assumed MBAL of around 2200 t.

Recommended modifications to the Stock Annex

Revise Stock Annex to describe the addition of a portion of quarter 1 catches from
VIId by age to the raised catch-at-age matrix.

Revise assessment model setting to reflect the change in the assessment.

Reinstate the previous procedure for providing short-term forecasts.

Recommendations on the procedure for assessment updates

The Working Group had considerable debate over the most appropriate assessment
model. WKFLAT felt that the biologically based approach, which incorporates the
migration issue by including 15% of VIId quarter 1 catches in the assessment for VIle
is a sound basis for advice. However it recognizes that it depends on the assumption
that historical patterns of migration have persisted and that the relative size of the
subpopulations has been roughly stable. Certainly, tagging experiments should be
reinitiated to provide a more up-to-date and precise estimate of the level of migra-
tion.

The WG recognizes that there may be implementation issues which were not re-
viewed by the meeting with regards to keeping other assessments, such as North Sea
plaice, consistent with the information used here. In addition, WKFLAT was unable
to anticipate all of the management problems that may arise from such a change.
Therefore an alternative assessment methodology based on VIle catches only was
offered. The alternative (‘truncated model’) could be used as the basis for advice on a
relative scale. However, subject to further investigation, it may not be suitable for
comparison with biological reference points.

Given the improved performance of the assessment with regards to the retrospective
pattern the WG recommends that the historical short-term forecast methodology is
reinstated; this was previously removed because of retrospective bias in F and SSB in
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the assessment. The procedure for the short-term forecast is independent of the final
model chosen for the assessment.

PA reference points need to be revised for this stock with the new assessment meth-
odology. WKFLAT 2010 has provided a number of options for the preferred assess-
ment methodology; none of which are entirely satisfactory, but suggest that a Buigger
could reasonably be set at 2200 t provided that the move towards a suitable proxy of
Fmsy is effective to avoid further deterioration of SSB. Fmsy for plaice needs to consider
the management target set for sole 7e as plaice are taken largely as a bycatch in the
same fisheries, and because there is a currently accepted management target of F=0.27
for sole Vlle.

Industry supplied data

Jim Portus as the RAC representative at the WG provided substantial anecdotal and
qualitative information with regards to trends in fleet dynamics and important man-
agement issues to consider for the plaice VIle stock.
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Stock Annex: Western Channel plaice Vile

Stock specific documentation of standard assessment procedures used by ICES.
Stock Western Channel Plaice (VIle)
Date 4th March 2010 (last revision at WKFLAT 2010)

Revised by I. Holmes, S. Kupschus and C. Lynam (Cefas-Lowestoft).

A. General

A.1 Stock definition

The management area for this stock is strictly that for ICES Area Vlle called the west-
ern Channel, although the TAC area includes the larger component of VIId (eastern
Channel).

Between 1965 and 1976, more than 5500 plaice were tagged and released around Start
Point. Previous analysis of the recaptures from plaice tagged while spawning in the
Channel (eastern and western areas) during January and February demonstrated that
20% spent summer in the western Channel, 24% in the eastern Channel, and approx-
imately 56% migrated to the North Sea after spawning (Pawson, 1995). Few of the
plaice tagged in the western Channel during April and May were recaptured outside
the Channel however, suggesting that there is a resident stock that does not migrate
to the North Sea after spawning in the Channel.

The main spawning areas are south of Start Point and south of Portland Bill. Spawn-
ing takes place between December and March with a peak in January and February.
Figure A shows the spawning areas for Vlle plaice.

The spawning habitat in VIle is much smaller than that in VIId and tagging studies
have estimated that 87% of the recruits to the western Channel (VIle) come from out-
side the area (34% from the eastern Channel VIId and 53% from the North Sea; Paw-
son, 1995). Similarly, 38% of recruits to the eastern Channel are estimated to have
come from the North Sea. The historical tagging data on which these studies were
based also reveal that there is substantial mixing of adult plaice between the western
and eastern Channel and between the English Channel and the North Sea, but very
limited exchange between the English Channel and the Celtic and Irish Seas (Burt et
al., 2006).

The stocks of plaice in the Channel and North Sea are known to mix greatly during
the spawning season (January-February). At this time many western Channel and
North Sea plaice may be found in the eastern Channel (Pawson, 1995). The compara-
ble lack of spawning habitat in the western Channel alone suggests that this migra-
tion from Vlle to VIId during the first quarter may be of considerable importance.
North Sea (IV) plaice have been demonstrated to spawn in VIId during January-
February and subsequently return to the North Sea (Hunter et al., 2004). This migra-
tion is tracked by the international fleets fishing in the area: landings peak in January
over the spawning grounds, when migrant fish are present, and track the movement
towards the North Sea in February and March. A similar migration of plaice from the
smaller VIle stock into VIId during quarter 1 is believed to take place. Once fish have
moved into VIId to spawn they are then subject to fishing, largely by the Belgian and
French trawlers that take the majority of their annual catch in January and February.



ICES WKFLAT REPORT 2010 | 75

Conventional tags inform the recapture position and date of a tagged fish (with
known release point) and such data has been investigated to estimate the likely
movement rates of fish from VIId in quarter 1 into VIle and IV. The movement rates
can then be used to determine the proportion of the catch in VIId during quarter 1
that is due to immigrant spawning fish. The resulting estimates of the catch of fish
from Vlle and IV that are caught in VIId can then be reallocated to the appropriate
catch-at-age matrix.

WKFLAT re-analysed data from historical tagging experiments on plaice, which were
archived in the Cefas ‘Tagfish’ database (Burt et al., 2006). The tags were captured
through the fisheries and most are returned to Cefas within a few months of release;
however these fish have had little chance to migrate. Therefore data from tagged fish
with <6 months at liberty were excluded from the analysis. In order to focus on
movement rates of fish that are available to the fishery only fish greater than the
minimum landing size were considered for further analysis. Because tags are re-
turned via the fishery the probability that a tag will be caught depends on the level of
catch of plaice in an area: the greater the catch taken the more likely the tag to be
caught. However, the more fish that are present within an area the less likely a tag is
to be caught. So that probabilities can be comparable between areas and years, the
probability that a tag is caught in an area (Number recaptured/Number released) in a
particular period must be weighted by the ratio of biomass/catch in that area and
year. The resulting weighted proportions of tags returned from each area provide
estimates of the movement probabilities between areas (see Table 4.3.2).

WEIGHTED BY INTN CATCH AND SSB

Release Information period pr(recap) after 6 or more months at liberty

DIV Sex Release Recapture N 7A 7E 7D 4

Vile B ALL 564 0.001 0.90 0.06 0.04
M Jan-Mar 2 0 0.74 0.26 0
F 3 0 0.60 0.40 0
M ror Dec 180 0 0.01 0.05 0.03
F pr_ 224 0.001 0.93 0.03 0.04
M 17 0 0.66 011 023
F Jan-Mar | Apr_Dec 8 0 0.67 0.24 0.09
M 68 0 0.83 0.12 0.05
F Apr_Dec | Jan-Mar 62 0 0.88 0.07 0.06

Viid B ALL 990 0.00 0.10 0.54 0.36
M Jan-Mar 31 0 0.04 0.73 0.22
F 86 0 0.08 0.58 0.34
M o Dec 144 0 0.10 0.76 0.14
F pr_ 180 0 0.09 0.79 0.12
M 144 0 0.14] 0.35 0.52
F Jan-Mar | AprDec | 5o 0 (0.09> 0.33 (0.58
M 31 0 020 0.57 .
F Apr_Dec | Jan-Mar 63 0 0.11 0.72 0.17

Ve B ALL 812 0 0.01 0.06 0.93
M Jan-Mar 54 0 0 0.03 0.97
F 17 0 0 0.28 0.72
M o Dec 172 0 0.01 0.06 0.92
F pr_ 235 0 0.01 0.04 0.95
M 102 0 0 0 1
= Jan-Mar Apr_Dec 38 0 0 0 1
M 54 0 0.02 0.05 093
F Apr_Dec | Jan-Mar 71 0 0.01 0.18 0.80

Summary of estimated movement probabilities for plaice £270 mm) recaptured after
6 or more months at liberty, for data collected between 1960 and 2006.

The best estimates of the proportion of fish in quarter 1 in VIId that would return, if
not caught by the fishery, to VIle and IV suggest that 14% of males and 9% of females
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would migrate to VIle, while 52% of males and 58% of females would migrate to IV.
To the nearest 5%, this suggests that 10 to 15% of the catch in Q1 in VIId should be
allocated to VIle, while between 50 and 60% of the catch in Q1 in VIId should be allo-
cated to IV. These estimates are in agreement with previous analyses (based on the
same data) reported by Pawson (1995), which suggest that 20% of the plaice spawn-
ing in VIle and VIId spend summer in VIle, while 56% migrate to the North Sea.
Given the assumptions involved in these calculations and the relatively small num-
bers of adult tags returned the estimates of movement rates are subject to great vari-
ability. The limitations of the data do not permit an estimate of annual movement
probabilities. Recent studies based on data storage tags suggest that the retention rate
of spawning plaice tagged in the eastern Channel is 28%, while 62% of spawning fish
tagged were recaptured in the North Sea (Kell et al., 2004).

WKFLAT 2010 adopted a 15% movement of catches from VIId into VIle in Q1 and
similarly an additional 50% movement in Q1 from VIId to IV.

A.2 Fishery

In the western Channel, plaice are taken largely as a bycatch in beam trawls directed
at sole and anglerfish. The main plaice fishery is concentrated to the south and west
of Start Point. Although plaice are taken throughout the year, landings are usually
heaviest during February/March and October/November. The fisheries taking plaice
in the western Channel mainly involve vessels from the bordering countries: UK,
France and Belgium.

Main métiers

There are ten main métiers that exploit important fish and shellfish stocks in the
Channel. Otter trawling accounts for a wide range of target species in season; cuttle-
fish, anglerfish, gurnard, rays, cod, whiting, plaice, sole, squid and lemon sole; in-
volving boats from France (600), England (470), Belgium (15) and the Channel Islands
(11). Beam trawling is also important for boats from the three former nations (26, 83
and 65 respectively), targeting sole, anglerfish and plaice, with up to 25 of the Belgian
boats extending this fishery into the Bay of Biscay. Many boats from France (626) and
England (80) join two Channel Islands vessels dredging for scallops and taking a val-
uable bycatch of sole and anglerfish. The other main towed gear is mid-water trawls,
used either for the small pelagic species; mackerel, sprat, pilchard and herring; or for
bass and black bream with a bycatch of gadoids by French (40) and English (25) boats.
Purse seines are used by eight UK vessels to take mainly mackerel and pilchard in the
western Channel.

The fixed netting métier in the Channel is really composed of several métiers using
specific net gears and mesh sizes depending on target species, the most important
being with gillnets and trammelnets (580 French and 380 English boats) for sole, cod,
ling, pollack, hake, plaice, bass and spider crab. Rays, anglerfish, turbot, crabs, lob-
ster and crawfish are also taken in tanglenets (305 Fr., 300 Eng. and seven CI).

Similarly, potting (960 Fr., 275 Eng and 560 CI) uses several distinct gears to catch
brown (edible) crabs, spider crabs, cuttlefish, lobsters and whelk, both inshore and
offshore, and there are zones in the western Channel partitioning potting and towed
gears for alternating periods. Longlining has been replaced by fixed net in many
cases, but conger eel, sharks, rays and bass are still taken (260 Fr., 60 Eng and 13 CI).
Handlines are used for mackerel, bass, pollack and ling by small boats working along
both the English (390) and French (120 Fr and 90 CI) coasts of the Channel. This in-
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formation is accurate as at Report of the Working Group on the Assessment of South-
ern Shelf Demersal Stocks (WGSSDS) 2007.

A.3 Ecosystem aspects

Other than statistical correlations between recruitment and temperature (Fox et al.,
2000), little is known about the effects of the environment on the stock dynamics of
Vlle plaice. Environment influences were considered by WKFLAT by incorporating
sea surface temperature into the XSA model as a tuning fleet for age 1 catch numbers
i.e. as an index of recruitment (ICES Working Document 4.3). The analysis managed
to correlate well with the extremes of temperature, but intermediate values provided
little quantitative information on the relative strength of intermediate cohorts.

There is some anecdotal evidence of range extension of some warm-water species
such as langoustine, triggerfish, and black sea bream from warmer parts of the Atlan-
tic into the Channel thought to be associated with temperature increase in the area.
Given the biology of plaice it could be hypothesized that such temperature changes
would have a negative impact on the abundance and distribution of plaice.

B. Data

B.1 Commercial catch

Landings

The fisheries that take place in the western Channel mainly involve vessels from the
bordering countries: UK vessels report about 68%, France 24% and Belgium 8% of the
total plaice landings from ICES Division Vlle (based on 2007/2008). Although plaice
are taken throughout the year, landings are usually heaviest during February/March
and October /November. Landings reached a peak of around 2600 tonnes in 1990 af-
ter a series of good recruitments in the late 1980s. Landing levels then declined rapid-
ly once recruitment levels returned to average levels. Since 1994, landings have been
stable at around 1200 tonnes; however, in 2007 and 2008 landings have been below
this level.

Most of the landings are made by beam trawlers with around 70% of the UK landings
being reported by these vessels and another 25% being landed by otter trawlers. The
unallocated landings reported in the WG landings table in recent years are generally
additional French landings derived from sales note information.

Sampling and data raising

Quarterly age compositions were available only from UK (England and Wales) land-
ings for the years 1995-2008 (and 1989), which accounted for approximately 68% of
total international landings. The total international age composition was obtained by
raising the combined gears quarterly UK (England and Wales) age compositions to
include the landings of the Channel Isles, France and Belgium, and summing to give
an annual total.

For the earlier years of 1990-1994, French age compositions were also available. For
these years, the UK (England and Wales) age compositions were raised to UK (Total)
by including landings from the Channel Islands. Finally, UK (Total) and French age
compositions were combined and raised to include Belgian landings. Prior to this, the
stock data were aggregated for Area of VIId and Vlle. For these years, Belgium also
provided age compositions data and this was combined with UK (Total) and French
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age compositions. French age compositions were based on age data provided by the
UK.

WKFLAT 2010 recommended a ‘migration” model; this model reassigns 15% of the
first quarter Belgian, French and UK catch in VIId to the VIle catch-at-age matrix and
similarly raises the landings by including 15% of the first quarter landings in VIId for
each country. During the meeting, quarterly data for Belgium and France were avail-
able back to 1998 and UK data to 1997. In order to extend the time-series back to 1980
the first quarter landings and catch-at-age matrix for each country were inferred from
the total annual international landings and catch-at-age data (which begin in 1980 for
VIId). Total annual international catch-at-age data (1980-1997 for France and Belgium
and 1980-1996 for UK) were down-raised using the average proportion of catch-at-
each-age in the first quarter by each country over the period in which quarterly data
were available. Similarly, SOP corrected Q1 landings for each country were calcu-
lated back to 1980 using the mean (calculated over the period in which quarterly data
were available) proportion of the annual landings that were landed in Q1.

Age data representing French landings were available for 2002 and 2003, but were not
used in the assessment.

Table A shows the national data availability for Vlle plaice stock for the time period
1981-2008.

Table B shows a time-series of CV’s of numbers-at-age for sampling; UK (E&W) all
fleets combined.

Weights-at-age

Total international catch and stock weights-at-age were calculated as the weighted
mean of the annual weight-at-age data supplied (weighted by landed numbers), and
smoothed using a quadratic fit:

[e.g.: Wt= (0.1109*Age) - (0.0004*(Age?)) - 0.008; R2=0.98]

where catch weights-at-age are mid-year values (age = 1.5, 2.5, etc.), and stock
weights-at-age are 1st January values (age = 1.0, 2.0, etc.). Catch weights-at-age have
been scaled to give a SOP of 100%, and the same scaling has been applied to stock
weights-at-age. The process is applied separately for each year.

This technique has been used for many years (at least since stock has been assessed
by the Southern Shelf Demersal WG. In early years in the time-series, weights-at-age
were averaged over a period of years, and derived from separate-sex mean weights-
at-age.

WKFLAT 2010 recommended a ‘migration’ model that alters the catch-at-age data.
However, this model does not alter the weight-at-age matrix because it is not possible
to distinguish which weight measurements in VIId are from VIle migratory spawn-
ers.

B.2 Biological

The main spawning areas for plaice in the western Channel are south of Start Point
and Portland Bill. Spawning takes place from December to March, with a peak in
January and February.

On average, about a quarter of plaice in the western Channel are mature at age 2, half
are mature-at-age 3 and all are mature-at-age 5. The majority of plaice landed in the
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western Channel in 2001, for example, were at ages 2-5, and therefore it is estimated
that 73% of those landed were mature.

Natural mortality and maturity ogives

Initial estimates of natural mortality (0.12 for all years and all ages) and maturity
were based on values estimated for Irish Sea plaice (Siddeek, 1981). A new maturity
ogive based on UK (E&W) VlIfg survey data for March 1993 and March 1994 (Pawson
and Harley, 1997) was produced in 1997 and is applied to all years in the assessment.

Age 1 2 3 4 5+
Old Maturity 0 0.15 0.53 0.96 1.00
New Maturity 0 0.26 0.52 0.86 1.00

The proportion of mortality before spawning was originally set at 0.2 because ap-
proximately 20% of the total catch was taken prior to late February—early March, con-
sidered to be the time of peak spawning activity. The proportion of F and M before
spawning was changed to zero prior to the 1994 Southern Shelf Demersal Working
Group as it was considered that these settings were more robust to seasonal changes
in fishing patterns, especially with respect to the medium-term projections.

B.3 Surveys and survey tuning data

An annual 4 m beam trawl survey has taken place in the Lyme Bay area of the west-
ern Channel since 1984, initially aboard chartered fishing Vessels (MV BOGEY 1 and
latterly MV CARHELMAR) and more recently aboard the Cefas research vessel
CORYSTES, coming back to MV CARHELMAR in 2005.

Appendix A provides a history of the survey and details the survey methodology and
objectives.

The western Channel beam trawl survey data are used to calculate assessment tuning
data for both VIle plaice and sole. Indices of abundance-at-age for years 1986 to the
present, and for ages 1-5 have been used. Since 2007, this age range has been ex-
tended to include data for ages 1-8. Appendix A also describes how these indices of
abundance-at-age are derived.

Since 2003 a Fisheries Science Partnership (FSP: Cefas-UK industry cooperative pro-
ject) has been conducting a survey using commercial vessels with scientific observers
and following a standard grid of stations extending from the Scilly Isles to Lyme Bay.
The survey covers a substantially larger area than the current survey (UK-WECBTS)
and is thought to be more representative of the stock in UK waters. This dataset was
first included in the 2007 assessment, and the exploratory analysis can be seen in that
report (ICES, 2007; Section 3.2.5). However, recently the vessel(s) used for the survey
have changed from the FV Nellie and the FV Lady T, to the FV Carhelmar. In 2008, in
addition to the vessel changes there have been other sample protocol changes, nota-
bly the change to using 4 m ‘survey’ beam trawls from the commercial 12 m beam
trawls previously used by the other vessels. The Working Group, WGCSE 2009, de-
cided to leave out the 2008 data from the FSP survey because it had an undue influ-
ence on estimates of SSB and F.

B.4 Commercial Ipue

The UK (E&W) commercial lpue data are calculated for two gear groups (beam trawl,
and otter trawlers both over 40 ft) and for three sectors within VIle (VIle north, VII
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south and VIle west) made up of ‘collections’” of ICES rectangles. The Ipue values are
corrected for fishing power using a given relationship between fishing power and
gross tonnage and are calculated using the total effort for a month/sector not species-
directed effort. This relationship is FP=0.0072*GRT+0.6017 and this is standardized fit
to pass through the mean GRT of Irish Sea trawlers in 1979 (Brander, unpublished).

Beam trawl Ipue in the North of Vlle reached a peak in 1990, fell sharply to 1994 and
now fluctuates at low levels. The south and west sectors both peaked in the early
1990s but have steadily declined since. Otter trawl lpue in north of VIle peaked in
1988 before falling sharply until 1995. Since then it has remained at these much lower
levels. Lpue in the south is generally lower, but fluctuates to high peaks throughout
the time-series, whereas in the west it has remained stable at a lower level for the du-
ration of the time-series.

UK beam trawl effort has increased rapidly over the time-series, reaching record high
levels in 2003 and has remained at this high level since. UK trawl effort has slowly
decreased over the time-series, reaching a record low level in 2008. Effort is calculated
as fishing power corrected using GRT.

Figures B and C show plots of UK effort for 1998-2008 by ICES rectangle for otter
trawl and beam trawl gears, respectively.

Commercial tuning data

Commercial tuning information for this stock comprises of the UK (E&W) otter trawl
fleet and the UK (E&W) beam trawl fleet. These fleets have been used by Working
Groups for a number of years, and initially contained data for years back to 1976 (ot-
ter) and 1978 (beam). However in the most recent assessments carried out for this
stock, otter trawl fleet data are currently used only for years 1988 to the present and
for ages 3-9 and Beam trawl fleet is currently used for years 1989 to the present, and
ages 3-9. Since 2004, an historical otter trawl fleet (1976-1987) has been reintroduced
using ages 2-9 and this is calculated differently from the later data.

WKFLAT proposed a ‘migration” model for western Channel plaice, which does not
alter the commercial tuning fleets.

An alternative model, the ‘truncate model’, was suggested at WKFLAT, which would
require that the commercial beam trawl and commercial otter trawl fleets are trun-
cated so that the first year of the time-series is 1998 and the last year is the most recent
year. The “truncated” model does not use the historical commercial otter trawl fleet,
but has F-shrinkage increased from 2.5 to 1.0 to compensate for the increased variabil-
ity of estimates of F.

B.5 Other relevant data

Discarding

Discard length summary data from the UK (E&W) and French discard sampling pro-
grammes has been made available to ICES working groups for the period 2002-2009.
These data indicate that discarding is at its highest in quarters 1 and 2 in this fishery,
but is still low compared with other plaice stocks.

For the 2010 Benchmark meeting (WKFLAT), an analysis was carried out to deter-
mine the true level of discarding including trends in sampling effort, discarding pat-
terns and an attempt to raise the sampling to an estimate of total discards. This work
was presented to the meeting as ICES WKFLAT 2010, Working Document 4.4 “west-
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ern Channel (VIle) plaice discard data availability, trends and raising estimates to
total landings, and comparisons with the trends of adjacent plaice stocks. The sum-
mary points made were as follows:

Previous assumptions made by the Working Group that discarding is
small compared with other plaice stocks, and that most discarding takes
place in Quarter 1 and 2 appear robust. Vlle discard rates by number range
from 9% in 2003 to 24% in 2008 with an average of 16%. Discarding is at its
heaviest in quarters 1 and 2 with 26% and 19% discarded in these quarters
and around 5% discarded in the remainder of the year.

The discard rates appear to be increasing over time but are still at relatively
low levels. Discard rates for VIle plaice stock (16%) are much less than
those for adjacent plaice stocks in VIId (57%) and VlIfg (73%).

Sampling effort on discards is very good for the Vlle plaice stock and dis-
card sampling effort is increasing. Most of the sampling effort has been
carried out on beam and otter trawlers.

Most discard sampling was carried out on vessels of length 10<20 m and
with engine power between 100<300 Kw.

Around 10% by weight are discarded and this measure is increasing. The
proportion discarded by weight has increased steadily from 5% in 2002 to
around 13% in 2008. This compares favourably with the adjacent stocks
that have rates of around 40% in VIId and around 60% in VIIfg (in 2008).

There is no evidence of seasonal differences in the proportions discarded at
length. The proportions of fish discarded at length for this stock display
good levels of consistency over the time period and in addition the L50
values for each year are very close. This is not the case for the VIId and
VIIfg stocks but for these stocks, the inconsistencies may be a feature of
lower sample numbers.

Around 60-70% of fish discarded are regarded as immature.

Raising the discard sample data is possible by using either landings or ef-
fort but neither method is perfect. The main problem encountered was the
limited availability of age data at the smaller/larger lengths.

Most discards are at age 2 and age 3, where an estimated 28% and 5% re-
spectively would be added to the landings age composition. For 2008, the
resulting age compositions from both raising methods were almost identi-
cal although this may not be the case for other years.

The total weight of the discarded catch in 2008 was estimated to be ap-
proximately 55 t amounting to around 6% of the commercial landings.

The Workshop considered the possible effects of the lack of discards in this assess-
ment and recommended that further investigations are conducted to include discard
information in future assessments, but not to include the preliminary information
available as it may reduce the management of the exploited portion of the stock. The
data suggests discarding is minor in the years for which it has been raised to the fleet

level. It was therefore concluded that the effect of including these data in the assess-
ment would at best change the level of F and SSB over the whole time-series and at
worst obscure the trends now seen because of the short and variable time-series of
discard data available.
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Potential discard raising methods

Two methods were used to raise the discard sample data to total discards.

1) Using landings. Sample data for the two main gear groups of beam trawl
(gear code 1) and otter trawl (gears 2,3,7) and the remaining gears (other)
were extracted by quarter. For each gear group and quarter, the weight of
the total catch from the sampled trips was calculated by quarter using the
formula (W=aL"b * N) where ‘a’ and ‘b were quarterly condition factors for
the stock in use within Cefas stock processing. The discarded Length Dis-
tributions (LD’s) were then raised to total catches using the ratio of total
reported catch/weight of discard trip catches.

An age-length key (ALK) was applied to each raised quarterly LD to produce
quarterly age compositions (AC) for each gear group/quarter. The ALK data
used was taken from the age samples from the discard programme. Due to the
small quantity of discard age data available, the ALK used was at the annual
level. However even the ALK at this level only had small numbers of fish and
did not cover the full length range of the discard LDs. In these instances, the
discard ALK was supplemented by supplements by annual ALK data from
the relevant commercial landings samples. At the smallest lengths without
age data, an assumption about the age structure was made, but these were
generally considered to be age 1.

These discarded ACs were then combined across gears then across quarters to
give an annual estimate of discarded catches.

2) Using effort data. Given the recognized difficulties is assessing the ‘true’
effort levels of gears such as gillnetters and longlines, discard sample data
only for the two main gear groups of beam trawl (gear 1) and otter trawl
(gears 2,3,7) were extracted by quarter. The discarded LDs were raised to
total catches using the ratio total reported effort (hours fished) catch/hours
fished on sampled trips.

The same ALK as constructed above was applied to the quarterly raised LDs
to give quarterly age compositions by gear/quarter. At the quarterly level, the
two age compositions were combined then raised to include the catches form
the ‘other’ gears. These ACs were then combined across gears then across
quarters to give an annual estimate of discarded catches.

C. Historical stock development

This stock was assessed by the ICES Southern Shelf Demersal WG from 1992 to 2008.
In 2009, this stock was assessed at the newly formed ICES Celtic Seas Ecoregion
Working Group. The stock has been managed by a TAC since 1984 and the TAC is
applicable to VIId (Eastern Channel) and VIle combined.

Benchmark 2010

This stock was ‘benchmarked’ at the WKFLAT 2010 meeting where the main issue
under review was to overcome the problematic retrospective pattern that meant that
forecasts had not been possible for some years. Solutions explored included making
an allowance for migration patterns between the two channel plaice stocks, termed
the ‘migration model’; this clearly had a knock-on effect on the eastern channel stock
and the North Sea where there was also migration issues. Another option considered
(the “truncate model’) involves truncating the commercial otter and commercial beam
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fleets back to 1998. The ‘truncate’ model did not suffer from retrospective problems
and the detailed diagnostics did not reveal immediate problems. However, this
model makes no account for the known spawning migration of plaice and therefore
violates the closed population assumption. Although, this is likely to cause bias in the
estimated numbers there is no evidence to suggest that the migration rate has
changed over time and therefore the change in F estimates between years should be
robust. Additionally, the ‘truncate’” model excludes the commercial historical otter
trawl time-series and increases F-shrinkage from 2.5 to 1.0.

WKFLAT 2010 also recommended that the Fvar range is altered to 3—6 because very
few age 7 fish are caught by the fishery (<4% of the catch numbers). The age range of
the FSP survey was reduced to 2-8 because very few age 9 are caught by the survey
and that age created positive residuals in catchability for every year.

Outcome: The Workshop considered making an allowance for migration between the
two Channel plaice stocks. Having further examined tagging evidence available it
was agreed that an allowance of 15% of quarter 1 catches (both landings and the catch
numbers-at-age) from VIId needed to be added into quarter 1 of the VIle. This was
required from all contributing nations.

The combination of the two Channel plaice stocks was examined. It was agreed that
this would require further investigation as the inclusion of migrants caught in the
Channel to the North Sea stock would also need to be considered. Any combining of
stocks would a have a wide ranging impact on the assessment and any subsequent
management.

The issue of including discard estimates was also considered, but based on the short
time-series of data available and the limited impact on the assessment outcome, this
inclusion was deferred until a longer time-series of data was available.

Technical measures in force

Technical measures currently in force in the western Channel are a minimum mesh
size of 80 mm for otter and beam trawlers and 70 mm for Nephrops trawlers. Panels of
75 mm square mesh are compulsory in all Nephrops fisheries in ICES Subarea VIL

There is also a minimum landing size (MLS) on 27cm in force for plaice in 7e.
Model used: XSA
Software used: Lowestoft VPA suite

Model Options chosen:

Input data types and characteristics

VARIABLE
FROM YEAR
TO YEAR
TYPE NAME YEAR RANGE AGE RANGE Yes/No
Caton Catch in tonnes 1976-2008 - Yes
Canum Catch-at-age in numbers 1976-2008 1-15 Yes
Weca Weight-at-age in the commercial 1976-2008 1-15 Yes
catch
West Weight-at-age of the spawning 1976-2008 1-15 Yes
stock at spawning time.
Mprop Proportion of natural mortality 1976-2008 1-15 No
before spawning
Fprop Proportion of fishing mortality 1976-2008 1-15 No

before spawning
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Matprop Proportion mature-at-age 1976-2008 Age1-0%; Age2-26% No
Age3-52%, Age4-86%
Age 5+-100%

Natmor Natural mortality 1976-2008 1-15(0.12) No

Tuning data: ‘'migration model’

TYPE NAME YEAR RANGE AGE RANGE
Survey fleet 1 UK Western beam trawl survey (UK-WEC-BTS) 1986-2008 1-8
Commercial fleet 1 UK Western Channel Otter Trawl (UK-WECOT) 1988-2008 3-9
Commercial fleet 2 UK Western Channel Beam Trawl (UK-WECBT) 1989-2008 3-9
Commercial fleet 3 UK Western Channel Otter Trawl - Historic (UK-WECOT 1980-1987 2-9
historic)
Survey fleet 2 UK FSP Survey (UK(E+W) FSP) 2003-2007 2-8

Tuning data: ‘truncated model

TYPE NAME YEAR RANGE AGE RANGE
Survey fleet 1 UK Western beam trawl survey (UK-WEC-BTS) 1986-2008 1-8
Commercial fleet 1 UK Western Channel Otter Trawl (UK-WECOT) 1998-2008 3-9
Commercial fleet 2 UK Western Channel Beam Trawl (UK-WECBT) 1998-2008 3-9
Commercial fleet 3 UK Western Channel Otter Trawl - Historic (UK-WECOT excluded
historic)
Survey fleet 2 UK FSP Survey (UK(E+W) FSP) 2003-2007 2-8

History of assessment methods and settings investigations

The standard settings for a catch data screening run using a separable VPA are refer-
ence age of 4; F set to 0.7 and S set to 0.8.

In 1991 the stock was assessed using a Laurec-Shepherd tuned VPA. Concerns about
deteriorating data quality prompted the use in 1992 of XSA.

Trial runs have, over the years, explored most of the options with regards XSA set-
tings:
e The effect of the power model on the younger ages was explored in 1994;
1995; 1996; 1998, 2004 and 2010.
e The use of P shrinkage was investigated in 2001; 2004.

e Different levels of F shrinkage were explored in 1994; 1995; 2000; 2002;
2004 and 2010.

e The level of the + group was examined in 1995, 2004 and 2010.
e The effect of different time tapers was investigated in 1996.
e The S.E. threshold on fleets was examined in 1996; 2001 and 2007.

e The level of the catchability plateau was investigated in 1994; 1995; 2002;
2004 and 2010.

Table C shows the history of Ve plaice assessments and details the parameters used.

D. Short-term projection
Standard ICES software is used for the short-term projections: MFDP.

No short-term forecast has been provided since 2006 as the Review Group deemed it
unhelpful in the management of the stock given the strong retrospective bias in F.
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However WKFLAT was able to carry out a forecast following the removal of the
strong retrospective bias in F.

The diagnostics suggest that estimation of the recruiting year class (age 1) is poorly
estimated in the assessment, both because catchability is very low in the commercial
fisheries and because the surveys are very noisy at this age. Consequently, estimation
of survivors from the recruiting age is poorly estimated and should not be used in the
forecast. It was deemed more appropriate to estimate survivors at age 2 on the basis
of the geometric mean abundance of historical recruitment. The time period chosen
should be consistent with that chosen for estimating future recruitment. Currently
this could be formulated as.

The short-term forecast uses:

1) the survivors at age 3 and greater from the XSA assessment

2) N at age 2 = mean(In(recruitment (1998-current year-1))*exp —(0.12 +
mean(F(age 1)))

3) Stock and Catch weights = average stock and catch weights over the pre-
ceding three years, unless there is an indication that there are strong trends
in these, in which case they will be need to be dealt with appropriately by
WGCSE.

4) The F vector used will be the average F-at-age in the last three years, unless
there is strong indication of a significant trend in F. In the latter case the
average selectivity pattern will be rescaled to the final F in the series.

This procedure is in line with the convention used at WGCSE and the historical
treatment of the short-term forecast for this stock.

E. Medium-term projections

Not carried out for this stock.

F. Yield and biomass per recruit/long-term projections
Standard ICES software is used for the long-term projections: MFYPR.
As with most plaice stocks, there is no clear stock-recruitment relationship evident.

Not carried out for this stock since 2006.

G. Biological reference points

WKFLAT 2010 examined the stock dynamics provided by the new preferred XSA
model based on migration-at-length to determine appropriate biological reference
points for this stock on the basis of the new assessment. It concluded that the histori-
cal reference points for this stock were no longer appropriate as the new assessment
indicated significant changes to the historical perspective of the stock caused by the
inclusion of catches from VIId in the VIle plaice stock.

In the event that alternate assessment models be used, these reference point discus-
sions will need to be repeated on the basis of the alternative model, as our under-
standing of stock dynamics are likely to be different for such a model.

Examination of the Biomass reference points indicated that recruitment to the stock
was not negatively impacted by SSB levels greater than 2200 t (Bioss (1996) following
which a significant recovery in SSB of the stock had been observed, MBAL.), but there
was little or no evidence of stock collapse at lower SSB levels, although only two data
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points exist below 2200 tonnes SSB (Figure 4.12.1). Consequently, WKFLAT had diffi-
culty in deciding whether this should be considered a limit reference point or a pre-
cautionary reference point. Dependent on this choice Bpa would either be 2200 t (with
a commensurate Bim set at 1600 t), or 3100 t (Bim = 2200 t) on the basis that there
should be a 40% buffer between the two reference points (procedure consistent with
the development of reference points in WGCSE).

F reference points consistent with these biomass reference points based on a short-
term recruitment-series were calculated on the basis of the yield-per-recruit calcula-
tions and shown in the Table below as option 1 and 2. Bold numbers indicate the ba-
sis of the reference points for each option.

OPTION 1 OPTION 2 OPTION 3
Biim 1600 2200 2100
Bpa 2200 3100 3000
Fiim 0.55 0.7 0.60
Fpa 0.40 0.55 0.42

Option 1 indicates that Bim is lower than the observed spawning-stock biomass for
this stock, while option 2 suggests that Fim is higher than levels of F observed in the
stock, therefore both sets of reference points would move to areas of stock dynamics
not previously observed which the Group considered risky. The new assessment in-
dicates that the trend in F has been relatively flat since the late 1980s at levels around
0.6. Over this period SSB has increased and declined in response to recruitment, but
without causing a collapse in the stock. It might therefore be considered as a limit
reference point (Fim), option (3).

The problem with this stock is that we have an insufficient understanding of the stock
dynamics outside the relatively small range of F’'s and little or no response in re-
cruitment to the range of SSB’s observed. Consequently, each of the choices made in
considering the calculation of the other reference points is also precautionary so that
the final set of reference points invariably is ultra precautionary. The Group could not
come to a consensus with regards to suitable precautionary reference points but
clearly stated that Fsq is currently too high and should be reduced, while biomass dy-
namics below the reasonably well estimated SSB levels of 2200 t are poorly under-
stood.

The Group felt more confident in using the 2200 t as a Buigger in the new Advisory
framework based on MSY based management targets, provided that the management
intervention at this level of SSB was sufficient to move the stock away from this level
of SSB with considerable certainty. It is deemed unlikely that low levels of SSB near
Brigger would be reached if long-term management aimed to attain F levels near an
appropriate proxy of Fumsy.

No appropriate proxy was developed for Fmsy given the current uncertainty over the
basis for such advice, however the WKFLAT 2010 commented that because plaice are
taken largely in conjunction with sole in Area Vlle it is important that the target lev-
els between the stocks are consistent especially because a management plan has been
agreed for sole Vlle.

Previous biological reference points proposed for this stock by the 1998 Working
Group have been in use until 2009 (as below).

Fiim Not defined Fpa 0.45 (low probability that SSBmr<Bpa)
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Biim 1300t (equal to Bioss) Bpa 2500t (equal to MBAL)

The recent Working Groups view of these reference points had been that they were
considered unreliable.

H. Other issues
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Figure A. Map of spawning areas for VIle plaice.
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Table A. VIIe plaice. Catch derivation Table for assessment years 1981-2008

SOURCE

Year of WG Data UK Belgium France derivation of international landings % sampled
1981* length composition quarterly quarterly quarterly UK ALK used with French LDs 100

ALK quarterly quarterly - UK+Belgium+France combined to total international

Age composition quarterly quarterly - No analytical assessment carried out
1982* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1983* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1984* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1985* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1986* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1987* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1988* Asfor1981 Asfor1981 Asfor1981 Asfor 1981 100
1989* length composition quarterly - - UK raised to total international 70

ALK quarterly - -

Age composition quarterly - -
1990 length composition quarterly - quarterly UK+France raised to total international 96

ALK quarterly - quarterly

Age composition quarterly - quarterly
1991 Asfor1990 - As for 1990  As for 1990 97
1992 Asfor1990 - As for 1990  As for 1990 97
1993 Asfor1990 - Asfor 1990  Asfor 1990 98
1994 length composition quarterly - quarterly UK ALKs applied to French LDs 96

ALK quarterly - - UK+France raised to total international

Age composition quarterly - -
1995 Asfor1989 - - As for 1989 83
1996 Asfor1989 - - As for 1989 82
1997 Asfor1989 - - As for 1989 78
1998 Asfor1989 - - As for 1989 79
1999 Asfor1989 - - As for 1989 75
2000 Asfor1989 - - As for 1989 72
2001 Asfor1989 - - As for 1989 72
2002 Asfor1989 - - As for 1989 78
2003 Asfor1989 - - As for 1989 81
2004 Asfor1989 - - As for 1989 79
2005 Asfor1989 - - As for 1989 74
2006 Asfor1989 - - As for 1989 74
2007 Asfor1989 - - As for 1989 67
2008 Asfor1989 - - As for 1989 69

* stock assessed as VIId,e plaice
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Table B. CV of numbers-at-age for commercial sampling.

