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Executive Summary

WKFLAT 2009 is the second benchmark workshop held under new ACOM proce-
dures for assessment review. The meeting was held at ICES HQ, Copenhagen, Den-
mark from 6-13 February 2009. The meeting was chaired by Tony Smith (Australia)
and the ICES Coordinator was Jan Jaap Poos (Netherlands). Mauricio Ortiz (USA)
and Jim Ianelli (USA) participated in the meeting as invited external experts. There
were 16 participants in the meeting representing seven nations. The main objective
for the meeting was to review data inputs and assessment methods for several flatfish
stocks in the North Sea and English Channel (IV plaice, VIId sole, VIle sole) and to
update Stock Annexes for these stocks (the recipes for conducting assessments to be
applied by working groups over the next three to five years). The meeting started
with a data workshop, to which stakeholders were invited to bring new data for con-
sideration for use in assessments. Four stakeholders attended the meeting-two from
the Netherlands, one from the UK and one from Belgium. The meeting agreed on a
set of priority issues for each stock (related to data quality, data analysis, and assess-
ment methods). A subgroup was set up for each stock to address stock-specific issues,
with a daily plenary to report on and review progress, and to discuss generic issues.
The full report of the meeting includes a set of generic issues identified during the
workshop and associated recommendations, followed by detailed stock-specific re-
ports and recommendations. A key output of the Workshop was an updated Stock
Annex for each stock.

The workshop faced some problems in fully addressing its terms of reference. These
arose from too short notice and inadequate allocation of resources ahead of the meet-
ing to fully prepare material (data, key issues, additional analyses) for review at the
meeting. In particular there was very limited ability for the meeting to review pri-
mary data inputs to assessments. Nevertheless progress was made on several impor-
tant issues for each stock:

Western Channel sole

a) Preliminary analysis of the stock data using a statistical catch-at-age model
failed to eliminate the retrospective pattern in F and B observed in recent as-
sessments that used the XSA modelling approach. This could indicate conflicts
in the data or that remaining assumptions common in both model approaches
(e.g. constant natural mortality) are the cause.

b) Further study will be required to determine the cause of the retrospective bias,
but in the mean time the workshop agreed that the current assessment ap-
proach provides an unreliable basis for short-term stock projections for man-
agement advice. The statistical approach may provide a more flexible way to
evaluate data and model uncertainties and was encouraged.

Eastern Channel sole

a) An improved method for horsepower correction for the commercial Belgian
beam trawl fleet was developed and applied during the workshop.

b) The recent loss of the UK component of the Young Fish Survey is of major
concern for the assessment. Analyses conducted at the workshop demon-
strated that the French component of the survey can continue to be used in the
assessment, though this will result in much more variable estimates of recent
recruitment resulting in more noise (though no detectable bias) in short-term
stock forecasts.

North Sea plaice
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a)

b)

Of the more general issues identified and discussed at the meeting, the key recom-

The workshop explored several methods to combine the three survey tuning
series currently available that cover different parts of the North Sea. Adoption
of a combined index should be checked by WGBEAM.

The workshop evaluated the appropriateness of the use of commercial Ipue
series in the assessment. Advantages include wider spatial and temporal cov-
erage and a better measure of larger fish. However, concerns remain about
changes in fleet efficiency and unrecorded discarding. Monitoring proposals
by the Dutch industry could help overcome these concerns.

The workshop appreciated the recent assessment of the stock that used a sta-
tistical catch-at-age model. Although the stock will continue for the moment
to be assessed using XSA, the workshop endorsed parallel development of the
statistical catch-at-age model so that it may be more fully evaluated and ac-
cepted if desired.

mendations include:

1) That ICES databases should include all data needed for assessments.

2) That general linear models and related methods be used to improve the
standardization of LPUE series used in assessments.

3) That statistical catch-at-age models continue to be developed and applied
to assess flatfish species.

4) That biological reference points be based on the latest assessment models
and data where information and/or accepted model results indicate a sig-
nificant change.
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Introduction

The requirements for benchmark workshops were detailed by ACOM in 2008
(ACOM December 2008 22/12/2008 FINAL document). This Flatfish Workshop is the
second such Benchmark Workshop (the first was for Roundfish in January 2009). The
Terms of Reference are at Annex 1. The key aspects of the Terms of Reference are:

(i) to compile and evaluate data sources for stock assessments,
(ii) to solicit relevant data from industry and other stakeholders,
(iii) to review current methods used to assess stock status and outlook, and

(iv) to update the relevant Stock Annexes to include what benchmark partici-
pants identify as current best practice assessment inputs and methods,
providing sufficient detail to ensure that assessment scientists can readily
replicate assessments without the need to have been previously involved
in such assessments.

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 for the week. The next six days then focused on
resolving the assessment issues to the extent possible, with a view to revising the
Stock Annexes for adoption for the following 3-5 years.

The workshop was chaired by Tony Smith (Australia) with ICES Coordinator Jan
Jaap Poos (Netherlands). Mauricio Ortiz (USA) and Jim lanelli (USA) were invited
experts. Other participants included members of the WGNSSK and WGCSE ICES
assessment groups, other scientists, industry representatives, and members of the
ICES Secretariat and ACOM. A full list of participants is provided in Annex 2.
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Sole in Division Vlle (Western Channel)

3.1

Current stock status and assessment issues

Sole in division VIle has been deemed to be in poor condition as a result of fishing
mortalities above Flim and a consummate decline of SSB to levels below Bpa in recent
years. In 2007 a recovery plan was implemented by the commission to relying on
stepped F reductions to a long-term management target of F=0.27 in an attempt to
rebuild SSB to levels above Bpa. The plan called for fishing mortalities in 2007-2009 to
be limited to 80% of those experienced by the stock in the period 2003-2005, further-
more the effect of these reductions is to be limited to a maximum annual TAC de-
crease of 15%. Following this the recovery plan is set to change to a management plan
in 2010 with fishing mortalities reduced to 85% of those experienced in the years
2007-2009.