ICES WKFLAT REPORT 2010

CV BY AGE
YEAR COUNTRY 1 2 3 4 5 6 7 8 9
2005 UK(E+W) 18% 3% 3% 3% 6% 7% 11% 10% 9%
2006 UK(E+W) 21% 4% 3% 5% 5% 8% 10% 15% 14%
2007 UK(E+W) 42% 5% 3% 4% 6% 6% 9% 13% 20%
2008 UK(E+W) 42% 4% 4% 5% 6% 8% 8% 10% 14%
Table C. History of VIIe plaice assessments.
Assessment parameters used (1991-2008)
1991* 1992* 1993* 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AssessmentAge 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+ 1-10+
Range
Fbar Age Range 3-8 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7
Assessment Method LS/Trad XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA
VPA
Tuning Fleets :
UK trawl yrs 76-90 76-91 76-92 84-93 84-94 86-95 87-96 88-97 88-98 88-99 88-00 88-01 88-02 88-03 88-04 88-05 88-06 88-07 88-08
Ages 1-9 1-9 1-9 2-9 2-9 2-9 2-9 2-9 2-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9
UK trawl (historic) yrs 76-87 76-87 76-87 76-87 76-87 76-87
Ages 2-9 2-9 2-9 2-9 2-9 2-9
UKbeam yrs 78-90 78-91 78-92 84-93 84-94 86-95 87-96 89-97 89-98 89-99 89-00 89-01 89-02 89-03 89-04 89-05 89-06 89-07 89-08
Ages 1-9 1-9 1-9 2-9 2-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9
UK bftraw survey yrs 86-91 86-92 86-93 86-94 86-95 87-96 88-97 86-98 86-99 86-00 86-01 86-02 86-03 86-04 86-05 86-06 86-07 86-08
Ages 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-8 1-8 1-8
UK FSP survey yrs 03-06 03-07 03-07
Ages 1-8 1-8 1-8
Time taper 20yrtri 20yr tri 20yr tri 20yrtri None None None None None None None None None None None None None None
Power model ages 1 1 1 1-3 1-3 1-3 0 1 1-5 1-5 1-5 1-5 0 0 0 0 0 0
P shrinkage TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE TRUE TRUE FALSE FALSE FALSE FALSE FALSE FALSE
Qplateau age 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
F shrinkage S.E 0.3 0.3 0.3 0.8 1.5 1.5 1.5 25 25 25 25 25 25 25 25 25 25 25
Numyrs 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Num ages 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
FleetS.E. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

* Early version of XSA/VPA and tuning fleet age/year ranges used not specified. Assumed all years used but age
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Appendix A: Beam trawl surveys IN the western Channel (Vlle)

1. History of the survey

Complaints from the fishing industry in the southwest about the lack of scientific in-
vestigation and knowledge of the local sole stock provided the catalyst for the survey
in Vlle. Following enquiries of the local fishery officers and normal tendering proce-
dures, a skipper-owned 300-hp beam trawler-the Bogey 1-was selected. The first year
(1984) the survey consisted of a collection of tows on the main sole grounds. In 1989
the Bogey 1 was replaced with the Carhelmar and the survey continued unchanged
until 2002 when R.V. Corystes took over the survey as an extension to its ‘near-west
groundfish survey’.

Due to the changes occurring through the time-series, the surveys completed on R.V.
Corystes (2002 onwards) will be described separately to the ‘previous’ surveys (pre-
2002).

2.a. Survey objectives (1984 to 2001, and 2005 onwards)

To provide independent (of commercial) indices of abundance of all age groups of
sole and plaice on the west Channel grounds, and an index of recruitment of young
(1-3-year-old) sole prior to full recruitment to the fishery.

2.b. Survey objectives (2002 to 2004)

The primary objectives of the Irish Sea beam trawl survey are to (a) carry out a 4 m
beam trawl survey of groundfish to i) obtain fisheries independent data on the distri-
bution and abundance of commercial flatfish species, and ii) derive age compositions
of sole and plaice for use in the assessment of stock size; and (b) to collect biological
data, including maturity and weight-at-age, for sole, plaice, lemon sole and other
commercially important species. The epibenthic bycatch from these catches has been
quantified, and these surveys are also used to collect biological samples in support of
other Cefas projects and training courses.

3.a. Survey methods (1984 to 2001, and 2005 onwards)

For the years 1984-1988 the vessel was unchanged and was equipped with two 6 m
chain mat beam trawls with 75 mm codends. For the survey hauls one of the codends
was fitted with a 60 mm liner. In 1989 the Bogey 1 was replaced by the latest design
24 m 300 hp (220 kw) beam trawler Carhelmar. In 1988 two commercial chain mat 4
m-beam trawls (measured inside the shoe plates) were purchased by MAFF as dedi-
cated survey gear. Both beams were fitted with the standard flip-up ropes and 75 mm
codend. For years 1989 and 1990 only 1 codend was fished with a 40 mm liner but
from 1991 with the introduction of 80 mm codends both were fitted with 40 mm lin-
ers. The vessel and gear has remained unchanged since 1991.

Between 1989 and 2001 the survey remained relatively unchanged apart from small
adjustments to the position of individual hauls to provide an improved spacing. In
1995 two inshore tows in shallow water (8-15 m) were introduced. The survey now
consists of 58 tows of 30 minutes duration, with a towing speed of 4 knots in an area
within 35 miles radius of Start Point. The survey design is stratified by ‘distance from
the coast’ bands, in contrast to the Vlla,f and g survey that is stratified by depth
bands. The reason for this is that the coastal shelf with a depth of water less than 40 m
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is relatively narrow and in addition is often fished with fixed gear. The survey bands
(in miles) are 0-3, 3-6, 6-12, 12+ inshore, and 12+offshore.

3.b. Survey methods (2002 to 2004)

The standard gear used is a single 4 m beam trawl with chain mat, flip up rope, and a
40 mm codend liner to retain small fish. The gear is towed at 4 knots (over the
ground) for 30 minutes, averaging 2 nautical miles per tow. Fishing is only carried
out in daylight, shooting after sunrise and hauling no later than sunset, as the distri-
bution of some species is known to vary diurnally.

Once on board the catch is sorted to species level, with the exception of small gobies
and sandeels, which are identified to genus. Plaice, sole, dab, and elasmobranchs are
sorted by sex, all fish categories weighed, and total lengths are measured to the full
centimetre below, or half centimetre if the species is pelagic. Area stratified samples
of selected species are sampled for weight, length, sex, maturity, and otoliths or scales
removed for ageing.

The standard grid of 58 stations was fished in 2002 and 2003 (see map), and although
other stations have been fished in this period, they were for exploratory purposes and
were not included in the assessment.

4. Abundance index calculation

Plaice and sole abundance indices are calculated by allocating the appropriate ages to
the fish that are caught. This gives the age composition (AC) of the catch, and this is
used in the appropriate working group analysis.

The AC’s are calculated by proportioning a length distribution (LD) to an appropriate
age-length key (ALK). To account for possible population differences within ICES
Division Vlle, biological samples are taken from sectors stratified by distance from
shore (see map). The survey bands (in miles) are 0-3, 3-12, 12+ inshore, and 12+ off-
shore. Where appropriate the ALK’s are separated by sex, and this allows a particular
‘sector, depth-band and sex” ALK to be raised to the corresponding LD to give an ac-
curate AC for that particular habitat. The AC’s can then be combined as required to
give results in the form of ‘numbers-at-age, per distance or time’.

Between 1984 and 1990 a total survey age-length key was applied to the ‘grid’ length
distribution, but from 1990 onwards stratum stratified age-length keys were used.

The Table below show the stratifications currently used to calculate the ‘near-west
groundfish survey” abundance indices.

5. Map of survey grid

Additional stations have been fished throughout the time period, but as these stations
are not consistently fished, they are excluded from this map.
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6. Summary

AREA COVERED

ICES Division VIIE

Target species Flatfish, particularly prerecruit plaice and sole
Time period September-October. 1988 to present.
Gear used 1984-1988 -2 * 6m beam trawls

1989-2001 -2 * 4m beam trawls

2002-2004 - 1* 4m beam trawl

2005-Present -2 * 4m beam trawls

Mean towing speed 4 knots over the ground
Tow duration 30 minutes
Vessel used 1984-1988  -F.V.Bogey 1

1989-2001 - F.V. Carhelmar

2002-2004 -R.V. Corystes

2005-Present - F.V. Carhelmar

20
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Sole in llla

5.1

5.2

Current stock status and assessment issues

In its recent advice for 2010 ICES has assessed the status of sole in IIla as “Based on
the most recent estimates of SSB (in 2009) and F (in 2008), ICES classifies the stock as
having full reproductive capacity and being harvested sustainably. SSB has decreased
since 2005 but is still well above Bpa. Fishing mortality has increased from 0.22 in 2007
to 0.28 in 2008. Recruitment has been below average in recent 4 years.”

Similarly ICES commented on the uncertainty of that assessment: “The assessment is
considered uncertain; in recent years there is a tendency to overestimate SSB. There is
a need for fishery-independent data as the current survey does not target sole. A sole-
directed research survey was initiated in 2004, and the time-series of catch rates will
be considered in 2010 when it is sufficiently long and when the survey has been eva-
luated as an abundance index.

If the share of catches in the Belt Sea remains important and if the population in that
area belongs to the Illa stock, the basis for the assessment and advice should include
catches from the Belt Sea.” Presently sole in Illa is assessed as a stock unit in Illa us-
ing landings from Illa. The increasing fishery in the Belts adjacent to the southern
Kattegat (IIIaS) has not been included, but the advice and following management
TACs apply to the entire fishing area, i.e. Illa and the Belts.

ICES addressed a serious problem on the retrospective perception of important stock
parameters: “The present assessment has revised the perception of the recent levels of
SSB and F as SSB in 2008 has been overestimated by 30%, while estimates of F in 2007
has been underestimated by 5%. The basis for present advice is the same as last
year.”

Current benchmark assessment has therefore focused on following points:

e Use of new fishery-independent information; Fisherman-DTU Aqua sole
directed survey as tuning fleet,

e Necessary examination of remaining tuning fleets, incl. effect of ceasing
private logbook series;

e Examination of the inclusion of the Belt Sea in the assessment/advice;

e Implementation of a state-space assessment model (SAM) in order to im-
prove estimates of uncertainty and year-to-year variability of point esti-
mates;

e Establishment of appropriate biological reference points in accordance
with MSY concept.

Compilation of available data

Landings data used in present benchmark assessment are up to 2008 including land-
ings data from the Belts (Division Illa and Subdivision 22 and 23) in the final evalua-
tions. Biological input data to assessment are unchanged from WGBFAS 2009.
Tuning fleets are changed, the Danish KASU survey is substituted with the new Fish-
erman-DTU Aqua survey, and the two private logbook series, from trawlers and gill-
netters, will not be updated after 2008.
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5.2.1 Catch and landings data

The officially reported landings by area, gear and country for 2008 are given in Table
5.2.1.1. Denmark takes about 86% of the total Kattegat-Skagerrak catch. Kattegat is
traditionally the most important area accounting for 70-80% of the annual catches.
The proportion of Danish landings from the Skagerrak in 2008 (23%) equals the long-
term mean (24%). Landings from the adjacent Belts (Illb,c) amount to approx 100
tonnes annually for recent 4 years.

Historical catches including the Working Group corrections are given in Table 5.2.1.2
and Figure 5.2.1.1. Including Working Group estimates of misreporting and discard
ratios in 2002-2005, landings fluctuated between 600 and 800 t. Since then landings
have decreased to 543 t and 544 t in 2007 and 2008.

Landings in the Belts Area (i.e. Subdivisions 22 and 23) have gradually increased
since 2004, from less than 20 t annually prior to 2004 to more than 100 t annually in
recent years. Table 5.2.1.3 and Figure 5.2.1.2 provide the official figures of landings in
the region.

The gillnet fishery traditionally takes place in late spring, while the trawl fishery is
mainly conducted in autumn/winter. Figure 5.2.1.3 provides the Danish catches cu-
mulated by month since 1998, indicating the two main periods of fishery.

The available discard data are incomplete but discard is assumed to be negligible in
the fishery (Table 5.2.1.4).

5.2.2 Biological data

Age structure of the landings was only available for the Danish fishery (Table 5.2.2.1)
and the age structure of the Danish catch was assumed to apply to the total interna-
tional catch (Table 5.2.2.2).

Denmark provided statistics on catch age sampling for the Kattegat and Skagerrak
(Table 5.2.2.1).

Data for mean weight-at-age were derived using the same sample allocation as used
in the computation of catch-at-age. The mean weight-at-age in the catch is shown in
Table 5.2.2.3 and Figure 5.2.2.1.

Due to lack of biological information on maturity, the present assessment uses knife-
edge maturity-at-age 3, as in all assessments since 1996.

The natural mortality was assumed to be 0.1 per year for all ages as in previous as-
sessments.

5.2.3 Survey tuning data
The following surveys are available as biomass indicators for sole in Illa.

e Havfisken Survey (KASU) 4th quarter 1999-2008
e Fisherman-DTU Aqua survey November—December 2004-2008

The KASU survey is currently used as the only fishery-independent information in
the sole assessment as a tuning fleet while the Fisherman-DTU Aqua survey series
has been too short to include in previous assessments. The present benchmark as-
sessment recommends to use the new Fisherman-DTU Aqua survey as a tuning fleet
(5 years of survey available) and to omit the KASU survey due to its poor perform-
ance in catching sole, and its different perception of stock development.
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The Fisherman-DTU Aqua survey

A survey series targeting sole in Kattegat and Skagerrak (ICES Division Illa) was ini-
tiated in 2004 in order to establish a time-series of catch and effort data independent
of the commercial fishery. The cpue time-series is based on 120 fixed stations. In 2005
the survey design was adjusted in order to facilitate estimation of swept-area biomass
and abundance based on 70 randomly selected fixed stations distributed over the en-
tire survey area. The survey design, gear, coverage, and results from the first five
years are provided in a working document (O.A. Jergensen, 2009; WGBIFS and
WGBFAS in 2009).

After having conducted the survey for 5 years, an adequate time-series has been es-
tablished in order to use it to calibrate the analytical assessment of the sole stock in
Division Illa (Kattegat and Skagerrak). This assessment has for a while suffered from
poor fishery-independent data, as only a Danish HAVFISKEN survey, mainly target-
ing species other than sole, has been available. The HAVFISKEN survey was con-
ducted in daytime when no commercial fishery takes place, while the new survey is
conducted in night-time and in cooperation with fishermen, thereby utilizing their
knowledge of design and areas fished.

The Fisherman-DTU Aqua survey covers the main range of the distribution of the
fishery in Kattegat, and in addition a part of Skagerrak (Figure 5.2.3.1). The main dis-
tribution of all ages groups is in southern Kattegat (Figure 5.2.3.2), and little spatial
variation exists among the age groups 1-3+. The annual variation in distribution of
age groups 1-5 (Figure 5.2.3.3) also indicates relative little variation, with the major
part being observed in mid-Kattegat. Based on the log transformed data a GAM stan-
dardization including depth, station type and geographic position as an explanatory
variable, provides annual abundance distributions (Figure 5.2.3.4). The main area
with highest sole abundance in all surveyed years is in the southwest Kattegat at
rather low depths.

Internal consistency measured as the ability to follow cohorts in the survey, are pro-
vided in Figures 5.2.3.5 and 5.2.3.6. From Figure 5.2.3.5 it is obvious that abundance
of ages 2-5 is tracked well in the survey, while ages older than 5 are poorly tracked.
Figure 5.2.3.6 provides as measure of survey abundance by year-class as observed by
age group. The high abundance of 1999 yr-class observed at ages 8 and 9 is not ob-
served for the remaining ages 5-7. The relatively high yr-class 2002 is more consis-
tently reflected by all age groups.

Although the Fisherman-DTU Aqua survey is a short series, the survey corresponds
well with the commercial tuning fleets and also represents a relatively large propor-
tion of the survivor estimation, especially for the youngest ages (see Section 5.8.2).

5.2.4 Commercial tuning data

The currently used series of commercial catch and effort data in the assessment are as
follows:

e Official logbooks from trawlers, 12-20 m, 90-104 mm mesh, April-August
1994-2008;

e Private logbooks, 7 trawlers, October—January 1987-2008;

e Private logbooks, 3 gillnetters, April-October 1994-2007.
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Private logbook data

In order to establish consistent time-series of cpue data from the commercial fishery
to be used for calibrating the XSA sole assessment collaboration between the Danish
Fishermen Organisation and DIFRES was initiated in 2004 to establish a database
with data from private logbooks.

Since 2005 catch rate indices from private logbooks have been used to calibrate the
XSA assessment of sole in Illa. The private logbook data covers the period from 1987
to 2008 and provides information on effort (number of hours trawling/number of
nets) catches (kg by major species or species group) and location (name of fishing
ground) from 7 trawlers and 3 gillnetters ranging in size from 15 BRT to 111 BRT and
with an engine capacity of 150 to 450 HP.

The number of vessels participating in the voluntary arrangement has diminished
over time. Thus, in 2008 no gillnetters provided data and only five trawlers submitted
their logbooks.

Although the private logbook data covers the entire fishery of the vessels, only data
from the main sole fishing areas (Central Kattegat, KC, and Southern Kattegat, KS)
and the main seasons (October to January for trawlers and April to October for gill-
netters) are applied in the assessment. Figure 5.2.4.1 indicates the major fishing banks
in Kattegat.

Including 2008, the database covers more than 66 000 trawl hours and 204 000 netset-
tings from fishery in KC and KS (Tables 5.2.4.1 and 5.2.4.2). As indicated in the Tables
5.2.4.3 and 5.2.4.4 the total trawl catches were 416 tonnes and the gillnet catches 94
tonnes.

All trawlers apply the major part of their effort in the Central Kattegat during the
trawl season and only one trawler (TR6) applies a significant amount of its effort in
the Southern Kattegat. The average trawl catch and effort distributions in the period
1987 to 2008 are indicated in Figures 5.2.4.2 and 5.2.4.3.

Analysis indicates that there are both seasonal and annual differences in distribution
of effort in the trawl fishery (Figure 5.2.4.4 A-D). The difference in the effort-
weighted latitudes (Figure A) indicates that within the sole season the effort is more
northerly distributed than outside the season. Furthermore, the declining trend in
mean latitudes indicates that a southward movement of fishing effort took place dur-
ing the 1990s both within and outside the sole season. During the 1990s, the effort
also moved more easterly as indicated by the increasing trend in the effort weighted
longitudes (Figure C). However, after 2000 the effort seems to have moved westward
again.

The standardized catch rate indices for trawl and gillnet (kg per hour and kg per net
standardized to their means) are indicated in Figure 5.2.4.5. Both series indicate that
the sole stock increased during the first half of the 2000s and that it declined signifi-
cantly in both 2006 and 2007.

There seems to be a good correlation between the private logbook and the survey
indices as indicated in Figure 5.2.4.5 also.

To be used for calibration of the assessments the catches (by fleet, area, year and
quarter) were distributed by age group in a two step procedure. First, the total
catches were split into the two commercial size groups used by the industry assum-
ing that the private logbook catches have the same size distribution as catches in-
cluded in the official logbook database. Subsequently, the catch of each of the two
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commercial size groups were distributed into age groups assuming that the age struc-
ture of catches recorded in the private logbooks is similar to the age structure of the
official landings estimated on the basis of data from the Danish harbour sampling
programme.

Details on the private logbook programme can be found in Christensen (2006).

Information on the internal consistency within the two fleets is provided in Figure
5.2.4.6. The internal consistency is generally poor for both trawlers and gillnetters.
This might reflect problems with the sampling programme and deserves further in-
vestigation.

The cpue indices from the two fleets are shown by age in Figure 5.2.4.7. The decrease
in cpue observed in 2007 for all ages are continued in 2008. Recruitment (age 2) has
been low and stable since 2006.

The consistency, reliability and applicability of private logbooks were discussed.
WKFLAT noted that cpue trends from the private logbooks concurred with cpue
from the official logbooks (Figure 5.2.4.5). Furthermore, WKFLAT considered that
although the historical data were likely unbiased, this might not necessarily be the
case in future, also due to the increased awareness of their impact on the assessment.
Also taking into consideration that the number of vessels participating in the volun-
tary logbook programme has declined over time, it was therefore concluded that the
private logbook tuning-series should be maintained in the assessment without being
updated in future.

Official logbook data

Indicated by a significant increase in the proportion of vessels reaching the upper
ceiling of their rations, a study (Hovgaard, 2005) suggested that from 2000 to 2004 the
catch rations (allocated as individual weekly or half monthly rations) became increas-
ingly restrictive during the sole fishing seasons. During these periods with full utili-
zation of the ration the incentive to misreport is considered to have been high.
Furthermore, the study found that outside the peak seasons for sole fishing (i.e. April
to August for trawlers and January to April for gillnetters) mostly the sole rations
were not fully utilized and therefore not constraining the fishery. During these peri-
ods the incentive to misreport sole catches is considered to have been limited.

Based on analysis of official logbook data from Kattegat outside the peak sole seasons
(i.e. when the incentive to misreport was limited) four potential tuning fleet candi-
dates were identified and applied in the 2005 assessment as indicated in text Table 1.

Text Table 1. Tuning fleets based on official logbooks applied in the 2005 assessment.

FLEET AREA PERIOD
Small trawlers Kattegat April to August
Large trawlers Kattegat April to August
Small gillnetters Kattegat January to April
Large gillnetters Kattegat January to April

In the 2006 and 2007 assessments the small and large trawlers were combined as were
the small and large gillnetters. From 2008 the gillnetters were not included due to
poor statistical performance.

As indicated in Figure 5.2.4.5 the aggregated catch rates indices based on the official
logbooks from trawlers fishing outside the sole season (April to August) are consis-
tent with the indices from private logbooks.
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The official logbook catch rate indices from trawlers fishing outside the sole season
(April to August) used to calibrate the sole assessment since 2008, and the average
annual catch rates (covering January to December) used to calibrate the sole assess-
ment until 2004, are both shown in Figure 5.2.4.8. A comparison indicates that during
the period 2000 to 2005, when the quotas were restrictive, the off season indices were
indeed closer to the private logbook indices than were the annual average indices.
Furthermore, the catch rates from the official logbooks off season and the private log-
books both indicate a significant decline in catch rates after 2006 that is not seen in the
annual indices from the official logbooks including all months (i.e. including also the
sole fishing season).

In conclusion the WKFLAT considered that the catch rate indices from the private
logbooks, the off season official logbooks and the sole survey were consistent and
relevant to calibration of the assessment of sole in Illa.

5.2.5 Industry/stakeholder data inputs

Information from fishermen’s private records has been used previously in parallel
with their mandatory logbook information as an input to the analytical assessment.

5.3 Stock identity and migration issues

Establishment of the sole stock in ICES Division Illa as a biological unit for assess-
ment and management purposes was in the past mainly based on fishery data be-
cause biological entities of sole in Skagerrak and Kattegat were basically unknown.
The southern border of the Illa sole, the Danish Belts and Oresund (ICES Subdivi-
sions 22 and 23) between Denmark and Sweden, thus constitutes a more or less artifi-
cial border as there has been virtually no fishery for sole in that area before 2004.
However, since 2004 the fishery for sole in the Belts has increased markedly and now
constitutes about 20% of total catches in Illa. The ICES Advice and TAC of sole in Illa
applies to all of Division Illa and Subdivisions 22 and 23, i.e. all of Skagerrak, Kat-
tegat, the Belts and the Baltic Sea, although the assessment is only based on catch data
from Illa. With the increasing fishery in the Belts, the basis for advice and the man-
agement regime are not satisfactory and there is an increasing interest to determine
stock structure for sole in the Belts and consequently to include this knowledge in
assessment and advice.

Presently no biological studies are available to reveal the accurate stock affinity of
sole in the Belts, historical information is limited, and hence, no conclusive statements
can be drawn on stock structure within the area.

Landings from the Belts have increased since 2004 from less than about 20 tonnes an-
nually to approx. 120 tonnes in recent years (Table 5.3.1). In comparison the landings
in Kattegat and Skagerrak (Illa) have remained between 500 and 900 t from 2001 to
2008 (Figure 5.3.1). In the present exploratory assessment runs, Belt landings from
2004 onward were included, because landings prior to 2004 were negligible (Figure
5.3.1). The landings distribution in the entire area Skagerrak, Kattegat and the Belts is
provided in Figure 5.3.2 and shows the gradual increase of landings from the Belts
simultaneous with a shift in distribution of the fishery in Illa towards southern Kat-
tegat. Catch in numbers estimated for the areas (22 and 23) are based on port sam-
plings from the Belts while age readings and mean weight-at-age are assumed equal
to southern Kattegat. An XSA was run with same settings as the baseline run as ac-
cepted for the 2010 Advice and calibrated with same fleets. Stock summary of the as-
sessment is shown in Figure 5.3.3 and compared with the baseline assessment. The
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increased landings (20%) as a result of including the Belts landings, result in a similar
higher fishing mortality (from 0.28 to 0.33) and a slightly higher SSB (6%). The esti-
mated fishing mortality-by-age is provided in Figure 5.3.4. A comparison of retro-
spective runs for an XSA including the Belts with the baseline run is provided in
Section 5.8.3.

Conclusions and recommendations

The concurrent increase of landings from the Belts along with the continuous move of
the main fishery in Illa towards the southern Kattegat, indicates a strong connectivity
between the populations in Kattegat and the Belts. Despite few biological parameters
to draw any conclusive statements on the origin of the Belt sole, the sole distribution
as outlined from the sole survey (Fisherman-DTU Aqua survey), demonstrates high
catch rates up to the border to the northern Belts, indicating that sole in the Belts is
likely to be a part of the Kattegat population.

A status quo situation with a biological advice for Illa and the Belts based on Illa
landings only is fundamentally illogical, and it is therefore recommended to include
fishery information from the Belts into the IIla assessment in order to provide ad-
vice for the entire area Division IIla and Subdivisions 22 and 23. Any outcome of
future studies on stock structure and biological entities for sole in the area should be
used to correct or confirm this perception.

Spatial changes in the fishery and stock distribution

Spatial change in fishery and/or stock distribution was evaluated for the assessment
and is presented in Section 5.3 on stock identity and migration issues.

Large spatial changes in fishery are expected to take place since 2009 due to the im-
plementation of seasonal and permanently closed areas in Kattegat.

Environmental drivers of stock dynamics

Major environmental influence on the dynamics of sole in IIla has not been identified.
The present state of knowledge in the field is summarized in Stock Annex.

Role of multispecies interactions

5.6.1 Trophic interactions

The role of trophic interactions has not been considered by the Benchmark Group.

5.6.2 Fishery interactions

The role of fishery interactions has not been considered by the Benchmark Group.

Impacts on the ecosystem

Impacts of fishing on the ecosystem have not been considered by the Benchmark
Group.

Stock assessment methods

Presently an age-based assessment is conducted with XSA for the sole in Illa. The
basic assumptions for using XSA have been violated in the past, especially for the
years 2002-2004 when misreporting in the range of 20-100% has been estimated. Sev-
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eral flaws in input data have been identified that violate assumptions of exact catch-
at-age, e.g. insufficient sampling procedures/scheme and uncertainty in age reading.
Therefore one of the tasks for the WKFLAT Benchmark for sole in Illa was to evaluate
alternative assessment models that were less dependent on accurate removal data.

5.8.1 Models

A stochastic state-space assessment model (SAM) (Nielsen, 2008) which previously
has been evaluated by WGMG in 2009, was used to assess the state of the sole Illa
and results was compared with the present XSA assessment. The SAM model was
run using the same input as for the XSA. Details on the model and assumptions are
found in ICES WGMG 2009 and at http://www.nielsensweb.org/sole3a.pdf.

5.8.2 Sensitivity analysis

Sensitivity analyses of both the XSA and the SAM models were performed by run-
ning single fleet runs for the XSA, while for the SAM model runs excluding one fleet
at a time were performed. The justification for the slightly different procedure for the
SAM model was due to the fact that SAM will not perform satisfactory with only one
fleet in addition to the catch matrix. SSB, F and R for single runs with XSA are given
in Figure 5.8.2.1, model residuals in Figure 5.8.2.2, and point estimates in Figure
5.8.2.3. Similar figures are shown for the SAM model runs where one fleet is omitted
at a time (Figure 5.8.2.4), and the corresponding log q residuals are in Figure 5.8.2.5.
In addition, for the XSA, fleet weighting in the F and survivor estimation for a com-
bined run in order to illustrate the relative importance of the fleets is shown in Figure
5.8.2.6.

Section 5.2.4. described the difficulties in continuing the use of the private logbooks
in recent years and elaborates on their additional value as biomass indicator to the
official logbooks. One of the consequences might be a cessation of the series, although
the private gillnetters already ceased in 2008. Figure 5.8.2.7 provides stock scenarios
for successive omission of the series back in time. The fleet weight in the present
(2009) stock assessment is provided in Figure 5.8.2.6.

The main conclusions of the sensitivity analyses are that i) the Danish Havfisken sur-
vey (KASU) perceives the stock assessment to be markedly more optimistic than do
the other biomass indices in the recent 4-5 years (Figures 5.8.2.1 and 5.8.2.3). This
trend is visible for all ages , and the index is therefore down weighted in the XSA
when all other indices are included (Figure 5.8.2.6), ii) the Fisherman-DTU Aqua sur-
vey behaves well with regard to perception of stock and residuals, and is therefore
suggested to replace KASU as a fishery-independent index.

5.8.3 Retrospective patterns

Retrospective patterns were evaluated and not considered to have systematic bias in
recent years for any of the two models considered, namely XSA and SAM (Figures
5.8.3.1 and 5.8.3.2).

5.8.4 Evaluation of the models

The following issues were considered in the evaluation of the models used to assess
the sole stock in IIla: i) treatment of catch data as being associated with noise, ii) ret-
rospective patterns, iii) estimation of uncertainty on estimates, and iv) objective pro-
cedures built into models.
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A number of problems associated with XSA have recently been listed by WGMG
(2009), e.g.. the use of shrinkage to the mean and convergence of the model. WGMG
(2009) recommended SAM alternately to XSA specifically on the objective shrinkage
function. Given that removals from the sole in Illa stock are considered imprecise due
to historical misreporting, a scattered sampling scheme and possible age reading
problems, the catch data cannot be considered precise. The SAM model does not as-
sume accurate catch data and is therefore in this case a better model given the data.

Both models did display the same trends for SSB, F and recruitment, but the XSA es-
timates on F varied substantially between years, but within the estimated confidence
limits of estimates from SAM model (Figure 5.8.4.1). Thus, the choice of changing to
SAM to assess the stock does not reveal any major changes in stock perception, al-
though SSB in 2008 is estimated 9% lower by the SAM model as compared with the
XSA estimate for 2008 (Tables 5.8.4.1-5.8.4.4).

Stock assessment

The perception of development and stock status for the sole in Division Illa is un-
changed from the 2009 assessment (WGBFAS, 2009) disregarding inclusion of land-
ings from Subdivision 22 and 23 (Figure 5.3.3), change in tuning-series and choice of
stock assessment model (Figure 5.8.4.1).

Recruitment estimation

Recruitment estimation has not been considered by the Benchmark Group.

Short-term and medium-term forecasts

Given that perception of the stock largely remains unchanged after approved assess-
ment option changes by WKFLAT 2010, short-term and medium-term forecasts were
not considered by the Benchmark Group. The candidate for Fmsy and a biomass trig-
ger point (see Section 5.12), and the similar rejection of existing PA reference points,
leaves the catch forecast unresolved with respect to procedure for catch advice for
2011.

Biological reference points

Present established biological reference points for sole in Illa were estimated in the
past (1999) when the stock perception was rather different from now and under dif-
ferent criteria for defining reference points. The established PA reference points for
sole in Illa are not mutually consistent as fishing at Fpa will lead to SSB of around two
to three times the size of Bpa. Analyses were therefore conducted to establish new ref-
erence points that correspond to the MSY approach recently approved by ICES.

An operating model in the FLR framework was set up for sole in IIla: XSA using tun-
ing-series as adopted by the Benchmark Group (see Section 5.2.4) as the basis for the
annual assessment of the stock. The additional input for the XSA is equal to the base-
line survey as of WGBFAS 2009. The stock was forward projected in an operating
model (OM) based on the following assumptions and targets: recruitment was drawn
from a Ricker stock-recruit function including uncertainty, mean weight-at-age and F
pattern was assumed equal to previous 3 yrs average, and F was based on manage-
ment decisions of a TAC. The management decisions (catches) the following year
were based on a specific F target and fixed (ranging from 0.05 to 1.1 in the scenarios)
for the time period projected (20 yrs), and on a forecast using geometric mean re-
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cruitment 1994-present date. Various TAC bounds were applied to the scenarios
(from 15%, as currently adopted by EU, up to 50%).

Given a target fishing mortality, an associated probability of SSB being below a de-
fined Buigger (ICES, 2009) over a time range can be estimated. Present Bpa at 1060 t is
based on the first two observations in the time-series and is most probably invalid. A
conservative Buigger of approx. 2000 t is suggested (lowest SSB disregarding the first
two years in the assessment with the two lowest SSB estimates).

The probability profile over the explored F range demonstrates that at target F’s less
than approx. 0.25-0.30 results in probabilities of less than 5% of SSB being smaller
than Burigger, and also that yield will not increase significantly further above this Frarget
level. The 5% level is considered a sufficient level to avoid being below Btrigger (Figure
5.12.1). Figure 5.12.2 provides the estimated development of SSB, F, R and landings
over time for a target F of 0.3.

A stock production model (ASPIC) was attempted based on the landings and associ-
ated effort, in order to estimate real MSY parameters for the stock. However, the
model was unable to run, probably due to little contrast in the data within the avail-
able time-series.

A potential candidate for Fmsy equals 0.3, as yield above this level, only increases in-
significantly and the associated risk of exceeding the defined Buigger is less than 5%. A
potential Buigger is 2000 t, which is lowest observed SSB apart from the first two obser-
vations in the time-series. Stock production dynamics below this SSB are therefore
considered uncertain.

WKFLAT considered the scenarios and concluded that WGBFAS 2010 should make a
final evaluation of this based on guidelines adopted by WKFRAME in March 2010.

5.13 Recommended modifications to the Stock Annex

Based on the above suggestions for improvement of input to assessment and assess-
ment models, the Benchmark Group agreed on following recommended modifica-
tions to be added to the Stock Annex as procedure for forthcoming assessments
updates:

i) Indices (fleets) used in assessment calibration of fishing mortality have
changed: the new Fisherman DTU Aqua survey will replace the previous
KASU survey; the commercial tuning-series based private logbooks (gill-
netters and trawlers) will cease as of 2010, but remain as historical tuning
series.

ii) The stock area of the assessment has changed from Skagerrak and Kat-
tegat (Division Illa) to include the Danish Belts (Subdivisions 22 and 23).

iii) SAM model should be applied to assess this sole stock and used as basis
for catch forecast. In parallel, XSA should continue to be run as a com-
parison of stock perception from that model.

5.14 Recommendations on the procedure for assessment updates

Suggested revisions of biological reference for the sole Illa stock were discussed dur-
ing the Benchmark Workshop. Because ICES currently has not yet set up clear guide-
lines on establishment of MSY reference points and especially biomass trigger points,
the Group agreed to postpone final defined reference point to WGBFAS in April.
Thereby analyses and guidelines provided by WKFRAME will also be available.
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For remaining recommendations on assessment updates procedures, see Section 5.13.

5.15 Industry supplied data

None.

5.16 References
ICES. 2009. Workshop on the Form of Advice. CM 2009/ACOM:53.

Table 5.2.1.1. Sole IIIa. Landings (t) of sole in 2008 by area, nation, quarter and gear.

SKAGERRAK QUARTER GEAR ToTAL
Nation 1 2 3 4 Unknqrt Trawl Gillnet other
DK 13 54 9 29 49 57 106
Sweden 2 0 0 0 3 3
Nederland 3 3 3
Germany 0 12 5 15 32 32
Norway 7 7 7
Total 15 67 15 44 10 49 57 45 151

KATTEGAT QUARTER GEAR ToTAL

Nation 1 2 3 4 Unknqrt Trawl Gillnet other
DK 56 64 68 174 266 95 361
Germany 0 0 0 0 0 0
Sweden 9 13 9 0 31 31

Total 66 7 76 1714 0 266 95 32 393
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Table 5.2.1.2. Sole in Division IIla. Catches (tons) in the Kattegat and Skagerrak 1952-2008. Offi-

cial statistics and Expert Group corrections. For Sweden there is no information 1962-1974.

YEAR DENMARK SWEDEN GERMANY BELGIUM NETHERLANDS EG ToTAL
Kattegat Skagerrak  Skag+Kat  Kat+Skag  Skagerrak  Skagerrak Corrections
1952 156 51 59 266
1953 159 48 42 249
1954 177 43 34 254
1955 152 36 35 223
1956 168 30 57 255
1957 265 29 53 347
1958 226 35 56 317
1959 222 30 44 296
1960 294 24 83 401
1961 339 30 61 430
1962 356 58 414
1963 338 27 365
1964 376 45 421
1965 324 50 374
1966 312 20 332
1967 429 26 455
1968 290 16 306
1969 261 7 268
1970 158 25 183
1971 242 32 9 283
1972 327 31 12 370
1973 260 52 13 325
1974 388 39 9 436
1975 381 55 16 16 9 -9 468
1976 367 34 11 21 2 155 -155 435
1977 400 91 13 1 276 -276 513
1978 336 141 9 141 -141 495
1979 301 57 8 1 84 -84 373
1980 228 73 9 12 2 5 -5 324
1981 199 59 7 16 1 282
1982 147 52 4 8 1 1 -1 212
1983 180 70 11 15 31 -31 276
1984 235 76 13 13 54 -54 337
1985 275 102 19 1 + 132 -132 397
1986 456 158 26 1 2 109 -109 643
1987 564 137 19 2 70 -70 722
1988 540 138 24 4 706
1989 578 217 21 7 1 824
1990 464 128 29 - 2 +427 1050
1991 746 216 38 + +11 10111
1992 856 372 54 +12 12941
1993 1016 355 68 9 -9 14391
1994 890 296 12 4 -4 1198
1995 850 382 65 6 -6 1297
1996 784 203 57 612 -597 1059
1997 560 200 52 814
1998 367 145 90 605
1999 431 158 45 637
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YEAR DENMARK SWEDEN GERMANY  BELGIUM  NETHERLANDS EG ToTAL
2000 399 320 34 11 -1322 6332
20011t 249 286 25 -1032 4552
2002 360 177 15 11 +2813 844
2003 195 77 11 17 +3013 602
2004 249 109 16 18 +3923 784
2005 531 132 30 34 Norway +1453 127
2006 521 114 38 43 9 4 729
2007 366 81 45 39 9 541
2008 353 102 34 35 7 3 534

1Considerable non-reporting assumed for the period 1991-1993. 2Catches from Skagerrak were reduced
by these amounts because of misreporting from the North Sea. The subtracted amount has been added
to the North Sea sole catches. Total landings for these years in IIIA have been reduced by the amount of
misreporting. 3Assuming misreporting rates at 50, 100, 100 and 20% in 2002-2005, respectively.

Table 5.2.1.3. Sole in IIIa. Official Danish landings (t) of sole in Subdivisions 22 and 23. Landings
prior to 2001 are considered insignificant and not currently available.

SUBDIVISION
22 23 Total
2001 20 28
2002 18 27
2003 17 25
2004 39 16 55
2005 115 30 145
2006 105 33 138
2007 920 26 116
2008 111 25 136
2009 127 12 139
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Table 5.2.1.4. Sole in IIIa. Discards from active gear as obtained from observers.

NUMBER (THOUSANDS)

Year
Age 1999 2000 2001 2002 2003 2004 2005 2006-2008 Total
1 148 148
2 293 44 254 591
3 1114 64 53 1231
4 56 43 71 170
5 18 6 24
6 6 6
7 1 1
8 1 1
9
10 1 1
Total 1611 105 404 53 2173
MEAN WEIGHT (GRAMME)
Year
Age 1999 2000 2001 2002 2003 2004 2005 2006-2008
1 54
2 82 126 98 96
3 88 107 110
4 82 97 146
5 116 109
6 124 98
7 158
8 183 123
9
10 158

Table 5.2.2.1. Sole in Division IIIa. Number of sole samples and individuals measured and aged
by Denmark in 2008 in Kattegat and Skagerrak.

KATTEGAT SKAGERRAK
Quarter Samples Measured Aged Samples Measured Aged
1 2 273 270
2 1 180 178
3 1 197 193
4 3 276 273 1 107 103
Total 7 926 914 1 107 103
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Table 5.2.2.2. Sole IIIa. Catch in numbers (thousands) by year and age.