The evaluation of the status of the stock is based on an XSA assessment using four
commercial tuning series (two historical, 1979-1987, two current 1988-2007) and a
spatially limited beam trawl survey carried out on a chartered vessel by CEFAS (UK-
BTS). Shrinkage is set to medium levels (1.0), but has virtually no weighting for ages
greater than two. Weighting for ages two and greater is largely determined initially
by the surveys with the commercial fleets increasingly taking overestimation of the
abundance of older ages.

Recent assessments have indicated an increase in F in the recent period as well as
downward revisions of F’s over the period 2003-2005. The combined effects of this on
the management plan calculations have been to call for a decrease in the TAC of 15%
annually, rather than the planned stepped reductions. Consequently the anticipated
stability of catches for the fleet has not materialized, despite recent decommissioning
in the UK beam trawl fleet.

In the past misreporting to area VIId, underreporting and overshoots of the TAC
have plagued this fishery. The assessment has accounted for the area misreporting
and the overshoot of the TAC, but not the underreporting although this is thought to
have declined to very low levels since 2003. In 2008 the UK established single area
licences for the UK beam trawl fleet so that area misreporting is no longer possible. In
addition the fleet has applied for marine stewardship council certification in 2007 to
be taken forwards to a complete assessment in 2009. A number of modifications to
gear of this multispecies fishery have been made to minimize the impact of the fleet
on non-target species of fish and benthos in preparation for certification. However
given the new single area licence, and the restrictive sole TAC set for 2009 discarding
is anticipated in 2009. Up to now this has not been a problem for this fishery, and all
efforts will be made to monitor the situation to ensure that this change does not bias
the data for future assessments.

WGSSDS has in the past indicated that the stock is not in imminent danger of col-
lapse despite the apparent relationship of the most recent estimates of SBB with the
precautionary reference points. The conclusion was based on the relatively low F’s
compared with other sole stocks and the extended age structure of the catches with a
sizeable proportion of the fish 12 years and older regularly extending to older than 30
years. In addition there was no indication of a decline in recruitment with decreasing
stock size. This has been underlined by revisions of the 2003 SSB estimated by the
2004 WG to have been below Blim, estimated to have been above Bpa by the 2008
WG, suggesting that a recovery plan at that time was unnecessary.
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In summary the biggest problem for this assessment and the management of the
stock is the worsening retrospective pattern observed in conjunction with a manage-
ment plan relying on annually changing target reference points in relation to persis-
tent overestimates in F in the most recent years.

WKFLAT will aim to examine the reasons for the retrospective patterns in F and at-
tempt to develop a more consistent assessment methodology for the stock, recalculate
the management target reference points, and re-evaluate the precautionary reference
points.

Compilation of available data

3.2.1 Catch and landings data

UK (>60%) and France (>30%) together provide almost all the catches for this stock.
UK Landings data are based on EU logbook data for 7e catches. In 2002 the UK indus-
try indicated that there had been substantial misreporting of landings to two rectan-
gles in area VIId. It was possible to identify the misreported landings spatially and by
reported lpue. Having identified misreported landings, data were corrected back to
1985 by the 2002 WG. This method of correction is ongoing. French official landings
statistics have been poor since 1997, but since 1997 landings data have been calcu-
lated much more accurately using buyer and sellers notes. France has provided cor-
rected landings information to the working group since 2002.

Numbers-at-age prior to 1994 are calculated by raising the UK age composition to UK
and Channel Island Catches, adding the French age composition data, and finally
raising the resulting age composition to the total international landings. From
1995WG to 2005WG the International landings for the stock were based entirely on
English quarterly sampling effort then raised to quarterly international landings,
since 2006WG French age data from 2003 onwards has been included.

Numbers-at-age 1 in the catch are low or zero in most years and most likely reflect
variation in the sampling, rather than variation in the stock itself. Therefore, these
were not considered to add useful information and are replaced by zeros.

3.2.2 Biological data

3.2.2.1 Weights-at-age

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?,

where catch weights-at-age are mid-year values, and stock weights-at-age are 1 Janu-
ary values. Catch weights-at-age have been scaled to give a SOP of 100%, and the
same scaling has been applied to the stock weights-at-age. Catch numbers at age 1 are
replaced by zeros, but the catch weights-at-age 1 were retained because they are part
of the smoothing procedure and do not affect the assessment. They are also essential
to the medium-term forecast.

A smoother is applied to sampled catch weights-at-age to adjust for variation in the
weight-at-age that may result from low levels of sampling rather than differences in
growth rate between cohorts. It also allows estimation of the stock weights-at-age by
extrapolation of the curve rather than by using quarter 1 samples, which may be
sparse.
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Although in year smoothing may have a tendency to smooth out the density-
dependent effects on growth this was not thought to be a major problem for the as-
sessment in this stock because of the limited variability in cohort size. The current
methodology for in year smoothing includes smoothing through the 15+ group which
is inappropriate because of the large numbers of year classes represented in the
catches in this group. This should be addressed in future assessments.

3.2.2.2 Maturity-at-age

The maturity ogive applied to all years is, a combined sex maturity ogive taken from
area VlIfg attributed to Pawson and Harley, WD presented to WGSSDS in 1997. Prior
to 1997 maturity was taken to be knife-edge at age three.

AGE 1 2 3 4 5 6,7,..12+

Prop. Mature 0.00 0.14 0.45 0.88 0.98 1.00

Proportion of F and M before spawning have both been set to zero to reflect the SSB
calculation date of 1 January. No new information on maturity in this stock was
available to WKFLAT 2009.

3.2.2.3 Natural mortality-at-age

Natural mortality is assumed constant over ages and years at 0.1. This is consistent
with the natural mortality estimates used for sole by other ICES working groups
(WGNSSK: 1V, VIId, WGNSDS: VIla, WGSSDS: VllIfg, VIlla,b) and consistent with
estimates of M reported in Horwood, 1993 for VIIfg sole as well as other stocks and
papers cited therein. No new information on natural mortality for this stock was
available to WKFLAT 2009, however the estimate in M is very important to the
evaluation of the historical stock trend and as such would have major impacts as to
the evaluation of reference points.