Catch numbers-at-age Numbers*10**-3
YEAR, 1984, 1985, 1986, 1987, 1988,
AGE
2, 64, 786, 258, 391, 516,
3, 638, 594, 1255, 857, 1035,
4, 240, 190, 671, 1018, 897,
5, 117, 55, 210, 434, 484,
6, 31, 60, 33, 174, 129,
7, 33, 16, 36, 64, 37,
8, 40, 8, 33, 31, 23,
+gp, 175, 69, 63, 87, 60,
0 TOTALNUM, 1338, 1778, 2559, 3056, 3181,
TONSLAND, 337, 397, 643, 722, 706,
SOPCOF %, 99, 100, 100, 100, 100,
Catch numbers-at-age Numbers*10**-3
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,
AGE
2, 863, 1209, 530, 506, 523, 127, 272, 316, 54, 303,
3, 613, 1300, 1301, 1178, 1804, 1037, 622, 1015, 251, 146,
4, 847, 651, 928, 939, 1251, 1451, 1359, 537, 440, 212,
5, 592, 564, 334, 493, 826, 752, 1226, 691, 365, 299,
6, 404, 310, 345, 320, 418, 444, 600, 440, 505, 267,
7, 83, 167, 302, 178, 117, 152, 385, 232, 360, 250,
8, 30, 27, 180, 166, 137, 45, 142, 148, 262, 218,
+gp, 52, 31, 76, 239, 157, 59, 104, 203, 263, 292,
0 TOTALNUM, 3484, 4259, 3996, 4019, 5233, 4067, 4710, 3582, 2500, 1987,
TONSLAND, 824, 1050, 1011, 1294, 1439, 1198, 1297, 1059, 814, 605,
SOPCOF %, 100, 100, 95, 93, 100, 99, 98, 98, 100, 100,
Catch numbers-at-age Numbers*10**-3
YEAR, 1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008,
AGE
2, 249, 141, 165, 642, 48, 184, 201, 110, 254, 264,
3, 826, 476, 354, 746, 424, 572, 912, 353, 376, 274,
4, 150, 756, 346, 279, 470, 774, 957, 745, 333, 292,
5, 228, 112, 338, 413, 272, 452, 509, 641, 497, 250,
6, 177, 127, 65, 462, 334, 244, 242, 439, 257, 416,
7, 165, 120, 81, 93, 192, 178, 102, 145, 120, 202,
8, 167, 132, 35, 84, 24, 82, 88, 58, 68, 152,
+gp, 233, 302, 200, 458, 204, 162, 78, 101, 93, 176,
0 TOTALNUM, 2195, 2166, 1584, 3177, 1968, 2648, 3089, 2592, 1998, 2026,
TONSLAND, 638, 633, 455, 845, 600, 782, 878, 729, 542, 543,

SOPCOF %, 100, 100, 100, 100, 99, 99, 100, 98, 95, 102,
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Table 5.2.2.3. Sole ITIa. Weight-at-age (kg) in the catch and in the stock.

Catch weights-at
Y

EAR,

AGE

T ONOODWN

+ap,
0 SOPCOFAC,

.1830,
.2130,
.2570,
.2940,
.2970,
.2800,
.3210,
.3677,
.9932,

-age (kg)
1984

1985,

.1740,
.2340,
.2830,
.2910,
.3350,
.2920,
.2790,
.3640,
.9984,

Catch weights-at-age (kg)

YEAR,
AGE
2,
.1610,
3,
.2190,
4,
.3160,
5,
.3220,
6,
-3500,
7,
.3580,
8,
.3770,
+9p.,
.3267,

0 SOPCOFAC,
1.0007,

1989,

-1760,
.2210,
.2550,
.2660,
.2710,
.3520,
-3000,
.3547,

.9964,

1990,

-1800,
.2280,
.2510,
-3080,
-3330,
-4000,
-5470,
.5550,

.9970,

2 Catch weights-at-age (kg)

YEAR,
AGE
2,
.2110,
3,
.2410,
4,
.2620,
5,
.2760,
6,
.2860,
7,
.2910,
8,
.2950,
+ap,
-2440,
(o] SOPCOFAC,
1.0192,

1

1999,

-1620,
.2320,
.3040,
.3680,
-3600,
.3780,
-3970,
.3497,

1.0042,

2000,

-1690,
.2360,
-3030,
-3430,
.3180,
.3620,
-3500,
.3267,

1.0011,

1986,

.1650,
.2310,
.2870,
.2970,
-4090,
.2670,
.2620,
.3830,
.9995,

1991,

-1740,
.2290,
.2750,
-2920,
-3460,
-3090,
-3860,
.5027,

.9509,

2001,

.1840,
.2410,
.2880,
.3770,
-3430,
-3030,
-3580,
.2757,

.9951,

1987,

.1600,
.1940,
.2450,
.2740,
.3190,
.3600,
.4170,
.3610,
1.0027,

1992,

.2130,
.2520,
-3360,
-4120,
-4300,
-4910,
-5660,
.6220,

.9304,

2002,

-1730,
.2050,
-2930,
.3720,
.3850,
.2120,
-2920,
.2737,

.9978,

1988,

.1590,
.1970,
.2350,
.2510,
.3350,
.3480,
.3630,
.3517,
1.0032,

1993,

-1780,
.2240,
.2740,
-3280,
.3740,
-4030,
.3880,
.4737,

.9980,

2003,

-1750,
-2090,
.2450,
.3580,
-3800,
-4290,
-2590,
.3823,

-9950,

1994,

-1740,
.2290,
.2800,
-3420,
.3880,
.4450,
-4480,
.3937,

.9931,

2004,

.2050,
.2380,
-2920,
-3290,
.3720,
.4010,
.3710,
.3147,

.9872,

1995,

.1870,
-2000,
.2480,
.2910,
.3510,
.3820,
-4320,
.3830,

.9767,

2005,

-1890,
.2210,
-2960,
-3190,
-3620,
.3680,
-4170,
.3583,

1.0035,

1996,

-1760,
.2180,
.2670,
.3070,
-3390,
-4040,
.4570,
.6637,

.9827,

2006,

.2010,
.2140,
.2620,
.3160,
.3380,
.3180,
.2870,
.3677,

.9803,

1997,

-1980,
.2720,
-2960,
-3080,
-3450,
-3590,
-3640,
.3610,

.9983,

2007,

.2080,
.2230,
-2960,
-3020,
.3610,
.3410,
.3880,
.2380,

.9550,

1998,

2008,

[ 111
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Table 5.2.4.1. Sole in IIla. Number of hours trawling in Central and Southern Kattegat.

TRAWLER ID
Year TR1 TR2 TR3 TR4 TR5 TR6 TR7 Total
1987 894 894
1988 1216 1216
1989 249 927 1176
1990 568 951 1519
1991 1041 1156 2197
1992 1082 915 1116 7 221 3340
1993 263 1251 1163 14 1400 4090
1994 1858 833 2194 203 2359 7446
1995 732 508 672 252 1332 3495
1996 987 473 1370 434 1064 4327
1997 1204 1130 1264 669 984 5250
1998 353 220 175 486 801 2036
1999 137 567 455 494 1005 2657
2000 210 623 840 872 1068 3612
2001 116 1209 270 394 1169 3157
2002 320 600 21 121 399 1461
2003 371 378 581 175 217 1253 2975
2004 417 289 721 296 558 1192 639 4111
2005 854 81 644 46 198 1236 271 3329
2006 389 207 514 611 410 893 637 3659
2007 651 270 301 746 669 473 3108
2008 184 46 595 95 130 1048

Total 2865 10386 15932 11561 6167 17042 2149 66 102
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Table 5.2.4.2. Sole in ITIla. Number of net settings in Central and Southern Kattegat.
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VESsSEL ID

Year G1 G2 G3 Total
1993 764 764
1994 7006 240 7246
1995 5900 5900
1996 5136 17780 1370 24286
1997 3030 15835 1170 20035
1998 5959 13265 19224
1999 4542 13 645 1730 19917
2000 8440 13 155 2050 23645
2001 4916 11425 1750 18091
2002 5172 12540 2218 19930
2003 4812 8140 860 13812
2004 5518 5518
2005 7037 2110 9147
2006 6764 3592 10 356
2007 6206 6206

Total 80438 105 785 17 854 204077
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Table 5.2.4.3. Sole in IIla. Seasonal (October to January) sole (kg) catches by trawlers in central
and southern Kattegat.

VESSEL ID
Year TR1 TR2 TR3 TR4 TR5 TR6 TR7 Total

1987 4018 4018

1988 6246 6246

1989 850 5121 5971

1990 4584 7611 12 195
1991 7146 8962 16 108
1992 9210 10236 11336 0 690 31472
1993 1786 7492 7655 102 5680 22714
1994 13879 4338 13027 1235 12 168 44 647
1995 5859 4148 5265 1729 6229 23229
1996 9102 2976 9703 3938 7589 33308
1997 5728 3246 5953 2347 4665 21939
1998 1385 1057 456 1921 2077 6896

1999 1408 2955 3032 4218 4439 16 052
2000 808 2935 5221 5038 2878 16 879
2001 719 5430 384 2210 3052 11794
2002 3302 5367 259 1443 725 11096
2003 4287 3239 3470 2004 2033 5732 20765
2004 3369 1771 9487 2654 3265 7007 5764 33317
2005 6794 713 4859 437 2436 9508 3117 27863
2006 2864 1353 4547 4123 3427 7496 5711 29521
2007 3444 1015 622 3502 3842 2138 14563
2008 515 180 3201 276 850 5022

Total 21273 74035 104 499 75330 39119 83777 17580 415612
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Table 5.2.4.4. Sole in IIla. Seasonal (April to October) gillnet sole catches (kg) in Central and

Southern Kattegat.
VESSEL ID

Year G1 G2 G3 Total
1994 4836 4836
1995 3528 3528
1996 2169 8100 10269
1997 1158 7820 8978
1998 1545 4265 5810
1999 2391 5240 7631
2000 4862 4265 9127
2001 2622 4625 7247
2002 3452 6072 9524
2003 2468 5407 7875
2004 3361 3361
2005 5297 639 5936
2006 4963 2248 7211
2007 2506 2506

Grand Total 45158 45794 2887 93839

Table 5.3.1. Sole in IIla. Official landings (t) from Division IIla and Subdivisions 22, 23 and 24
(the Belts and western Baltic) in the years 2001-2009.

SUBDIVISION ToTAL

22 23 24 Belts lila
2001 20 8 28 455
2002 18 . 27 845
2003 17 0 25 600
2004 39 16 0 55 782
2005 115 30 0 145 878
2006 105 33 0 138 729
2007 90 26 0 116 542
2008 111 25 0 136 543
2009 127 12 0 139 519
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Table 5.8.4.1. Sole in IIla. Fishing mortality-at-age from final run by XSA.

YEAR\AGE 2 3 4 5 6 7 8 9+
1984 0.025 0.532 0.582 0.443 0.193 0.616 0.475 0.475
1985 0.142 0.297 0.263 0.223 0.380 0.129 0.259 0.259
1986 0.053 0.312 0.564 0.458 0.181 0.366 0.377 0.377
1987 0.084 0.224 0.398 0.780 0.760 0.555 0.545 0.545
1988 0.163 0.297 0.342 0.297 0.491 0.311 0.349 0.349
1989 0.172 0.265 0.374 0.353 0.385 0.599 0.396 0.396
1990 0.194 0.376 0.439 0.407 0.281 0.241 0.350 0.350
1991 0.081 0.293 0.446 0.375 0.414 0.430 0.393 0.393
1992 0.060 0.232 0.317 0.401 0.658 0.346 0.395 0.395
1993 0.086 0.281 0.366 0.451 0.620 0.471 0.434 0.434
1994 0.038 0.219 0.340 0.347 0.413 0.423 0.296 0.296
1995 0.089 0.238 0.438 0.475 0.456 0.673 0.785 0.785
1996 0.163 0.482 0.297 0.369 0.276 0.283 0.523 0.523
1997 0.051 0.169 0.352 0.301 0.448 0.339 0.525 0.525
1998 0.071 0.168 0.189 0.382 0.333 0.370 0.314 0.314
1999 0.081 0.250 0.233 0.284 0.362 0.315 0.401 0.401
2000 0.063 0.198 0.346 0.249 0.232 0.408 0.408 0.408
2001 0.049 0.206 0.199 0.235 0.207 0.206 0.178 0.178
2002 0.137 0.285 0.217 0.337 0.496 0.432 0.295 0.295
2003 0.010 0.113 0.263 0.306 0.446 0.352 0.173 0.173
2004 0.038 0.145 0.286 0.399 0.451 0.412 0.227 0.227
2005 0.096 0.255 0.372 0.304 0.378 0.338 0.367 0.367
2006 0.065 0.215 0.316 0.412 0.415 0.372 0.294 0.294
2007 0.177 0.294 0.293 0.328 0.261 0.165 0.273 0.273
2008 0.146 0.276 0.383 0.344 0.446 0.307 0.305 0.305
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Table 5.8.4.2. Sole in IIla. Fishing mortality-at-age from final run by SAM.
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YEAR\AGE 2 3 4 5 6+
1984 0.083 0.381 0.443 0.365 0.375
1985 0.088 0.345 0.394 0.359 0.314
1986 0.090 0.331 0.407 0.383 0.348
1987 0.094 0.316 0.408 0.398 0.421
1988 0.097 0.314 0.408 0.386 0.380
1989 0.098 0.307 0.411 0.401 0.412
1990 0.096 0.302 0.415 0.406 0.385
1991 0.091 0.285 0.396 0.404 0.480
1992 0.087 0.274 0.383 0.415 0.565
1993 0.085 0.275 0.384 0.433 0.574
1994 0.082 0.263 0.367 0.421 0.494
1995 0.081 0.272 0.360 0.406 0.519
1996 0.080 0.282 0.353 0.380 0.448
1997 0.077 0.254 0.331 0.361 0.418
1998 0.075 0.226 0.313 0.355 0.385
1999 0.072 0.214 0.299 0.340 0.345
2000 0.070 0.209 0.293 0.333 0.316
2001 0.068 0.197 0.262 0.322 0.260
2002 0.067 0.190 0.250 0.322 0.311
2003 0.065 0.171 0.238 0.304 0.295
2004 0.068 0.191 0.264 0.313 0.330
2005 0.072 0.220 0.282 0.314 0.380
2006 0.075 0.233 0.296 0.330 0.355
2007 0.081 0.256 0.321 0.349 0.311
2008 0.084 0.269 0.346 0.370 0.348
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Table 5.8.4.3. Sole in IIla. Stock in numbers-at-age from final run by XSA.

YEAR\AGE 2 3 4 5 6 7 8 9+
1984 2756 1625 572 344 186 75 111 485
1985 6263 2433 863 289 200 139 37 317
1986 5243 4919 1637 601 209 124 110 210
1987 5097 4499 3257 843 344 158 78 217
1988 3606 4240 3256 1979 350 145 82 214
1989 5728 2772 2852 2092 1330 194 96 166
1990 7220 4362 1925 1775 1330 819 96 110
1991 7171 5383 2710 1123 1069 909 583 245
1992 9093 5985 3633 1570 698 640 535 767
1993 6674 7746 4295 2394 951 327 409 467
1994 3541 5542 5293 2696 1380 463 185 242
1995 3368 3083 4028 3409 1724 827 274 200
1996 2206 2789 2198 2352 1918 989 382 521
1997 1152 1695 1558 1478 1471 1317 675 674
1998 4663 991 1295 991 990 850 849 1134
1999 3385 3931 758 970 612 642 532 739
2000 2451 2826 2771 543 661 386 424 957
2001 3725 2083 2098 1774 383 475 232 1319
2002 5394 3209 1534 1556 1269 282 349 1902
2003 5226 4257 2183 1117 1005 699 166 1388
2004 5444 4683 3442 1518 744 583 445 883
2005 2647 4740 3665 2340 922 429 349 311
2006 2046 2176 3324 2286 1563 572 277 478
2007 1899 1735 1588 2192 1370 934 357 474
2008 2419 1440 1170 1072 1429 955 717 806
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Table 5.8.4.4. Sole in IIla. Stock in numbers-at-age from final run by SAM.

[ 119

YEAR\AGE 2 3 4 5 6 7 8 9+
1984 2629 1881 615 393 107 96 132 545
1985 4778 2285 752 218 230 73 36 297
1986 4140 4568 1978 653 138 135 99 230
1987 4107 3475 3167 1276 461 159 92 251
1988 4133 3923 2786 1727 480 145 79 197
1989 5751 2484 2634 1810 1187 246 91 158
1990 7731 4944 1862 1722 1042 611 102 115
1991 6965 5713 3044 1098 967 773 488 193
1992 8198 5420 3275 1566 677 470 399 516
1993 5924 7378 3853 2255 944 292 292 369
1994 2832 5178 5106 2260 1214 360 146 193
1995 3471 2722 4705 3745 1561 892 293 264
1996 2295 3616 1760 2345 1462 724 401 531
1997 1269 1164 1675 1303 1639 1115 727 745
1998 3434 828 841 1040 807 840 765 924
1999 3680 4670 626 835 680 583 531 900
2000 2620 2591 2860 410 516 465 475 1123
2001 3794 2235 1791 1405 324 455 191 1057
2002 6188 4132 1340 1442 1524 354 371 1483
2003 3314 3891 2942 1234 1405 769 138 903
2004 3997 3701 3501 1812 960 714 372 603
2005 3016 4719 4436 2422 873 327 300 353
2006 2601 2144 3647 2825 1757 529 248 409
2007 2108 1849 1463 2088 1170 681 338 435
2008 2302 1390 1148 910 1587 832 634 671
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Figure 5.2.1.1. Sole IIla. Landings of sole in Skagerrak and Kattegat (IIla) by nation since 1952.
Bold red line indicates estimated total landings including misreporting, as estimated by the WG.
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Figure 5.2.1.2. Sole in IIIa. Official landings from Division IIIa (red bars on right y-axis) and from
Subdivisions 22 and 23 (blue and grey bars on left y-axis).
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Figure 5.2.1.3. Sole IIIa. Cumulative Danish landings of sole by month.
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Figure 5.2.2.1. Sole IIIa. Landings weight-at-age. Weights for 2008-2010 are average weights used
for short-term prediction.
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Figure 5.2.3.1. Sole in IIla. Distribution of trawl stations (red points) and depth contours (0-100
m) from the 20042008 Fishermen-DTU Aqua survey.
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Figure 5.2.3.4. Sole in IIla. Fisherman-DTU Aqua survey. Standardised cpue distribution (GAM)
as a function of station-type, depth and positions for the years 2004-2008.
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Figure 5.2.3.5. Sole in IIIa. Fisherman-DTU Aqua survey Internal consistency plot; log abundance

of age at yearvs.age+1 at year+1.
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Figure 5.2.3.6. Sole in IIIa. Fisherman-DTU Aqua survey. Year-class abundance by age.
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Figure 5.2.4.1. Sole in IIla. Some major fishing grounds in Kattegat.
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Figure 5.2.4.2. Sole in IIla. Distribution of total effort (hours trawling) on major fishing banks.
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Figure 5.2.4.3. Sole in IIIa. Distribution of total trawl catches on major fishing grounds.
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Figure 5.2.4.4. Sole in IIla. Effort and catch weighted latitudes (A and B) and longitudes (C and D)

of the trawl fishing in Kattegat 1987 to 2008.
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Figure 5.2.4.5. Sole in IIla. Catch rate indices from private logbooks trawlers (PL-TR), private log-
book gillnetters (PL_GN), official logbook trawlers outside the sole season (OL_TR) and from the
sole trawl survey (Survey). The trawl indices are all measured as kg per hour trawling and the
gillnet indices as kg per net. For comparison the annual indices are standardized to the means of

the entire period.
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Figure 5.2.4.7. Sole in IIla. Indices by age from private logbooks gillnetters (left) and trawlers
(right).
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Figure 5.2.4.8. Sole in IIla. Catch rate indices from trawlers based on private logbooks covering
October to January (PL-TR), official logbooks covering April to August (OL_TR, MD_4-8) and
official logbooks covering October to December (OL_TR, MD_10-12). The trawl indices are all
measured as kg per hour trawling. For comparison the annual indices are standardized to the
means of the entire period.
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Figure 5.3.1. Sole in IIIa. Official landings (t) from Division IIIa (right y-axis) and Subdivisions
22,23 and 24 (the Belts and western Baltic, left y-axis) in the years 2001-2009.
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Figure 5.3.2. Sole in IIla. Distribution of Danish sole landings by ICES square 1999-2008.
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Figure 5.3.3. Sole in IIla. Stock summary of baseline XSA (as of 2009 assessment) compared with
an XSA including the Belt landings.
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Figure 5.3.4. Sole in IIla. Fishing mortality by age 2-8, SPALY (2009) XSAvs.XSA with Belt land-
ings included.
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Figure 8.5.2.3. Sole in IIla. Point estimates of SSB and F from single fleet XSA runs.
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Figure 5.8.2.6. Sole in IIla. Fleet weighting in an XSA with all available indices and survivor esti-
mates provided by each fleet.
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Figure 5.8.2.7. Sole in IIIa. XSA runs successively omitting the Private logbook series back to 2007
compared with the SPALY run - black curve. (red indicates omission of Private logbooks series
trawlers in 2008, blue indicates additional omission of both private logbook series in 2007).
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Figure 5.8.3.1. Sole in IIIa. SSB, F and R for retrospective runs of an XSA using final settings as

adopted by WKFLAT 2010.
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Figure 5.8.4.1. Sole in IIla. Comparison of XSA and SAM runs, each with final settings as ap-

proved by WKFLAT 2010.
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Figure 5.12.1. Sole in IIla. Probability profile of p(SSB>2000 t) within the period 2013-2018 of sce-
narios with a range of target F’'s between 0.05 and 1.1. TAC in first year set to 800 t, Buigger set to
2000 t and maximum allowed TAC change between years set to 50%.



144 | ICES WKFLAT REPORT 2010

Solein llla

600 800 1000 1200 1400
| | |

400

| | | | |
1990 2000 2010 2020 2030



ICES WKFLAT REPORT 2010 | 145

Stock Annex: Sole in Division llla

Stock specific documentation of standard assessment procedures used by ICES.

Stock Sole in Division Illa
Working Group Baltic Fisheries Working Group
Date 16 March 2010

A. General

A.1. Stock definition

Division Illa represents the Skagerrak (ICES Subdivision 20) and Kattegat (ICES Sub-
division 21), and is therefore part of the transition area between the North Sea and
Baltic Sea. Sole are more abundant in the Kattegat than Skagerrak and spawning ar-
eas are believed to be located in the Kattegat and Skagerrak. Distribution of sole be-
yond the Kattegat into the Baltic Sea is limited by salinity which decreases further
eastward. Sole are therefore found only in low abundances in the Belt Sea (ICES
Subdivision 22) and the Oresund (ICES Subdivision 23). However, since 2004 the
fishery for sole indicates that the share of the population inhabiting the Belts has been
increasing, and therefore since 2010 sole in the Belts (Subdivisions 22-24) are in-
cluded in this assessment (WKFLAT 2010).

Sole in the Skagerrak and Kattegat are geographically close to the northern limit of
the long-term geographical distribution of the species (Muus and Nielsen, 1999),
which ranges from Scotland and southern Norway south to the Mediterranean and
Black Sea. Sole in Illa typically spawn in late May/early June, which is later than
spawning times for sole in the southern North Sea (April-June) and the Mediterra-
nean (February; (Muus and Nielsen, 1999)).

Interactions and exchanges between sole in IIIA and neighbouring stocks, or within
IIla (i. e, between Kattegat and Skagerrak) may occur but are poorly documented.
The former stock boundary in the east (i.e. limit at border between Kattegat and Sub-
divisions 22-23) were biologically based on the scarcity beyond the Kattegat. The
boundary to the west (i.e. between Skagerrak and the North Sea) is likely porous to
some extent due to migration of adults and/or drift of sole eggs and larvae. However,
neither the direction nor magnitudes of exchanges have been described. It is more
likely that there is exchange within the stock (between Skagerrak and Kattegat) be-
cause hydrographic conditions influence drift of eggs and larvae of another flatfish
species (plaice) from Skagerrak to Kattegat (Nielsen et al., 1998). Muus and Nielsen
(1999) state that sole in the Kattegat is separated from the North Sea and better
adapted for hard winters. New genetic studies are helping to clarify the genetic and
biological basis for population differences (Draisma et al., 2003).

Sole for assessment purposes in Illa are assumed to mature at age 3 although there is
little empirical data and no time-series to support this assumption. A similar as-
sumption is used for assessment of North Sea sole and is consistent with Muus and
Nielsen (1999) who state that sole mature between ages 3-5 and at sizes of 25-35 cm.
A new sampling scheme to collect maturity information for sole in the Kattegat was
started by Denmark in May 2003.
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Sole in Illa is a small stock compared with other sole stocks in the ICES area (e.g.
North Sea, Bay of Biscay). Sole are nocturnal predators (Muus and Nielsen, 1999) and
therefore more susceptible to capture by fisheries at night than in daylight.

A.2. Fishery

The major part of the sole catches in Kattegat and Skagerrak are taken in the mixed
species trawl fishery using mesh sizes 70-105 mm and with gillnets using mesh sizes
of 90-120 mm. Minimum legal landing size is 24.5 cm.

Sole have been exploited in the Kattegat and Skagerrak since at least 1952. The fishery
fluctuated between 200 and 500 t annually prior to the mid-1980s. Landings increased
to a maximum of 1400 t in 1993 and since then have decreased almost every year to a
level about 600 t by the end of the 1990s. In 2002-2005 the fishery has became increas-
ingly limited by quota restrictions, which gave an incentive for substantial misreport-
ing. A revision of the perception of the stock in 2005 resulted in higher TACs that no
longer limited the fishery and the incentive for misreporting. In 2007 a Vessel Quota
Share system was put in force for the Danish fishermen that replaced the weekly
catch rations regulation. This change in regulation allows the fishermen to adjust ef-
fort to suitable seasons with regard to weather, prizes, catch rates, etc.

Denmark takes more than 90% of the total Kattegat-Skagerrak catch. Kattegat is tradi-
tionally the most important area accounting for 70-80% of the annual catches. Since
2004 the Belts accounts for an increasing part of the total catches (approx 20% of Illa
and 22+23 catches in 2007-2008). Sweden and Germany are the other nations partici-
pating in the fishery.

Sole has been one of the most important species in the late 1990s in the Danish Kat-
tegat fisheries and accounted for about 25% of the total value of the human consump-
tion fisheries. The economic importance of sole is more limited in Skagerrak where it
accounts for less than 5% of the total value of the Danish human consumption fisher-
ies.

For the period 1991-1993 the official catch statistics are disputable with a very signifi-
cant amount of sole assumed landed without being properly recorded. For Kattegat,
where most of the sole catches in 1994-2000 were taken under the effort regime, the
official statistics are assumed fairly accurate as there are no catch constraints.

However in 2000 and 2001, some catches from the North Sea were reported as being
caught in the Skagerrak. These reported landings have been subtracted from work-
ing group estimates for these years and assessments from 2003 and onwards are
based on the revised landings and catch numbers-at-age. Substantial misreporting in
2002-2005 (respectively 50, 100, 100 and 20%) under the weekly rations fishery has
been added to the official catches to obtain total landings (WG estimates).

Danish discard sampling at sea is carried out within EU programmes that began in
1995 in both Kattegat and Skagerrak. However, the data from this programme is still
incomplete and not applied in the assessment.

Discard levels are in general believed to be only a few percent when measured rela-
tive to the sole landings, a.o. due to the high price of sole. However, analyses of pri-
vate logbooks, survey data, and observer data indicate that in 2002-2004 there was
considerable economic incentive to landing without reporting as the entire two week
ration in many cases could be taken in just a few hauls. However, it is not known to
what extend the catches are discarded or landed as black landings (i.e. without pro-
viding both catch and effort data to the official statistics), or distributed to and landed
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by vessels not having caught their rations. Based on information from the industry
estimates of non-reporting and discarding at 50% in 2002 and 100% in both 2003 and
2004 was included in the assessment from 2005. In June 2005 a new regulation was
put in force with total quotas and weekly rations that not any longer limited the fish-
ery, and therefore it is assumed that since June 2005 there is no incentive to mis- or
nonreport the catches. The total misreporting for 2005 was due to those circumstances
assumed to be approximately 20% for the entire year. For 2006 an onwards no misre-
porting is assumed to occur.

Mean fishing mortality (ages 4-8) has usually been 0.3-0.5 for all years (ICES, 2003).

A.3. Ecosystem aspects

Both salinity and temperature probably influence sole distribution and production in
IIIa because the species’ geographical distribution is confined to relatively warm, sa-
line water (Muus and Nielsen, 1999). Large variations in either factor will therefore
influence stock productivity and therefore availability to the fishery.

The Kattegat has also been eutrophied over the past 50 years and eutrophication has
influenced many aspects of the Kattegat ecosystem, including occasional severe an-
oxia periods (Pihl, 1994; Isaksson et al., 1994), increased primary production and pos-
sibly a change in fish productivity and species composition (Nielsen and Richardson,
1996). The specific effects of eutrophication on sole have not been investigated.

The large increase in landings in the early 1990s compared with long-term historical
levels (1950s-1980s) may represent both changes in environmental conditions and
fishery developments (e. g., increased effort) but the relative importance of the two
factors is not known.

B. Data

B.1. Commercial catch

Denmark collects biological information (lengths, weights, ages) on a quarterly basis
from commercial fisheries which is used for stock assessment. Landings data are
supplied by Sweden and Germany by quarter separately for Kattegat and Skagerrak.

Data files are available from ICES.

Representative commercial fishing vessels are also monitored by DIFRES fisheries
observers. These data provide information on catch rates and locations, and discard-
ing rates.

B.2. Biological

No weight-at-age in the stock is available and therefore assumed to be the same as
weight-at-age in the catch.

A fixed natural mortality of 0.1 is used both in the assessment and the forecast.

Both the proportion of natural mortality before spawning (Mprop) and the proportion
of fishing mortality before spawning (Fprop) have been historically set to 0.

No time-series of maturity information is available for sole in IIIA. Danish sampling
started in 2004 will develop a new time-series. Therefore, until then knife-edge ma-
turity-at-age 3 is used for this stock. This is the same assumption as used for the
North Sea sole.
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B.3. Surveys

Four surveys are being conducted. One survey samples in shallow coastal waters
(RV Havkat) and the other three surveys sample in open waters of the Kattegat and
Belt Sea (RV Havfisken; RV Argos-IBTS and Cooperative Fishermen-DTU Aqua sole
survey).

Two research vessels (RV Argos and RV Havfisken) capture sole in the Kattegat-
Skagerrak. Descriptions of the sampling design, gears used and results are available
in WG Docs. 11 (Jergensen, 2005) and 10 (MacKenzie et al., 2005) from the 2005 As-
sessment Working Group meeting. The main features of the surveys and findings are
summarized here.

RV Argos IBTS survey

The ICES database includes four IBTS survey series covering Subdivision 3A. The
surveys have mainly been conducted by the Swedish vessel Argos, but (very) few
hauls have been conducted by vessels from other countries. The first quarter survey
series dates back to 1983, the second, third and fourth quarter series cover the peri-
ods 1991-1995, 1991-2003, and 1991-1996, respectively.

Mean catches were very low (<2.0 sole per hour) in the second and third quarter and
the time-series from the fourth quarter was very short; only the time-series from the
first quarter have been used previously (ICES, 2005; Jergensen 2005).

There were very few soles in hauls at depth >110 m in the first quarter surveys. These
hauls have been excluded from further analyses. The number of valid hauls (includ-
ing hauls without sole) varied from 2841 per year. Catches were low before 1990
(mean number of sole per hour <2.0; Figure 3.1). Since then mean catches have fluc-
tuated between 1.0 (2001) and 23.1 (1993) sole per hour (ICES 2005; Jergensen 2005).

None of the sole from the IBTS survey are aged using otoliths. Ages were estimated
by applying age-length-keys from the commercial Danish fishery in Skagerrak and
Kattegat for 1984-2004. In the pooled key there were no observations <17 cm and
data from the Danish sole survey in autumn 2004 were applied (MacKenzie et al.,
2005). The age-specific abundance indices were used as an exploratory tuning fleet in
XSA runs at the 2005 assessment meeting but not included in the final run. Presently,
the Argos IBTS survey is not used in the assessment.

RV Havfisken survey description

The RV Havfisken typically visits 30-40 stations per year in the Kattegat and Belt Sea.
The survey is designed for catching mainly cod and plaice in daytime hauls. The sur-
veys started in October 1994 and since 1996, surveys are also conducted in March.
Average abundances for the Kattegat have been calculated. All soles captured by the
survey are length-measured. The Havfisken survey is a general survey of juvenile
demersal fish abundances in the region, and is not designed specifically to estimate
sole abundance.

In the early years of the survey, only a small non-representative part of the sole
catches were aged using otoliths. It is therefore not possible to produce annual age—
length keys for the spring or fall surveys. Age information from all years has been
combined by quarter to increase sample size. Age-specific abundance indices from
the surveys were then derived from length measurements converted into ages indices
using the combined quarter specific age-length key.
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The age-specific catch rates for the Kattegat (Subdivision 21) have been averaged
across stations to produce annual abundance indices. Abundances in the Kattegat are
higher in fall surveys than spring surveys, particularly among the younger age
groups (ICES 2005; MacKenzie et al., 2005).

Sole abundances increased from 2001-2004 and the spatial distribution has expanded
during the same years (ICES 2005; MacKenzie et al., 2005). However, in 2005, sole
abundances decreased compared with 2004; the decrease was approximately 50% for
the age; groups 2 and 3, which are the ages most commonly caught in this survey.
Sole abundances appear to have decreased, relative to 2004, more in the Kattegat than
in the Belt Sea.

The relative abundance of year classes within the survey demonstrates some consis-
tency across years. Abundant year classes of particular age groups generally appear
as abundant in the following year. This is particularly true for the younger age
groups (2 and 3 year-olds).

The age-specific indices were used as a tuning fleet in the sole XSA assessment until
2009 assessment. The establishment of the cooperative Fisherman-DTU Aqua survey
in 2004 has in 2010 lead to the use of this survey in the assessment instead of the
Havfisken survey that was mainly designed for other species.

RV Havkat survey description

This survey is conducted in summer (ca. mid-July to early mid-August) along the
Danish coast of the Kattegat. It has been conducted since the 1950s but with a large
gap in sampling in the 1970s to 1985. Since 1985 the survey has been conducted al-
most annually. These data are reported here because the database for earlier years is
still under preparation. Some additional details of the survey are given elsewhere
(Nielsen et al., 1998; MacKenzie ef al., 2005).

The survey typically captures several hundred juvenile sole annually, but abun-
dances differ between areas along the coast. The frequency distribution of sole body
lengths demonstrates that most sole captured are 10-14 cm long. For purposes of
estimating year-class strength, the length range 7-16 cm was chosen to represent 1-
group sole (MacKenzie et al., 2005) applied in exploratory RCT3 runs by WGBFAS
2005.

The average abundance of 1-group sole at all sites along the Danish Kattegat coast
was ca. 10/10 min. haul (MacKenzie et al., 2005). However since 1997 there have been
three years with somewhat higher abundances (15-20/10 min. haul). In 2004 the
abundance was only about half the long-term average.

There are spatial differences in the abundance of 1-group sole along the Danish coast.
Abundances are highest at area 2 (central-northern Kattegat) and lowest in area 7
(southern Kattegat). As expected therefore the time-trend at site 2 is most similar to
the Kattegat-wide time-series. Site 7 (southern Kattegat) however has a large increase
in 2003 and 2004 compared with previous years. This pattern is not present at site 2
or the Kattegat-wide time-series (MacKenzie et al., 2005).

Presently, the Havkat survey is not used for recruitment estimation in the assessment.

Cooperative Fishermen-DTU Aqua Sole Survey

In 2004 National Institute of Aquatic Resources (DTU Aqua) (former DIFRES) initi-
ated a survey-series targeting sole in Skagerrak and Kattegat in cooperation with The
Danish Fishermen's Association. The purpose is to establish a time-series of catch and
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effort data independent of the commercial fishery in order to strengthen the scientific
advice on the sole stock in ICES Division Illa. However, data on all commercial spe-
cies are recorded. In 2005 the survey design was changed slightly in order to allow
estimation of trawlable biomass and abundance. Two commercial trawlers conduct
the survey without any restrictions in the vessels quota and with dispensation from
all bycatch regulations. Staff from DTU Aqua is on board the vessels during the sur-
veys.

The survey was originally designed in order to establish fisheries independent cpue
indices by means of annual fishing at 120 fixed stations. In 2005 the survey design
was changed slightly: the number of stations selected by the fishermen was reduced
by 10 from 60 to 50, while the number of stations selected randomly by DTU AQUA
was increased to 70. These 70 randomly distributed stations allow an estimation of
the trawlable biomass and abundance for the entire survey area. As there are no sta-
tions deeper than 90 m the biomass and abundance are estimated for depths between
10 and 90 m. The survey area is stratified by ICES squares and the area between 10
and 90 m is estimated. There is at least 5 mile between each station in order to spread
out the stations (there are a few stations with lesser distance between, but then there
is great difference in the depth).

From WGBFAS 2010 the survey abundance by age are used to calibrate the assess-
ment as a tuning-series. The survey is documented in a WD to the WG each year.

B.4. Commercial cpue

Official logbooks

Prior to 2005 the sole assessment was calibrated by catch rate indices from two com-
mercial trawl fisheries (using 70-90 mm and 90-104 mm mesh size respectively).
However, ICES (ICES, 2004) considered that these cpue indices could be compro-
mised due to lack of knowledge of fisherman targeting behaviour and the effect of
misreporting, particularly in years with restricting quotas and TACs. This concern
was confirmed by a study evaluating the impact of the ration system on the incentive
to misreport (Hovgard, 2005, WD at WGBFAS 2005). The study concluded that since
2000 the rations (allocated as individual weekly or half monthly rations) have been
increasingly restrictive in the sole fishing seasons as most vessels reached the ceiling
of their rations due to the mismatch between the catch potential and the ration. Dur-
ing these periods the incentive to misreport was considered to have been high. Out-
side the peak seasons for sole fishery (i.e. April to August for trawlers and January to
April for gillnetters) it was found that most often the sole rations were not entirely
utilized and therefore not constraining the fishery.

Considering the limited incentive to misreport the catches of sole outside the peak
seasons, in 2005 WGBFAS replaced the commercial tuning fleets with three new catch
rate indices based on data from large trawlers, small trawlers and small gillnetters, all
fishing outside the main sole seasons. In 2005 only large trawlers and gillnetters were
kept as tuning fleets.

At the WGBFAS 2007 meeting the commercial gillnet fleet was rejected due to an ab-
normal increase in cpue since 2004, which could have been caused by a shift in the
fishery pattern from June 2005 when non-restrictive quotas were introduced.

Regarding official logbook indices within and outside the sole season, it was noted by
WKFLAT that the discrepancy between the two indices observed in the early 2000s
indicates that the catch rates within the sole season indeed were biased as suggested
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by Hovgard (2005), supporting the decision by WGBFAS in 2005 to exclude them
from the assessment.

Since 2007 only large trawlers outside the season have been used in the assessment
among official logbook information.

Private logbooks

Due to the lack of unbiased catch rate indices, DIFRES, in collaboration with the Dan-
ish Fishermen Organisation, in 2004 established a database with data from private
logbooks for calibration of the sole assessment.

The private logbooks covers the period from 1987 to 2008 and provides information
on effort (number of hours trawling/number of nets) catches (kg by major species or
species group) and location (name of fishing ground) from 7 trawlers and 3 gillnetters
ranging in size from 15 BRT to 111 BRT and with an engine capacity of 150 to 450 HP.

Only data from the main sole fishing areas (Central Kattegat and Southern Kattegat)
and the main seasons (October to January for trawlers and April to October for gill-
netters) are applied in the assessment.

Catches from the private logbooks (by year, quarter, area and fleet) are distributed on
age group in a two step procedure. First, the total catches are split into the two com-
mercial size groups used by the industry assuming that they have the same size dis-
tribution as catches included in the official logbook database. Subsequently, the catch
of each of the two commercial size groups are distributed into age groups assuming
that the age structure of the private logbook catches is similar to the age structure of
the official landings given by the Danish harbour sampling programme.