3.2.3 Survey tuning data

Currently the only available survey for this stock is the Western Channel Beam trawl
Survey conducted by the UK in late September, early October. The survey covers an
relatively small area of VIle from Start Point through to the middle of Lyme Bay and
out to the edges of the Hurd Deep covering the immediate area of fishing for the
Brixham fleet, but omitting Start Bay which these days contributes significantly to the
landings of sole in VIle. Sampling started originally in 1984 on the chartered com-
mercial fishing vessel ‘Bogey One’, replaced in 1988 by the ‘Carhelmar’ and moved to
the research vessel ‘Corystes’ in 2002 to 2004. Concerns were raised regarding differ-
ences in catchability between the Carhelmar and Corystes, and in 2003 the survey
was carried out on the original vessel in addition to the Corystes. From 2005 onwards
the survey has been moved back to the original vessel, and as a result of interses-
sional investigations the 2003 data were replaced with those collected on the Carhel-
mar. Therefore the time has only 2002 and 2004 data being collected on the Corystes.

The survey cpue demonstrates a decline from 1986 to 1995 in line with the commer-
cial data. The abundance indices at ages 1 and 2 demonstrate little overall trend, but
ages 3 to 6 indicate a decline over the series, despite intermittent peaks and troughs.
The 1989 year class is indicated to be strong at all ages and this year class can also be
traced through the catch-at-age matrix.

3.2.3.1 Evaluation of the quality of the survey data

The survey was examined for indications of trends in stock dynamics and for internal
consistency. Figure 3.2.1 shows the means standardized cpue of the survey-at-age
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over time. The effects of the survey vessel change in 2003 and 2005 can be seen if one
is looking for them but from the figure it seems small enough to ignore. Figure 3.2.2
however, shows plots of Z estimates calculated as the log-ratio of the survey abun-
dance divided by the survey abundance the following year at the subsequent age.
Here the effects of the vessel change become much more apparent, but apart from
this there seems little indication of a persistent trend in F over time. In addition log
abundance means standardized plots by year class demonstrate the internal consis-
tency of the survey (Figure 3.2.3). The 1989 year class is tracked very consistently to
age 9. Weaker year classes are tracked more poorly, but demonstrate reasonable cor-
relation between most year classes. This suggests the survey is capable of tracking
cohorts and should be reliable indicator of trends over time, although year-to-year
variation may be more of a problem.

A more elaborate evaluation of the Z-trends indicated by the survey was carried out
using a SURBA analysis. Estimation of survey catchability was not carried out so that
F trends are only relevant on the relative scale, nevertheless resultant F estimates
indicate no long-term trends in Z, but give the picture of relatively stable F’s over the
period of the survey from 1988-2007 (Figure 3.2.4).

FSP survey data

WKFLAT 2009 was presented with a new survey tuning series. The survey covers a
larger area than the current survey and should provide improved coverage of the
older ages. There is no doubt that additional information is a welcomed contribution
and as such should be applauded. However there were a number of issues with re-
gards to a full evaluation of the survey. Insufficient information on the aggregation of
the data was presented in the report on the survey (WD) in order to evaluate the con-
sistencies of the survey from a methodological perspective. Examination of the avail-
able data raised some concerns which further investigation should be aimed to
resolve.

e The SSB indices for the western survey demonstrate a general decline over
time and the value in 2008 demonstrates a further decline of a sufficient
magnitude to be causing an apparent year-effect in the combined east and
west indices.

e In 2008 the vessel used to cover the eastern part of the survey could only
cover part of the survey at the usual time, and the Carhelmar was chosen
to replace her. The survey was then completed in full, but using a smaller
beam and significantly later in the year than was usual. The data as pro-
vided did not allow WKFLAT to inter-calibrate the data. It is recom-
mended that such an analysis is carried out to improve the surveys
performance.

e Year class tracking is weaker in some age classes than would be hoped and
the effects of including such a short period in an assessment are very diffi-
cult to predict. More information on how the data were aggregated would
be helpful.

e Estimates of the log catch ratios (Figure 3.2.5) indicate a substantial disrup-
tion to the overall pattern for the 2004 data (the ratio of the 2003 to 2004
data). This is probably associated with an otolith sampling issue at the be-
ginning of the time-series in 2003. It is recommended a better description
of the data collected and some remedial measures are investigated to over-
come these difficulties. The effects can also be seen in the means standard-
ized plots (Figures 3.2.6 and 3.2.7).
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e The number of 6, 10 and 12 year old fish in 2006 is exactly the mean abun-
dance of those ages across all years of sampling. Given the low probability
of such an occurrence it is recommended that the calculations are checked
again.

In the absence of the necessary data to examine these inconsistencies and the lack of a
benchmark assessment this tuning series was not further evaluated other than within
the framework of the AM model. If this time-series is to be more fully evaluated in
the next benchmark procedure it is vital that these inconsistencies are explained.

3.2.4 Commercial tuning data

In the early part of the century the fishery for Vlle sole was largely prosecuted by
otter trawlers and inshore netters. During the mid to late 1970s landings sharply in-
creased with a considerable increase in nominal effort as the beam trawl fleet devel-
oped. Otter trawl effort declined with levels in 2002 being about half that of effort
found in the late seventies. Beam trawl effort in terms of hours fished has continued
to rise since 1988, but at a slower rate than previously as a consequence of licensing
and quota restrictions, but boat size and power as well as beam sizes have also in-
creased suggesting that the effective effort has continued to rise more sharply than
suggested by the effort data alone.

Lpue has declined since the late eighties in both the otter and beam trawl fleets sug-
gesting a marked decline in the SSB of this stock. Interestingly the catch-at-age infor-
mation for these fleets does not suggest a marked decline in the age structure over
this time suggesting the decline may be associated with environmental impacts rather
than fishing, but given the uncertainty in current landings data it is difficult to distin-
guish between the potential causes of the discrepancy between the lpue and catch-at-
age data. Little information is currently available regarding the development of the
French fishery on this stock on the southern side of the Channel.

The UK beam trawl fleet in recent years has been landing large quantities of cuttlefish
during winter. Investigations of the landings data indicated that misreporting was
particularly high during the period of the cuttlefish fishery indicating that Ipue was
unlikely to be substantially lower than during the remainder of the year, justifying
the inclusion of all trips in the Ipue time-series. Similarly, there was no indication of
differences in Ipue for those trips split between divisions (misreporting to VIId) so
that trips reporting to VIle as well as those reporting to the two adjacent rectangles in
VIId were included in the derivation of the tuning fleets.

UK beam trawl effort has climbed markedly since 1992. Otter trawl effort has stabi-
lized following its decline during the 1980s and early 1990s.

Effort data for the whole fleet as used in tuning the assessment is calculated by an
effort correction for horsepower based on lpue data for specific rectangle groupings.
For the calculation of Ipue, landings misreported to VIId (see catch data section) are
corrected in the same manner as the catch data. No corrections are made to the effort
statistics, as the time spent in VIId for the purposes of misreporting has been negligi-
ble.

3.2.4.1 Evaluation of the quality of the commercial tuning data

Consistency and trends in the commercial beam trawl tuning information were exam-
ined in the same way as the survey tuning information. Cohort estimation/the re-
cruitment signal is strong in the beam trawl commercial tuning data, and this is
highly consistent with the catch data as in general it represents roughly 65% of the
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catch data. However year-class estimation is also mostly consistent with the estima-
tions from the entirely independent survey tuning series.

Estimates of F averaged over different groups of ages do not indicate much of a trend
in fishing mortality over the tuning period (Figure 3.2.8) or a clear sign of a decline of
numbers-at-age for the younger ages, although older ones seem to be rarer more re-
cently (Figure 3.2.9). SURBA runs of the same data also do not indicate a rise in F as
suggested by the latest assessment (Figure 3.2.10). The internal consistency of the data
is generally good in terms of the age composition (Figure 3.2.11), however there is an
indication that the effort calculations may be inappropriate, giving the series a trend
in residuals within the XSA analysis of historical assessments. The log catch ratios
and the SURBA trends do not display a good correlation with the estimated effort,
which one might have expect given the large proportion of the catches taken by this
tuning fleet. Reasons for this could be a poor signal to noise ratio or a change in the
relative proportion of catches taken by the various fleets.

The otter trawl fleet also does not indicate a change in F (Figure 3.2.12) or unlike the
UK-CBT fleet, abundance-at-age over the tuning period (Figure 3.2.13). The effort
correction for this fleet is very different from that used for the beam trawl fleet, and
the fleet has not changed substantially in recent times, so this may in fact be a better
representation of Ipue. Unfortunately it is also considerably more variable with par-
ticularly strong year effects of unknown origin in 1991 and 2005. Year class tracking
for this fleet is less consistent as a consequence of the greater variability (Figure
3.2.14).

3.2.5 Industry/stakeholder data inputs

Stock identity and migration issues

In spite of some mixing, it is generally accepted that the stock in the western English
Channel is discrete and constitutes a separate unit, certainly once mature. As in other
stocks of sole, random longshore movement accompanies a seasonal onshore offshore
migration associated with spawning. The closed population assumption for prere-
cruits and immature sole is less certain and historical tagging information seems to
suggest that there is some net movement of juveniles into VIle from area VIId, par-
ticularly in years of large recruitment in the latter area.

Given the limited movement of the stock and the spatial constriction of the fisheries,
which leave part of the stock unexploited there is the potential for the stock to be
poorly mixed, which may violate the assumptions of some assessment methods.

Spatial changes in the fishery and stock distribution

Investigations at WKFLAT 2009 regarding the spatial distribution of the fishery have
been limited to the UK trawl fleets, because VMS data for the French fleets are not
available as a consequence of those fisheries being prosecuted by gillnetters (and
small number of otter trawlers) <20 m not monitored by VMS data and a lack of ap-
propriate effort statistics (the only information available being days at sea and horse
power, but no information on net length which is known to have changed over time).

UK beam trawl fleet

This fleet takes the largest proportion of landings. Its area of operation is largely re-
stricted to the near coastal areas around Start Point on the UK coast extending east
into Lyme Bay and west to Plymouth and occasionally south to the middle of the
channel. VMS plots of the distribution of the fleet were examined for both inter an-
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nual and intra annual changes in the pattern for the period 2000-2007 (Figure 3.4.1
‘2005’, Figure 3.4.2 ‘July’). Data in the early part of this series is limited to vessels
greater than 25 m so that effort may appear to be increasing. However the data sug-
gests that there are no changes in the spatial extent over which the fishery has oper-
ated in the last seven years, and no apparent relative shifts of effort within the area
between years or seasons, despite the industry claims of targeting cuttlefish and
monkfish at different times of the year.

To the southwest of the usual operation of the SW beam trawl fleet VMS data also
indicates the operation of beam trawlers. The boats operating in this area mostly use
the homeport of Newlyn, targeting monkfish and megrim mostly. They take sole only
as a bycatch while fishing in VIle. They are not considered a significant contribution
to the fishing mortality of sole and are not part of the beam trawl tuning fleet.

Because of the substantial sampling of the UK beam trawl fleet it was possible to split
the annual fleet into monthly tuning fleets using quarterly ALKs in order to investi-
gate if incomplete mixing may be affecting the understanding of stock dynamics
(Figure 3.4.3). The analysis indicted different F patterns for the various monthly fleets
mostly driven by the quarterly ALKs. It was inconclusive if these differences were
associated with an increase in variability of the smaller ALKs or associated with real
differences in the dynamics of the fleet or seasonal migration of the stock.

UK otter trawl fleet

Few boats in the fleet were covered by the VMS data even in the period where VMS
monitoring was compulsory for boats greater than 15 m. The fleet taking sole largely
operates inshore on small, multipurpose vessels not covered by VMS. The general
area of operation is similar to that of the beam trawl fleet targeting sole, but generally
further in-shore given the relative size of the vessels. VMS tracks examined for the
larger otter trawlers were found to be unrepresentative of the activities of the otter
trawl tuning fleet.