Further details on the private logbook programme were given by Christensen (2006).

Catch rate indices from the private logbooks were applied to calibrate the sole as-
sessment from 2005. From 2005 to 2008 the database was updated annually. In addi-
tion to entering the new data, in some cases the data from former years was re-
evaluated; in particular information about fishing location were corrected or added if
missing. However, sensitivity analysis indicated that updating the historical data had
marginal implication on the assessment results only.

ASSESSMENT YEAR GEAR AREA PERIOD
2005 Trawl (70-104 mm) KC October to January
Trawl (70-104 mm) KS October to January
Gillnet KS April to October
Gillnet KC April to October
2006 onwards Trawl (70-104 mm) KC+KS combined October to January
Gillnet KC+KS combined April to October

In 2005 four tuning fleets based on the private logbook data were applied to calibrate
the sole assessment (text table). Following the recommendation of the Assessment
Review Group (ICES, 2005) in 2006 the number of private logbook tuning fleets was
reduced to two by combining the areas. Sensitivity analysis indicated that aggregat-
ing the tuning fleets did not have a major impact on XSA result in the final run.

During the benchmark assessment in 2010, the consistency and reliability of private
logbooks collected annually were discussed. Whereas WKFLAT considered the his-
torical data likely to be unbiased the Group was concerned that given a future situa-
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tion with incentive to misreport catches, also the private logbooks might be compro-
mised. As, furthermore, the number of vessels participating in the voluntary logbook
programme has declined over time, in 2010 WKFLAT concluded that the tuning-
series should be maintained in the assessment without being updated in future.

B.5. Other relevant data

None.

C. Historical stock development
Model used until 2009 assessment: XSA under following conditions:
Software used: IFAP/Lowestoft VPA suite
Model Options chosen for the final assessment by WGBFAS since 2006:
Tapered time weighting applied, power = 3 over 20 years
Catchability independent of stock size for all ages
Catchability independent of age for ages >=7

Survivor estimates shrunk towards the mean F of the final 5 years or the 5
oldest ages

S.E. of the mean to which the estimate are shrunk = 1.500

Minimum standard error for population estimates derived from each fleet =
0.300

Prior weighting not applied

Model agreed on WKFLAT 2010 to be implemented at WGBFAS 2010: A State-space
Assessment Model (SAM) (reviewed at WGMG 2009 at
http://www ices.dk/reports/SSGSUE/2009/WGMGO09.pdf) under the following condi-
tions:

Software used: AD model-builder implemented into Internet user-interface
(http://www.sole3a.stockassessment.org), requires password.

Model options are conceptually different from options in previous XSA and
therefore not provided here, but available at Internet address above (see
model.cfg file).

All input data equal to previous XSA apart from these changes adopted at
WKFLAT 2010: i) inclusion of landings in Subdivision 22-24, ii) use of Fish-
erman-DTU Aqua survey and exclusion of Havfisken survey, iii) cessation of
tuning-series Private logbooks trawlers.
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Input data types and characteristics:
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VARIABLE FROM YEAR

TO YEAR
TYPE NAME YEAR RANGE AGE RANGE YeEs/No
Caton Catch in tonnes 1984-lastdatayear 2-11+[2-9+since  Yes
2007]

Canum Catch-at-age in 1984-lastdatayear 2-11+[2-9+since  Yes
numbers 2007]

Weca Weight-at-age in the 1984-lastdatayear 2-11+[2-9+since  Yes
commercial catch 2007]

West Weight-at-age of the 1984-lastdatayear 2-11+[2-9+since  Yes/No; assumed to
spawning stock at 2007] be the same as
spawning time. weight-at-age in the

catch

Mprop Proportion of natural 1984-lastdatayear 2-11+[2-9+since No; set to O for all
mortality before 2007] ages in all years
spawning

Forop Proportion of fishing 1984-lastdatayear 2-11+[2-9+since No; set to O for all
mortality before 2007] ages in all years
spawning

Matprop Proportion mature-at- 1984-lastdatayear 2-11+[2-9+since No
age 2007]

Natmor Natural mortality 1984-lastdatayear 2-11+[2-9+since No; setto 0.1 for all

2007]

ages in all years

Tuning data of final SAM run WGBFAS since 2010

TYPE NAME SOURCE OF DATA YEAR RANGE AGE RANGE

Tuning fleet 1 6 trawlers Private loghooks 1987-2008 2-6
Tuning fleet 2 3 gillnetters Private loghooks 1994-2007 2-8
Tuning fleet 3 Trawlers Official logbooks 1994-assess year 3-8
Tuning fleet 4 Fisherman-DTU Aqua Scientific survey 2004-assess year 2-8
Not used since WG Gillnetters small Official logbooks 1998-2005 3-10
2007

Not used since WG Havfisken 4th quarter Scientific survey 1994 -assess year 2-6
2009

D. Short-term projection
Model used: Age structured

Software used: ICES standard assessment tools with management option table and
yield-per-recruit routines (MFDP1a). Since 2007 YR and short-term prediction were
also run in the FLR environment for graphic presentation. SAM model will imple-
ment STF and provide results with uncertainty bounds.

Initial stock size. Taken from the SAM age 3 and older.

Recruitment: Age 2 (recruit) abundance in forecast years is the geometric mean from
1994 to recent years. Presently corresponding to a period when recruitment has been
relatively low.

Natural mortality: Set to 0.1 for all ages in all years
Maturity: Knife-edge 3+ for all years
F and M before spawning: Set to 0 for all ages in all years

Weight-at-age in the stock: Assumed to be the same as weight-at-age in the catch
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Weight-at-age in the catch: Average of recent three years
Exploitation pattern: Average of recent three years, and rescaled if trend.

Intermediate year assumptions: Fsq, either scaled or unscaled depending on F trend
and expected development in fishery.

Stock-recruitment model used: None, Age 2 (recruit) abundance in forecast years is
the geometric mean from 1993-1994 up to recent years

Procedures used for splitting projected catches: Not relevant

E. Medium-term projections

Medium term analysis by WGBFAS 2006 indicate that in 2015 there is less that 5%
probability that SSB would be below Bpa provided Fpa is applied every year. No me-
dium-term analysis has been carried out since 2006 (no request).

The 2006 exercise was based on:
Model used: Age structured

Software used: @RISK for excel. The Study Group on Management Strategies
for Baltic Fish Stocks (ICES CM 1998/ACFM:11) used a spreadsheet macro
program for producing medium-term projections. This program was made
available to the Working Group in the 1999 assessment and was modified
(i.e. biological inputs) for application to sole in Division IIIA. The program al-
lows the user to include stochastic variations in several input parameters and
has been used in assessments of sole in IIIA since then, including this year’s
assessment.

Initial stock size: Recruit (age 2) abundance for all years in projection is geo-
metric mean of the years 1993-2003 with random variability (sd of In re-
cruitment). Initial abundances for ages 3-11+ assume random variability
based on log int. s.e. from XSA diagnostics.

Natural mortality: Set to 0.1 for all ages in all years
Maturity: The same ogive as in the assessment is used for all years
F and M before spawning: Set to O for all ages in all years

Weight-at-age in the stock: Assumed to be the same as weight-at-age in the
catch

Weight-at-age in the catch: Weights-at-age were drawn randomly from mean
and standard deviations based on those in the catch for the years 1998-2005.

Exploitation pattern: Average of the years 2003—2005, scaled by the Fvar (4-8)
to the level of the last year

Intermediate year assumptions: F-factor from the management option table
corresponding to the TAC

Stock-recruitment model used: None, the geometric mean recruitment-at-age
2 for the years 1993-2003 with random variability (sd of In recruitment) was
used.
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F. Long-term projections

Standard yield-per-recruit analyses are conducted as part of stock assessment using
long-term average (15 yrs) as input and with MFYPR2a software. LTF will be imple-
mented in SAM model.

G. Biological reference points

ICES has proposed the following reference points in 1999 in its stock summary:

ICES CONSIDERS THAT ICES PROPOSES THAT
Bimis 770t Bpa be setat 1060 t
Fiim is 0.47 Fpa be setat 0.30

These reference point definitions follow the guidelines given by the Study Group on
the Precautionary Approach to Fishery Management (ICES CM 1998/ACFM:10).

Information was presented in 2008 on candidates for Fusy (Vinther, 2008). Stochastic
scenarios demonstrate that under realistic assumptions of assessment and implemen-
tation uncertainties, Fuvsy is estimated to a value of around 0.35. The risk of SSB falling
below the present precautionary biomass reference point is close to zero for a long-
term F at 0.35. Even with biomass reference points twice as big as the present ones,
the risk of a SSB below those is less than 5%. This estimated Fusy is close to the pre-
sent Fpa (0.30).

In 2009/2010 ICES is in a transition phase into MSY reference points. At WKFLAT
2010 the present biomass reference points was rejected; both Bim and Bpa are based on
two outlier observations in the first two years of the dataseries, and they were as-
sessed to be far to low. A possible candidate for a Buigger (in accordance with the new
MSY concept) is in the neighbourhood of SSB=2000 t. Preliminary estimates of a Fmsy
candidate was around 0.3. WKFLAT decided that final decisions of new MSY refer-
ence points should be made at the WGBFAS meeting 2010 based on guidelines from
WKFRAME.

H. Other issues
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Sole in the North Sea

6.1

Current stock status and assessment issues

Fishing mortality was estimated at 0.34 in 2008 which is below Fpa (=0.4). The SSB in
2008 was estimated at about 40 000 t which is above both Bim (25000 t) and Bpa
(35000 t). Two weak year classes in 2003 and 2004 were followed by a strong year
class in 2005, the impact of which is now being seen in the SSB estimations. Projected
landings for 2010 at Fsq are 15500 t, slightly lower than projected landings for 2009
(15100 t).

Catch-at-age analysis was carried out with XSA using the settings given below.
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YEAR

2008

2009

Catch-at-age Landings Landings

Fleets BTS-Isis 1985-2007 BTS-Isis 1985-2008
SNS 1970-2007 SNS 1970-2008
NL-BT 1990-2007 NL-BT 1990-2008

Plus group 10 10

First tuning year 1970 1970

Last data year 2007 2008

Time-series weights No taper No taper

Catchability dependent on stock size for 2 2

age<

Catchability independent of ages for ages 7 7

>=

Survivor estimates shrunk towards the 5years/5 ages 5years/5 ages

mean F

s.e. of the mean for shrinkage 2.0 2.0

Minimum standard error for population 0.3 0.3

estimates

Prior weighting Not applied Not applied

The full diagnostics are presented in Table 6.1.1. The SSB in 2007 was estimated at
around 19 kt (Table 6.1.2) which has increased to around 40 kt in 2008 due to the
maturation and growth of the 2005 year class and a reduction in fishing effort. Mean
F(2-6) in 2008 was estimated at 0.34 which is the lowest since the 1960s. Recruitment
of the 2007 year class, in 2008 (age 1), was estimated at 91 million (Table 6.1.2).

Retrospective analyses done in 2009 suggested that F had been overestimated in the
year before (2008) but underestimated over a series of previous years, while SSB was
overestimated (Figure 6.1.1).

At WGNSSK 2009 it was recommended that during the current benchmark assess-
ment, attention should be paid to the following issues:

e In 2003 the plus-group was set from age 15 to age 10. The choice of re-
ducing the plus group to age 10 needs further attention, although the
current WG thinks that the very small number of older fish currently
present in the stock will lead to a limited impact...

e FPollow changes in technical efficiency in the commercial fleets and
look for external evidence.

¢ Trends in mean weights and maturity and how that could af-
fect the assessment and forecasts. In particular it would be in-
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teresting to examine the impact of sex ratios and the faster
growth and larger ultimate size of females.

¢ Explore the effects of including discards.

* Investigate the considerable differences in retrospective pat-
terns of XSA results when run survey or commercial lpue se-
ries separately.

¢ Study the effects of using an un-scaled F in the forecast proce-
dure.

Compilation of available data

6.2.1 Catch and landings data

Landings data by country and TACs are presented in Table 6.2.1. The majority of the
landings come from the Netherlands, which has had 73% of the landings since 2000.
The second most important fishery is that of Belgium, with approximately 9% of the
landings. Discards-at-age estimates are only available for the Dutch 80 mm beam
trawl fleet. Discards estimates derived from this sampling programme are presented
in Table 6.2.2. These estimates are only available since 2000, when the discards sam-
pling programme was started. The discards percentages observed in the Dutch dis-
card sampling programme for beam trawl vessels fishing for sole with 80 mm mesh
size are much lower for sole (for 2002-2008, between 10-17 % by weight, see Table
6.2.2) than for plaice. No trends in discard percentages were observed. Previously,
these discards estimates have not been included in the assessment, the main reason
for which was that the discarding of sole is relatively low in all periods for which ob-
servations are available. In addition, gaps in the discard sampling programmes result
in incomplete time-series. Inclusion of a stable time-series of discards in the assess-
ment will have minor effect on the relative trends in stock indicators (Kraak et al.,
2002; Van Keeken et al., 2003). No other discards estimates were available for other
countries. Figure 6.2.1 shows the landings, discards (Dutch data only), and catches in
weight over time assuming the discarding by the fleets of other countries is negligi-
ble.

The age composition of the landings is presented in Table 6.2.3 (see also Figures 6.2.2,
6.2.3 and 6.2.4). Age compositions and mean weight-at-age in the landings were
available over a range of different levels of aggregation (e.g. quarterly, annually, by
age, or by sex and age). Overall, however, the samples were thought to be representa-
tive of the majority of the landings throughout the time-series. To calculate the land-
ings by age, age compositions are combined separately by sex on a quarterly basis
then raised to the annual international total.

The discards data (Tables 6.2.2 and 6.2.4, and Figure 6.2.5) were only available for the
Netherlands, which has more than 70% of the landings of sole. The discarding-at-age
data demonstrate that discarding occurs only on the younger ages, being indicative of
minimum landing size (MLS) discarding.

During this Benchmark Assessment for North Sea sole we have explored separate
stock assessments for female and male sole (see suggestions by the WGNSSK 2009
above). In order to estimate the landings data by sex, the raising procedure for the
landings by country had to be revisited. In order to derive a landings estimate for
each sex, the data were first raised to represent a landings-at-age table for the entire
population, as described above. Subsequently, the landings-at-age were subdivided
by using the proportionality in sexes-at-age for each country’s data, weighted by their
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landings. The sum of the resulting landings-at-age for females (Table 6.2.5) and males
(Table 6.2.6) is then equal to the unsexed landings-at-age. Females (Figure 6.2.6) ap-
pear in the landings at an earlier age than males (Figure 6.2.7). The main reason for
this is the dimorphic growth of sole, whereby females grow faster than males.

6.2.2 Biological data

Weights-at-age in the landings for both sexes combined (Table 6.2.7) are measured
weights from the various national market sampling programmes. Weights-at-age in
the stock (stock weights) are the average weights from the second Quarter landings.
Over the entire time-series, weights were higher between the mid-1970s and mid-
1980s (Figure 6.2.8) for the younger age groups compared with time periods before
and after (see Figures 6.2.8-6.2.11). Estimates of weights for the older ages fluctuate
more because of smaller samples sizes due to decreasing numbers of older fish in the
stock and hence landings.

The stock weights-at-age data for the two sexes separately were available from the
different countries fishing for sole over different time-spans (Figure 6.2.12). The
weighted averaging procedure for combining the data of the different countries to
obtain North Sea wide estimates of stock weights by sex results in the same dome-
shaped pattern in the two sexes separately as is observed when the sexes are com-
bined. The stock weights of females (Table 6.2.8) and males (Table 6.2.9) show similar
trends (Figures 6.2.13-6.2.16). As expected, the female weights are higher than the
male weights. This is especially pronounced in the older ages, and caused by the dif-
ferential growth rates.

In order to test whether the dome shaped pattern was caused by a bias due to differ-
ences in the protocols used by the contributing countries over time, a GAM model
was fitted to the data. The model disentangles country, year and sex effects for each
of the ages 7 on the stock weight Wi separately, by using;:

Wi=s(year) + s(year, by=sex) + sex + country,

where sex and country are factor variables , and s(year) is a smooth function of nu-
meric ‘year’. The term s(year, by=sex) allows for testing whether the shape of the
stock weight change over time is different for each sex.

The model results indicate that there has been a dome shaped pattern in the stock
weights over time, independent of the difference in countries that have contributed to
the data (Figure 6.2.17). Age 4 also demonstrates trends in time that are different for
the two sexes. Finally, there was a significant difference in the level or average stock
weight by age observed by the different countries. The stock weights observed in the
UK, for example, were generally lower than those observed elsewhere (Figure
6.2.18a). On the other hand, the German stock weights-at-age are generally higher.
Strikingly, the difference between the countries appears to increase with increasing
age of the fish. The spatio-temporal patterns in sole weight-at-age clearly require
some more investigation.

There has also been a substantial change in sex ratio in the sole in the larger market
categories in the Dutch market data. Market category (MC) 5 represents the small-
est/youngest fish and MC 1 the largest/oldest. In the mid-1980s, for example, there
were ca. 50 times more females in MC 1 than males while by the late 2000s this had
changed to ca. 500 times more females (see Figure 6.2.18b). We do not currently think
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that this is due to a sampling bias. It was suggested the observation might be related
to a closure of the plaice box where sole spawn, but this can be rejected as an explana-
tion because only boats >300 hp were used to plot the graph in Figure 6.2.18b. The
Group agreed that this phenomenon required further investigation.

North Sea sole is assessed using a knife-edged maturity-ogive which assumes full
maturation at age 3. This maturity-ogive was based on market samples of females
from observations made in the 1960s and 1970s. Mollet ef al. (2007) have, however,
recently described the shift of age-at-maturity towards younger ages which may be
important in stock assessment due to its potential impact on the calculation of spawn-
ing-stock biomass. This question was, therefore, considered during the current
benchmark assessment. Dutch market sampling data 1957-2008 summarizing the
state of sexual maturity of sole were gathered together and combined with data from
the surveys. Considerable problems were encountered, however, when we at-
tempted to estimate a long-term trend from these data. First the state of sexual matur-
ity should be assessed from individuals caught during Quarter 1 due to the
possibility of confusion between immature fish and post-spawners. Secondly the MLS
for sole is 23 cm meaning that there are very few immature individuals available at
all and we couldn’t use the survey data because they are only available for Quarter 3.
Third there is considerable doubt whether male sole can be staged at all due to their
minute gonads (A. Rijnsdorp, pers.comm.). Ultimately a crude time-invariant ogive
was estimated according to the following logistic regression model [P(mature) = age +
sex] and its output is displayed graphically in Figure 6.2.25. According to this model
29% of age 1 female sole, 78% age 2 female sole and 97% of age 3 female sole are
sexually mature. Males mature earlier and 50% of age 1s, 89% of age 2s and 99% of
age 3s are mature. More work is required before reliable time-trends in these data can
be derived and the question of the staging of male sole needs to be addressed.

Natural mortality in the period 1957-2008 has been assumed constant over all ages at
0.1, except for 1963 where a value of 0.9 was used to take into account the effect of the
severe winter (1962-1963) (ICES-FWG 1979). The current winter (2009-2010) has also
been cold and WKFLAT agreed that its potential influence on the sole stock should be
carefully considered in future.

6.2.3 Survey tuning data

The following two survey-series have historically been used to tune the assessment of
North Sea sole:

e BTS-ISIS (Beam Trawl Survey)
e SNS (Sole Net Survey)

The BTS (Beam Trawl Survey) is carried out in the southern and southeastern North
Sea in August and September using an 8 m beam trawl (Table 6.2.10 and Figures
6.2.19, 6.2.20, 6.2.21). The SNS (Sole Net Survey) is a coastal survey with a 6 m beam
trawl carried out in the third quarter. In 2003 the SNS survey was carried out during
the second quarter and data from this year were omitted (Table 6.2.11 and Figures
6.2.20, 6.2.22). These two research vessel survey time-series were revised by
WGBEAM in 2009 (ICES-WGBEAM, 2009).

The BTS survey consists of two components: (1) the southwestern region, which has
been covered by RV Isis since 1985, and (2) the northwestern region, which has been
covered by RV ”“Tridens” since 1996. As a tuning-series for sole, only the BTS-ISIS
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survey is currently considered to be important, because the RV-Tridens catches much
less sole.

The BTS-ISIS index time-series was updated in 2009 for two reasons. First, the age
data were updated. Secondly, the indeareas were re-evaluated. The age data are
now included in IMARES’ new Oracle database (hitherto the data were stored in text
files) and this data transfer caused minor differences to the age-length keys by area,
and hence in the age compositions (not in the total catches). The part of the total
survey area covered by each vessel is defined as the ‘indearea’ based on temporal
coverage, i.e. coverage in all or most of the survey years (Figure 6.2.19). These in-
dex-areas were defined in the past but were re-evaluated this year because shifts in
the survey grid have occurred. Some ICES rectangles included in the indexarea have
not been sampled in the last 4-5 years because of reccurring damage to the nets
(e.g. in 43E9), whereas other rectangles, not historically included in the indexarea
have been sampled consistently since 1990 (e.g. 37F7 and 39F8). Therefore, new in-
dex-areas were proposed for both vessels (see Figure 6.2.19a). The change in index
area had a small effect on the abundance indices but has had some impact on the as-
sessment of sole resulting in slightly lower estimates of SSB and higher estimates of F.
Overall the new indices tend to be higher (especially at younger ages due to the in-
clusion of coastal rectangles), but the pattern of relative yearlass strength is not a f-
fected. The SNS was also revised for similar reasons. The SNS age data are now
included in the Oracle database, a correction for the 2006 sole data, and improved age
readings for catch year 1997. A comparison of the indices (plaice and sole) before and
after these database corrections can be found in the ICES WGBEAM 2009 Report.

Both the BTS-ISIS and SNS survey tuning indices were also made available by
IMARES for the two sexes separately (see Tables 6.2.14, 6.2.15, 6.2.17, and 6.2.18).

At a recent meeting concerning the Benchmark Assessment for sole, stakeholders
questioned why BTS and SNS surveys were used for sole when there was such a
large component of the stock on the western side of the North Sea (see Figure
6.2.19a). There are at least two trawl survey data indices available that cover this
area: one done by the British (Corystes) and one done by the Belgians. These Dutch
and UK indices are displayed in Tables 6.2.20 and 6.2.21. The Belgian index was un-
available.

6.2.4 Commercial tuning data

Two commercial indices have historically been available for use as tuning-series to
the assessment.

e Dutch Commercial Beam Trawl Fleet Ipue series/index

e Spatially Corrected Dutch Commercial Beam Trawl Fleet Ipue series/index

The Dutch Commercial Beam Trawl Fleet lpue series consists of the total landings by
the fleet divided by the total effort in HP hours. Data from market sampling are used
to convert the weights caught to numbers-at-age. Effort nearly doubled between 1978
and 1994, has declined since 1996, and was <40% of the maximum (1994) in the series
during 2008 (see Table 6.2.12).

The Spatially Corrected Dutch Commercial Beam Trawl Fleet lpue series (Table
6.2.13) was constructed because of spatial differences in lpue, and evidence of
changes in catchability across the North Sea (Quirijns and Poos, 2009, WD). Fishers
target concentrations of fish so dividing total landings by total effort, without ac-
counting for targeting behaviour, may bias a commercial lpue index. Beam trawl
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fishers fishing in the southern area mainly target sole; in the central area they target a
mixture of sole and plaice; and in the north they mainly target plaice.

There are, therefore, two main differences in the way this series is calculated cf. the
Dutch Commercial Beam Trawl Fleet Ipue series/index. First the data are spatially
weighted. To do this the North Sea was split into three areas:

o o North: north of 55 degrees latitude;
o o Central: between 53 and 55 degrees latitude;
o o South: south of 53 degrees latitude;

Correction for targeting behaviour by beam trawlers on a North Sea scale was done
using EU logbook data. Lpue was calculated per ICES rectangle, per year. Subse-
quently, the Ipues of all ICES rectangles were averaged over the entire year and for
each of the larger areas described above (North, South and Central). Within these ar-
eas average lpue and total effort was then calculated by year. Overall lpues were
then obtained by averaging the lpue for each the three different areas. This removes
the major effects of changes in spatial effort allocation due to for instance changing
targeting behaviour. Again the weights of the landings were converted to numbers-
at-age using market sampling data. Temporal trends by area are shown in Figure
6.2.23.

Secondly the ‘effort’ estimation used for the Spatially Corrected Dutch Commercial
Beam Trawl Fleet Ipue series/index was ‘standardized” for engine power because en-
gine power has an effect on landing rate. The majority of the Dutch beam trawl fleet
consists of vessels with an engine power around 1471 kW (=2000 hp). The analyses
have been restricted to the large cutters with engine powers above 221 kW. Data were
standardized to a vessel of 1471 kW by applying the estimated relationship for this
fleet from (Rijnsdorp et al., 2006):

(7 arr’)

where L is landings in kilograms; E is effort in days-at-sea; P is engine power in kW;
and {3 is a constant with value 0.8089 for sole and 0.5162 for plaice. This means that all
results can be expressed as for instance 2000 kg per day fishing with a 1471 kW vessel
or 5000 days-at-sea by 1471 kW vessels.

The average Ipue of a standardized NL beam trawler (1471 kW) over the period 1999
to 2007 was 266 kg day-1, and the data have a significant (P<0.01) temporal trend of -
6.1 kg day-1 year-1. The Ipue estimated for 2008 (313 kg day-1) was above the mean
(266 kg day-1).

Collection of more comprehensive data on the catclrate by individual tows in co n-
junction with the obligatory recording of fishing locations using VMS will be impor-
tant to assess the way Ipue tiswries reflect stock biomass, and may in future
provide data for correcting cpue time-series for variations in micro-scale targeting.
Other factors that may cause bias in cpue: increasing efficiency of the fleet, and vessel
interactions will need to be estimated separately.

At a recent meeting, the Dutch fishing industry provided another list of beam trawl-
ers that are known to specifically target sole without any quota restrictions affecting
their behaviour. The rationale was that the lpues estimated would then apply more
directly to sole and not be ‘clouded’ by targeting activity on other species, which may
happen more in other components of the fleet, e.g.. boats fishing primarily for plaice
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in the North. The list of boats supplied by the industry consisted of large (> 2000 HP)
beam trawlers which were divided into the following three groups based on the spa-
tial distributions of their fishing activities:

Group A. South of the 52.00° North (five vessels);
Group B. Between 52.00°-53.30° North (eight vessels);
Group C. Between 54.00°-55.00° North (four vessels);

Due to the short time period available and a problem with the availability of market
category data in IMARES’ database, VISSTAT, we were only able to calculate this
index by age for 2001 onwards. The index for the three areas by total weight of sole
caught is displayed (see Figure 6.2.26). The plot suggests a rise in Ipue for the group
of beamers fishing in the south (see black dots in Figure 6.2.27).

6.2.5 Industry/stakeholder data inputs

As described above, at a pre-WKFLAT 2010 meeting in The Hague attended by repre-
sentatives from IMARES and the Fishing Industry, it was suggested that we should
perhaps consider using a list of ‘specialist’ sole boats as a tuning fleet. The relevant
data were supplied by the industry and have formed the subject of some of our inves-
tigations here.

6.3 Stock identity and migration issues

It is believed that North Sea sole is a reasonably homogeneous entity. In some years
there are high concentrations of sole in the eastern English Channel and exchange of
animals between VIId (English Channel) and the North Sea seems likely. However,
because the North Sea stock is substantially larger than the English Channel stock,
the effect on the assessment of this exchange is likely to be very small for North Sea
sole.

6.4 Spatial changes in the fishery and stock distribution

The main fleet landing sole in the North Sea (the Dutch beam trawl fleet) has shifted
its spatial fishing effort distribution southward since 1990 (Figure 6.2.24), caused by
changes in targeting, resulting from the days-at-sea regulations, high oil prices, and
different patterns in the history of changes in the TACs between plaice and sole.

A study on large cutters of the Dutch beam trawl fleet targeting sole and plaice re-
vealed that targeting behaviour of the fleet was measurable at different spatial scales.
The fleet targets sole on all scales examined, whereas it only targets plaice on the mi-
cro-scale (Quirijns et al., 2008). The fleet can switch between target species, which can
be concluded from the negative correlation between targeting indices of sole and
plaice. The fleet increasingly targeted sole instead of plaice when fishing opportuni-
ties for sole were relatively high. The observed targeting on the different scales re-
flects different aspects of location choice by fishers. On the macroscale (>100 nmi),
fishers have to choose between fishing areas where the abundance of target species
will differ in a predictable manner as a consequence of differences in habitat choice
and seasonal dynamics of the species. The choice of fishing areas may put particular
constraints on the rigging of the gear (mesh size, number of tickler chains, and type of
groundrope). On the medium and micro-scale, fishers have the problem of how to
find local concentrations of the target fish species. This paper estimated variations in
targeting behaviour of the fleet, seasonal and spatial dynamics of the species as well
as of the fishing fleets. Aggregating commercial catclrates at the level of ICES re c-
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tangles and in periods of a month means that changes in spatial patterns on the
macro- and medium-scale are adequately accounted for and produce a time-series
that is not affected by changes in the distribution of the fishing fleet relative to that of
the fisheries resource. However, the fact that beam trawl fishers exploit local fishing
grounds on the micrescale within an ICES rectangle implies that high-resolution
data (10x10 nmi, 1 week) are needed to quantify the interannual variations in target-
ing and its effect on cpue. In the period studied, the micro indices displayed only
modest interannual variations that were not significantly related to quota constraints.
This suggests that the bias introduced by ignoring the micrescale targeting, will not
have a significant effect on the lpue time-series. However, the small sample size of
the fleet for which micro-scale data were available (<20% of the Dutch fleet) may have
reduced the power of the statistical test. The wide range of potential index values on
the microscale, suggest that scope for targeting (or a voidance) behaviour may be
large. This implies that under different constraints variations in micrescale targeting
may bias the Ipue index for stock biomass in future.

In recent years no changes in the spatial distribution of juvenile or adult soles have
been observed (Grift et al., 2004, Verver et al., 2001). There are concentrations of sole
on both the eastern and western sides of the southern North Sea and the relative im-
portance of these areas fluctuates over time.

The proportion of undersized sole (<24 cm) inside the Plaice Box did not change after
its closure to large beamers and remained stable at a level of 60-70% (Grift et al.,
2004). The different length groups revealed different patterns in abundance. Sole of
around 5 cm demonstrated a decrease in abundance from 2000 onwards, while
groups of 10 and 15 cm were stable. The largest groups indicated a declining trend in
abundance, which had already set in years before the closure.

Environmental drivers of stock dynamics

Sole growth rates in relation to changes in environmental factors were analysed by
Rijnsdorp et al. (2004). Based on market sampling data it was concluded that both
length-at-age and condition factors of sole have increased since the mid-1960s to a
high point in the mid-1970s (see Figure 6.2.17). Since the mid-1980s length-at-age and
condition have been intermediate between the troughs (1960) and peaks (mid-1970s).
Growth rates of the juvenile age groups were negatively affected by intraspecific
competition. Length of 0-group fish in autumn demonstrated a positive relationship
with sea temperature in the second and third quarters, but for the older fish no tem-
perature effect was detected. The overall pattern of the increase in growth and the
later decline correlated with temporal patterns in eutrophication; in particular the
discharge of dissolved phosphates from the Rhine. Trends in the stock indicators e.g.
SSB and recruitment, did not coincide, however, with observed patterns in eutrophi-
cation.

(Mollet, Kraak, and Rijnsdorp, 2007) used the reaction norm approach to investigate
the change in maturation in North Sea sole and demonstrated that age and size-at-
first maturity significantly shifted to younger ages and smaller sizes. These changes
occurred from 1980 onwards. Size at 50% probability of maturation at age 3 decreased
from 29 to 25 cm.

The ‘nursery size hypothesis’ (Iles and Beverton, 1998) suggests that recruitment
variability of North Sea sole is tempered by strong density-dependent mechanisms
occurring during the early juvenile stages on nursery grounds, i.e. environmental
factors are capable of generating variability of the number of larvae settling but, due
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to the important density-dependence on the nursery grounds, there is much less vari-
ability of the actual number of recruits than in the number of juveniles that settle.
Extreme environmental event, e.g. cold winters, (Rijnsdorp ef al., 1992) or variation of
the nursery size (Le Pape et al., 2003) can, however, contribute to survival on the
nursery grounds.

6.6 Role of multispecies interactions

The WG was unable to comment given the time available.

6.6.1 Trophic interactions

The WG was unable to comment given the time available.

6.6.2 Fishery interactions

The WG was unable to comment given the time available.

6.7 Impacts on the ecosystem

The WG was unable to comment given the time available.

6.8 Stock assessment methods

6.8.1 Models

eXtended Survivors Analysis (XSA)

Currently the stock assessment of North Sea sole is done using XSA. XSA is a VPA
type analysis, but also allows for the inclusion of different tuning indices (Shepherd,
1999). XSA is a commonly used stock assessment method for the assessment of
demersal fish species, but it lacks some of the advantages described below. One of the
advantages is that it assumes the catches-at-age are known without error.

Statistical Catch-at-Age model with time-varying fishing and discarding selectivity functions
(AAP)

The conceptual complexity of the current reconstruction of the historical (<2000) dis-
cards data (ICES 2005; van Keeken et al., 2004a), led to the development of a new sta-
tistical catchrat-age model, which explicitly incorporates the discard reconstruction
into the assessment (Aarts and Poos, 2009). In short, a statistical catckat-age model
describes the biological processes in mathematical form and links several model
components with existing data, such as data on landings, discards, and tuning indi-
ces. The link between model estimates and observations is made by means of a speci-
fication of a likelihood function which is maximized. The new aspect of the proposed
method by (Aarts and Poos, 2009) is that it does not assume constant fishing and se-
lectivity in time, but explicitly models the fishing and discard selectivity as a flexible
function of time using spline smoothers. The proposed statistical catclat-age model
includes data on landings and discards separately, and therefore explicitly allows for
observation errors on those, and other data sources. A major advantage of this statis-
tical catchat-age model is that it allows for the inclusion of additional biological
processes, uses objective criteria (i.e. likelihooébased information criteria) to select
the best model and explicitly estimates uncertainty in both the input data and the
uncertainty in the stock summaries, such as SSB and fishing mortality F.
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SAM mode/

This model is known as a ‘state-space” model and a detailed description is currently
available in the 2009 Methods WG report (ICES, 2009). State-space models are exten-
sions to statistical models allowing unobserved random variables and were introduced
to fisheries stock assessment by (Gudmundsson, 1994; Fryer, 2001; Fryer, Needle, and
Reeves, 1999). The SAM configuration of the model is different from those used in the
past and uses a more flexible computational approach. In the model the ‘states’” are
the random variables that we don’t observe, e.g. N ay where N is the total population,
and the ‘observations’ are the random variables that we do observe, e.g. Cay where C
is catch. Unlike XSA, SAM is a statistical model so the quantification of uncertainties
is integral and it has all the standard statistical toolboxes for model validation, confi-
dence interval estimation, and associated statistical tests. It allows ‘noise’ in catch-at-
age’ estimations, and has maximum likelihood estimation of model parameters. Sur-
vival of fish from one age group to the next is stochastic. Fishing mortality is mod-
elled as a Random Walk while “selectivity” can evolve over time. Prediction from the
model is easy and it can also handle missing values sensibly. Furthermore the model
is available on a web interface where Lowestoft VPA-format files can be uploaded,
the model fitted and the output of different runs plotted and stored. During
WKFLAT 2010 we were able to do an assessment for North Sea sole and the results
are discussed below.

6.8.2 Sensitivity analysis

The WG did not do any sensitivity analysis on the effect of specific assessment model
parameters on assessment results.

6.8.3 Retrospective patterns

The main problem in the North Sea sole stock assessment is a consistent bias in the
retrospective pattern, particularly on fishing mortality (see Figure 6.1.1). When sur-
vey data (BTS-ISIS and SNS) were used alone in the assessment the retrospective pat-
tern reverses, suggesting conversely that F estimates have been too low over the last
few years. Hence survey data suggest higher Fs, and commercial data lower Fs (Fig-
ure 6.8.1), the different tuning-series thus conveying different information. This is the
main problem we set out to address.

6.8.4 Evaluation of the models

After considerable experimentation WKFLAT 2010 has chosen to recommend an XSA
model tuned with the uncorrected commercial fleet data cut off before 1997 which
eliminates the retrospective bias problem. It does this because the smaller subset of
the commercial data clearly has less of a problem with time-dependent or evolving
catchabilities. This corroborates the finding of a breakpoint in the catchability esti-
mates for the commercial tuning index in the mid-1990s, shown in Figure 6.8.2, taken
from ICES (2005). The XSA settings from the ‘old” model (WGNSSK, 2009) are shown
in Table 6.1.1, the new (WKFLAT 2010) in Table 6.8.1.

Three different stock assessment models were tried on the North Sea sole stock dur-
ing WKFLAT: XSA, SCAA, and SAM. These three models, together with the range of
possible tuning fleets/indices gave an impossible number of potential assessment
runs to try, see Table below:

MoDELS INDICES BIOLOGICAL DATA

XSA NL Beam (uncorrected) Weights-at-age
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NL Beam post-1997 Ogives (observed from data)
SCAA NL Beam Corrected Sex (Males, females, both)
SAM NL Beam Specialist

BTS-ISIS (new)

SNS (new)

UK Corystes survey

Many, but not all, of these potential assessments were run during the WG and the
most important results are described below (e.g. sex separate, alternative indices, the
SAM and AAP models).

Sex separated assessment

Output from an XSA assessments on female and male sole separately in terms of Fbar,
SSB and R are shown in Figures 6.8.3 and 6.8.4. Here the uncorrected commercial (NL
Beam) tuning index was used (Tables 6.2.16 and 6.2.19), spanning the full time-series
for which it was available (1990-2008). In order to calculate the SSB, the stock
weights-at-age needed to be estimated in some combinations of years and ages, be-
cause of missing data in the female stock weights-at-age matrix. SSB in 2008 was es-
timated to be 29 300 t while Fvar on the females was 0.37 (vs. 0.34 for the WGNSSK
2009 final assessment). For the males SSB in 2008 was 11 300 t while Fvar was consid-
erably lower at 0.24. The combined SSB from the male and female components was
thus 40 600 t. This assessment suggests that there were (in 2008) 2.6 times more fe-
male sole in the spawning-stock biomass than males. The retrospective biases were
also rather similar to those seen in the final WGNSSK 2009 assessment with consis-
tent underestimates of Fvar in both sexes. Selectivity patterns are displayed in Figures
6.8.5 and 6.8.6. The impact on selectivity by the fishery due to the differential growth
rates is clear; females being caught at a younger age than males due to their faster
growth rates.

Observed maturity ogives

Because of the considerable problems that were encountered in obtaining unbiased
maturity-at-age estimates over the entire time span of the assessment, no analytical
assessments were run using the empirical maturity ogives. If such analytical assess-
ment were to be done, however, using the sex separated data would be most appro-
priate. Previous studies indicate that changes in the maturity ogive can substantially
affect the spawning-stock biomass estimates. Bromley (2003) for example, also esti-
mated maturity ogives for North Sea sole using English market data and demon-
strated that when these ‘observed’ data were used instead, SSB fell (Bromley, 2003).
The fall in perceived SSB happened because not all three- sole spawn which is as-
sumed by the ‘knife-edged” ogives used as ‘standard’.

With discards

Discarding data for North Sea sole were prepared and are summarized in this report
(see Figure 6.2.5) although there was no time to run any assessments incorporating
these data. Discarding is not, however, thought to be a serious issue for North Sea
sole. The minimum landing size (MLS) for sole is 23 cm and most fish below this
size are not retained by the fishery. Even small sole have a considerable market value
and are, therefore, unlikely to be discarded.
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Alternative indices

XSA assessments were run with a range of alternative tuning indices. During
WKFLAT 2010 three commercial indices and three survey indices were made avail-
able. As described above the commercial indices were all based on Dutch beam
trawlers which take 70-80% of the total landings of North Sea sole. They comprise the
uncorrected NL Beam trawl index (based on a simple division of total landings by
total HP effort), a ‘corrected’ Beam trawl index (spatially weighted and effort stan-
dardized), and an index suggested by fishers comprising a group of ‘specialist’ sole
boats (also spatially weighted and effort standardized).