Although no French VMS data were available, discussions with the French represen-
tative at WKFLAT 2009 indicated that the French fleet was also largely coastal on the
French side, prosecuted by netters and otter trawlers. Netters and otter trawlers op-
erating on or near the spawning grounds take a significant proportion of the annual
French landings during the first quarter. Consequently, the first quarter landings
contain a larger proportion of larger fish than catches later on in the year. The major-
ity of 2nd—4th quarter catches are taken by otter trawlers and represent a significant
proportion of newly recruited sole.

The activities of UK and French fleets in Vlle are discrete. An area in the central
channel and the western part of the division are rarely exploited for the targeting of
sole. However sole are found relatively ubiquitously in most of the division, all be it
in lesser abundances compared with the areas extensively fished (Figure 3.4.4). There
is little evidence of how this distribution may have changed over time.

There also is little information on the historical spatial distribution of sole in the divi-
sion, current knowledge indicates that sole are wide spread in the division, with most
areas outside the western part of the central channel containing at least some sole
(Figure 18). Two discontinuous areas of higher concentrations are located on the UK
and French coasts in the eastern part of the region and indeed these are the spatially
distinct areas of operation of the UK and French fleets. There are significant portions
of the stock that remain unfished entirely. The effects of this on the assessment as-
sumptions of completely mixed populations are unknown. But this pattern has been
consistent for at least the last decade and probably longer.
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Environmental drivers of stock dynamics

Little is known about the effects of the environment on the stock dynamics of VIle
sole. Certainly the division is on the convergence between the Celtic Sea proper and
the Channel/North Sea ecosystem. If predicted increases in temperature were to ma-
terialize, changes to the stock dynamics of this and other species in the division
would be expected. To date there is good evidence of a sizeable increase in the abun-
dance of bass in the area, a species with a similar pan European distribution as sole.
In addition there is some anecdotal evidence of changes in the range of some species
such as langoustine, triggerfish, and black sea bream from warmer parts of the Atlan-
tic. In the North Sea it has also been suggested that cold periods immediately prior to
spawning have a tendency to increase year-class strength and there is some indica-
tion of this for this stock, however no statistical analysis has been carried out to date.

Role of multispecies interactions

Not investigated during the benchmark workshop.

Impacts on the ecosystem

Not investigated during the benchmark workshop.
Stock assessment methods

3.8.1 Models

Three assessment models were investigated during the workshop for this stock.

XSA

XSA (implemented in FLR) as the currently used model was implemented in a variety
of ways. The investigation of this model was largely carried out at WGSSDS 2008 as
at the time ICES scheduled this to be a benchmark assessment every year because it
was the subject of a recovery/management plan. The XSA method is well known to
ICES so its assumptions are not further elaborated on here.

AM

AM (a model), developed by Jim Ianelli and tested during the workshop is developed
in ADModel Builder. It is a highly flexible implementation of a statistical catch-at-age
model used for a number of North American fisheries assessments. The model has
not been extensively reviewed by ICES and is used here mainly to understand the
data sources, their conflicts and how this results in the observed retrospective pat-
tern.

SURBA

Surba (V2.2) provides trends only information on the fishery using survey or com-
mercial tuning information. A more recent version of the model implementing simul-
taneous multi survey approach is available, but the code has been found to be
‘buggy’ in certain circumstances so its implementation was avoided. A more detailed
description of the model can be found in the background documents to the work-
shop. The model was used to evaluate the internal consistency of both survey and
commercial tuning data so its results are described under those sections. However the
model was unable to converge using the FSP tuning information so this could not be
evaluated.
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3.8.2 Sensitivity analysis

Not investigated.

3.8.3 Retrospective patterns

No analytical assessment is presented because of the strong retrospective pattern in
the previously employed methodology. These issues were thoroughly investigated
during the workshop but could not be resolved.

3.8.4 Evaluation of the models

XSA

This stock has been assessed using XSA routinely. A few years ago the quality of the
assessment declined with a tendency to underestimate SSB and overestimate F in the
most recent years. This was made worse by the inclusion of French age data in the
catches from 2003 onwards The preliminary analysis of tuning and catch data at
WKFLAT 2009 failed to shed light on the reasons for this retrospective bias, so the
aim was to see if different choices in the XSA settings could at least indicate reasons
for this. Different shrinkage options, assumptions about the age of constant catchabil-
ity, and population shrinkage (not currently used in this assessment) were examined.
Although by trial and error it was possible to develop an assessment that did not
display the retrospective bias, diagnostics indicated that these in general were poor
representations of the available data.

A number of plots are represented indicating that the uncertainty in terms of the
model settings is mainly concentrated in the historical part of the time-series. In gen-
eral all model implementations assume a rise in historical SSB followed by a sharp
decline in SSB following some of the greatest landings from this fishery in the late
1980s. Invariably the models indicate a commensurate increase in F’'s with the in-
crease in landings having been variable but roughly stable since then. Estimates of F
in the most recent assessments indicate a further increase in the last five years or so.
The slope of these increases and the length of the period of increase varied dependent
on the basis of the model parameter choice, but the actual values were invariably
revised downwards in a retrospective analysis in subsequent years.

When using only the most recent data and when splitting the commercial beam trawl
fleet into two periods, the retrospective pattern persisted. Using only the UK-BTS
survey for tuning in the same period improved the degree of bias, but F estimates
remain very variable and a significant portion of the SSB is not monitored, as the
survey provides no information for ages >9.

It was concluded that there were irreconcilable differences in the data sources used in
the assessment (model bias). Consequently, it was concluded that it is not possible to
produce an analytical assessment indicative of the stock trends in recent years until
these data conflicts are resolved.

AM

The main benefit of the model for this stock is that it treats uncertainty explicitly so
that it was possible to investigate the effects of the FSP series, both in terms of the
mean abundance estimate and the uncertainty surrounding it. It was found to in-
crease uncertainty in recent estimates suggesting that it conflicted with other data
sources. Because insufficient data were available to examine whether these differ-
ences were real or resulted from inconsistencies in the data aggregation, WKFLAT



16 |

3.9

3.11

ICES WKFLAT REPORT 2009

2009 recommends that the procedure is described in more detail and analyses, par-
ticularly with regard to the effects of boat changes, be provided.