Two of the trawl survey indices currently used in the assessment (BTS-ISIS and SNS)
have been updated in 2009 (see WGBEAM Report). The updated survey tuning indi-
ces have a small effect on the stock assessment, reducing the SSB estimate in the most
recent year, and increasing the Fvar estimate in the most recent year (Table 6.8.2 and
Table 6.8.3). The perception of SSB in 2008 changed from around 40 000 t to around
38 000 t. The retrospective pattern that was observed by ICES WGNSSK 2009 did not
substantially change by the update of the two survey tuning indices (Figure 6.8.8).

The other two potential survey tuning indices are collected by the UK and Belgium,
but neither was published in the WG Beam report. The UK index was supplied to us
by staff from Cefas but we were unable to locate the Belgian data. We recommend
that in future these two potentially useful tuning indices be assessed with respect to
North Sea sole and included and included in the WGBEAM Reports for potential use
in the assessment.

The basic problem in the assessment of North Sea sole is the retrospective bias dis-
cussed above. Since the problem was thought to be due to a temporal change in
catchability in the commercial tuning index we investigated the effect (on the retro-
spective bias) of using a more recent subset of those data, i.e. from 1997 onwards. The
output of this assessment is displayed in Figure 6.8.9 and indeed has less retrospec-
tive bias. The retrospectivity estimates using “Mohn’s p” (Mohn, 1999) also indicate
that using commercial data from 1997 onwards substantially reduces the retrospectiv-
ity (Figure 6.8.10). For the calculation of “Mohn’s p”, the retrospective pattern of the
last six years was used.

Various other combinations of indices were also tried. The impact of the tuning index
suggested by the stakeholders (the ‘Specialist’ Sole Beam Trawlers) was also investi-
gated. We ran an XSA assessment including this fleet, together with the two standard
survey indices (updated BTS and SNS) and assessed the output (see Figure 6.8.11). In
this scenario there is a positive retrospective bias, similar to the pattern observed
when survey-series are used alone (see Figure 6.8.1).

SAM model

The SAM model was fitted with the help of DTU-Aqua and the output from a run,
tuned with BTS, SNS and NL Corrected 1997-2008. The output is summarized, to-
gether with confidence bounds in Figures 6.8.12-6.8.16. The median results of the
SAM model are very similar to those obtained via the standard XSA analyses, both in
terms of the SSB estimates as in terms of Frar estimates. The 95% confidence intervals
in F (compared with the median F) are much larger than the confidence intervals in
SSB.
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ANP model

This model was run without discards and the results were essentially similar to those
obtained from XSA and SAM. The outputs (SSB and Fvar) from a run using the uncor-
rected commercial cpue index 1997-2008 are displayed in Figures 6.8.17 and 6.8.18. It
should be noted that the difference in confidence intervals for SSB and Frar observed
using SAM can also be found in the ANP model. The drawback of using the ANP
model is that in its current formulation it cannot assess the stock status outside the
time span for which tuning data are available for the full age range.

6.9 Stock assessments

The model we have selected reduces the retrospective bias but also reduces our per-
ception of SSB (now 36 700 t in 2008, cf, 40 700) and increases our perception of Foar
(0.4 in 2008, cf 0.34). A full stock summary is found in Table 6.8.4. Some of this differ-
ence between the two assessments is due to the revised (ISIS and SNS) survey-series
described above.

6.10 Recruitment estimation

The WG was unable to comment given the time available.

6.11 Short-term and medium-term forecasts

The WG was unable to comment given the time available.

6.12 Biological reference points

Given that the assessment results in terms of historical biomass estimates did not
change substantially following the updates in assessment methodology in
WKFLAT 2010, the estimates of these reference points are still valid. An estimation of
yield-per-recruit type F reference points indicates that the assessment did not sub-
stantially the Foi and Fmax reference points. For these reference points, the selection
patterns and weights-at-age are taken to be the average of the last three years. Fmax is
ill-defined by a very flat topped yield-per-recruit curve (Figure 6.12.1).

REFPT FBAR 2-6 YiELo/R SSB/R
Fo 0.10 0.14 1.03
Fmax* 0.61 0.17 0.24

A time-series of the Foiand Fmax reference points using a three year moving window
reveals that Fo1 has been relatively constant over time, while Fmax has been increasing
since the mid-1990 (Figure 6.12.2). WKFLAT did not consider any reference points
based on MSY calculations.

6.13 Recommended modifications to the Stock Annex

There was no Stock Annex, and it was written during the meeting

6.14 Recommendations on the procedure for assessment updates
On the basis of our work at WKFLAT 2010 we make the following recommendations:

e The problem of retrospective bias in the assessment should be elimi-
nated by truncating the uncorrected cpue series at 1997.
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e XSA is the model that should be used in preference to SAM. This deci-
sion was mainly steered by the potential issues with the expertise re-
quired. WKFLAT considers SAM to be a very sound approach for
modelling North Sea sole. In particular the confidence bounds that the
model is capable of providing will be useful for informing manage-
ment. The SAM model should be run alongside the XSA model. The
next benchmark dealing with Sole in Subarea IV should consider
switching to SAM if sufficient experience is gained using it and inter-
preting its results.

e The temporal trends in the weight-at-age data should be further inves-
tigated. There was no significant interaction between sex and trend
and the trend in the data seems to be a real function of changing
growth. There was, however, a strong country effect identified, i.e.
weights-at-age of soles collected by Germany were, for example,
higher than those collected by the other countries (UK, Belgium and
The Netherlands). WKFLAT suggested that this was a spatial effect, i.e.
weights-at-age data collected by the Germans come (typically) from
further North where fish are larger for a given age. Because the effort
by the main fishery for this stock (Dutch Beam trawlers) has shifted
south and west, WKFLAT recommends further analysis into the spa-
tial trends in these input data.

e Sex ratios in the largest market sampling categories were much more
female biased than they had been in the past. Explanations for this ob-
servation (sampling bias vs. real biological effects) should be explored
in detail.

e There is no clear ‘management’ related reason why the sexes in sole
should be modelled separately and lumping the sexes does not cause
much bias. From a biological perspective (e.g. evolutionary effects of
fishing) the sex dependent differences in selection patterns (mortality)
due to growth, however, have the potential to inform management in
future. The independent trajectories of the female and male parts of the
sole stock should, therefore, be studied in more detail.

e The UK beam trawl and Belgian survey indices for sole (and plaice)
should be published by WGBEAM whose members should discuss
them in the context of patterns and differences observed in the Dutch
BTS (ISIS and Tridens) and SNS data. We know that large spatial
changes in the distribution of plaice in the North Sea have occurred,
viz. the migration of juvenile plaice out of the Plaice Box. WGBEAM
should investigate spatial changes in the distribution of sole.

e The data available had too few immature individuals for a reliable es-
timate of long-term trend in the proportion of mature fish in the popu-
lation. Small individual sole sampled during the Belgian, German,
Dutch, and British discarding programmes (Quarter 1) should be sexed
and staged so that a reliable time-series can be constructed.

o The likely impact of the current cold winter (in 1963 natural mortality
was set as 0.9) was not assessed but WKFLAT recommends that this
should be monitored carefully.
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6.15 Industry supplied data

The list of ships targeting sole was supplied by representatives from the fishing in-
dustry. The industry is also involved in the collection of discard data which have
been presented here.
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Table 6.1.1. Sole in Subarea IV: XSA diagnostics from final assessment WGNSSK 2009.

cpue data from xsa.indices
Catch data for 52 years. 1957 to 2008. Ages 1 to 10.
fleet first age last age first year last year alpha beta

1 BTS-1SIS 1 9 1985 2008 0.66 0.75
2 SNS 1 4 1970 2008 0.66 0.75
3 NL Beam Trawl 2 9 1990 2008 0 1

Time series weights :
Tapered time weighting not applied

Catchability analysis :
Catchability independent of size for ages > 1
Catchability independent of age for ages > = 7
Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.
S.E. of the mean to which the estimates are shrunk = 2
Minimum standard error for population
estimates derived from each fleet = 0.3
prior weighting not applied

Regression weights
year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
all 1 1 1 1 1 1 1 1 1 1

Fishing mortalities (per year)

year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 0.004 0.020 0.015 0.006 0.013 0.012 0.025 0.033 0.006 0.022
2 0.175 0.239 0.284 0.230 0.225 0.230 0.207 0.263 0.243 0.126
3 0.608 0.579 0.559 0.620 0.601 0.533 0.584 0.425 0.467 0.316
4 0.710 0.790 0.748 0.637 0.625 0.685 0.651 0.436 0.467 0.382
5 0.785 0.614 0.734 0.710 0.627 0.588 0.667 0.455 0.465 0.482
6 0.575 0.763 0.522 0.618 0.783 0.444 0.632 0.489 0.400 0.382
7 0.524 0.844 0.555 0.441 0.441 0.361 0.570 0.475 0.455 0.280
8 0.485 0.691 0.691 0.886 0.453 0.277 0.398 0.498 0.385 0.586
9 1.234 0.391 0.554 0.443 0.412 0.958 0.340 0.384 0.709 0.732
10 1.234 0.391 0.554 0.443 0.412 0.958 0.340 0.384 0.709 0.732
XSA population number ( thousands )
age
year 1 2 3 4 5 6 7 8 9 10

1999 82581 103065 167236 16936 11815 2913 1711 5431 491 1192
2000 123824 74450 78264 82386 7536 4878 1483 916 3027 2313
2001 63480 109804 53027 39674 33830 3691 2057 577 415 1781
2002 187821 56599 74769 27439 16992 14697 1983 1068 262 1066
2003 85663 168944 40699 36404 13137 7561 7165 1154 399 1399
2004 46679 76515 122114 20181 17635 6351 3126 4171 664 658
2005 49955 41746 55012 64863 9201 8863 3687 1971 2860 1456
2006 221770 44101 30718 27765 30607 4271 4264 1887 1198 1769
2007 60383 194184 30687 18179 16238 17573 2369 2400 1037 1119
2008 90949 54335 137762 17411 10317 9232 10657 1360 1478 1344

Estimated population abundance at 1st Jan 2009
age
year 1 2 3 4 5 6 7 8 9 10
2009 0 80469 43345 90880 10752 5763 5701 7287 685 643

Fleet: BTS-ISIS
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Log catchability residuals.
year

age 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
1995 1996

1 -0.499 -0.458 0.022 -0.081 -0.132 -0.043 -0.250 0.039 -0.102 0.110
0.488 -0.035

2 0.197 -0.623 -0.210 0.574 0.353 0.683 0.195 1.138 -0.267 -0.368
0.483 -0.336

3 -0.056 -0.131 -0.450 -0.559 0.583 0.116 0.340 0.334 -1.027 0.210
0.990 0.234

4 0.275 -0.430 -0.256 0.026 0.919 -0.433 -0.214 0.255 0.417 -2.079
0.438 0.636

5 -0.085 0.211 0.059 -0.888 0.416 0.010 -1.247 -0.168 1.267 0.199
0.087 0.438

6 0.201 -0.135 0.112 -0.457 -0.068 0.989 -0.837 -0.820 1.055 -0.802

0.624 0.710

7 NA -0.084 0.390 0.110 0.454 -0.110 -0.454 -0.228 -0.984 0.110
1.186 0.453

8 NA NA 0.075 0.101 NA -0.404 -0.073 0.283 -0.019 -1.059
0.668 0.391

9 NA -0.121 NA -0.416 -0.154 -1.043 -1.211 -0.107 1.015 NA
1.500 0.089

year

age 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
2007 2008

1 0.613 0.040 0.162 0.002 0.190 -0.094 0.113 0.026 -0.086 -0.321
0.063 0.231

2 0.053 0.135 0.509 -0.202 -0.065 -0.384 -0.553 -0.632 -0.332 -0.647 -
0.041 0-339

3 0.166 0.203 0.742 0.107 -0.107 -0.023 0.258 -0.522 -0.109 -1.708 -
0.061 0.470

4 0.441 0.396 0.108 -0.492 0.268 -0.061 0.307 -0.083 -0.522 -0.386 -
0.168 0.639

5 1.105 -0.858 1.881 0.225 -0.235 -0.291 -0.027 0.188 -0.663 -0.688 -
0.485 -0.448

6 -0.368 -1.728 1.499 0.336 -0.192 -0.016 0.189 -0.380 -0.450 0.339
0.117 0.082

7 0.287 0.310 1.476 0.591 -0.410 -1.051 0.393 -0.377 -0.315 -0.331 -
0.784 -0.629

8 -1.026 NA 1.359 -1.115 0.669 0.884 NA -0.684 -0.338 NA -
2.071 -1.584

9 1.393 NA -1.089 0.487 NA NA 0.532 NA NA -1.599
NA 0.288

year

Mean log-catchability and standard error of ages with catchability
independent of year-class strength and constant w.r.t. time

2 3 4 5 6 7 8 9
Mean_Logq -8.9000 -9.4591 -9.7382 -9.9113 -10.0973 -9.9763 -9.9763 -9.9763
S.E_Logq 0.4708 0.5666 0.5972 0.7076 0.7017 0.6300 0.9034 0.9389

Regression statistics
Ages with g dependent on year-class strength
slope intercept
Age 1 0.6799813 9.854946

Fleet: SNS

Log catchability residuals.
year

age 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
1980 1981
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1 0.268 0.164 -
0.073 0.006
2 0.762 0.815
0.093 0-391
3 0.503 0.159 -
0.283 0.777
4 0.083 -2.578
0.048 -0.198
year

age 1982 1983
1992 1993

1 0.239 -0.150
0.039 -0.006

2 0.179 0.207

1.224 0.374

3 -0.011 -0.724

0.061 0.033

4 -0.013 -0.406

0.941 0.564
year

age 1994 1995
2004 2005

1 -0.228 -0.197
0.320 -0.201

2 0.047 -0.429
0.134 -0.617

3 0.324 0.011
0.183 -0.144

4 -1.499 0.811
0.873 NA

year
age 2006 2007
-0.215 -0.130
0.219 -0.408
-0.112 -0.967
0.

1
2
3 1

4 799 0.278
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0.012 0.486 -0.021 -0.097 -0.321 0.056 0.374 -0.118

0.018 0.628 -0.649 0.215 -1.348 0.094 0.422 0.290

0.281 0.256 -0.704 -0.124 0.243 0.271 0.461 0.308

NA -0.421 NA 0.244 -0.787 -0.200 0.131 0.365 -
1984 1985 1986 1987 1988 1989 1990 1991
0.336 0.440 -0.048 0.184 -0.219 0.091 -0.267 -0.034 -
0.228 0.517 -0.186 -0.077 0.247 0.463 0.409 0.699 -
0.400 -0.193 -0.434 -0.873 0.105 0.497 -0.057 0.827 -

0.067 -0.085 -0.545 -0.378 0.661 -0.260 0.924 0.689

1996 1997 1998 1999 2000 2001 2002 2003

-0.721 0.115 0.253 -0.001 -0.296 -0.091 0.219 NA

-0.488 -0.778 0.621 0.243 -1.430 -0.139 -0.061 NA

-1.002 0.249 0.476 0.063 -0.208 -0.273 0.027 NA

0.082 0.182 0.953 -0.866 0.077 -0.438 NA  NA
2008
-0.211
-0.478
-0.288
NA

Mean log-catchability and standard error of ages with catchability
independent of year-class strength and constant w.r.t. time

2

3 4

Mean_Logq -4.7123 -5.4686 -5.9980
S.E_Logg 0.5633 0.4437 0.7432

Regression stati

stics

Ages with g dependent on year-class strength
slope intercept
Age 1 0.7362234 5.812331

Fleet: NL Beam

Trawl

Log catchability residuals.

year
age 1990 1991
2000

2 -0.509 -1.198
0.215

3 -0.263 -0.366
0.291

4 -0.215 -0.136
-0.102

5 -0.193 0.078
-0.181

1992

-0.673

-0.258

-0.420

-0.284

1993 1994 1995 1996 1997 1998 1999

-0.283 -0.717 0.166 0.273 -0.428 0.375 -0.222

-0.520 -0.250 -0.494 -0.111 0.033 -0.147 0.128

-0.213 -0.476 0.063 0.260 -0.142 0.197 -0.251

0.050 -0.211 -0.739 0.062 0.026 -0.225 0.182
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6 -0.301 -0.477 -0.122 -0.017 0.004 -0.235 -0.210 0.300 0.052 -0.126

0.254

7 -0.242 -0.325 0.183 0.220 -0.075 -0.204 0.208 -0.429 0.144 -0.302
0.324

8 0.045 -0.253 -0.049 -0.135 -0.516 -0.116 0.240 0.502 -0.416 0.039
0.395

9 0.065 0.102 0.188 0.037 0.149 0.106 0.073 -0.254 -0.162 0.318
-0.246

year
age 2001 2002 2003 2004 2005 2006 2007 2008

2 0.318 0.302 0.359 0.383 0.163 0.537 0.662 0.277

3 -0.050 0.309 0.239 0-351 0.329 0.207 0.234 0.339

4 0.288 0.053 0.309 0.203 0-318 0.035 0.097 0.133

5 0.276 0.260 0.000 0.157 0.535 0.119 -0.025 0.113

6 -0.307 0.386 0.629 -0.140 0.110 0.143 0.070 -0.013

7 0.029 -0.083 0.259 0.002 0.275 0.219 -0.211 0.010

8 0.046 0.631 -0.075 -0.492 -0.336 0.452 -0.284 0.228

9 -0.065 -0.117 -0.320 0.256 0.027 0.191 -0.243 0.096

Mean log-catchability and standard error of ages with catchability
independent of year-class strength and constant w.r.t. time

2 3 4 5 6 7 8 9
Mean_Logq -6.0179 -5.1125 -4.9857 -4.9552 -5.1483 -5.2391 -5.2391 -5.2391
S.E_Logg 0.5031 0.2965 0.2437 0.2709 0.2690 0.2334 0.3419 0.1875

Terminal year survivor and F summaries:
Age 1 Year class = 2007
source survivors N scaledWts

BTS-ISIS 112941 1 0.396
SNS 60395 1 0.493
fshk 103186 1 0.015
nshk 83433 1 0.096

Age 2 Year class = 2006

source survivors N scaledWts
BTS-ISIS 52419 2 0.416
SNS 33464 2 0.430
NL Beam Trawl 57165 1 0.143
fshk 22081 1 0.011
Age 3 Year class = 2005

source survivors N scaledWts
BTS-1SIS 82279 3 0.293
SNS 66613 3 0.349
NL Beam Trawl 136670 2 0.350
fshk 49059 1 0.009
Age 4 Year class = 2004

source survivors N scaledWts
BTS-1SIS 10612 4 0.253
SNS 6909 3 0.221
NL Beam Trawl 13198 3 0.516
fshk 6435 1 0.010
Age 5 Year class = 2003

source survivors N scaledWts
BTS-1SIS 3742 5 0.213
SNS 6335 4 0.176
NL Beam Trawl 6554 4 0.601
fshk 4730 1 0.010
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Age 6 Year class = 2002

source survivors
BTS-ISIS 4784
SNS 6977
NL Beam Trawl 5904
fshk 3602

Age 7 Year class = 2001

source survivors
BTS-1SIS 4796
SNS 9335
NL Beam Trawl 8013
fshk 4013

Age 8 Year class = 2000

source survivors
BTS-1SIS 369
SNS 796
NL Beam Trawl 764
fshk 1098

Age 9 Year class = 1999

source survivors
BTS-1SIS 427
SNS 527
NL Beam Trawl 678
fshk 1315

P NWwWoZ2

scaledWts
0.195
0.067
0.727
0.010

scaledWts
0.185
0.041
0.765
0.009

scaledWts
0.159
0.023
0.803
0.015

scaledWts
0.130
0.015
0.839
0.016
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Table 6.1.2. Sole in Subarea I'V: Stock assessment summary as in WGNSSK 2009.

year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

recruitment ssb

128909
128643
488757
61714
99488
22895
20420
539075
121959
39901
75135
99262
50787
137795
42148
76525
104859
109939
40816
113311
140375
47256
11723
151694
149346
152751
142179
70791
80833
159654
72553
454627
108296
177757
70476
354171
69289
57057
96104
49508
271749
114161
82581
123824
63480
187821
85663
46679
49955
221770
60383
90949

55107
60919
65580
73398
117099
116830
113628
37127
30029
84243
82958
72306
55267
50680
43742
47437
36775
36110
38365
38944
34623
36195
44954
33584
22921
32855
39956
43464
41082
34554
29658
38765
34075
89643
77479
76772
54752
74337
58934
38310
28071
20882
41918
39217
30762
31412
25758
38402
33520
25778
19585
40676

catch landings

11601
14216
13702
18740
23246
27039
26380
11740
17767
33705
32704
33285
27014
19683
23374
21320
18950
18237
20559
16959
17672
20370
22321
15496
15009
21286
24828
26747
24497
18316
17462
21612
22156
35485
34096
29787
31858
33405
30690
22913
15050
21049
23717
22859
20582
17092
17940
18744
16722
12246
14725
13924

12067
14287
13832
18620
23566
26877
26164
11342
17043
33340
33439
33179
27559
19685
23652
21086
19309
17989
20773
17326
18003
20280
22598
15807
15403
21579
24927
26839
24248
18201
17368
21590
21805
35120
33513
29341
31491
33002
30467
22651
14901
20868
23475
22641
19944
16945
17920
18757
16355
12594
14635
14144

tsb fbar2-6

63402
72300
85947
105898
123495
123703
115588
51185
101359
92965
91227
83081
68707
60369
63445
56194
51131
53712
54502
48118
54463
55274
51806
41164
49109
58007
66061
64065
53235
52243
55478
70216
94200
113017
103246
104411
99117
86148
71432
52897
48354
60803
59548
55756
49748
49010
54707
51218
42280
43393
52120
53592

0.178
0.207
0.171
0.204
0.190
0.213
0.313
0.289
0.317
0.325
0.406
0.490
0.546
0.399
0.511
0.462
0.504
0.489
0.497
0.423
0.459
0.479
0.492
0.453
0.496
0.541
0.486
0.613
0.595
0.573
0.489
0.567
0.447
0.454
0.448
0.427
0.511
0.562
0.532
0.698
0.596
0.636
0.571
0.597
0.569
0.563
0.572
0.496
0.548
0.414
0.408
0.338

Y/ssb
0.22
0.23
0.21

o
N
o U
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Table 6.2.1. Sole in Subarea IV: Official landings and landings estimated by ICES WGNSSK 2009

(tonnes).
YEAR BE DK FR GE NL UK OTHER ToTAL UNALLOC WG TAC
(E/W/NI) countries reported landings Total
1982 1900 524 686 266 17686 403 2 21467 112 21579 21000
1983 1740 730 332 619 16101 435 19957 4970 24927 20000
1984 1771 818 400 1034 14330 586 1 18940 7899 26839 20000
1985 2390 692 875 303 14897 774 3 19934 4314 24248 22000
1986 1833 443 296 155 9558 647 2 12934 5266 18200 20000
1987 1644 342 318 210 10635 676 4 13829 3539 17368 14000
1988 1199 616 487 452 9841 740 28 13363 8227 21590 14000
1989 1596 1020 312 864 9620 1033 50 14495 7311 21806 14000
1990 2389 1427 352 2296 18202 1614 263 26543 8577 35120 25000
1991 2977 1307 465 2107 18758 1723 271 27608 5905 33513 27000
1992 2058 1359 548 1880 18601 1281 277 26004 3337 29341 25000
1993 2783 1661 490 1379 22015 1149 298 29775 1716 31491 32000
1994 2935 1804 499 1744 22874 1137 298 31291 1711 33002 32000
1995 2624 1673 640 1564 20927 1040 312 28780 1687 30467 28000
1996 2555 1018 535 670 15344 848 229 21199 1452 22651 23000
1997 1519 689 99 510 10241 479 204 13741 1160 14901 18000
1998 1844 520 510 782 15198 549 339 19742 1126 20868 19100
1999 1919 828 1458 16283 645 501 21634 1841 23475 22000
2000 1806 1069 362 1280 15273 600 539 20929 1603 22532 22000
2001 1874 772 411 958 13345 597 394 18351 1593 19944 19000
2002 1437 644 266 759 12120 451 292 15969 976 16945 16000
2003 1605 703 728 749 12469 521 363 17138 782 17920 15850
2004 1477 808 655 949 12860 535 544 17828 -681 17147 17000
2005 1374 831 676 756 10917 667 357 15579 776 16355 18600
2006 980 585 648 475 8299 910 11933 667 12600 17670
2007 955 413 401 458 10365 1203 5 13800 835 14635 15000
2008 1379 507 714 513 9456 851 15 13435 710 14145 12800
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Table 6.2.2. Sole in Subarea IV: Overview of landings and discards numbers and weights per
hour and percentages in the Dutch discards sampling.

NUMBERS WEIGHT
Period trips Landings Discards %D Landings Discards %D
n n-h-1 n-h-1 kg-h-1 kg-h-1
1976-1979 21 116 8 6% 38 1 3%
1980-1983 22 84 23 21% 27 3 9%
1989-1990 6 286 83 22% 72 11 13%
1999-2001 20 92 21 19% 22 8%

2
2002 6 124 37 24% 18 3 13%
2003 9 95 32 25% 20 3 14%
2004 8 174 58 25% 28 5 17%

9 2

9 2

2

2005 99 29 23% 20 11%
2006 64 26 29% 16 13%
2007 10 94 27 23% 22 10%
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Table 6.2.3. Sole in Subarea IV: sexes combined landing numbers-at-age.
2010-02-24 15:23:56 units= NA

year 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1957 1415 10148 12642 3762 2924 6518 1733 509 5379 166 266 34 79 364
1958 1854 8440 14169 9500 3484 3008 4439 2253 727 5215 111 207 35 262
1959 3659 12025 10401 8975 5768 1206 2025 2574 1366 736 2875 101 128 409
1961 959 49786 19140 12404 4695 3944 4279 836 990 1711 1154 444 2539 416

1962

1
0
0
0
1960 0 12042 14133 16798 9308 8367 4846 1593 1056 2800 992 515 3135 133 326
0
0 1594 6210 59191 15346 10541 4826 4112 2087 900 1539 977 1161 389 2528
0

1963 676 8339 8555 46201 8490 6658 2423 3393 1566 1002 764 1778 413 2861
1964 55 155 2113 5712 3809 17337 3126 1810 818 872 495 217 474 336 621
1965 0 47100 1089 1599 5002 2482 12500 1557 1525 389 627 475 322 200 1195
1966 0 12278 133617 990 1181 3689 744 6324 702 767 287 473 120 87 716
1967 0 3686 25683 85127 1954 536 1919 760 5047 538 610 455 348 277 685
1968 1037 17148 13896 24973 48571 462 245 1644 324 4407 254 820 82 396 564
1969 396 23922 21451 5326 12388 25139 331 244 1190 289 2961 291 538 151 1042
1970 1299 6140 25993 8235 1784 3231 11960 246 140 686 169 2416 238 582 1143
1971 420 33369 14425 12757 4485 1442 2327 7214 192 232 826 291 1413 466 1366
1972 358 7594 36759 7075 4965 1565 523 1232 4706 120 100 492 119 922 1048
1973 703 12228 12783 16187 4025 2324 994 765 1218 3337 221 297 499 110 1326
1974 101 15380 21540 5487 7061 1922 1585 658 401 609 2363 104 32 305 1401
1975 264 22954 28535 11717 2088 3830 790 907 508 234 252 1905 25 84 945
1976 1041 3542 27966 14013 4819 966 1909 550 425 204 195 132 1320 39 773
1977 1747 22328 12073 15306 7440 1779 319 1112 256 211 93 122 108 852 729
1978 27 25031 29292 6129 6639 4250 1738 611 646 191 235 123 106 68 879
1979 9 8179 41170 16060 2996 3222 1747 816 241 393 154 117 103 73 687
1980 637 1209 12511 17781 7297 1450 2197 1409 367 54 415 52 52 32 598
1981 423 29217 3259 6866 8223 3661 948 886 766 197 107 160 92 21 331
1982 2660 26435 45746 1843 3535 4789 1678 615 605 527 149 74 201 12 315
1983 389 34408 41386 21189 624 1378 1950 978 386 301 423 31 14 177 230
1984 191 30734 43931 22554 8791 741 854 1043 524 242 209 146 30 24 243
1985 165 16618 43213 20286 9403 3556 209 379 637 200 192 189 94 33 267
1986 374 9363 18497 17702 7747 5515 2270 110 283 620 355 172 126 105 304
1987 94 29053 22046 8899 6512 3119 1567 903 81 103 165 144 62 55 165
1988 10 13219 47182 15232 4381 3882 1551 891 524 38 34 85 42 10 108
1989 117 46387 18263 22654 4624 1653 1437 647 458 227 45 35 44 35 82
1990 863 11939 104454 9767 9194 3349 1043 1198 554 225 291 58 26 44 201
1991 120 13163 25420 77913 6724 3675 1736 719 730 304 281 340 14 15 136
1992 980 6832 44378 16204 38319 2477 3041 741 399 454 162 224 116 6 218
1993 54 50451 16768 31409 13869 24035 1489 1184 461 172 293 101 75 108 93
1994 718 7804 87403 13550 18739 5711 11310 464 916 265 73 211 76 41 242
1995 4801 12767 16822 68571 6308 7307 1995 6015 295 331 58 67 48 20 144
1996 172 18824 16190 16964 27257 3858 4780 943 3305 239 287 149 50 100 163
1997 1590 6047 23651 7325 5108 12793 1201 2326 333 1437 31 114 20 23 63
1998 244 56648 15141 14934 3496 1941 4768 794 1031 238 410 43 59 12 84
1999 287 15762 72470 8187 6111 1212 664 1984 331 492 43 175 8 35 59
2000 2351 15073 32738 42803 3288 2477 804 435 931 303 219 49 102 8 33
2001 884 25846 21595 19876 16730 1427 834 274 168 508 61 60 11 52 32
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2002
2003
2004
2005
2006
2007
2008

1055
1048

516
1156
6814

317
1919

11053
32330
14950
7417
9690
39888
6118

32852
17498
47970
23141
10109
10887
35504

12290 8215
16090 5820
9524 7457
29523 4262
9340 10640
6447 5741
5258 3755

6448
3906
2165
3948
1572
5513
2788

673
2430
901
1524
1533
824
2477

597
400
961
616
704
729
574

89
128
389
785
363
501
730

91
144
117
169
241
186
270

153
89
95
55

138

104

186

40
90
28
30
32
163
118

36
58
51
19
10
39
66

38
46
82

11
16

38
32
52
46

108
a1
12

| 181
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Table 6.2.4. Sole in Subarea IV: Sexes combined Dutch discards numbers-at-age.
2010-02-24 15:36:42 units= NA
age

year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1957 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1958 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1959 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1960 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1961 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1962 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1963 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1964 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1965 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1966 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1967 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1968 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1969 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1970 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1971 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1972 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1973 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1974 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1975 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1976 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1977 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1978 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1979 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1980 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1981 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1982 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1983 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1984 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1985 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1986 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1987 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1988 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1989 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1990 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1991 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1992 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1993 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1994 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1995 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1996 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1997 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
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1998 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
1999 NA NA~ NA NA NA NA NA NA NA NA NA NA NA NA NA
2000 2278 5074 3875 936 38 28 6 1 3 2 0 O O O
2001 713 4207 2056 897 340 28
2002 18302 1866 3512 174 360 O
2003 430 12949 1660 335 37 32
2004 2370 14271 4103 671 603 O
2005 1903 3891 4309 1610 137 126 48 49 38
2006 9714 2117 682 731 211 235 28 0 O 33
2007 849 5660 647 220 28 43 29 O O O
2008 2073 816 859 88 26 30 8 4 0 1

O N O O

O O O O
O O O O o o o o
O O O O o o o o
O O O O o o o o
O O O O o o o o
O O O O o o o o o
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Table 6.2.5. Female Sole in Subarea IV: female landing numbers-at-age.

2010-02-24 15:49:03

year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

age

O O O O O O O P

a1
o w

721
396
690
130
256
586
61
46
658
1006

442
244
2098
52
191
77
272
92

115
544
120
801

526
3365
112
1361
128
287

2
1197
1565
3432

10105
672
1594
649
76
29238
8376
2068
10311
11870
3881
17908
4568
6818
7069
13463
2253
13519
13753
4986
604
14484
16596
22254
18759
9520
6261
18919
8482
32274
9614
10350
4792
44401
6624
9671
13134
3778
41686
13305

3
7198
6417
9181
9612

36571
4064
6876
1207

924

78675

13072
7175

10190

13216
8126

17515
6765

10765

14463

13876
7103

15597

21070
6691
1521

23584

23166

21600

22838
9572

13450

25546

11186

72014

16728

29997

11934

69349

12601

10965

14880

10046

51388

units= NA

4
9168
8684
7962

11087

13653

34907
6174
3386

703
578

45873

11963
2030
4758
6857
3454
8683
2901
6313
7482
7964
3150
8829
8984
3367
1020

12251

10744
9565

10024
4858
7897

11431
5630

43160
8772

17172
9541

41216
9539
4673
8802
5701

5
2340
5813
4982
5121
7074
9052

28282
2110
2600

619
1096

26082
5501
1063
2191
2567
2428
4173
1136
2494
3659
3212
1649
3428
3919
1527

429
4810
4908
3690
3759
2362
2191
5367
2735

17975
5722
9345
3472

14309
2841
1837
3417

6
1500
1744
3293
3504
2951
5123
6249
9637
1219
1494

404
338
14055
1959
871
719
1113
954
2079
562
901
2114
1587
708
1804
2104
709
420
2002
2673
1353
2306
757
1729
2431
1307
9366
2432
3408
1826
5450
853
654

7
3104
1381

764
2245
1882
2401
4258
1898
6115

527
1219

82

326
6904
1226

330

623

846

503
1095

148

753
1073
1146

395

822
1074

469

114
1339

762

849

865

523

892
1682

504
4080

909
1858

622
1932

385

768
1663
772
527
1900
2028
1672
1009
966
3447
280
852
125
143
4100
638
515
280
569
392
630
270
468
806
461
332
590
626
224
78
475
513
320
735
400
446
563
252
2156
428
741
271
924

346
925
1335
495
496
949
2064
515
863
447
2578
192
782
87
119
2761
582
223
306
309
154
390
151
206
360
326
188
304
372
115
33
321
166
209
404
183
254
446
135
1177
176
276
215

10
2504
300
709
1187
551
326
974
624
163
457
519
2332
227
414
97
63
1884
308
110
156
136
65
275
40
94
277
179
94
145
305
64
29
102
168
146
221
155
138
223
133
558
117
164

11
63
2388
355
432
792
567
468
335
472
224
428
214
1754
101
410
60
178
1612
189
80
76
147
116
208
38
94
229
130
79
180
118
20
45
132
112
81
148
53
51
167
25
205
33

12
153
111

1309
202
736
461
274
137
201
269
165
371
231

1373

90
234
110

80

1244
100

76

86

91

30

98

36

28

98
115

85

87

55

18

28
128
150

67
121

33

66
105

10

92

13
35
54
90
1240
204
671
926
242
175
53
299
69
322
86
872
82
251
13
19
889
61
61
72
23
32
113

28
70
65
43
37
35
25
10
84
69
57
34
48
20
43

14
26
35
30
46

1228
89

281
179
40
53
83
189
109
364
240
592
68
148
57
26
492
64
62

16
10
73
24
29
74
40
10
16
23
13

54
29
20
79
12

19

15
170
57
242
223
210
1272
1900
292
571
135
416
459
335
62
424
344
715
71
87
37
14
370
48
23
45
33
29
49
24
50
43
18
28
33
32
66
34
78
20
73
40
35
31
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2000
2001
2002
2003
2004
2005
2006
2007
2008

2232
719
946
930
527

1025

6026
238

1618

12159
20690
8652
27616
13211
5957
8438
35505
5708

22944
15493
24977
13003
38248
18182

7393

8191
28480

24167
11329
8530
9522
6363
19430
5749
3711
3435

1992
7592
3920
2551
3624
2148
6279
3067
1661

1056

901
2795
1554
1067
1806

763
2364
1667

407
464
404
1134
527
482
454
455
1106

202
186
223
152
543
262
350
308
206

412
85
79

128

204

283

130

275

310

72
208
90
69
120
42
142
58
69

126
54
104
11
55
48
22
58
41

58
40
46

30
19
22
53

61
11
36
38
49
19
10

65

23

26
47
36

19
17
34
11
24
26
23
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Table 6.2.6. Male Sole in Subarea IV : landing numbers-at-age.

2010-02-24 15:56:59

year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

age
1
0
0
0
0
0
0
0
1
0
0
0

316

609
290
101
117

40
218
383
740

26

186
179
562
337

88
102

319
179

179
1436
60
215
115
0

218
289
227
1937
287

0

27

79
17862
3903
1617
6837
12052
2259
15461
3026
5410
8311
9492
1289
8809
11279
3193
587
14732
9839
12154
11975
6603
3092
9548
4705
13834
2326
2813
2040
6050
1078
3097
5690
2238
14962
2457

3
2951
2023
2844
4520

13215
2146
1463

907
165

54942

12612
6721

11261

12777
6299

19244
6018

10775

14072

14090
4970

13695

20100
5635
1738

22162

18220

22331

20384
8924
8183

21594
7012

32440
8692

14381
4834

17018
4221
5226
8635
5095

21082

units= NA

4
3474
5485
2439
5710
5487

24285
2381
2327

895
412

39254

13010
3296
3477
5900
3621
7505
2586
5404
6531
7343
2979
7231
8533
3499

822
8938

11811

10726
7681
3885
7351

11136
4137

34753
7433

14237
4091

27355
7426
2653
6132
2486

5
1422
3688
3993
4187
5330
6295

17918
1699
2402

561
859

22489

6887

721
2294
2399
1596
2888

952
2325
3781
3427
1347
3761
4304
2008

196
3982
4500
4056
2633
2038
2506
3827
3989

20344
8147
9308
2836

12948
2280
1659
2694

6
1424
1740
2475
4863
1744
5419
2241
7700
1263
2195

133
124
11084
1272
572
846
1212
969
1751
404
878
2136
1635
721
1857
2686
669
321
1555
2849
1709
1584
937
1620
1244
1170
14669
3251
4499
2032
7285
1088
558

7
3414
1627

442
2601
2062
2425
2400
1228
6386

217

700

163

5057
1101
194
371
739
287
815
170
984
674
1018
553
856
876
385
95
933
77
705
589
519
844
1359
984
7107
1086
2922
632
2836
279

965
2776
1254
1066
2380
2085

751

801

592
2877

479

792

119

103
3114

594

250

377

338

159

482

341

348

582

425

283

388

417

155

32

414

384

334

462

318

296

621

210
3859

515
1590

524
1059

163
1328
1239

561

340
1138
1329

303

662

255
2469

132

408

53
72
1945

635

177

202

115

102

255

91

156

407

279

198

220

265

167

46

205

301

345

327

215

207

473

161
2128

172

755

116

10
2876
426
657
1613
439
574
593
248
226
310
19
2075
63
272
135
57
1454
301
124
47
75
127
118
13
104
251
123
149
64
315
37

138

57
158
232

17
141
108
106
878
120
328
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11
103
2828
381
560
918
973
535
160
155
64
182
40
1207
67
417
40
43
752
62
115
17
88
38
201
69
55
193
80
113
175
45
15

159
169
81
146
33

119

205

12
113

1566
312
418
516
491
80
274
203
290
449
59
1043
201
258
186
24
660
32
45
37
25
21
62

38

48
74
88
55
31
18
30
212
74
34
93
34
83
13
33
82

13

153
11
1895
240
490
853
232
147
67
48
12
215
152
541
37
248
19

431
a7
46
31
28
60
88
11

25

61

18

14

32

27

14

16

14
53

98
87
1311
300
131
157
160
34
194
206
43
218
226
330
41
157
27
14
360

15
184
89
11

34
1128
371
63
127
68
47
38
101
22
121
85
232
39
43
24

165
26

22
15
13
20
56

23
42
23
20
38
31
39
109
13
14
11
15
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2000
2001
2002
2003
2004
2005
2006
2007
2008

83
161
98
118

131
788

79
301

2683 9294
5033 5998
2291 7549
4715 4495
2043 10695
1460 4959
1252 2716
4383 2696
410 7024

17982
8452
3638
6568
3355

10094
3591
2736
1823

1246
9059
4214
3269
3985
2115
4361
2675
2094

1383

519
3589
2352
1142
2142

809
3150
1121

384
366
262
1296
392
1042
1079
369
1372

226

87
368
248
437
355
354
422
368

504
82

193
502
233
227
420

226
297

76

126

99
128
201

90

47
78
41

116
47
145

42

44
29

13
130
65

28

11

46

16

o O o o

24

51
44
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Table 6.2.7. Sole in Subarea IV : landing weights-at-age.

2010-02-26 17:48:37 units= kg

age
year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1957 0.000 0.154 0.177 0.204 0.248 0.279 0.290 0.335 0.436 0.394 0.432 0.471 0.631 0.437 0.533
1958 0.000 0.145 0.178 0.220 0.254 0.273 0.314 0.323 0.388 0.401 0.409 0.502 0.287 0.578 0.577
1959 0.000 0.162 0.188 0.228 0.261 0.301 0.328 0.321 0.373 0.391 0.438 0.417 0.437 0.412 0.589
1960 0.000 0.153 0.185 0.235 0.254 0.277 0.301 0.309 0.381 0.363 0.436 0.428 0.442 0.427 0.578
1961 0.000 0.146 0.174 0.211 0.255 0.288 0.319 0.304 0.346 0.372 0.369 0.397 0.478 0.450 0.551
1962 0.000 0.155 0.165 0.208 0.241 0.295 0.320 0.321 0.334 0.349 0.347 0.394 0.435 0.373 0.476
1963 0.000 0.163 0.171 0.219 0.258 0.309 0.323 0.387 0.376 0.440 0.397 0.433 0.444 0.490 0.578
1964 0.153 0.175 0.213 0.252 0.274 0.309 0.327 0.346 0.388 0.444 0.439 0.475 0.403 0.447 0.644
1965 0.000 0.169 0.209 0.246 0.286 0.282 0.345 0.378 0.404 0.425 0.459 0.480 0.458 0.397 0.528
1966 0.000 0.177 0.190 0.180 0.301 0.332 0.429 0.399 0.449 0.472 0.541 0.526 0.521 0.491 0.499
1967 0.000 0.192 0.201 0.252 0.277 0.389 0.419 0.339 0.424 0.498 0.456 0.389 0.519 0.442 0.591
1968 0.157 0.189 0.207 0.267 0.327 0.342 0.354 0.455 0.465 0.475 0.674 0.524 0.656 0.495 0.650
1969 0.152 0.191 0.196 0.255 0.311 0.373 0.553 0.398 0.468 0.499 0.496 0.538 0.474 0.613 0.613
1970 0.154 0.212 0.218 0.285 0.350 0.404 0.441 0.463 0.443 0.511 0.512 0.541 0.456 0.542 0.542
1971 0.145 0.193 0.237 0.322 0.358 0.425 0.420 0.490 0.534 0.425 0.489 0.466 0.578 0.563 0.583
1972 0.169 0.204 0.252 0.334 0.434 0.425 0.532 0.485 0.558 0.481 0.472 0.577 0.597 0.677 0.647

1973 0.146 0.208 0.238 0.346 0.404 0.448 0.552 0.567 0.509 0.569 0.644 0.399 0.547 0.642 0.670
1974 0.164 0.192 0.233 0.338 0.418 0.448 0.520 0.559 0.609 0.602 0.661 0.678 0.532 0.582 0.679
1975 0.129 0.182 0.225 0.320 0.406 0.456 0.529 0.595 0.629 0.560 0.648 0.683 0.620 0.645 0.678
1976 0.143 0.190 0.222 0.306 0.389 0.441 0.512 0.562 0.667 0.658 0.538 0.736 0.668 0.598 0.684
1977 0.147 0.188 0.236 0.307 0.369 0.424 0.430 0.520 0.562 0.622 0.731 0.607 0.605 0.643 0.581
1978 0.152 0.196 0.231 0.314 0.370 0.426 0.466 0.417 0.572 0.471 0.604 0.711 0.588 0.830 0.716
1979 0.137 0.208 0.246 0.323 0.391 0.448 0.534 0.544 0.609 0.657 0.728 0.774 0.806 0.839 0.815
1980 0.141 0.199 0.244 0.331 0.371 0.418 0.499 0.550 0.598 0.544 0.658 0.684 0.674 0.661 0.717
1981 0.143 0.187 0.226 0.324 0.378 0.424 0.442 0.516 0.542 0.553 0.403 0.665 0.565 0.721 0.745
1982 0.141 0.188 0.216 0.307 0.371 0.409 0.437 0.491 0.580 0.556 0.628 0.591 0.771 0.898 0.768
1983 0.134 0.182 0.217 0.301 0.389 0.416 0.467 0.489 0.505 0.609 0.622 0.600 0.334 0.631 0.756
1984 0.153 0.171 0.221 0.286 0.361 0.386 0.465 0.555 0.575 0.512 0.655 0.631 0.722 0.845 0.707
1985 0.122 0.187 0.216 0.288 0.357 0.427 0.447 0.544 0.612 0.634 0.509 0.656 0.767 0.801 0.680
1986 0.135 0.179 0.213 0.299 0.357 0.407 0.485 0.543 0.568 0.536 0.575 0.634 0.632 0.789 0.715
1987 0.139 0.185 0.205 0.277 0.356 0.378 0.428 0.481 0.393 0.608 0.646 0.615 0.697 0.728 0.696
1988 0.127 0.175 0.217 0.270 0.354 0.428 0.484 0.521 0.559 0.594 0.808 0.717 0.756 0.771 0.698
1989 0.118 0.173 0.216 0.288 0.336 0.375 0.456 0.492 0.470 0.512 0.683 0.630 0.737 0.649 0.754
1990 0.124 0.183 0.227 0.292 0.371 0.413 0.415 0.514 0.476 0.602 0.661 0.522 0.583 0.510 0.637
1991 0.127 0.186 0.210 0.263 0.315 0.436 0.443 0.467 0.507 0.567 0.548 0.530 0.949 0.738 0.568
1992 0.146 0.178 0.213 0.258 0.298 0.380 0.409 0.460 0.487 0.531 0.590 0.468 0.630 0.779 0.626
1993 0.097 0.167 0.196 0.239 0.264 0.300 0.338 0.441 0.496 0.636 0.564 0.583 0.651 0.610 0.641
1994 0.143 0.180 0.202 0.228 0.257 0.300 0.317 0.432 0.409 0.415 0.544 0.478 0.702 0.614 0.554
1995 0.151 0.186 0.196 0.247 0.265 0.319 0.344 0.356 0.444 0.511 0.792 0.564 0.764 0.940 0.602
1996 0.163 0.177 0.202 0.234 0.274 0.285 0.318 0.370 0.390 0.516 0.546 0.555 0.601 0.700 0.763
1997 0.151 0.180 0.206 0.236 0.267 0.296 0.323 0.306 0.384 0.406 0.579 0.605 0.668 0.450 0.762
1998 0.128 0.182 0.189 0.252 0.262 0.289 0.336 0.292 0.335 0.397 0.504 0.433 0.649 0.541 0.735
1999 0.163 0.179 0.212 0.229 0.287 0.324 0.354 0.372 0.372 0.365 0.533 0.561 0.708 0.577 0.696
2000 0.145 0.170 0.200 0.248 0.290 0.299 0.323 0.368 0.402 0.294 0.447 0.409 0.642 1.031 0.740
2001 0.143 0.185 0.202 0.270 0.275 0.333 0.391 0.414 0.433 0.438 0.523 0.646 0.600 0.595 0.830
2002 0.140 0.183 0.211 0.243 0.281 0.312 0.366 0.319 0.571 0.413 0.556 0.456 0.606 0.356 0.797
2003 0.136 0.182 0.214 0.256 0.273 0.317 0.340 0.344 0.503 0.388 0.316 0.498 0.404 0.577 0.625
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2004 0.
2005 0.
2006 O.
2007 O.
2008 O.

127 0.180 0.209 0.252 0.263 0.284 0.378 0.367 0.327 0.348 0.397 0.387 0.560 0.493 0.474
172 0.185 0.207 0.243 0.241 0.282 0.265 0.377 0.318 0.321 0.525 0.578 0.433 0.346 0.512
156 0.190 0.220 0.263 0.291 0.322 0.293 0.358 0.397 0.464 0.251 0.450 0.637 0.814 0.359
154 0.180 0.205 0.237 0.253 0.273 0.295 0.299 0.281 0.351 0.410 0.230 0.457 0.254 0.282
150 0.182 0.225 0.245 0.260 0.311 0.314 0.283 0.280 0.373 0.343 0.302 0.650 0.572 0.459
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Table 6.2.8. Female Sole in Subarea IV : stock weights-at-age.
2010-02-24 17:52:13 units= kg
age

year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1957 NA  NA 0.150 0.207 0.239 0.318 0.349 0.469 0.445 0.528 0.602 0.589 0.587 0.876 0.449
1958  NA  NA 0.175 0.223 0.298 0.356 0.379 0.444 0.527 0.515 0.566 0.610 0.433 0.566 0.766
1959  NA  NA 0.163 0.216 0.305 0.362 0.415 0.382 0.454 0.508 0.589 0.570 0.413 0.598 0.777
1960  NA  NA 0.172 0.237 0.290 0.359 0.389 0.507 0.616 0.530 0.552 0.517 0.670 0.466 0.629
1961  NA  NA 0.151 0.217 0.271 0.281 0.325 0.396 0.321 0.445 0.484 0.450 0.785 0.506 0.667
1962  NA  NA 0.147 0.233 0.328 0.374 0.390 0.406 0.488 0.581 0.506 0.647 0.556 0.688 0.708
1963 NA  NA 0.150 0.207 0.290 0.324 0.377 0.437 0.421 0.483 0.570 0.616 0.635 0.654 0.693
1964  NA  NA 0.157 0.258 0.333 0.361 0.374 0.419 0.459 0.506 0.458 0.565 0.502 0.547 0.675
1965  NA 0.142 0.219 0.228 0.299 0.336 0.419 0.422 0.578 0.594 0.464 0.746 0.462  NA 0.724
1966  NA  NA 0.171 0.143 0.409 0.448 0.473 0.468 0.479 0.529 0.770 0.655 0.785 0.555 0.714

1967 NA 0.177 0.187 0.288 0.272 0.469 0.495 0.482 0.517 0.464 0.496 0.531 0.582 0.688 0.642
1968 NA 0.125 0.198 0.318 0.385 0.342 0.629 0.571 0.560 0.591 0.753 0.669 0.676 0.712 0.784
1969 NA 0.137 0.196 0.312 0.397 0.451 0.579 0.568 0.584 0.582 0.606 0.595 0.710 0.746 0.799
1970 NA 0.138 0.223 0.333 0.402 0.462 0.511 0.573 0.476 0.611 0.561 0.658 0.763 0.721 0.733
1971 NA 0.147 0.234 0.365 0.422 0.514 0.515 0.573 0.592 0.540 0.585 0.716 0.705 0.669 0.675
1972 NA 0.156 0.250 0.380 0.508 0.528 0.580 0.568 0.658 0.528 0.502 0.690 0.758 0.771 0.733
1973 NA 0.152 0.264 0.396 0.469 0.555 0.578 0.614 0.639 0.671 0.644 0.545 0.711 0.704 0.794
1974 NA 0.149 0.260 0.406 0.507 0.546 0.611 0.785 0.697 0.793 0.743 0.647 0.676 0.623 0.793
1975 NA 0.153 0.240 0.393 0.488 0.549 0.625 0.675 0.756 0.815 0.684 0.789 0.775 0.831 0.782
1976 NA 0.145 0.229 0.365 0.467 0.541 0.610 0.609 0.723 0.841 0.745 0.854 0.744 0.737 0.699
1977 NA 0.152 0.235 0.346 0.470 0.525 0.587 0.606 0.651 0.729 0.681 0.818 0.715 0.760 0.702
1978 NA 0.143 0.250 0.349 0.446 0.530 0.592 0.601 0.694 0.778 0.808 0.901 0.693 0.885 0.859
1979 NA 0.143 0.250 0.366 0.463 0.551 0.619 0.700 0.739 0.779 0.937 0.815 0.975 0.948 0.903
1980 NA 0.172 0.225 0.375 0.457 0.559 0.610 0.650 0.755 0.566 0.873 0.754 0.909 1.212 0.857
1981 NA 0.139 0.220 0.371 0.462 0.505 0.588 0.664 0.693 0.689 0.620 0.778 0.741 0.856 0.736
1982 NA 0.131 0.221 0.340 0.495 0.567 0.587 0.662 0.751 0.767 0.748 0.679 0.898 0.747 0.851
1983 NA 0.142 0.227 0.334 0.428 0.540 0.607 0.615 0.719 0.757 0.821 0.773 0.741 0.838 0.822
1984 NA 0.133 0.241 0.356 0.444 0.484 0.584 0.689 0.724 0.816 0.807 0.918 0.873 0.952 0.968
1985 NA 0.125 0.211 0.344 0.429 0.494 0.497 0.700 0.769 0.723 0.765 0.803 0.843 0.947 0.892
1986 NA 0.134 0.223 0.362 0.489 0.563 0.620 0.525 0.806 0.837 0.820 0.792 0.936 1.026 0.979
1987 0.144 0.159 0.209 0.326 0.441 0.531 0.543 0.624 0.401 0.692 0.720 0.721 0.796 0.847 1.025
1988 NA 0.135 0.227 0.318 0.414 0.510 0.629 0.645 0.646 0.483 1.040 0.883 0.707 0.847 0.804
1989 NA 0.135 0.208 0.334 0.358 0.440 0.510 0.618 0.609 0.658 0.669 0.841 0.801 0.734 0.722
1990 NA 0.146 0.216 0.315 0.406 0.400 0.433 0.536 0.655 0.544 0.823 0.644 0.803 0.651 0.873
1991 NA 0.140 0.202 0.303 0.409 0.479 0.499 0.568 0.570 0.738 0.743 0.752 NA 1.367 0.706
1992 NA 0.165 0.217 0.279 0.372 0.466 0.517 0.548 0.572 0.675 0.686 0.745 0.750 NA 0.671
1993 NA 0.125 0.202 0.282 0.342 0.411 0.520 0.604 0.583 0.708 0.815 0.895 0.710 0.734 0.678
1994 NA 0.150 0.181 0.229 0.324 0.394 0.450 0.563 0.559 0.562 0.568 0.715 0.706 0.722 0.706
1995 NA 0.165 0.192 0.281 0.281 0.425 0.417 0.526 0.531 0.599 0.533 0.580 0.782 0.584 0.632
1996 0.139 0.156 0.200 0.255 0.353 0.379 0.502 0.578 0.623 0.661 0.798 0.888 0.733 0.750 0.927
1997 NA 0.138 0.210 0.256 0.311 0.421 0.420 0.489 0.507 0.633 0.642 0.740 0.729 0.752 0.688
1998 NA 0.142 0.194 0.292 0.311 0.365 0.495 0.421 0.517 0.499 0.692 0.498 0.638 0.707 0.627
1999 NA 0.133 0.204 0.255 0.338 0.379 0.440 0.492 0.444 0.436 0.530 0.779 0.567 0.869 0.714
2000 NA 0.149 0.197 0.277 0.332 0.408 0.392 0.576 0.523 0.335 0.331 0.685 0.790 1.372 0.960
2001 NA 0.144 0.202 0.269 0.371 0.394 0.465 0.421 0.510 0.711 0.515 0.731 0.616 0.913 0.955
2002 NA 0.152 0.216 0.280 0.361 0.410 0.475 0.596 0.618 NA 0.704 0.775 0.665 NA 0.806
2003 NA 0.150 0.214 0.295 0.390 0.477 0.521 0.553 0.618 0.790 0.916 0.602 0.495 0.597 0.681
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2004
2005
2006
2007
2008

NA O.
NA O.
NA O.
NA O.
NA O.

137 0.208 0.281 0.357 0.424 0.489 0.540 0.507 0.625 0.531 NA 0.677 NA 0.711
115 0.195 0.278 0.345 0.457 0.507 0.579 0.594 0.710 0.478 0.837 1.212 0.757 NA
150 0.218 0.267 0.329 0.381 0.485 0.440 0.518 0.595 0.697 0.618 0.801 0.542 0.490
153 0.193 0.262 0.323 0.373 0.426 0.443 0.434 0.554 0.631 0.586 0.624 NA NA
159 0.214 0.252 0.369 0.431 0.486 0.458 0.619 0.668 0.644 0.764 0.693 0.594 NA
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Table 6.2.9. Male Sole in Subarea IV : stock weights-at-age.
2010-02-24 17:52:14 units= kg
age

year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1957 NA  NA 0.137 0.145 0.167 0.206 0.197 0.220 0.327 0.267  NA 0.299  NA 0.555 0.144
1958 NA  NA 0.151 0.170 0.174 0.193 0.224 0.249 0.290 0.287 0.295 NA  NA  NA 0.388
1959 NA  NA 0.143 0.157 0.165 0.191 0.211 0.237 0.236 0.205 0.251 0.280 NA  NA  NA
1960 NA  NA 0.144 0.158 0.161 0.179 0.209 0.210 0.258 0.246 0.435 0.262 0.343  NA  NA
1961 NA  NA 0.137 0.166 0.175 0.179 0.226 0.195 0.225 0.207 0.271 0.287 0.384 0.307  NA
1962 NA  NA 0.148 0.146 0.185 0.233 0.217 0.215 0.195 0.277 0.233 0.244 0.325 0.360 0.376
1963 NA  NA 0.141 0.162 0.173 0.191 0.215 0.229 0.239 0.274 0.276 0.333 0.344 0.282 0.350
1964 NA  NA 0.162 0.164 0.174 0.210 0.208 0.229 0.262 0.291 0.282 0.385 0.414 0.259 0.334
1965 NA 0.122 0.132 0.221 0.196 0.223 0.256 0.219 0.368 0.317  NA 0.308 0.379 0.339 0.399
1966 NA  NA 0.144 0.160 0.244 0.199 0.287 0.272 0.252 0.304 0.401 0.329 0.283 0.322 0.411
1967 NA  NA 0.141 0.184 0.214 0.353 0.268 0.224 0.273  NA 0.271 0.273 0.380 0.325  NA
1968 NA 0.119 0.151 0.188 0.224 0.218  NA 0.286 0.339 0.307  NA 0.332 0.521 0.325  NA
1969 NA 0.136 0.152 0.193 0.233 0.254  NA 0.255 0.293 0.325 0.354 0.422 0.340 0.339 0.360
1970 NA 0.135 0.178 0.217 0.253 0.277 0.312 0.352 0.348 0.369 0.404 0.365 0.388 0.375 0.508
1971 NA 0.149 0.188 0.250 0.297 0.274 0.323 0.338 0.375 0.335 0.382 0.319 0.415 0.353 0.416
1972 NA 0.154 0.196 0.250 0.319 0.334 0.324 0.335 0.380 0.364 0.416 0.382 0.392 0.453 0.374
1973 NA 0.145 0.195 0.251 0.274 0.324 0.324 0.323 0.301 0.348 0.472 0.415 0.344 0.483 0.391
1974 NA 0.142 0.186 0.253 0.292 0.321 0.376 0.362 0.401 0.365 0.400 0.426 0.487 0.420 0.486
1975 NA 0.142 0.180 0.229 0.285 0.318 0.361 0.397 0.372 0.368 0.383 0.405 0.466 0.356 0.468
1976 NA 0.140 0.174 0.226 0.260 0.334 0.345 0.345 0.384 0.425 0.426 0.443 0.395 0.406 0.441
1977 NA 0.137 0.179 0.229 0.267 0.296 0.362 0.352 0.374 0.381 0.585 0.466 0.512 0.432 0.366
1978 NA 0.132 0.169 0.225 0.273 0.306 0.306 0.219 0.350 0.288 0.303 0.360 0.407 0.370 0.436
1979 NA 0.152 0.175 0.218 0.263 0.297 0.342 0.346 0.341 0.368 0.381 0.504 0.474 0.477 0.603
1980 NA 0.139 0.178 0.240 0.281 0.293 0.374 0.404 0.386 0.598 0.403 0.479 0.458 0.447 0.585
1981 NA 0.134 0.185 0.247 0.274 0.308 0.346 0.357 0.435 0.426 0.283 0.536 0.458 0.616 0.348
1982 NA 0.129 0.169 0.233 0.265 0.302 0.314 0.317 0.405 0.367 0.373 0.461 0.523 0.430 0.547
1983 NA 0.132 0.163 0.215 0.240 0.322 0.330 0.341 0.332 0.380 0.389 0.301  NA 0.490 0.428
1984 NA 0.132 0.167 0.206 0.248 0.251 0.327 0.398 0.369 0.390 0.359 0.434 NA  NA 0.325
1985 NA 0.133 0.160 0.190 0.229 0.267 0.303 0.399 0.379 0.309 0.343 0.412 0.434 0.449 0.266
1986 NA 0.129 0.156 0.192 0.224 0.279 0.322 0.366 0.447 0.301 0.400 0.488 0.436 0.587 0.513
1987 NA 0.143 0.155 0.198 0.238 0.263 0.275 0.272 0.292 0.313 0.310 0.385 0.361 0.445 0.420
1988 NA 0.123 0.162 0.192 0.243 0.272 0.254 0.304 0.321 0.376 0.458 0.426 0.448  NA 0.398

1990 NA 0.137 0.167 0.199 0.248 0.231 0.293

0
0

1989 NA 0.128 0.160 0.199 0.228 0.270 0.276 0.314 0.344 0.327 NA 0.491 0.509 0.415 0.494
0.316 0.322 0.383 0.329 0.441 0.456 0.374 0.365
0

1991 NA 0.128 0.158 0.181 0.214 0.242 0.227 0.260 0.418 0.348 0.274 0.392 0.348 0.593 0.472
1992 NA 0.126 0.151 0.177 0.198 0.196 0.278 0.246 0.253 0.315 0.387 0.323 0.483 0.591 0.510
1993 NA 0.140 0.144 0.163 0.173 0.201 0.203 0.302 0.319 0.358 0.286 0.362 0.431 0.439 0.300
1994 NA 0.102 0.140 0.150 0.175 0.196 0.205 0.233 0.308 0.213 0.276 0.342 0.310 0.404 0.294
1995 NA 0.131 0.148 0.152 0.171 0.203 0.220 0.226 0.399 0.289 0.162 0.274 0.509 NA 0.453
1996 NA 0.132 0.144 0.152 0.169 0.179 0.199 0.227 0.258 0.253 0.298 0.312 0.284 0.414 0.345
1997 NA 0.172 0.144 0.159 0.169 0.184 0.207 0.222 0.261 0.240 0.294 0.311 0.274 0.274 0.449
1998 NA 0.128 0.146 0.165 0.186 0.192 0.208 0.178 0.233 0.207 0.285 0.265 0.302 0.342 0.306
1999 NA 0.106 0.137 0.164 0.166 0.201 0.213 0.210 0.187 0.309 0.230 0.308 0.434 0.254 0.354
2000 NA 0.123 0.141 0.154 0.144 0.180 0.188 0.164 0.243 NA 0.548 0.256 0.512 NA NA
2001 NA 0.132 0.129 0.151 0.175 0.207 0.212 0.349 0.296 0.281 NA 0.508 NA 0.308 NA
2002 NA 0.131 0.142 0.166 0.169 0.184 0.180 0.198 0.384 NA 0.274 NA NA NA NA
2003 NA 0.120 0.131 0.151 0.160 0.181 0.175 0.218 NA NA 0.193 0.206 0.292 NA NA
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2004 NA 0.131 0.143 0.155 0.147 0.156 0.199 0.221 0.238

2005 NA

NA

NA 0.129 0.142 0.146 0.166 0.152 0.200 0.215 0.165 0.323

2006 NA 0.129 0.139 0.149 0.155 0.180 0.187 0.198 0.252 0.291

2007 NA 0.129 0.135 0.146 0.153 0.170 0.177 0.164 0.181 0.212

2008 NA 0.140 0.134 0.138 0.159 0.178 0.183 0.199 0.230

NA 0.365

NA

NA 0.367
NA 0.349

NA

NA 0.376 0.531 NA NA

NA 0.294 NA
NA NA 0.188
NA NA 0.272
NA NA NA

Table 6.2.10. Sole in Subarea IV. BTS-ISIS survey index (updated by WGBEAM in 2009).

2010-02-24 18:02:27[1] BTS-ISIS

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

1

.03

7.17

.97
83.
.02
37.
.04
81.
.35

11

84

62

7.66

28.
.98
169.

17.

11.

14.
.00
20.
10.
.19

12

34
11
96
59

99
51

5.53

17.
.50
15.

09

25

N Wb © b O O

.12
.18
12.
12.
68.
24.
28.
22.
42.

2

55
51
08

BN P P oW

N

42
36

=
a B

P O N W N W N b

50

3

.695
.596
.834
.684
2191
49 21.
84 6.
28 10.
34 1.
.12 19.
.46 6.
7.63
.92
27.
18.
.14
.96
.18
.95
.35
.40
.33
19.
.06 12.

789
872
449
338
743
268

1.955
.985
.862
.783
.045
.156
.428
.459
.553
.377
.278
.464

298

b O O P OPFPr OFr kP O FPr O FPr 0O oo O O » P O O B

4

.654
.987
-563
.032
.096
.778
.453
.529
.516
.124
.129
.785
.739
.242
.584
.483
.564
.886
.670
.644
.303
.709
-565
.313

O O O O O O o O o r OO N O PFP W W o pPr oo o o o

units=

5
.688
.623
.583
.123
.677
.081
.136
.018
.371
.636
.363
.586
.710
.073
-920
.263
.684
-363
-360
.626
.167
479
.315
.222

O O O O O O O O OO0 OO0 oo oo oo o o o o o o

NA
6

.276
17
.222
.149
.128
.770
.135
-090
-199
.088
.805
.326
.380
.015
.310
.141

o
\‘
N

.361
.187
.118
171
.151
.537
.279

O O O O O O O O OO0 OO0 oo oo oo o o o o o o

.000
.158
.228
.132
.242
.120
.063
.162
.023
.983
.316
-393
-096
.391
.218
.060
.037
.032
.319
.070
.077
.088
.031
.202

O O O O O O O O OO0 OO0 OO0 oo oo o o o o o o

.000
.000
.058
.103
.000
.115
.045
.078
.084
-009
.734
.052
.035
.000
.604
.007
.028
.069
.000
.073
.047
.000
.009
.028

O O O O O O O O OO0 OO0 oo oo oo o o o o o o

.000
.018
-000
.014
.051
.025
.013
.020
.053
-000
.039
.264
.042
-000
.003
.150
.000
-000
.020
.000
.000
.007
-000
.047
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Table 6.2.11. Sole in Subarea IV. SNS survey index.
2010-02-24 18:04:35[1] SNS

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

P R R R P R R P P R R P R R P R R R R R PR R R R R RPR P R R P R R P R R RPB Rp R

1
5410
903
1455
5587
2348
525
1399
3743
1548
94
4313
3737
5857
2621
2493
3619
3705
1948
11227
2831
2856
1254
11114
1291
652
1362
218
10279
4095
1649
1639
970
7548
NA
1370
568
2726
849
1259

2
734
1831
272
935
361
865
74
776
1355
408
89
1413
1146
1123
1100
716
458
944
594
5005
1120
2529
144
3420
498
224
349
154
3126
972
126
655
379
NA
624
163
117
911
259

3
238
113
149

84

65
177
229
104
204
301
109

50
228
121
318
167

69

65
282
208
914
514
360
154
934
143

30
190
142
456
166
107
195

NA
393
124

25

33
325

4
35
3

0
37
0
18
27
43
28
78
61
20
-
40
74
49
31
21
82
53
100
624
195
213
10
411
36
27
99
10
118
36

NA
69

30
40
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Table 6.2.12. Sole in Subarea IV. NL Beam Trawl Commercial cpue index.

2010-02-24 22:10:02[1] NL

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

71.
68.
71.
76.
81.
81.
72.
72.
70.
67.
64.
61.
56.
51.
48.
49.
a4.
42.
30.

2

107
71
511
66
120
220
63
720

1

5

1

9

4

2

1

0

2

3 176
6 191
4 305
7 159
6 503
1 233
1 103
1 154
9 776
2

156

3
1190
251
477
142
858
140
126
256
129
820
458
222
437
224
774
333
177
178
952

4
102
872
157
314

91
659
155

63
158

62
337
244
140
241
117
428
152
105
108

92.
67.
419.
125.
159.
35.
294.
46.
26.
66.
31.
213.
106.
65.
105.
77.
186.
85.
61.

Beam Trawl

5
6
7
6
2

0

N W agow N 0O~ O N WO NN

23.
31.
20.
242.
38.
63.
21.
135.
16.
10.
24.
11.
89.
54.
24.
40.
21.
86.
42.

6

O N O 0 N N O N g 0o w N 00N B N N g

29.
11.
109.
11.
a4.

48.

38.
13.
18.
21.

7.
47.

units= NA

7 8 9 10
.93 11.52 5.288 1.941
.97 4.55 5.723 2.292
27 6.27 3.080 3.868
53 10.56 3.069 0.858
74 2.33 6.437 2.162
05 57.66 1.810 2.525
01 6.55 38.474 2.219
.90 25.00 1.319 16.04
36 3.01 4.801 0.299
.99 22.69 1.976 5.394
.04 4.98 9.923 3.251
.24 2.21 1.515 6.010
.48 6.77 0.952 0.423
02 4.36 1.202 1.143
31 11.27 2.807 0.541
76 5.89 12.607 1.772
43 11.84 6.100 3.741
81 7.60 2.960 0.839
52 6.56 5.861 2.550

11
.885
.431
.069
.419
.319
.296
.649
.083
.088
.089
.780
-130
.799
.182
.707
.672
.676
.098

R N N O O P B O P O M O NM O O DN PP P P

.060

12
.605
.642
.307
.650
.953
.271
.193
.069
.071
.887
.356
.554
.212
.260
.333
.122
.181
.420

O O O O O B O O O P O FrP B O FP ODNN O
O O O O O O O O O O O O o o o o o o o

.563

13

141
.088
.928
.546
.307
.431
.319
.153
.527
.030
.836
.114
.300
.446
.374
.041
.068
.000
.133

O O O P O O O O O O O O O O o o o o o
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14 15
.183 1.940
.088 0.701
.056 1.533
.767 0.286
.246 1.843
.074 1.342
.860 1.387
.194 0.611
.071 0.613
.327 0.446
.046 0.681
.652 0.277
.000 0.370
.504 0.019
.208 0.312
.263 0.041
.023 1.043
.000 1.072
.232 0.000

Table 6.2.13. Sole in Subarea IV. NL Beam Trawl Commercial cpue index (corrected for spatial
change in fleet targeting).

2010-02-24 22:10:02[1]

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

N = = = = T = = S S S =

1
4.3
0.3
0.6
4.9
2.0
2.2
1.7
0.7
3.3

18.2
0.7
10.3

18.
152.
39.
36.
65.
33.
95.
42.
20.
30.
135.

2

3

1 84.2
0 31.9

0 230.2
6 96.0
8 54.3
0 114.2

1 50.4
9 165.8
4 69.9
9 40.6
7 38.6
32.8 249.0

NL Beam Trawl

4

5

Corrected

6

23.4 18.9 60.3
51.8 9.4 6.2

20.

5

162.9

72.
43.
63.
30.

0
0
9
0

104.4

39.
26.
32.

8
4
5

25.7 4.9
12.2 11.4
70.3 4.8
35.6 33.8

18.2 17.0
28.9 7.3
13.7 12.7
54.4 6.8
24.1 26.1
20.0 16.3

2

1

1

7 8
3.3 11.5
2.0 1.3
2.7 12.0
3.7 2.3
3.9 1.0
3.3 2.8
3.5 1.6
5.2 4.5
4.0 2.7
7.0 4.0
2.8 2.8
8.7 2.4

units= NA

9
0.8
2.6
1.0
6.1
0.8
0.7
0.8
1.0
3.6
2.1
1.0
2.5

10
9.7
0.3
2.6
1.0
3.0
0.3
0.5
0.3
0.3
1.8
1.2
0.9

1 12
0.11.0
2.5 0.0
0.11.6
1.4 0.2
0.1 0.4
1.2 0.1
0.3 0.5
0.3 0.1
0.1 0.0
0.7 0.1
0.6 0.2
0.5 0.4

13 14 15

0.1
0.4
0.0
1.0
0.1
0.3
0.2
0.2
0.5
0.1
0.0
0.1

0.1 0.4
0.0 0.1
0.3 0.0
0.0 0.1
0.4 0.0
0.0 0.3
0.2 0.0
0.1 0.2
0.0 0.0
0.0 0.4
0.1 0.0
0.1 0.0
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Table 6.2.14. Sole in Subarea IV. North Sea Sole BTS-ISIS survey index for females.
2010-02-24 23:01:32[1] BTS-ISIS Females units= NA
1 2 3 4 5 6 7 8 9

1985 1 2.84 2.23 1.467 0.971 0.217 0.054 0.000 0.000 0.000
1986 1 3.38 2.37 0.486 0.438 0.396 0.101 0.099 0.000 0.018
1987 1 2.30 6.99 0.890 0.394 0.583 0.120 0.085 0.058 0.000
1988 1 14.10 3.11 1.457 0.701 0.062 0.029 0.077 0.000 0.000
1989 1 5.21 30.55 0.943 0.824 0.223 0.067 0.124 0.000 0.051
1990 1 12.27 10.92 10.282 0.489 1.004 0.373 0.090 0.115 0.025
1991 1 1.68 16.24 2.450 4.102 0.098 0.109 0.025 0.045 0.013
1992 1 42.16 13.66 4.364 1.207 1.260 0.020 0.124 0.048 0.020
1993 1 3.92 19.08 0.277 1.265 0.244 0.505 0.023 0.006 0.018
1994 1 2.92 4.07 7.185 0.124 0.282 0.005 0.471 0.009 0.000
1995 1 14.42 1.95 1.311 2.412 0.225 0.272 0.097 0.162 0.039
1996 1 1.59 3.00 0.754 0.594 0.682 0.050 0.069 0.011 0.092
1997 1 56.71 1.65 1.047 0.179 0.218 0.249 0.017 0.007 0.000
1998 1 6.52 12.66 0.459 0.525 0.003 0.000 0.218 0.000 0.000
1999 1 5.57 9.23 8.109 0.326 0.480 0.167 0.136 0.322 0.003
2000 1 5.94 2.91 2.004 0.800 0.075 0.047 0.030 0.007 0.036
2001 1 3.20 4.55 0.826 0.603 0.334 0.074 0.000 0.005 0.000
2002 1 8.70 1.43 1.106 0.351 0.156 0.088 0.012 0.016 0.000
2003 1 5.27 3.74 0.866 0.574 0.312 0.026 0.038 0.000 0.000
2004 1 2.21 2.23 1.641 0.285 0.322 0.066 0.018 0.032 0.000
20051 2.59 1.07 0.834 0.913 0.088 0.073 0.065 0.000 0.000
2006 1 8.73 1.02 0.166 0.364 0.275 0.090 0.047 0.000 0.000
2007 1 3.09 8.63 0.545 0.346 0.083 0.132 0.014 0.009 0.000
2008 1 6.04 4.04 5.295 0.700 0.137 0.000 0.047 0.000 0.000



ICES WKFLAT REPORT 2010

Table 6.2.15. Sole in Subarea IV. SNS survey index females.
2010-02-24 23:01:32[1] SNS Females

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

P R R R P R R P P R R P R R P R R P R R PR R R R R RPR P R R PR R R PR R R P Rp R

1
2288
339
773
2589
1250
247
675
1740
732
48
2261
1526
2585
1419
973
1743
1504
784
4184
1075
1245
468
4804
488
251
522
100
4067
1252
748
630
378
3027
NA
310
176
1201
330
614

2

3

4

375 133 21

804
122
401
184
402
20
367
588
178
41
669
687
525
493
344
204
406
217
1952
416
858
65
1712
152
64
98
43
694
495
55
306
126
NA
195
50
99
231
96

94
98
36
18
50
113

152
158
53
26
113
36
132
105
15
20
49
60
253
203
79
45
346
63

67
33
186
58
36
95
NA
201
20
25
33
78

0
0
20
0
0
13
27
0
56
15
0

23
19
16
13
15
45
37
17
272
70
12

139

11
10
12
15

NA
49

30
15
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Table 6.2.16. Sole in Subarea IV. NL Beam Trawl index females.
2010-02-24 23:09:45[1] NL Beam Trawl Females units= NA

2 3 4 5 6 7 8 9 10 11 12 13 14 15
1990 71.1 104.2 823.2 60.1 52.9 11.52 4.25 7.41 2.096 1.646 0.844 0.281 0.141 0.155 0.169
1991 68.5 90.0 175.2 498.3 28.6 22.51 5.81 3.65 3.401 1.066 0.861 1.183 0.088 0.073 0.088
1992 71.1 50.0 326.0 85.0 196.4 11.76 16.26 3.66 1.181 1.786 0.563 1.463 0.675 0.042 0.014
1993 76.9 449.8 100.5 167.4 49.8 92.16 3.60 5.51 2.003 0.780 1.469 0.390 0.546 0.520 0.000
1994 81.4 58.6 693.2 66.9 75.2 14.62 38.86 1.24 4.005 0.958 0.233 1.044 0.307 0.135 0.479
1995 81.2 90.5 103.9 394.5 17.5 26.06 5.18 20.49 0.788 1.576 0.296 0.074 0.296 0.074 0.025
1996 72.1 155.3 91.1 88.6 152.6 10.61 15.56 2.57 12.968 1.262 1.512 0.444 0.319 0.638 0.388
1997 72.0 40.9 164.1 39.9 24.9 57.31 3.69 7.42 0.625 6.042 0.083 0.986 0.153 0.042 0.292
1998 70.2 529.8 82.6 88.1 12.2 6.71 20.74 1.25 1.795 0.299 1.895 0.014 0.399 0.014 0.185
2000 64.6 126.4 257.0 277.8 19.9 11.56 3.95 1.92 4.892 0.526 1.347 0.062 0.697 0.016 0.077
2001 61.4 251.9 166.6 138.7 95.0 7.18 4.53 1.42 0.717 2.394 0.130 0.538 0.114 0.293 0.049
2002 56.7 125.6 338.3 98.1 51.3 39.24 4.53 2.56 0.847 0.423 1.235 0.212 0.300 0.000 0.370
2003 51.6 429.5 166.2 142.7 28.8 21.78 17.73 1.67 1.202 0.543 0.155 0.640 0.291 0.349 0.019
2004 48.1 201.5 604.7 76.7 50.1 11.95 7.63 6.24 1.435 0.541 0.416 0.000 0.353 0.208 0.146
2005 49.1 91.5 269.6 280.4 27.2 19.37 4.36 3.30 4.155 0.367 0.570 0.122 0.041 0.550 0.041
2006 44.1 133.2 129.7 96.2 109.3 11.20 7.71 5.78 2.177 2.177 0.431 0.113 0.068 0.023 0.318

2007 42.9 687.

2
0
0
8
6
5
3
9
8
1999 67.3 151.8 590.9 43.4 36.6 5.75 2.81 10.07 1.263 1.545 0.089 0.966 0.030 0.163 0.134
4
9
6
5
5
5
2
2 132.0 59.4 41.5 33.66 4.69 3.57 1.399 1.049 0.816 0.163 0.070 0.023 0.000
7

2008 30.2 145.7 763.9 70.5 27.3 25.10 21.23 2.35 2.483 0.662 0.232 0.265 0.133 0.133 0.000
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Table 6.2.17. Sole in Subarea IV. BTS-ISIS survey index males.

2010-02-24 23:28:44[1] BTS-ISIS male

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

P PR R R R R P P R R P R R P R R PR R R R R

1

.19

3.79

.67
69.
.80
25.
.35
39.