Despite the more realistic modelling of the fisheries and stock dynamics, the model
suffered from the same difficulties as the XSA in explaining data conflicts and pro-
duced a similar retrospective pattern in F and SSB.

Stock assessment

A full analytical assessment of this stock using XSA is currently not possible because
of the conflict of the catch-at-age information with the tuning data. As this conflict
remains when commercial tuning information (65% of landings) is used, it may well
be a case that the estimation of effort for the commercial series needs to be revised as
it is based on historical estimates of the relationship between horsepower and
catchability. However this is certainly not the only cause as an assessment tuned to
surveys only still has problems. While the historical development of the stock seems
more certain, recent estimates of F are inappropriate for management. The current
implementation of the assessment method cannot be seen as indicative of recent stock
trends and therefore should not be applied until the issues have been resolved.

A method able to take account of all available data sources as well as accurately esti-
mating their uncertainty should be developed. The AM model examined at WKFLAT
2009 is a step in the right direction, but further work is required to include historical
age data from France, better estimation of effort in commercial tuning data, model
based estimation of the level of under reporting for the period 1989 to 2000, and an
examination of the FSP survey data and the effects of changing vessels. In addition, a
better understanding of ICES scientists as to the assumptions in the model and how
representative these are in terms of the fisheries and stock dynamics will be needed.

In the interim management will be difficult and in many ways will be subjective.
Nevertheless, there are some things that are relatively certain regarding the status of
the stock. The stock is overfished with regards to the long-term management target,
the stock is not in imminent danger of collapse and any reduction in F will serve to at
least improve stock levels. Movement of SSB outside the observed range where stock
dynamics become uncertain must be avoided at all costs.

Recruitment estimation

Estimation of recruitment in the final year of the assessment has been found to be
variable. This is based on a single data point in a variable survey index, so the WG
has routinely replaced this value with GM recruitment discounted for natural mortal-
ity, following a substantial overestimate of the incoming year class. This methodol-
ogy should continue until the reasons for the survey variability at that age can be
established or corrected.

Past recruitment estimates are very consistent between the three methods, but his-
torical SSB estimates differ substantially as a consequence of differences in the start-
ing assumptions between the XSA and AM models. Consequently, the interpretations
of a stock recruit relationship differ substantially between the models. The historical
method of using GM recruitment for future year classes should be maintained as this
seems to be independent of model choice.

Short term and medium term forecasts

Given the strong retrospective pattern in the current assessment short-term forecasts
are likely to be similarly biased. The source of the current bias could not be system-
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atically isolated or corrected so short-term forecasts for this stock should not be used
in management.

Until a more robust analytical assessment is available management of this stock could
be based on the scrutinized survey data, but it needs to be born in mind that the sur-
vey is representative only of a spatially restrictive portion of the stock and does not
monitor older ages (>9).

Biological reference points

Biological reference points in this stock were set in 1998 as described in the table be-
low along with the reasoning. Reference points needed to be amended in 2001, as a
consequence of a change in the assessment method. Increasing the plus group led to
an increase in the absolute levels of SSB for which reference points needed to be re-
calculated.

WG(1998)/ACFM(1998) SINCE WG(2001)/ACFM (2001)
Age range extended from 1-10+ to 1-12+
Flim 0.36 (Floss WG98) 0.28 (Floss WGO01)
Fpa 0.26 (Flim*0.72) 0.20 (Flim*0.72)
Blim 1800 t (Bloss= B73 WG98) 2000 t (Bloss= B00 WGO01)
Bpa 2500 t (Blim*1.4) 2800 t (Historical development)

Since then WG has suggested further changes to the reference points as a conse-
quence of further changes to the assessment method which changed the perceived
status of the stock, but these recommendations have not been adopted by
ACF/ACOM, nor were reasons given for the rejection of the reference point amend-
ments. Investigations with respect to the management plan developed by the WG
first in 2003 and repetitions of the exercise in subsequent years indicated fishing mor-
talities of 0.27 have a less than 5% probability of driving the stock down to levels of
SSB where stock dynamics are uncertain (outside the observed range of SSB), while
maintaining catches within 90% of MSY. These conclusions were drawn from stochas-
tic evaluations of the stock dynamics using CS5. The commission accepted this value
as the long-term management target of the stock, but ICES till now has failed to ac-
cept adjusted F reference points commensurate with these levels. Consequently the
official classification of the management plan is to imply that current Fs are not pre-
cautionary.

WKFLAT 2009 recommends that the current reference points be reviewed once a new
analytical assessment has been accepted. Until such time, these reference points
should not be used in management.

Recommended modifications to the stock annex

The current assessment methodology should not be used for a short-term forecast or
to assess recent levels of SSB because of the consistent retrospective patterns in F and
SSB. Nevertheless there is information to provide some advice on stock trends, and a
suitable method to do this should be sought in the interim.

The UK-CBT tuning fleet indicates a gradient in the assessment residuals and some
indication of a decline in the abundance of older ages in recent years. This is not ob-
vious from the other fleets and may in part be the result of an old effort correction
method. This should be investigated and updated if necessary.

The FSP survey needs to be investigated further in terms of its consistency and data
and methods provided as to how this was derived.
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Reference points should be revised once a new analytical assessment is accepted by a
future Benchmark Workshop.

Estimation of weights-at-age should be revised to not include in-year smoothing
through the plus group.

Recommendations on the procedure for assessment updates

It is not possible to perform an analytical assessment on this stock at this point. New
assessment methods, particularly fully statistical models, should be investigated with
further scrutiny of the data sources.

Industry supplied data

A survey of western Channel sole and plaice has been carried out each autumn since
2003 as part of the UK Fisheries Science Partnership (www.cefas.co.uk/fsp). A full
report of the 2003-2008 surveys is available on the website. This survey has been used
by ICES for tuning the VIle plaice assessment. Equivalent abundance indices at age
for Vlle sole are available for 2003—2008. The survey is confined to UK waters and is
divided into eastern and western areas, each surveyed by a different vessel. The
western survey uses twin 4 m beam trawls, the eastern survey twin 12 m beam trawls
except in 2008 when the same vessel fished both areas using 4 m beams. A compara-
tive set of tows carried out in 2008 in the east, using the same vessel and 12 m beams
as used in 2003-2007, indicated very similar catch rates of sole by length class after
standardizing as numbers-per-metre beam length-per-hour towed.