02

57

46

2.43

.74
13.
.38
112.

10.
-39

70

63
58

8.66

IN

© A 0O N P O

.80
12.
.24
-99
.95
.36
.41
.21

29

© o N b

2

.89
.81
.55
.40
37.
13.
12.
.63
23.

53
56
60

26

3.05
6.50

[
AW A

P N N ON O W ©

[E
a o

.63
.27
.76
.14
.23
.41
.75
.20
.12
.32
.31
.88
.02

W r O B N

IN

3

.227
2111
.944
.227
.248
11.
422

508

6.084

[EY
N P

N O O R B RPN PRFPNSNPRP P BRB M

.061
.558
.957
.200
-938
-403
.673
.041
-330
.322
.592
.912
.543
.113
-920
.003

O O O O O Brp OO OO0 OO r N O MMPFP M O W O O O O

4

.683
.549
-169
.331
.272
.289
.351
.322
.251
.000
.717
.191
-560
.718
.258
.682
-960
.536
.096
.359
-390
.345
.219
.613

O O O O o oo oo r OO0 Fr OkFPr W Pr»r O o o o o o o

5

471
.226
.000
.061
.454
.077
.039
.759
.127
.354
.138
.904
.492
.070
.441
.188
-350
.207
.047
.304
.078
.204
.232
.085

units= NA
6 7
.222 0.000

O O O O O O O 0O OO0 oo O o uw o o o o o o o o

.070
.101
-120
.061
.397
.026
.070
.694
.083
.533
.275
.131
.015
.143
.094
.000
.273
.161
.052
.098
.061
.405
.279

O O O O O O O O OO OO oo oo oo oo o o o o

.059
-143
.054
.118
.030
.039
.038
.000
.512
.218
.324
.079
.173
.082
.030
.037
.020
.281
.053
.012
.041
.018
.155

O O O O O O O O OO0 OO0 Oo oo o o o o o o o

.000
.000
.000
.103
.000
.000
.000
.031
.078
.000
.572
.041
.028
-000
.282
.000
.023
.053
.000
.041
.047
.000
.000
.028

O O O O O O O 0O OO OO oo oo oo oo o o o o

.000
.000
-000
.014
.000
.000
.000
.000
.035
-000
.000
2172
.042
.000
.000
.114
-000
.000
.020
.000
-000
.007
.000
.047
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Table 6.2.18. Sole in Subarea IV. SNS survey index males.
2010-02-24 23:28:45[1] SNS male

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

P R R R P R R P P R R P R R P R R R R R PR R R R R RPR P R R P R R P R R RPB Rp R

1
3122
564
681
2998
1098
279
725
2003
816
46
2052
2211
3272
1202
1520
1877
2201
1163
7043
1756
1611
785
6310
803
401
840
118
6212
2843
901
1009
592
4521
NA
1060
392
1526
518
645

2

3

4

359 105 14

1027
150
535
177
462

54
409
767
230

48
745
459
598
607
372
254
537
377

3053
703

1672

80

1707
346
159
251
110

2432
477

71
349
253

NA
429
113

18
680
163

20
51
48
47

127

116
95

142

142
56
24

115
85

186
62
54
45

233

148

662

311

281

109

588
80
28

122

108

269

108

3
0
18
0
18
13
16
28
21
47
20
0
17
55
33
18
5
36
16
84
352
125
200

272
31
26
88

106
20

NA
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Table 6.2.19. Sole in Subarea IV. NL Beam Trawl index males.
2010-02-24 23:28:45[1] NL Beam Trawl male units= NA

2 3 4 5 6 7 8 9 10 11 12 13 14
1990 71.1 23.35 367.0 41.7 39.8 11.95 4.68 4.107 3.193 0.295 1.041 0.324 0.000 0.028
1991 68.5 17.12 75.7 374.0 39.1 8.70 4.16 0.905 2.321 1.212 0.584 1.445 0.000 0.015
1992 71.1 20.94 150.5 71.5 223.2 8.75 13.01 2.616 1.899 2.082 0.506 0.844 0.267 0.014
1993 76.9 61.09 41.8 146.4 75.4 150.03 7.93 5.033 1.079 0.091 0.949 0.260 0.000 0.247
1994 81.4 7.64 165.3 24.1 84.6 23.53 70.88 1.093 2.432 1.204 0.086 0.909 0.000 0.123
1995 81.2 29.90 35.7 264.3 17.5 37.11 5.86 37.180 1.034 0.936 0.000 0.197 0.123 0.000
1996 72.1 64.45 35.0 66.4 141.7 11.17 28.46 3.967 25.506 0.957 1.137 0.749 0.000 0.222
1997 72.0 21.71 91.8 22.7 21.4 78.40 3.22 17.583 0.694 10.000 0.000 0.083 0.000 0.153
1998 70.2 190.56 45.9 70.4 13.8 9.62 27.62 1.752 3.020 0.000 2.194 0.057 0.128 0.057
1999 67.3 23.89 229.0 18.3 29.7 5.10 2.18 12.615 0.713 3.848 0.000 0.921 0.000 0.149
2000 64.6 26.27 96.3 209.4 10.5 15.53 4.18 2.461 5.882 1.904 0.960 0.356 0.464 0.000
2001 61.4 53.03 55.9 105.1 118.0 4.56 3.71 0.798 0.798 3.616 0.000 0.016 0.000 0.358
2002 56.7 33.26 102.3 41.9 55.1 50.39 2.93 4.215 0.106 0.000 0.564 0.000 0.000 0.000
2003 51.6 73.31 57.4 98.4 37.0 32.95 20.27 2.713 0.000 0.601 1.027 0.620 0.155 0.155
2004 48.1 31.16 169.1 40.4 55.1 12.79 5.68 5.031 1.372 0.000 0.312 0.333 0.021 0.000
2005 49.1 22.61 73.3 150.8 26.5 23.87 9.84 5.173 6.640 0.407 0.102 0.000 0.000 0.733
2006 44.1 20.86 47.3 55.9 77.2 10.45 13.72 6.032 3.923 1.587 2.268 0.068 0.000 0.000
2007 42.9 88.39 46.3 45.2 43.8 52.52 3.12 4.056 1.562 1.935 0.023 0.303 0.000 0.117
2008 30.2 10.46 188.4 37.4 34.4 16.89 26.32 4.205 3.377 1.921 0.828 0.331 0.000 0.099

Table 6.2.20. Sole in Subarea IV. NL Beam Specialist Sole Boats.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2001 1.0 49.3 1067.6 734.2 795.4 668.7 42.7 29.9 12.6 6.8 19.8 0.9 4.2 0.2 3.5 0.6
2002 1.0 59.5 596.8 1458.3 455.0 330.8 282.4 23.5 20.5 2.6 1.3 5.0 0.6 0.8 NA 0.9
2003 1.0 57.3 1492.4 646.7 704.7 204.0 169.7 125.7 10.8 3.0 3.3 4.0 3.1 0.9 1.2 0.2
2005 1.0 103.5 481.4 1184.5 1325.4 169.4 147.1 44.4 31.3 35.1 1.9 1.6 0.4 0.1 4.2 0.2

2006 1.0 257.

3
5
3

2004 1.0 16.1 756.3 1638.6 280.2 266.5 64.3 43.4 28.8 7.8 1.9 1.5 0.5 1.9 0.1 1.0
5
6 587.7 735.5 633.5 771.2 87.0 95.0 56.4 24.4 16.4 12.3 0.6 0.3 0.1 7.0
8

2007 1.0 26.8 2682.5 596.3 368.5 295.2 288.1 25.3 25.4 9.2 10.4 2.8 1.4 0.2 0.4 0.2

2008 1.0 265.5 603.3 3100.7 353.2 195.1 135.1 148.0 17.9 17.8 11.8 4.4 2.9 0.3 0.7 NA
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Table 6.2.21. Sole in Subarea IV. Corystes Southern North Sea Beam Trawl Survey.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1995 1 0.5 41.6 86.4 17.1 16.1 9.8 5.2 0.9 0.8 0.0 0.0 0.2 0.2 0.0 0.0 0.0
1996 1 3.3 75.5 52.522.9 9.0 8.3 8.8 1.3 1.8 0.7 0.0 1.7 0.0 0.0 0.2 0.3
1997 1 4.5 70.5 63.219.8 9.3 5.6 3.5 7.11.8 1.8 0.50.00.00.00.00.5
1998 1 7.9 10.6 63.3 15.7 1.8 0.9 0.9 0.0 0.4 0.0 0.0 0.0 0.0 0.2 0.0 0.0
1999 1 9.0 103.7 18.524.5 9.4 0.9 0.3 1.1 0.6 1.6 0.0 0.4 0.0 0.0 0.0 0.5
2000 1 3.2 192.5 157.9 15.0 14.1 7.0 2.6 0.7 0.4 0.9 2.1 0.8 0.1 0.1 0.0 0.0
2001 1 5.9 91.4 174.9 45.7 3.0 4.6 1.8 0.8 0.6 0.2 0.2 0.5 0.1 0.2 0.0 0.0
2002 1 2.2 125.8 47.3 33.3 22.0 3.6 4.4 1.8 0.91.10.30.70.00.70.30.3
2003 1 0.9 69.9 129.3 16.3 23.6 14.7 0.8 6.4 1.50.9 0.4 0.2 0.4 1.1 0.0 0.3
2004 1 24.6 58.6 57.8 50.2 12.5 10.1 8.6 0.7 2.2 1.1 0.5 0.0 0.0 0.2 1.7 0.6
2005 1 37.6 107.0 55.5 19.8 37.7 3.3 10.4 5.6 0.6 1.2 2.6 1.3 0.0 0.7 0.0 0.0
2006 1 7.0 202.5 82.2 20.6 14.0 35.2 6.7 9.2 5.3 0.4 2.2 0.7 0.4 0.00.00.5
2007 1 9.4 40.7 77.319.2 4.4 2.811.4 0.9 2.21.10.20.30.40.00.00.0
2008 1 1.0 105.3 59.8 43.5 13.3 0.8 4.0 10.5 2.3 1.8 0.3 0.8 0.3 0.0 0.0 0.0
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Table 6.8.1. Sole in Subarea IV. XSA diagnostics for XSA with updated survey indices, and uncor-
rected commercial indices cut-off in 1997 (WKFLAT recommended model).

Cpue data from xsa.indices.oldcom
Catch data for 52 years. 1957 to 2008. Ages 1 to 10.

fleet first age last age first year last year alpha beta

1 BTS-1SIS 1 9 1985 2008 0.66 0.75
2 SNS 1 4 1970 2008 0.66 0.75
3 NL Beam Trawl 2 9 1997 2008 0 1

Time-series weights :

Tapered time weighting not applied

Catchability analysis :
Catchability independent of size for ages > 1

Catchability independent of age for ages > 7

Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.
S.E. of the mean to which the estimates are shrunk = 2
Minimum standard error for population
estimates derived from each fleet = 0.3

prior weighting not applied

Regression weights
year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
all 1 1 1 1 1 1 1 1 1 1

Fishing mortalities (per year)

year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 0.004 0.020 0.015 0.006 0.013 0.012 0.026 0.035 0.006 0.023
2 0.176 0.240 0.285 0.231 0.228 0.238 0.221 0.279 0.261 0.128
3 0.610 0.582 0.562 0.622 0.605 0.546 0.617 0.467 0.509 0.348
4 0.714 0.796 0.755 0.643 0.629 0.694 0.680 0.480 0.544 0.437
5 0.791 0.621 0.745 0.724 0.639 0.596 0.684 0.491 0.542 0.627
6 0.584 0.777 0.533 0.637 0.818 0.459 0.647 0.512 0.451 0.487
7 0.546 0.872 0.575 0.457 0.463 0.389 0.603 0.495 0.489 0.333
8 0.517 0.747 0.742 0.954 0.478 0.298 0.446 0.549 0.411 0.666
9 1.293 0.432 0.643 0.503 0.475 1.076 0.376 0.456 0.856 0.826
10 1.293 0.432 0.643 0.503 0.475 1.076 0.376 0.456 0.856 0.826

XSA population number (thousands)

age



204 |

year
1999

2001

2003

2004

2005

2007
2008

1

82311
2000 123572
63241
2002 185151
82972
43932
47517
2006 208705
59380
88461

2 3
102752 166825
74205 77981
109576 52805
56382 74563
166528 40502
74079 119927
39261 52809
41895 28469
182363 28691
53427 127066

ICES WKFLAT REPORT 2010

4 5 6 7 8 9 10
16865 11751 2880 1658 5170 480 1164
82014 7472 4820 1453 869 2790 2132
39419 33493 3633 2005 550 372 1596
27238 16761 14392 1930 1021 237 964
36218 12956 7351 6889 1106 356 1249
20003 17466 6187 2936 3922 620 615
62884 9040 8711 3539 1800 2635 1341
25771 28817 4126 4126 1752 1043 1539
16144 14434 15954 2238 2275 916 987
15605 8475 7599 9191 1241 1365 1240

Estimated population abundance at 1st Jan 2009

ag

year 1

e

2

2009 0 78217

Fleet: BTS-ISIS

Log catchability

year
age 1985
-0.165
0.043
-0.029
0.255

1

2

3

4

5 -0.030
6 0.157
7 1.000
8 1.000
9

1.000

© ® N o 0 A W N R
o
©
~
W

1986
.647
.543
.240
.252
.222
.401
.256
.000
.082

3 4
42523 81202

residuals.

1987 1988
-0.084 -0.090
-0.258 0.522
-0.497 -0.582
-0.285 -0.035

0.032 -0.963
0.108 -0.431
0.387 0.118
0.050 0.125
1.000 -0.396

1999 2000
0.120 -0.065
0.415 -0.309
0.667 0.047

.019 -0.573

.756 0.101

.440 0.511

0
1
1.402 0.235
1
1.301 -1.211
1

.080 0.465

Mean log-catchability and

independent of year-class

2 3

5 6 7 8 9 10
9118 4097 4224 5961 577 541

1989 1990 1991 1992 1993 1994 1995 1996
-0.238 0.180 -0.358 0.090 -0.098 0.152 0.491 -0.104
0.299 0.724 0.365 1.048 0.122 -0.061 0.434 -0.171
0.551 0.164 0.476 0.365 -0.749 0.433 0.849 0.233
0.905 -0.222 -0.176 0.314 0.631 -2.170 0.151 0.801
0.286 0.419 -1.051 -0.211 1.553 0.288 -0.247 0.421
-0.128 1.245 -0.872 -0.505 1.350 -0.918 0.468 0.730
0.504 0.236 -0.734 -0.113 -1.154 -0.021 1.141 0.387
1.000 0.469 -0.064 0.054 -0.075 -1.357 0.253 0.365

-0.096 -0.265 -0.647 -0.056 0.231 1.000 0.907 -0.227

2001 2002 2003 2004 2005 2006 2007 2008
0.099 -0.171 0.047 0.015 0.114 -0.361 0.107 0.206
-0.184 -0.426 -0.644 -0.653 -0.279 -0.679 -0.038 0.329
-0.207 -0.046 0.220 -0.539 -0.070 -1.704 -0.021 0.505
0.184 -0.094 0.246 -0.068 -0.518 -0.376 -0.090 0.712
-0.357 -0.312 -0.123 0.101 -0.499 -0.741 -0.433 -0.191
-0.299 -0.018 .124 -0.417 -0.255 0.272 0.146 0.258
-0.504 -0.694 .338 -0.378 -0.319 -0.415 -0.851 -0.499

0.629 1.061 .000 -0.690 -0.247 NA -2.160 -0.239

o B O O

1.000 1.000 .539 1.000 NA -1.599 NA 0.296

standard error of ages with catchability

strength and constant w.r_.t. time

4 5 6 7 8 9

Mean_Logqgq -8.8503 -9.4326 -9.7162 -9.8469 -10.0564 -9.9208 -9.9208 -9.9208
0.4519 0.5466 0.6097 0.7045 0.7334 0.6419 0.8897 0.7660

S_.E_Logq
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Regression statistics
Ages with g dependent on year-class strength
slope intercept

Age 1 0.738052 9.59503

Fleet: SNS
Log catchability residuals.

year

age 1986 1987 1988 1989 1990 1991 1992 1993

AW N P

year
age 1999 2000 2001 2002 2003 2004

-0.041 0.185 -0.209 0.097 -0.267 -0.037 -0.023 -0.008
-0.176 -0.052 0.267 0.481 0.432 0.723 -1.201 0.398
-0.420 -0.876 0.126 0.509 -0.047 0.844 -0.042 0.050
-0.469 -0.330 0.676 -0.199 0.970 0.732 0.995 0.621

1994 1
-0.240 -0.
0.072 -0.
0.343 0.
-1.444 0.

0.001 -0.300 -0.095 0.246 NA 0.370 -0.176 -0.402

0.269 -1.403 -0.113 -0.034 NA 0.197 -0.522 -0.879

1
2
3 0.084 -0.186 -0.249 0.048 NA 0.220 -0.063 -1.152
4

-0.805 0.139 -0.344 NA  NA 0.942

995 1996 1997 1998
202 -0.750 0.133 0.267
404 -0.464 -0.753 0.646
030 -0.983 0.268 0.497
871 0.141 0.278 1.012

2005 2006 2007 2008
-0.126 -0.197

-0.309 -0.433

-0.853 -0.168

NA -0.295 0.506 NA

Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time

2 3 4
Mean_Logq -4.7353 -5.4855 -6.0521
S.E_Logq 0.5774 0.4772 0.7407

Regression statistics
Ages with g dependent on year-class strength
slope intercept
Age 1 0.7479843 5.723333

Fleet: NL Beam Trawl

Log catchability residuals.
year

age 1997 1998 1999 2000 2001 2002 2003
-0.694 0.108 -0.488 -0.050 0.051 0.038 0.106
-0.186 -0.365 -0.090 0.075 -0.265 0.093 0.025
-0.274 0.065 -0.381 -0.231 0.162 -0.072 0.181

2
3
4
5 -0.119 -0.372 0.035 -0.324 0.136 0.125 -0.135
6 0.153 -0.092 -0.276 0.106 -0.452 0.250 0.506
7 -0.497 0.106 -0.335 0.283 -0.011 -0.123 0.234
8 0.468 -0.475 0.029 0.398 0.042 0.630 -0.096

9 -0.307 -0.133 0.290 -0.220 0.009 -0.065 -0.252

2004
.150
.154
.081
.016
.273
.003
.495
.298

2005
-0.037
0.164
0.226
0.405
-0.032
0.256
-0.297
0.051

2006 2007
0.326 0.464
0.081 0.100

-0.006 0.116
.041 -0.028
.022 0.024
.188 -0.213
.475 -0.292

O O O o o

.289 -0.129

Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time

2008
0.026
0.214
0.132
0.220
0.063
0.109
0.280
0.142
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2 3

4
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7 8 9

Mean_Logq -5.7491 -4.8918 -4.8504 -4.8004 -4.9827 -5.1650 -5.1650 -5.1650
S.E_Logq 0.3157 0.1844 0.1977 0.2187 0.2564 0.2482 0.3929 0.2182

Terminal year survivor and F summaries:

Age 1 Year class = 2007

source survivors N
BTS-ISIS 103438 1
SNS 60134 1
fshk 97968 1
nshk 83018 1
Age 2 Year class = 2006

source survivors N
BTS-ISIS 53070 2
SNS 33394 2
NL Beam Trawl 43636 1
fshk 20853 1
Age 3 Year class = 2005

source survivors N
BTS-ISIS 74871 3
SNS 56248 3
NL Beam Trawl 110897 2
fshk 45944 1
Age 4 Year class = 2004

source survivors N
BTS-1SI1S 9908 4
SNS 5139 3
NL Beam Trawl 10698 3
fshk 5977 1
Age 5 Year class = 2003

source survivors N
BTS-1SI1S 2849 5
SNS 3678 4
NL Beam Trawl 4715 4
Tshk 4415 1
Age 6 Year class = 2002

source survivors N
BTS-ISIS 3697 6
SNS 3901 3

NL Beam Trawl 4408 5

scaledWts
0.411
0.473
0.016
0.100

scaledWts
0.361
0.335
0.295
0.009

scaledWts
0.277
0.288
0.427
0.008

scaledWts
0.244
0.185
0.562
0.010

scaledWts
0.204
0.148
0.635
0.012

scaledWts
0.184
0.057
0.747
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Tfshk 3377 1 0.012

Age 7 Year class = 2001

source survivors N scaledWts
BTS-1SIS 3997 7 0.181
SNS 7911 2 0.034
NL Beam Trawl 6504 6 0.775
fshk 3728 1 0.010
Age 8 Year class = 2000

source survivors N scaledWts
BTS-ISIS 407 8 0.173
SNS 698 3 0.022
NL Beam Trawl 612 7 0.786
fshk 994 1 0.018
Age 9 Year class = 1999

source survivors N scaledWts
BTS-ISIS 377 9 0.155
SNS 446 3 0.014
NL Beam Trawl 573 8 0.812
fshk 1039 1 0.019
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Table 6.8.2. Sole in Subarea IV. XSA diagnostics for XSA with updated survey indices, and full
uncorrected commercial indices.

cpue data from xsa.indices.oldcom
Catch data for 52 years. 1957 to 2008. Ages 1 to 10.

fleet first age last age first year last year alpha beta

1 BTS-1SIS 1 9 1985 2008 0.66 0.75
2 SNS 1 4 1970 2008 0.66 0.75
3 NL Beam Trawl 2 9 1990 2008 0 1

Time series weights :

Tapered time weighting not applied

Catchability analysis :
Catchability independent of size for ages > 1

Catchability independent of age for ages > 7

Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.
S.E. of the mean to which the estimates are shrunk = 2
Minimum standard error for population
estimates derived from each fleet = 0.3

prior weighting not applied

Regression weights
year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
all 1 1 1 1 1 1 1 1 1 1

Fishing mortalities (per year)

year
age 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 0.004 0.020 0.015 0.006 0.013 0.012 0.025 0.034 0.005 0.023
2 0.175 0.239 0.284 0.229 0.225 0.232 0.213 0.267 0.257 0.123
3 0.608 0.580 0.559 0.620 0.600 0.535 0.594 0.442 0.479 0.339
4 0.709 0.791 0.750 0.637 0.626 0.682 0.656 0.449 0.497 0.398
5 0.785 0.613 0.736 0.714 0.627 0.590 0.660 0.461 0.486 0.534
6 0.576 0.764 0.521 0.622 0.792 0.444 0.635 0.480 0.409 0.409
7 0.525 0.846 0.556 0.441 0.446 0.368 0.572 0.480 0.441 0.289
8 0.487 0.694 0.696 0.888 0.452 0.282 0.410 0.500 0.391 0.557
9 1.266 0.394 0.558 0.448 0.414 0.953 0.347 0.401 0.714 0.754
10 1.266 0.394 0.558 0.448 0.414 0.953 0.347 0.401 0.714 0.754

XSA population number (thousands)

age



ICES WKFLAT REPORT 2010

year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

Estimated population abundance at 1st Jan

year

82569

1

123760

63586

187330

84838

45515
49196
211961

61648

89215

age

1

2

2

102980

74438

109747

56694

168500

75768
40693
43415

185309

55480

3

3

167147
78187
53017
74717
40785

121712
54337
29765
30066

129732

4

4
16939
82306
39605
27430
36357
20259
64499
27154
17317
16849

5

5
11813
7539
33758
16930
13129
17592
9272
30278
15685
9536

6

6
2910
4876
3694

14631
7504
6343
8825
4335

17275
8731

7

7
1708
1480
2056
1985
7105
3075
3680
4230
2428

10387

2009

8 9

2009 0 78900 44381 83614 10244 5057 5249 7043 732

Fleet:

BTS-1SIS

Log catchability

year

age 1
1 -0.
2 0.
3 -0.
4 0.
5 -0.
6 O.
7
8
9

985
148
052
030
258
016
171

NA

NA

NA

year

age 1
0.
-0.

997
671
076

.070
.356
.983
.441
.173
.135
.279

-0
-0
-0
-0

0
-0

0

-0

1988
.089
.533
.575
.020
.933
-479
.065
.108
-469

2000
.061
.305
.053
.564
.108
.239
.501
.272

residuals.

1986 1987
.635 -0.073 -0
.522 -0.252 0
.227 -0.467 -0
.259 -0.264 O
.218 0.014 -0
.393 0.087 -0
.262 0.385 0
NA 0.036 O
.105 NA -0

1998 1999
.077 0.122 -0
.031 0.421 -0
.116 0.675 O
.309 0.028 -0
979 1.768 0
.807 1.410 O
.203 1.422 O
NA 1.261 -1
NA -1.083 O

.389

1989
-0.229
0.312
0.567
0.914
0.372
-0.090
0.418
NA
-0.132

2001
0.102
-0.178
-0.203
0.192
-0.349
-0.299
-0.515
0.580
NA

1990
0.178
0.732
0.182

-0.197
0.428
1.381
0.284
0.292

-0.461

2002
-0.175
-0.424
-0.039
-0.089
-0.308
-0.020
-0.707

0.998
NA

1991
-0.344
0.371
0.486
-0.147
-1.011
-0.868
-0.503
0.001
-1.099

2003
0.036
-0.650
0.220
0.256
-0.123
0.110
0.321
NA
0.413

1992
0.085
1.056
0.374
0.330

-0.169

-0.446

-0.124
0.428
0.054

2004
0.000
-0.672
-0.551
-0.073
0.111
-0.427
-0.412
-0.724
NA

8
5410

9 10
485 1176

914 3008 2299

574
1067
1156
4118

413 1771
259 1056
397 1394
666 660

1925 2812 1432
1880 1156 1707
2369 1032 1113
1413 1450 1318

10
618

1993
-0.090
0.128
-0.738
0.645
1.574
1.411
-1.052
-0.116
0.896

2005
0.096
-0.313
-0.105
-0.544
-0.520
-0.252
-0.354
-0.313
NA

1994
0.158 O
-0.054 O

0.441 O.
-2.155 0.
0.304 -0.

-0.896
0.066
-1.188

Pk O B O

NA

2006
-0.365 0
-0.715 -0
-1.757 -0
-0.434 -0
-0.790 -0
0.225 0
-0.424 -0
NA -2
-1.714

1995
.488
.441
858
163
226
.482
.162
.378
.257

2007
.087
.049
.079
.178
.534
.061
-939
.187

NA

Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time

1996
-0.093
-0.164
.242
.812
.432
.753

o O O o o

.393
0.376
-0.043

2008
.203
.296
.489

o O o o

.623
-0.352
0.089
-0.626
-0.418
0.212
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2 3 4 5 6 7 8 9
Mean_Logq -8.8583 -9.4429 -9.7323 -9.8687 -10.0811 -9.9478 -9.9478 -9.9478
S.E_Logq 0.4573 0.5547 0.6084 0.7135 0.7459 0.6151 0.8722 0.8512

Regression statistics
Ages with g dependent on year-class strength
slope intercept
Age 1 0.7317385 9.618934

Fleet: SNS
Log catchability residuals.
year
age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
1 0.254 -0.146 0.346 0.455 -0.040 0.190 -0.204 0.099 -0.264 -0.033 -0.023 -0.005 -0.235
2 0.208 0.234 0.256 0.545 -0.158 -0.049 0.275 0.492 0.437 0.727 -1.196 0.402 0.075
3 0.012 -0.699 0.422 -0.170 -0.411 -0.850 0.129 0.521 -0.032 0.850 -0.037 0.057 0.347
4 0.056 -0.345 0.133 -0.026 -0.485 -0.318 0.722 -0.199 0.986 0.752 1.002 0.625 -1.437
year
age 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 -0.198 -0.744 0.133 0.267 0.002 -0.297 -0.095 0.238 NA 0.346 -0.197 -0.410 -0.149 -0.199
2 -0.400 -0.460 -0.750 0.649 0.272 -1.402 -0.110 -0.035 NA 0.175 -0.559 -0.917 -0.324 -0.469
3 0.034 -0.978 0.273 0.500 0.087 -0.183 -0.249 0.051 NA 0.204 -0.102 -1.208 -0.914 -0.188
4 0.873 0.143 0.282 1.015 -0.805 0.140 -0.345 NA NA 0.928 0.000 -0.362 0.410 0.000

Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time

2 3 4
Mean_Logq -4.7404 -5.4923 -6.0596
S.E_Logg 0.5814 0.4839 0.7191

Regression statistics
Ages with g dependent on year-class strength
slope intercept

Age 1 0.7462669 5.740802

Fleet: NL Beam Trawl
Log catchability residuals.
year
age 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
2 0.268 -0.433 0.371 -0.226 0.210 0.313 0.296 0.357 0.389 0.187 0.550 0.710 0.250
3 -0.119 0.024 -0.156 0.120 0.284 -0.058 0.302 0.228 0.347 0.337 0.238 0.252 0.401
4 0.253 -0.149 0.189 -0.259 -0.108 0.283 0.046 0.303 0.190 0.318 0.056 0.152 0.165
0.054 0.018 -0.233 0.173 -0.191 0.270 0.256 -0.008 0.152 0.516 0.124 0.010 0.207
-0.213 0.296 0.047 -0.130 0.249 -0.314 0.387 0.635 -0.144 0.110 0.118 0.086 0.049

5
6
7 0.206 -0.428 0.144 -0.302 0.325 0.027 -0.087 0.266 0.019 0.274 0.227 -0.244 0.037
8 0.233 0.501 -0.411 0.041 0.396 0.050 0.631 -0.080 -0.480 -0.310 0.454 -0.270 0.174
9

0.089 -0.270 -0.159 0.341 -0.241 -0.061 -0.108 -0.319 0.248 0.045 0.232 -0.238 0.122
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Mean log-catchability and standard error of ages with catchability

independent of year-class strength and constant w.r.t. time
2 3 4 5 6 7 8 9
Mean_Logq -6.0131 -5.1042 -4.9783 -4.9464 -5.1429 -5.2365 -5.2365 -5.2365
S.E_Logg 0.5086 0.3054 0.2476 0.2736 0.2712 0.2373 0.3370 0.1901

Terminal year survivor and F summaries:

Age 1 Year class = 2007

source survivors N scaledWts
BTS-ISIS 104087 1 0.417
SNS 60444 1 0.468
fshk 100587 1 0.015
nshk 83302 1 0.099
Age 2 Year class = 2006

source survivors N scaledWts
BTS-1SIS 53668 2 0.441
SNS 33742 2 0.406
NL Beam Trawl 56971 1 0.142
fshk 21516 1 0.011
Age 3 Year class = 2005

source survivors N scaledWts
BTS-ISIS 75410 3 0.316
SNS 56917 3 0.326
NL Beam Trawl 133610 2 0.348
fshk 48107 1 0.009
Age 4 Year class = 2004

source survivors N scaledWts
BTS-ISIS 10582 4 0.267
SNS 5562 3 0.202
NL Beam Trawl 12879 3 0.521
fshk 6304 1 0.010
Age 5 Year class = 2003

source survivors N scaledWts
BTS-ISIS 3280 5 0.217
SNS 4349 4 0.160
NL Beam Trawl 6145 4 0.611
fshk 4681 1 0.011

Age 6 Year class = 2002

source survivors N scaledWts
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BTS-1SI1S 4204
SNS 4645
NL Beam Trawl 5650
Tshk 3581

Age 7 Year class = 2001

source survivors
BTS-ISIS 4376
SNS 9242
NL Beam Trawl 7856
fshk 4003

Age 8 Year class = 2000

source survivors
BTS-ISIS 475
SNS 882
NL Beam Trawl 789
fshk 1083

Age 9 Year class = 1999

source survivors
BTS-ISIS 388
SNS 510
NL Beam Trawl 659
fshk 1261

P N w0 =2 P O N N Z R 0 W o

R 00 W © =

0.191
0.061
0.736
0.011

scaledWts
0.186
0.036
0.768
0.009

scaledWts
0.162
0.022
0.802
0.015

scaledWts
0.137
0.013
0.832
0.017
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Table 6.8.3. Sole in Subarea IV: Stock assessment summary for stock assessment with updated
tuning indices and full uncorrected commercial index.

tsb fbar2-6 Y/ssb

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

recruitment

128911
128645
488770
61715
99494
22898
20422
539120
121971
39905
75182
99255
50807
137858
42098
76403
105034
109988
40843
113327
140373
47212
11694
151719
149195
152831
142228
70821
80851
159652
72545
454340
108305
177745
70463
354130
69284
57052
96101
49513
271641
114068
82569

ssb
55108
60920
65581
73400
117101
116833
113632
37129
30032
84252
82970
72321
55291
50712
43776
47484
36812
36120
38478
38953
34706
36284
44874
33499
23031
32895
39952
43446
41056
34455
29593
38780
34044
89670
77468
76743
54709
74271
58867
38225
28067
20868
41884

catch landings

11601
14216
13702
18740
23246
27039
26380
11740
17767
33705
32704
33285
27014
19683
23374
21320
18950
18237
20559
16959
17672
20370
22321
15496
15009
21286
24828
26747
24497
18316
17462
21612
22156
35485
34096
29787
31858
33405
30690
22913
15050
21049
23717

12067
14287
13832
18620
23566
26877
26164
11342
17043
33340
33439
33179
27559
19685
23652
21086
19309
17989
20773
17326
18003
20280
22598
15807
15403
21579
24927
26839
24248
18201
17368
21590
21805
35120
33513
29341
31491
33002
30467
22651
14901
20868
23475

63402
72301
85949

105901

123498

123707

115593
51188

101368
92975
91240
83102
68730
60405
63486
56229
51158
53748
54622
48132
54547
55361
51719
41076
49215
58033
66069
64054
53214
52147
55412
70216
94135

113045

103232

104377
99068
86081
71364
52812
48345
60770
59502

0.
.207
.171
.204
.190
.213
.313
.289
.317
.325
.406
.489
.546
.399
.511
.462
.504
.489
.498
.424
.459
477
.492
.452
.497
.543
.487
.615
.595
.574
.487
.566
.446
.454
.448
.427
.512
.562
.532
.698
.596
.636
571

O O O O O O O O O O 0O OO0 OO OO0 OO OO0 OO0 OO 0o OO0 oo oo oo oo o o o o o o

178

0.
0.
0.
.25
.20
.23
.23
.31
.57
.40
.40
.46
.50
-39
.54
.44
.52
.50
.54
.44
.52
.56
.50
.47
.67
.66
.62
.62
.59
.53
.59
.56
.64
-39
.43
.38
.58
.44
.52
.59
.53
.00
-56

O P O O O O O O O O O OO0 O 0O 0O 0O 0O 0O OO0 OO0 OO o OO0 oo oo oo o o o o o o

22
23
21
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2000
2001
2002
2003
2004
2005
2006
2007
2008

123760
63586
187330
84838
45515
49196
211961
61648
89215

39171
30719
31361
25723
38291
33266
25311
19085
38537

22859
20582
17092
17940
18744
16722
12246
14725
13924

22641
19944
16945
17920
18757
16355
12594
14635
14144

55706
49702
48948
54566
50947
41829
42335
50335
51542

O O O O o o o o o

-598
.570
.564
.574
-497
.552
-420
.425
.361

O O O O o o o o o
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.58
.65
.54
.70
.49
.49
.50
.77
.37
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Table 6.8.4. Sole in subarea IV: Stock assessment summary for stock assessment with updated
tuning indices and uncorrected commercial index cut-off in 1997 (WKFLAT recommended

model).
recruitment
1957 128911
1958 128644
1959 488767
1960 61715
1961 99492
1962 22897
1963 20422
1964 539108
1965 121967
1966 39903
1967 75173
1968 99253
1969 50803
1970 137829
1971 42083
1972 76392
1973 104991
1974 109963
1975 40827
1976 113302
1977 140302
1978 47165
1979 11674
1980 151620
1981 149020
1982 152451
1983 141538
1984 70898
1985 81781
1986 159380
1987 72743
1988 456626
1989 108281
1990 177532
1991 70451
1992 353645
1993 69193
1994 57002
1995 96009
1996 49413
1997 271247
1998 113815

ssb
55108
60920
65581
73399
117101
116832
113631
37129
30031
84249
82967
72317
55285
50703
43767
47469
36793
36096
38435
38919
34664
36226
44796
33434
22958
32814
39844
43268
40749
34063
29389
38596
33926
89876
77678
77453
55673
74521
59283
38652
27877
20656

catch landings

11601
14216
13702
18740
23246
27039
26380
11740
17767
33705
32704
33285
27014
19683
23374
21320
18950
18237
20559
16959
17672
20370
22321
15496
15009
21286
24828
26747
24497
18316
17462
21612
22156
35485
34096
29787
31858
33405
30690
22913
15050
21049

12067
14287
13832
18620
23566
26877
26164
11342
17043
33340
33439
33179
27559
19685
23652
21086
19309
17989
20773
17326
18003
20280
22598
15807
15403
21579
24927
26839
24248
18201
17368
21590
21805
35120
33513
29341
31491
33002
30467
22651
14901
20868

tsb fbar2-6 Y/ssb

63402
72301
85948
105900
123497
123706
115592
51187
101366
92972
91237
83097
68723
60395
63473
56212
51137
53717
54575
48095
54500
55292
51633
41004
49121
57914
65879
63797
52962
51853
55181
70169
94290
113236
103415
105062
99972
86316
71768
53221
48121
60496

o

O O O O O O O O O O 0O OO0 OO0 OO0 OO OO0 OO0 0O 0O oo OO0 oo oo oo oo o o o o o

.178
.207
171
.204
.190
.213
.313
.289
.317
.325
.406
.489
.546
.399
.511
.462
.504
.489
.498
.425
.460
.478
.492
.453
.498
.545
.489
.619
.600
.581
.493
.568
.440
.443
.446
422
.509
.563
.534
.701
.601
.641

o

P O O O O O O O O O O OO0 O 0O 0O 0O 0O OO0 O 0O 0O o0 OO0 OO0 oo oo oo oo o o o o o

.22
.23
.21
.25
.20
.23
.23
.31
.57
.40
.40
.46
.50
-39
.54
.44
.52
.50
.54
.45
.52
.56
.50
.47
.67
.66
.63
.62
.60
.53
.59
.56
.64
-39
.43
.38
.57
.44
.51
.59
.53
.01
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1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

82311
123572
63241
185151
82972
43932
47517
208705
59380
88461

41680
38862
30413
31094
25370
37628
32322
24053
17808
36723

23717
22859
20582
17092
17940
18744
16722
12246
14725
13924

23475
22641
19944
16945
17920
18757
16355
12594
14635
14144

59256
55355
49354
48527
53832
49974
40587
40689
48496
49374

O O O O O o o o o o

.575
.603
.576
.571
.584
.507
.570
.446
.462
-406

O O O O O o o o o o
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.56
.58
.66
.54
.71
.50
.51
.52
.82
-39
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Figure 6.1.1. Sole in Subarea IV. Retrospective analysis of F, Recruitment and SSB (ylab Recruits =
numbers, ylab SSB = tons).
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Figure 6.2.1. Sole in Subarea IV. Landings, discards and catches. Note that only the Dutch dis-
cards estimates are included. (ylab=tons).
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Landings (n) at age
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Figure 6.2.2. Sole in Subarea IV. Landings-at-age (unsexed) for ages 1-15, years 1990-2008.
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Figure 6.2.3. Sole in Subarea IV. Log landings (sexes combined) ratios for ages 2-9.
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Log landings curves for solein IV (ages 2 -9’
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Figure 6.2.4. Sole in Subarea IV. Log landings (sexes combined) curves.
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Figure 6.2.5. Sole in Subarea IV. Discards-at-age ( sexes combined) for ages 1-15, years 1990-2008.
Note that data are available since 2000.
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Landings females (n) at age
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Figure 6.2.6. Sole in Subarea I'V. Landings-at-age for females for ages 1-15, years 1990-2008.
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Figure 6.2.7. Sole in Subarea IV. Landings-at-age for males for ages 1-15, years 1990-2008.
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Figure 6.2.12. Sole in Subarea IV. Availability of stock weights-by-sex for the different countries
contributing to the age structured landings data.
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Figure 6.2.18a. Sole in Subarea IV. Predicted differences in stock weights for the different coun-
tries. Each dot represents an age (blue: age 2, purple: age 3, brown: age 4, red: age 5, orange: age 6).
Belgium is the baseline.
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Figure 6.2.18b. Sole IV. Sex ratios in landings by boats >300 hp between 1985 and 2008 in Dutch
market sampling data.
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Figure 6.2.19a. Sole in Subarea IV. Survey area of the Dutch offshore survey (BTS) showing the
spatial coverage of the 2007 survey by the RV “Tridens” (grey dots) and the RV Isis (black dots).
Also presented are the previous index areas (a) of "Tridens” (blue + green shading) and Isis (yel-
low + green shading) and the new index areas (b). Taken from ICES WGBEAM 2009.
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Figure 6.2.19b. Sole in Subarea IV International beam trawl survey Quarter 3. Average abundance
1990-2008 (left) vs. abundance in 2009 (right) see WGBEAM Report 2009.
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Figure 6.2.20. Sole in Subarea IV. Time-series of centered BTS-ISIS (red lines) and SNS (black
lines) index tuning-series for ages 1 to 9. These data have been changed by WGBEAM 2009 since

WGNSSK 2009 (see text). (ylab=log index).
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Figure 6.2.21. Sole in Subarea IV. Internal consistency plot for the BTS-ISIS index tuning-series
for ages 1 to 9. These data have been changed by WGBEAM 2009 since WGNSSK 2009 (see text).
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Figure 6.2.22. Sole in Subarea IV. Internal consistency plot for the SNS index tuning-series for
ages 1 to 4. These data have been changed since WGNSSK 2009 (see text).
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Figure 6.2.23a. Sole in Subarea IV. Time-series of centered NL beam trawl fleet tuning-series (red
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Figure 6.2.23b. Sole in Subarea IV. Time-series of centered Dutch BTS-ISIS (red lines), the Dutch
SNS (black lines) and the UK Corystes (blue) tuning-series for ages 2 to 10. (ylab=log index).
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Figure 6.2.23c. Sole in Subarea IV. Internal consistency plot for the UK Corystes Beam trawl index
tuning-series for ages 1 to 9.
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Figure 6.2.24. Sole in Subarea IV. Time-series of the monthly centre of gravity of the Dutch beam
trawl fleet latitudinally. Each dot represents the centre of gravity in a single month, calculated
from the mandatory logbook data. The grey line represents monthly predictions of the centre of
gravity, using a simple generalized linear model. From Poos et al., 2010.
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Figure 6.2.25. Sole in Subarea IV. Proportion mature by sex estimated from Dutch market sam-
pling data.
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Figure 6.8.1. Sole in Subarea IV. XSA retrospective analysis of assessment estimates of fishing
mortality, SSB, and recruitment using different combinations of indices. Grey lines: using survey
indices only. Black lines: using commercial indices only. (ylab recruits = numbers, ylab SSB =
tonnes).
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Figure 6.8.2. Sole in Subarea IV: Time-series of Fyut in the Dutch beam trawl. Grey dotted line is
the linear trend line with 2.8% increase per year. The thick black line represents segmented trend
with a regression break in 1996 or 1997. The black dashed line shows segmented trend with a
regression break in 1994. A regression break in 1995 is shown as thin dashed line. Please note the
two regression lines are connected by a step line from 1995 to 1996. Taken from WGNSSK 2006
(ICES 2006).
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Figure 6.8.3. Sole in Subarea IV females only. Standard stock assessment output showing F, SSB
and recruitment. The uncorrected commercial tuning index was used, together with the SNS and
BTS; ISIS indices. (ylab recruits = numbers).
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Figure 6.8.4. Sole in Subarea IV males only. Standard stock assessment plot showing F, SSB and
recruitment. The uncorrected commercial tuning index was used, together with the SNS and BTS;
ISIS indices. (ylab recruits = numbers).
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Figure 6.8.7. Sole in Subarea IV. Log catchability residuals for the tuning fleets, updated BTS,
updated SNS and complete time-series of uncorrected NL beam trawl. Closed and dark- circles
indicate positive residuals, Open circles indicate negative residuals.
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Figure 6.8.8. Sole in Subarea IV. XSA assessment. Retrospective analysis using ‘new’ commercial
index (specialist sole boats) which was available from 2001. (ylab Recruits = numbers, ylab SSB =

tonnes).
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Figure 6.8.9. Sole in Subarea IV. XSA assessment. Retrospective analysis using uncorrected com-
mercial index cut off pre-1997. (ylab Recruits = numbers, ylab SSB = tonnes).
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Figure 6.8.10. Sole in Subarea IV. Mohn’s p as a function of different cut-off points for the com-
mercial tuning indices. Black dots indicate the uncorrected NL beam trawl cpue series. Open dots
indicate the spatially corrected NL beam trawl cpue series.
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Figure 6.8.11. Sole in Subarea IV. XSA assessment. Retrospective analysis using ‘new’ commercial
index (specialist sole boats) which was available from 2001. (ylab Recruits = numbers, ylab SSB =
tonnes).
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Figure 6.8.12. Sole in Subarea IV. SSB estimated using SAM assessment (tuned with BTS, SNS
and NL Beam Corrected 1997-2008).
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Figure 6.8.13. Sole in Subarea IV. Fbar estimated using SAM assessment (tuned with BTS, SNS
and NL Beam Corrected 1997-2008).
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Figure 6.8.14. Sole in Subarea IV. Recruitment estimated using SAM assessment (tuned with BTS,
SNS and NL Beam Corrected 1997-2008).
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Figure 6.8.15. Sole in Subarea IV. SAM assessment. Residuals on catches and tuning indices
(S1=BTS, S2=SNS, and S3 = NL corrected 1997-2008).
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Figure 6.8.16. Sole in Subarea IV. SAM retrospective assessments (Fvar) tuned with BTS, SNS, and
NL corrected 1997-2008.
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Figure 6.8.17. Sole in Subarea IV. ANP assessment SSB estimated using uncorrected commercial
tuning index 1997-2008, BTS and SNS.