The SSB index for the survey follows the same trend as the 2008 ICES XSA assess-
ment except for 2008 when the FSP index declines compared with the XSA values.
The age-based indices from the survey do not demonstrate any marked year-effects,
and the internal consistency in tracking year classes appears reasonable. Although the
time-series is only six years long, the survey indices contain information on trends in
abundance and appear suitable for evaluation within a catch-at-age assessment
framework.

WKFLAT 2009 recommends that the western Channel sole and plaice autumn survey
be investigated further with a view to its incorporation in future assessments. (See
also section on survey information).
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Figure 3.2.1. Sole in VIIe. means standardized index for the UK-BTS by year.

| 19

Z estimates

log catch ratio estimates for the UK-BTS

year

©® N o b W N

Figure 3.2.2. Sole in VlIle. log catch rations by age for the period 1988-2007 for the UK_BTS sur-

vey.
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Figure 3.2.3. Sole in VIIe. Means standardized abundance index by year class for the UK_BTS

survey.
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Figure 3.2.4. Sole in VIIe. Z estimates over time as modelled by SURBA.
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Figure 3.2.5. Sole in VIIe. Log catch ratios for the FSP-survey.
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Figure 3.2.6. Sole in VIle. Age specific abundance indices plotted by year class for the FSP survey.
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Figure 3.2.7. Sole in VIle. age specific abundance indices plotted by year for the FSP survey.
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Figure 3.2.8. Sole in VIle. log catch ratios-by-age for the UK-commercial beam trawl tuning fleet.
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Figure 3.2.9. Sole in VIle. means standardized index for the UK-CBT tuning fleet by year.

UK-CBT: empirical mean Z (unsmoothed)

| 23

.80

.70+

.60

.50 1

40 -

MeanZ 3-7

.30

.20+

10+

1990

1995

Year

2000

Figure 3.2.10. Sole in VIIe. SURBA estimates of Z based on UK-CBT data.
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Figure 3.2.11. Sole in VIle. Means standardized abundance of the UK-CBT tuning fleet by year
class.
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Figure 3.2.12. Sole in VIIe. Log catch ratios-by-age for the UK-COT tuning fleet by year.
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Figure 3.2.14. Sole in VIIe. means standardized index for the UK-COT tuning fleet by year class.
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Vlle Beam trawl VMS tracks for year = 2005
(different colours == different trips)

month=1

Figure 3.4.1. Sole in VIIe. VMS data for UK beam trawlers in 2005 showing little seasonal change
in distribution. Points in the western part of the area represent mainly beam trawlers from

Newlyn that target monkfish and megrim mostly.
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Vile Beam trawl VMS tracks for month = 7
(different colours == different trips)

2006 2007

Figure 3.4.2. Sole in VIIe.VMS data for UK beam trawlers in July demonstrating little interannual
variation in distribution. The apparent increase in the early years is ascribable to an increase in
the use of VMS, rather than an increase in the number of boats in the fleet. Points in the western
part of the area represent mainly beam trawlers from Newlyn that target monkfish and megrim

mostly.
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Figure 3.4.3. Sole in VIle. Estimates of average yearly F’s (ages 3-7) calculated from monthly lpue
estimates in consecutive years with the red line indicating the overall trend over the period 1982-
2000 for ages.
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Figure 3.4.4: Sole in VIle. Sole distribution as part of a beam trawl survey carried out in 2006 to
investigate the extent of the distribution of sole in the division as a whole. Greater than 80% of
hauls contained sole, and the distribution was relatively even. The areas of the highest concentra-
tions observed were those that are known to be exploited by the UK and French fleets.
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Sole in Division VIid (Eastern Channel)

Current stock status and assessment issues

The assessment model used is XSA. The assessment has been accepted by ICES as an
analytic assessment. Overall the quality of the assessment is estimated to be good
because there is very little retrospective pattern in fishing mortality, SSB and recruit-
ment, however recruitment estimates in recent years are highly variable impairing
the short-term forecast. Based on the most recent estimate of SSB and fishing mortal-
ity, ICES classifies the stock as having full reproductive capacity and at risk of being
harvested unsustainably. The spawning-stock biomass has been fluctuating around a
mean of about 10 000 t since 1982, and is currently above Bpa which is currently set at
8000 t. The fishing mortality has decreased since 1999 and has been around Fypa since
2001. Recent recruitment has been strong, with the 2001 and 2004 year classes being
the two highest of the time-series (1982-2007). The estimates of the incoming year
class are entirely based on two surveys, the International Young Fish Survey (YFS)
and the UK beam trawl survey (UK-BTS). The International YFS index is a combined
French-UK survey index. Since 2007, the UK part of the survey has not been con-
ducted. Therefore the combined index was not used in last years’ assessment and
may not be available in future. The impact of the missing UK YFS survey data on the
assessment was investigated during this bench mark working group (see Section
423.1.).

Compilation of available data

4.2.1 Catch/landings data

Data on landings is available since 1982. More detailed information is available in the
stock annex.

The landings are taken by three countries: France (50%), Belgium (30%) and England
(20%). Age sampling for the period before 1980 was poor, but between 1981 and 1984
quarterly samples were provided by both Belgium and England. Since 1985, quarterly
catch and weight-at-age compositions were available from Belgium, France, and Eng-
land.

Although discard information has been collected since 2003 by all three countries for
the major fleets, this information has not been incorporated in the assessment. How-
ever, preliminary results suggest that discards are not a substantial part of the catch
for this high valued species (around 5% by weight and around 10% by numbers).
Therefore, it was concluded that not incorporating discards in the sole VIId assess-
ment is unlikely to have a major impact. Nevertheless, the working group decided
that future information on sole discards should be monitored.