ICES WKFLAT REPORT 2010

| 249

Q

(€)

0.6

0.4

0.2

mean F ages 2-6

)

@ \
d

0.0

| |
1980 1985

|
1990

|
1995

Year

|
2000

|
2005

Figure 6.8.18. Sole in Subarea IV. ANP assessment Fbar estimated using uncorrected commercial

tuning index 1997-2008, BTS and SNS.
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Stock Annex: North Sea sole

Stock specific documentation of standard assessment procedures used by ICES.

Stock North Sea sole

Working Group WGNSSK

Date 3 March 2010

By Jan Jaap Poos
A. General

A.1 Stock definition

The North Sea sole is defined to be a single stock in ICES Area IV. The stock assess-
ment is done accordingly, assuming sole in the North Sea is a closed stock.

A.2 Fishery

North Sea sole is taken mainly in a mixed flatfish fishery by beam trawlers in the
southern and southeastern North Sea. Directed fisheries are also carried out with
seines, gillnets, and twin trawls, and by beam trawlers in the central North Sea. The
minimum mesh sizes enforced in these fisheries (80 mm in the mixed beam trawl fi-
shery) are chosen such that they correspond to the Minimum Landing Size for sole.
Due to the minimum mesh size, large numbers of (undersized) plaice are discarded.
Fleets exploiting North Sea sole have generally decreased in number of vessels in the
last ten years. However, in some instances, reflagging vessels to other countries has
partly compensated these reductions. Besides having reduced in number of vessels,
the fleets have also shifted towards two categories of vessels: 2000 HP (the maximum
engine power allowed) and 300 HP (the maximum engine power for vessels that are
allowed to fish within the 12 mile coastal zone and the plaice box).

In recent times the days-at-sea regulations, high oil prices, and different patterns in
the history of changes in the TACs of plaice and sole have led to a transfer of effort
from the northern to the southern North Sea. Here, sole and juvenile plaice tend to be
more abundant leading to an increase in discarding of small plaice. A change in effi-
ciency of the commercial Dutch beam trawl fleet has been described by Rijnsdorp et
al. (2006). This change in efficiency is related to changes in targeting and the change
in spatial distribution (Quirijns et al., 2008; Poos et al., 2010). An analysis of the
changes in efficiency by the 2006 North Sea Demersal Assessment Working Group
demonstrated that the increase in efficiency was especially pronounced between 1990
(the beginning of the time-series for which data were available) to 1996-1998, after
which the efficiency seemed to decrease slightly. The data for which this could be
analysed spanned 1990 to 2002, so the efficiency changes since 2002 could not be es-
timated.

Conservation schemes and technical conservation measures

Fishing effort has been restricted for demersal fleets in a number of EC regulations
(EC Council Regulation No. 2056/2001, No. 51/2006, No. 41/2007 and No. 40/2008,
Annex II.). For example, for 2007, Council Regulation (EC) No 41/2007 allocated dif-
ferent days-at-sea depending on gear, mesh size, and catch composition: Beam trawls
could fish between 123 and 143 days per year. Trawls or Danish seines could fish be-

| 251



252 |

ICES WKFLAT REPORT 2010

tween 103 and 280 days per year. Gillnets could allowed to fish between 140 and 162
days per year. Trammelnets could fish between 140 and 205 days per year.

Several technical measures are applicable to the mixed fishery for flatfish species in
the North Sea: mesh size regulations, minimum landing size, gear restrictions and a
closed area (the plaice box).

Mesh size regulations for towed trawl gears require that vessels fishing North of
55°N (or 56°N east of 5°E, since January 2000) should have a minimum mesh size of
100 mm, while to the south of this limit, where the majority the sole fishery takes
place, an 80 mm mesh is allowed. In the fishery with fixed gears a minimum mesh
size of 100 mm is required.

The minimum landing size of North Sea sole is 24 cm. The maximum aggregated
beam length of beam trawlers is 24 m. In the 12 nautical mile zone and in the plaice
box the maximum aggregated beamlength is 9 m. A closed area has been in opera-
tion since 1989 (the plaice box). Since 1995 this area was closed in all quarters. The
closed area applies to vessels using towed gears, but vessels smaller than 300 HP are
exempted from the regulation.

A.3 Ecosystem aspects

Sole growth rates in relation to changes in environmental factors were analysed by
Rijnsdorp et al. (2004). Based on market sampling data it was concluded that both
length-at-age and condition factors of sole increased since the mid-1960s to a high
point in the mid-1970s. Since the mid-1980s length-at-age and conditions have been
intermediate between the troughs (1960) and peaks (mid-1970s). Growth rates of the
juvenile age groups were negatively affected by intraspecific competition. Length of
0-group fish in autumn demonstrated a positive relationship with sea temperature in
the second and third quarters, but for the older fish no temperature effect was de-
tected. The overall pattern of the increase in growth and the later decline correlated
with temporal patterns in eutrophication; in particular the discharge of dissolved
phosphates from the Rhine. Trends in the stock indicators e.g. SSB and recruitment,
did not coincide, however, with observed patterns in eutrophication.

In recent years no changes in the spatial distribution of juvenile and adult soles have
been observed (Grift et al., 2004; Verver et al., 2001). The proportion of undersized sole
(<24 cm) inside the Plaice Box did not change after its closure to large beamers and
remained stable at a level of 60-70% (Grift et al., 2004). The different length groups
demonstrated different patterns in abundance. Sole of around 5 cm revealed a de-
crease in abundance from 2000 onwards, while groups of 10 and 15 cm were stable.
The largest groups displayed a declining trend in abundance, which had already set
in years before the closure.

Mollet et al. (2007) used the reaction norm approach to investigate the change in ma-
turation in North Sea sole and demonstrated that age and size-at-first maturity signif-
icantly shifted to younger ages and smaller sizes. These changes occurred from 1980
onwards. Size at 50% probability of maturation at age 3 decreased from 29 to 25 cm.

B. Data

B.1 Commercial catch

Landings data by country and TACs are available since 1957. The Netherlands has
the largest proportion of the landings, followed by Belgium. Discards data are only
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available from the Netherlands, where a discards sampling programme has been car-
ried out on board 80 mm beam trawl vessels fishing for sole since 2000. The discards
percentages observed in the Dutch discard sampling programme were much lower
for sole (for 2002-2008, between 10-17% by weight) than for plaice. No significant
trends in discard percentages have been observed since the start of the programme.
Inclusion of a stable time-series of discards in the assessment will have minor effect
on the relative trends in stock indicators (Kraak et al., 2002; Van Keeken ef al., 2003).
The main reason for not including discards in the assessment is that the discarding is
relatively low in all periods for which observations are available. In addition, the
time-series of sampling data is short and gaps in the discard sampling programmes
render them incomplete.

Age and sex compositions and mean weight-at-age in the landings have been availa-
ble for different countries for different years. In the more recent years, age composi-
tions and mean weight-at-age in the landings have been available on a quarterly basis
from Denmark, France, Germany (sexes combined) and The Netherlands (by sex).
Age compositions on an annual basis were previously available from Belgium (by
sex). Overall, the samples are thought to be representative of around 85% of the total
landings. For the final assessment, the age compositions are combined separately by
sex on a quarterly basis then raised to the annual international total. Alternatively,
sex separated landings-at-age and weights-at-age can be calculated from the data.
Since the mid-1990s, annual Sole catches have been dominated by single strong year
classes (e.g. the 2005 year class).

B.2 Biological

Weight-at-age

Weights-at-age in the landings are measured weights from the various national mar-
ket sampling programmes. Weights-at-age in the stock are the second quarter land-
ings weights, as estimated by the Fishbase database computer program used for
raising North Sea sole data. Over the entire time-series, weights were higher during
the 1980s compared with time periods before and after. Estimates of weights for older
ages fluctuate more because of smaller samples sizes due to decreasing numbers of
older fish in the stock and landings.

Natural mortality

Natural mortality in the period 1957-2008 has been assumed constant over all ages at
0.1, except for 1963 where a value of 0.9 was used to take into account the effect of the
severe winter (1962-1963; ICES-FWG 1979).

Maturity

The maturity-ogive is based on market samples of females from observations in the
sixties and seventies. Mollet et al. (2007) described the shift of the age-at-maturity to-
wards younger ages. A knife-edged maturity-ogive is used, assuming no maturation
at ages 1 and 2, and full maturation at age 3.

B.3 Surveys

There are three trawl surveys that could potentially be used as tuning indices for the
assessment of North Sea sole.

e  The BTS-ISIS (Beam Trawl Survey);
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e The SNS (Sole Net Survey);
e The UK Corystes survey.

The BTS-ISIS (Beam Trawl Survey) is carried out in the southern and southeastern
North Sea in August and September using an 8 m beam trawl. The SNS (Sole Net
Survey) is a coastal survey with a 6 m beam trawl carried out in the third quarter. In
2003 the SNS survey was carried out during the second quarter and data from this
year were. The research vessel survey time-series have been revised by WGBEAM
(ICES-WGBEAM, 2009). WKFLAT 2010 decided to use only the BTS-ISIS and the SNS
surveys as tuning-series, because of lack of information on the raising procedure and
spatial coverage of the UK Corystes series. In the assessment, the BTS-ISIS and SNS
indices, calculated by WGBEAM, are used for tuning the stock assessment.

B.4 Commercial Ipue

There is one commercial fleet available that can be used as a tuning-series for the
stock assessment, being the Dutch beam trawl fleet. This fleet takes more than 70% of
the landings, and is relatively homogeneous in terms of size and engine power. The
data from this commercial fleet can be estimated using two different methods. The
first method uses the total landings, and creates the age distribution for these land-
ings by segregating the total landings into market categories, with age distributions
being known within market categories through market sampling. Effort for the Dutch
commercial beam trawl fleet is expressed as total HP effort days. Effort nearly
doubled between 1978 and 1994 and has declined since 1996. Effort during 2008 was
<40% of the maximum (1994) in the series. A decline of ca. 25% was recorded in 2008
following the decommissioning that took place during 2008.

Alternatively, the data for the Dutch beam trawl fleet can be raised as described by
(WGNSSK 2008, WD1). This allows reviewing the lpue trends in different areas of the
North Sea. The data are based on various sources (WGNSSK 2008, WD1). There is a
clear separation in Ipue between areas, with the southern area producing a substan-
tially higher lpue than the northern area. Average lpue of a standardized NL beam
trawler (1471 kW) over the period 1999 to 2007 was 266 kg day-1, and the data have a
significant (P<0.01) temporal trend of -6.1 kg day~' year.

The stock assessment uses the tuning index resulting from using the first method to
calculate the commercial index. Owing to the strong changes in catchability in the in
the first part of the time-series, only the data from 1997 onwards is to be used in the
assessment.

C. Historical stock development

WKFLAT 2010 decided that XSA should be used for providing advice, while also us-
ing the SAM models concurrently. There are currently three methods that could be
used to provide an assessment of North Sea sole, being XSA, the ANP model (Aarts
and Poos, 2009), and the SAM model (WKROUND 2009, WD14). The XSA assumes
the catch-at-age matrix is complete and without error. The Aarts and Poos method is
a variety of statistical catch-at-age model that uses splines to estimate the selectivity
patterns in the surveys and for the catch-at-age matrix. WKFLAT tested an adapta-
tion of the original ANP model, where the discards estimation procedures were not
incorporated. The SAM model is a state-space assessment model, similar to TSA. The
advantage of using ANP and SAM would be that they take into account (and demon-
strate) the uncertainty of the assessment inputs and outputs. The disadvantage of
using ANP is that it can only assess the stock status for those years where survey data
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are available. Once a new benchmark group decides that there is no problem with the
operational aspects of using SAM for North Sea sole, we recommend replacing the
use of XSA with SAM.

Model used as a basis for advice

The North Sea sole Advice is based on the XSA stock assessment. Settings for the final
assessment are given below:

SETTING/DATA VALUES/SOURCE
Catch-at-age Landings (since 1957, ages 1-10).
Tuning indices BTS Isis 1985 assessmentyear 1-9

SNS 1982 assessmentyear1 4
NL-beam trawl index 1997-assessment year 2-9

Plus group 10
First tuning year 1982
Time-series weights No taper

Catchability dependent on stock size for 2
age<

Catchability independent of ages for ages 7
>=

Survivor estimates shrunk towards the 5 ages/5 years

mean F

s.e. of the mean for shrinkage 2.0
Minimum standard error for population 0.3
estimates

Prior weighting Not applied

The SAM model

SETTING/DATA VALUES/SOURCE
Catch at-age Landings (since 1957, ages 1-10)
Tuning indices BTS Isis 1985 assessmentyear 1-9

SNS 1982 assessmentyear1 4
NL-beam trawl index 1997-assessment year 2-9

Plus group 10
First tuning survey year 1982
Catchability independent of ages for ages 7
>=

Prior weighting Not applied

D. Short-term projection

Because the assessment on which the Advice is based is currently a fully determinis-
tic XSA, the short-term projection can be done in FLR using FLSTF. Weight-at-age in
the stock and weight-at-age in the catch are taken to be the mean of the last three
years. The exploitation pattern is taken to be the mean value of the last three years,
scaled to the last years F. Population numbers-at-ages 2 and older are XSA survivor
estimates, unless there is consistent indication from the most recent recruitment sur-
veys of a stronger or weaker year class. Numbers at age 1 and recruitment (age 0) are
taken from the long-term geometric mean.

Management options are given for three different assumptions on the F values in the
“intermediate” year; (A) F in the “intermediate” year is assumed to be equal to the
average estimate for F of the last three assessment years scaled to the last years F; (B)
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Fa000 is 0.9 times the average estimate for F of the last three assessment years scaled to
the last years F; and (C) F in the “intermediate” year is set such that the landings in
the intermediate year equal the TAC of that year. ACOM in 2009 has decided to use
option (A).

E. Medium-term projections

Generally, no medium-term projections are done for this stock.

F. Long-term projections

Generally, no long- term projections are done for this stock.

G. Biological reference points

The current reference points were established by the WGNSSK in 1998. The current
reference points are Biim= Bioss= 25 000 t and Bpais set at 35 000 t using the default mul-
tiplier of 1.4. Fpa was proposed to be set at 0.4 which is the fifth percentile of Fioss and
gave a 50% probability that SSB is around Bpa in the medium term. Equilibrium
analysis suggests that F of 0.4 is consistent with an SSB of around 35 000 t. Given that
the assessment results in terms of historical biomass estimates did not change sub-
stantially following the updates in assessment methodology in WKFLAT 2010, the
estimates of these reference points are still valid.

TYPE VALUE TECHNICAL BASIS
Precautionary approach Biim 25000t Bioss
Bpa 35000t Bpal.4 *Biim
Fiim Not defined
Fpa 0.40 Fpa= 0.4 implies Beq >Bpaand P(SSBMT< Bpa) < 10%.
Targets Frmgt 0.2 EU management plan

(unchanged since 1998, target added in 2008).

H. Other issues

None identified.
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Annex 2: List of Recommendations from the WKFLAT 2010 plenary
discussions

e General recommendations:
e Procedural
e  General data/assessment issues relevant to all stocks
e  Other recommendations for ICES
e  Species specific recommendation in terms of:
e Data
e Assessment
e Reference Points

e Other relevant issues unique to the stock

GENERAL RECOMMENDATIONS To WHOM

Clarification of expected outputs from the Benchmark Working Groups ACOM?

Despite the best efforts of the attending researchers, WKFLAT still encountered a number of
difficulties in addressing its terms of reference. This was in part from a lack of additional
work to address the terms of reference prior to the meeting, but in some cases it is not
possible to avoid as issues arising during the meeting can not be adequately addressed due
to the time available. This can result in it not being possible to recommend a candidate
assessment method without further research/analysis into the issues identified.

Should recommendations be made with a proviso that further work be done?

Further examination of stock identity issues for Plaice in Areas Vil and IV

WKFLAT recommends that ICES set up a study group similar to SGHERWAY to explore the
potential for performing a combined assessment of plaice in the North Sea and English
Channel, and apportioning quota between them. Such a SG could also explore the
possibility of modelling/assessing the three different “subpopulations” and trying to
estimate migration factors between the areas, using tagging studies to ground-truth these
results. (see stand-alone section on the plaice mixing issue).

Structure of Benchmark Report

Duplication of sections was noted as a potential issue. There was some misunderstanding ICES Secretariat
among members of the Benchmark Working Group as to exactly what was required in each
section of the Report and the Stock Annex. Future benchmarks

WKFLAT recommends that the structure of benchmark reports be formalized as far as
possible; i.e. what needs to be presented, what goes where, what level of detail is required
in each section, inclusion of tables and figures, background material, etc.

Formal list of working documents

Alot of the information considered in the Benchmark is laid out in working documents.
Does this then need to be incorporated within the Report or can a formal list of working
documents be produced then referred to in the Report? This is dependant on future
availability and accessibility of these working documents from ICES (there is some concemn
that these documents may be lost over time).

STOCK SPECIFIC RECOMMENDATIONS

Plaice VIld (Eastern Channel)

Discards

Thought to be important for this species, but short time-series of data (four years of data)
make it difficult to incorporate in the assessment (as well as raising problems?). Need time
to explore further possibility of using Aarts and Poos model to reconstruct historical discard
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estimates based of current sampled data.

Influence of missing UK Young Fish Survey indices WGNSSK,
Cefas,
The UK component of the YFS index is not available for 2007 onwards, resulting in the Ifremer

unavailability of the combined YFS-index. This combined index has been estimating the
incoming year-class strength very consistently, thereby providing reliable estimates to the
forecasts. Using the YFS-France index separately for the recent period is questionable (too
short, lack of spatial coverage confidently pick up trends in recruits i.e. need north and
south surveys).

WKFLAT recommends (1) that the UK survey should continue and (2) that the most recent
years of the French YFS should not be included in the assessment.

Use of current models to provide management advice

WKFLAT 2010 recommends the use of a model taking account
migration patterns with adjacent plaice stocks. The proposed
final XSA-based model is useful in determining recent trends in
F and SSB, and in providing a short-term forecast and advice on
relative changes in F. However, WKFLAT does not recommend
this as an analytical assessment, as it will not be useful for
calculation of reference points.

Biological reference points

WKFLAT does not recommend that the current assessment be
used as the basis for calculation of reference points.

Other: Until the further work on including the discard
estimates, and sensitivity of the assessment to the 65%
adjustment to the Q1 catch-at-age has been examined, an
analytical assessment cannot be defined. Further review of this
work should be conducted, but an analytical assessment will
not be available in time for the next assessment of this stock.

Plaice Vlle (Western Channel)

Data? The catch data needed for the migration model proposed by WKFLAT reassigns 15%
of the first quarter Belgian, French and UK catch-at-age in VlId to the Vlle catch-at-age
matrix used previously, to account for spawning migrations of Vlle fish into Viid.

Use of current models to provide management advice

WKFLAT 2010 concluded that the “migration” model provides the most robust assessment
and that this model should form the basis of future ICES advice. However, WKFLAT
acknowledges that such a change to the Advice implies more complicated management
actions, and further work for the assessment in IVbc with regards to the changes adopted for
the VIId in order to remain consistent with the approach for Vlle (removal of quarter one
catches attributable for the stocks resident in Vlle and IVbc). Should it not be possible to
effect appropriate management for the three individual stocks (Vlle, VIid and IVbc) using the
Advice provided by the migration models, advice should be provided for Vile on the basis of
the “truncated model”.

Biological reference points. Based on results of the migration model proposed, WKFLAT
recommended using 2200 t as a Buigger in the new Advisory Framework based on MSY based
management targets, provided that the management intervention at this level of SSB was
sufficient to move the stock away from this level of SSB with considerable certainty. This is
in contrast to the precautionary approach that would aim to maintain the stock above Bya,
but not necessarily intervene further beyond that. In any case it is deemed unlikely that low
levels of SSB near Btrigger would be reached if long-term management aimed to attain F
levels near an appropriate proxy of Fisy.

No appropriate proxy was developed for Fnsy given the current uncertainty over the basis for
such advice, however WKFLAT 2010 commented that because plaice are taken largely in
conjunction with sole in Area Vlle it is important that the target levels between the stock are
consistent especially because a management plan has been agreed for sole Vlle.
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If the “truncation model” is accepted to provide advice, reference points should be revisited.

Sole llla (Kattegat-Skagerrak)

Problems with age-length key (ALK). Small sampling size results in what is considered to be
an unreliable disaggregation of ages in data. WKFLAT noted that improvements are
possible, but did not make any specific recommendations.

Incorporation of landings from the Belts area

WKFLAT recommended that catches from the Belts be included within the management area
of Sole llla. Inclusion is mainly for fishery reasons, as there is scarce biological information
restock structure.

Use of private logbook data

No longer available for gillnets (last year 2007). Original justification for use of these
sources (i.€. lack of confidence in official logbook data during the low TAC period from
2002-2004) no longer necessarily holds. Therefore WKFLAT recommends to keep these in
the assessment for historical period (up to 2007 and 2008 for gillnets and trawlers,
respectively) but these series will not be updated going forward.

Surveys

Replace KASU survey (not targeting sole, more for cod and plaice) with Fisherman’s survey
(specifically designed as a fisheries independent survey for sole in the region).

Use of current models to provide management advice

Scarce sampling and poor age estimation means there is a lack of confidence in the catch-
at-age matrix. WKFLAT therefore recommends a change to the SAM model, while continuing
with XSA for comparison purposes.

Biological reference points. WGBFAS,WKFRAME
A potential candidate for Fmnsy equals 0.3, because yield above this level only increases

insignificantly and the associated risk of exceeding the defined Brigger is less than 5%. A

potential Brigger is 2000 t, which is lowest observed SSB apart from the first two

observations in the time-series. Stock production dynamics below this SSB are therefore

considered uncertain.

WKEFLAT considered the scenarios and concluded that WGBFAS 2010 should make a final

evaluation of this based on guidelines adopted by WKFRAME in March 2010.

Sole IV (North Sea)

Tuning indices WGBEAM

Keep current, but truncate commercial beam trawl survey to start at 1997 due to suspected
more notable changes in the catchability within this survey prior to 1997. While fisheries-
independent surveys do not cover the full extend of the stock (i.e. southwest coer near
channel not covered), there is not enough confidence in alternative surveys of this area
(Belgian and UK) and it is thought that the inclusion of these surveys will only add noise to
the assessment. The commercial tuning-series is thought to capture the trends in this are
and of the older ages adequately.

Itis recommended that WGBEAM evaluates the Belgian and UK (Carystes) surveys in terms
of their potential use in assessing the Sole IV stock. Also examine possibility of extending
BTS survey for sole to cover this area or explain why this area is not currently included.

Use of current models to provide management advice

Keep current model with shortened cpue index. Itis also recommended that the SAM model
be run for exploration purposes.

Biological reference points

Given that the assessment results in terms of historical biomass estimates did not change
substantially following the updates in assessment methodology in WKFLAT2010, the
existing reference points are still valid. WKFLAT did not consider any reference points based
on MSY calculations for this stock.
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General points and questions raised during Workshop discussions

These are issues that are not direct recommendations that have arisen, but may high-
light points to be considered in future.

Benchmark TORs

This Benchmark has seen a step forward in the preparation of work going into the benchmark
meeting (i.e. previous recommendations taken on board). But extra demand arises on top of
expected issues, so will always be busy and hence TOR could be ambitious.

Ecosystem/environment/mixed fisheries TOR are too vague. The meeting is dominated by stock
assessment scientists, often not even involved in preparation/raising of data so obviously the
focus of the work lies on the assessment methods and analysis.

Either the attendance of ecologists/data specialists is required or, rather, for more specific
recommendations are needed from other ICES groups as to what could be considered for
inclusion within the assessments.

i.e. benchmark process should be taking on board recommendations from many ICES groups, not
only the working group dealing with the assessment of the stock.

The work load is high and a clear list of specific tasks should be examined, rather than trying to
innovate and do all the work at the same time. E.g. the establishment of reference points (and
what ref pts to consider) should be clear going in so that these can be calculated from the outputs
of the new assessment rather than the group having to reconsider exactly what the ref pts should
be and how they are defined.

Consideration should also be made for what are the desired outcomes of the assessment are? Is
it purely managerial or are outcomes for biological/ ecological studies required too? E.g.
separate sex assessments may not provide a better assessment for management purposes, but
could provide useful information for further studies.

Biological reference points
The timing of WKFRAME was not ideal for provision pof MSY-based reference points by WKFLAT.

In general there was a problem with a lack of direction for new MSY ref points, particularly a large
degree of uncertainty over Buigger. The lower bound of Bmsy is scientifically tricky to define given
that Fmsy is an equilibrium value.

Stocks considered at benchmark working groups

There is a need for synchronization of stocks considered at each benchmark meeting (i.e.
fisheries/biologically/geographically related stocks). These stocks may have joint issues that
are best examined with experts from all stocks. However, obviously there are practical issues and
work load issues for combining all experts (e.g. one may be the expert for two of the stocks...)

Assignment of stocks among working groups

Recognizing the practical limitations, WKFLAT recommended that assessments of Plaice VIld and
e be done in the same group as plaice in IV (i.e. WGNSSK), because of stock identity issues.

Evaluation of candidate assessment methods

There was some indication that a full suite of diagnostics of candidate stock assessment
methods could not be adequately considered, and is ome cases were only given brief
examinations. Decisions can often be outcome-based rather than examining the true best model
and input data. There are no specific recommendations of what to check, as this expected to be
within the expertise of those present in the WG.

Assessment methods

How important is the availability of expertise to perform the assessment in making a decision on
choosing a benchmark procedure (e.g. SAM issue). Is lack assessor’s ability/familiarity with the
model a valid reason to exclude its use?

ICES to examine procedures for standardization of cpue data for use as tuning indices in
assessment

Despite frequent use of commercial tuning indices in ICES stock assessments, there is currently
variation between stocks in how this is dealt with. Should ICES provide a toolbox of
recommended methods?

Is this already looked at within WGBEAM/PGCCD... ?
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Formalise measurement of retrospective problems WGMG
A common issue from assessments is the existence of a retrospective pattern. The reasons for

this could vary from stock to stock, but methods for calculating/measuring the extent of the

retrospective pattern and recommendations on the time frame to consider could be standardized

(e.g. Mohn’s rho). Also methods to display it.

Lack of info/ recommendations for identifying severity of retrospective error and displaying it. E.g.
Mohn’s rho, by age, year class?

WKACCU sheets WKACCU
Provided, but perhaps not targeted to this group; more important from the collection side.

Various issues with completing the forms, mainly due to a lack of intimate knowledge of the data

provided for use in the assessments.
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Annex 3: External’s Comments on WKFLAT 2010

My background

In order to put my following comments in context, it is important to know my profes-
sional background. I am a Canadian academic who teaches fish biology, population,
and quantitative ecology at the undergraduate level and quantitative analysis at the
graduate level. My research programme is centred on the incorporation of quantita-
tive behavioural principles to the analysis and interpretation of data from commercial
fisheries. I have published articles on topics including the bias in cpue series that can
be created by vessel movement (Gillis, 2003), highgrading behaviour (Gillis et al.,
1995), and the identification of targeting behaviour within the catch records of a fleet
or fleet component (Gillis et al., 2008). I often work with assessment biologists in my
research and I have prepared many fisheries lectures for my courses. However, I
have never performed a stock assessment using XSA, SCA, or any related methods.
Thus, my background could be summarized as general population and quantitative
ecology with a specialization in studying the impact of fishing behaviour on trends in
catch and effort data.

Background material and workshop preparation

The initial presentation of the Benchmark made its role within the assessment and
advisory process clear, but I was less certain of the process and my role in it before I
arrived at ICES. Future external reviewers would benefit from more detail in this
area prior to arrival. An ICES glossary of terms and abbreviations (ACOM, Bench-
mark, Stock Annex, WG and WK prefixes, etc.) would also be helpful if distributed in
advance. For me, the biological and methodological background was more important
than the contents of the previous Stock Annex in following and contributing to dis-
cussions regarding the choice of methods for future stock assessments.

Many of the technical issues related to XSA and the local biology of the populations
under examination were outside my direct experience. I found the preliminary 'vir-
tual' meetings critical to directing my preparation and contributing to the benchmark
process. In addition, the background materials made available through the Share-
Point site were indispensible. However, some important background material was
only identified after the meeting began. This is inevitable in dynamic meetings like
this one, but can be built upon. Background SharePoint folders with biological refer-
ences (life history, migration studies, etc.) should be maintained between Benchmarks
to avoid duplication of effort in future. The background SharePoint folders could
contain a general methodological section. The methodological section would contain
folders for references on the specific methods being considered, in this case XSA
(ICES, 2006; 2007), SAM (ICES, 2010), and SCA model with discard estimates (Aarts
and Poos, 2009). Specific biology folders within each stock folder would help bring
outsiders up to speed with local species issues through internal reports and publica-
tions (this was done for one stock at the beginning of the Workshop and was very
helpful).

I found myself referring to several reports from the Working Group on Methods of
Fish Stock Assessments (ICES, 2006; ICES, 2007; ICES, 2010) in order to follow the
development of quantitative methods within ICES, particularly regarding the current
use and evaluation of XSA. Links to the full WGMG series within the SharePoint site
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would help external reviewers see the context in which current practices have devel-
oped.

Model comparison and selection

This is the key function of the Benchmark Workshop, according to my understanding
of the current ICES assessment process. One of the reoccurring concerns was that any
decisions made at the Benchmark Workshop would be “locked in” for 3-5 years even
if compelling evidence of revision became apparent in the immediate future. Also,
the upcoming change in ICES reference points to an MSY framework from a PA
framework generated considerable discussion around the impact of different models
on references and triggers under the new regime. Though apparently discordant to
an outsider, I believe that these discussions are a necessary part of a policy shift and
reflect the consideration and commitment of the biologists involved rather than a re-
sistance to change.

The decisions made at this Benchmark Workshop occurred at several levels: the
choice of the general structural and statistical forms of assessment models, and the
choice of parameters or their limits, and the choice of the appropriate data to repre-
sent the processes being considered. In plenary, the discussion of sole assessments
spent much time comparing the new, recommended (ICES, 2010) state space model
(SAM) in place of the traditional XSA assessment. There were two main areas of con-
cern in its adoption: 1) expertise within working groups that would perform annual
assessments and 2) its unknown performance relative to XSA in situ rather than in
simulation studies or with sample datasets. The prudent approach of continuing
XSA and SAM in parallel until the next benchmark was favoured for sole stocks. The
adoption of SAM as the primary assessment tool was contingent upon expertise
within the stock assessment working groups that would be applying the technique.
The plaice assessments favoured remaining with XSA over other methods until ex-
pertise, experience, and supporting data improved.

My time out of plenary was spent with the plaice assessment groups where the con-
ceptual model of stock biology was the most critical issue. The impact of movement
among plaice management areas on current and potential future assessments occu-
pied much of the discussion. The Group was well aware of the risk of common ex-
ploitation levels on “stocks” consisting of several distinct reproductive components
(Paulik ef al., 1967; Hilborn and Walters, 1992) as well as recent work on management
implications for plaice in the English Channel (Kell et al., 2004). Their final recom-
mendations reflect careful consideration of these factors and their impact on the as-
sessment methods employed.

In the examination of XSA diagnostics there was discussion of the utility of summary
indices in the examination of diagnostics, in particular Mohn's p (Mohn, 1999; ICES,
2006). Ultimately, decisions were made based upon visual inspection of the retro-
spective patterns and residuals. However, the discussions left me with the impres-
sion that benefits in clarity and communication could be gained by presenting
summaries of different assessment options with indices reflecting the criteria being
applied. This should not replace examination of the original retrospective or residual
patterns but supplement it in the same manner that a trendline supplements a scat-
terplot.
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Improving model performance through parameter and data selection

I observed two different but concurrent approaches to improving the performance of
the XSA: selection of parameters such as “shrinkage” and selection or modification of
the tuning dataseries that supplemented the catch-at-age matrix in the analyses.
There is little I can say about the choice of shrinkage estimates; this value reflected
the confidence of the stock experts in the patterns and time-series reconstructions.
However, the selection of tuning-series is close to my personal research interests in
the behavioural impacts on the analysis of commercial fisheries data. I enjoyed the
discussions of sources of bias in the commercial tuning-series, and comparisons
among different datasubsets in commercial fleets (such as private and public log-
books, on and off season in Illa sole). The potential for hyperstability (Hilborn and
Walters, 1992) will be higher in fleets that are able to successfully target the species of
interest. This could generate uninformative tuning-series during early declines in
abundance or even during times of extremely high abundance. Members of the
Working Group were clearly aware of this issue. It would be interesting to see such
behavioural considerations developed into guidelines for examining potential tuning-
series. This should probably be performed outside the constraints of a benchmark
meeting, possibly as an agenda item for a future methods working group.

Discarding: behavioural impacts on the catch-at-age matrix

The issue of discarding played a role in the development of benchmark stock annexes
for both plaice and sole. Much of this work focused on the biases in the catch-at-age
matrix, potentially represented statistically by the Aarts and Poos (2009) catch-at-age
model. The initial impact of discards on tuning-series was a particular problem for
IVd plaice. Strong year classes appeared to result in differences between commercial
and index series as a result of young fish that were either not fully appearing in the
commercial fishery, most likely due to discarding. However, it was also pointed out
that among the southern stocks plaice is primarily a bycatch species and that sole is
the more common target species. Following the same logic as age based discarding, it
seems that fluctuations in sole abundance could also result in discards of plaice
through highgrading (Gillis et al., 1995). This could appear as interannual differences
in the discard selectivity curve fitted by the Aarts and Poos (2009) catch-at-age model.
Under this scenario variation in sole catch could also be used as a qualitative consid-
eration in selecting plaice trips or vessels for use in a tuning-series. This is not an eco-
logical multispecies approach, but rather a technological one resulting from the
interaction of gear deployment and catch composition. Guidelines for the considera-
tion of such technological multispecies interactions could be as important as ecologi-
cal ones in interpreting catch and effort data for stock assessment.

Closing remarks

I have greatly enjoyed the opportunity to learn and contribute through the ICES
benchmark process. I can see that the importance of fleet dynamics is recognized
within ICES and that the datasets being assembled across national fleets will allow
these factors to be investigated more fully in future. Though perhaps premature for
inclusion in a stock annex at this time, I believe that ICES will ultimately be able to
explicitly incorporate vessel behaviour into their assessments by continuing their
methodological development, integration of national datasets, and linkages to the
fishing industry. I look forward to following the evolution of assessment methodol-
ogy in the coming years.
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