4.2.1.1 Evaluation of the quality of the catch data

Black landings are not considered a problem in this stock. Allocation of landings from
adjacent areas (VIle into VIId) has occurred in the past, particularly by UK vessels
from ICES rectangle 29E7 into 29E8. Correction for this area misreporting has been
taken into account in the assessment.

4.2.2 Biological data

No new biological data were examined during the benchmark working group (more
detailed information is available in the stock annex).
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4.2.3 Survey tuning data

Relative abundance survey indices available and used in the assessment are the fol-
lowing;:

e UKbeam trawl survey (UK-BTS)-1988—present, for ages 1 to 6.

e International Young Fish Survey (combined index of UK and French YFS)-
1987-2006, for age 1.

Note: Combined index only available until 2006 (since UK-YFS was halted in 2006).
French YFS available until present.

4.2.3.1 Evaluation of the quality of the survey data

Two survey indices are available for the assessment: the UK beam trawl survey from
1988 until present and the International YFS (as a combined index) from 1987 until
2006.

As the UK index of the International YFS is not available for 2007 and will not be
available for 2008, the Working Group decided to investigate possible consequences
for the assessment in future. Since 2002, both indices (UK and FR) have been used in
the assessment as a combined index, providing better diagnostics than the indices
separately. Single fleet XSA runs for the separate indices reveal worse diagnostics
than using the combined series. Retrospective analysis using the combined series and
using the UK and French indices as separate series demonstrate very little change in
retrospective pattern (Figures 4.2.1 and 4.2.2).

To investigate the impact of missing the UK series in future, an arbitrary five years of
the UK series was omitted and the assessment rerun. The retrospective patterns of
fishing mortality, SSB and recruitment hardly changed compared with the use of the
whole available time-series of the UK index (Figure 4.2.3).

Figure 4.2.4 shows that there is almost no difference between the assessments using
two commercial tuning fleets, the UK-BTS survey and (a) the combined YFS index, (b)
the separate YFS indices from UK and France and (c) only the French YFS index.

4.2.4 Commercial tuning data
4.2.4.1 Evaluation of the quality of the commercial tuning data

Horse Power correction Belgian Beam trawl tuning fleet

One of the commercial tuning fleets in the assessment is the Belgian beam trawl fleet.
The effort is corrected for horse power, based on a study carried out by IMARES and
CEFAS in the mid 1990s (no reference available). The study calculated an effort cor-
rection for HP applicable to sole and plaice effort in the beam trawls fisheries. The
corresponding equations for sole is P = 0.000204 BHP”*1.23. This equation was esti-
mated some 20 years ago, when the horse power deployed was substantially less than
at present time. Therefore the Working Group decided to investigate a more realistic
horse power correction for the Belgian beam trawl fleet.

Objective: to estimate of a conversion factor for horse-power (HP) for the Belgium
beam Trawl vessels to convert nominal fishing effort to effective effort.

Data provided: Belgium vessel catch rates as kilograms of sole per hour with year,
month, day, and vessel_ID. Data from 1996 to 2006 (9511 records). Preliminary analy-
sis indicated 161 different vessels of which about 44 have HP between [216-225] HP,
accounting for about 60% of records, and 117 vessels, most with HP between 500 to
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1000 HP (Figure 4.2.5). Belgium scientist indicated that this group of about 221 HP is
likely a group that misreporting HP. Thus it was suggested classifying the vessels
into 2 classes; class 1 vessel with HP [216-225] HP, and class 0 the rest of the vessels.
A plot of the nominal catch rates against HP demonstrates an increasing trend with
HP, especially if the class 1 vessels are excluded (Figure 4.2.6 a-b). A plot of log trans-
formed catch rates by year and class vessel also demonstrates an increasing trend
with years, but different by vessel class, where class 1 demonstrates a lower overall
nominal catch rates (Figure 4.2.7). However the data also demonstrates a wide range
on catch rates for all vessels. The increase of HP with year is apparent once the vessel
class 1 was excluded (Figure 4.2.8). Thus it is apparent the HP has a potential impact
in the sole catch rates and standardization of nominal rates should be done. Sole
catch rates were also different by month, indicating a seasonality effect (Figure 4.2.9).

The standardization of the nominal log transformed catch rates was performed using
a generalized linear model, including the Year, month, vessel class and HP factors.
Year, month and vessel class were treated as class factors, while HP was included as a
continuous linear variable. The model fit indicated that all factors were significant
(Table 4.2.1). Because the vessel class demonstrated different trends on catch rates, an
interaction of HP and vessel class was included in the model. The model fit demon-
strated a large residual variability. Plots of nominal catch rates by vessel_ID demon-
strates that this variability is mainly among vessels of the same class (Figure 4.2.10).
Because not all vessels are operating all years/month combinations, an approach for
accounting for this vessel variability is to consider each vessel as a sampling unit and
that their catch rates in a year-month are likely to be auto correlated. Therefore a sec-
ond model was developed, assuming vessel as subject with an autocorrelation (AR-1)
variance-covariance matrix. AIC information criteria indicated that this model fitted
better the observed data (Table 4.2.2).

Figure 4.2.11 shows the predicted catch rates vs. the nominal ones by vessel class, the
model predicted lower catch rates for the class 1 vessel overall. Figure 4.2.12 shows
that predicted catch rates by HP, where for the class 1 it effectively remove the effect
HP while for the class 0 vessels it predicted a linear increase in catch rates with HP.
Table 4.2.3 shows the horse power factor predictions. Table 4.2.4 shows the estimates
of fixed effects to the final model standardization cpue rates as function of HP and
other variables. Figure 4.2.13 shows a residual diagnostic plot. Figure 4.2.14 shows
the distribution studentized residuals.

In conclusion, sole catch rates for the Belgium beam trawlers have increased with
increases in HP, once the vessels that misreport HP are accounted for. The model
indicates approximately a 0.05 slope increase with HP in 1996-2007. However this is
only applicable to vessel of class 0, not for the class 1 vessels clearly. Therefore the
estimation of a single conversion factor for HP for the whole fleet is not advisable.
Standardization of effort should at least take into account to which vessel class it be-
longs. And the effects of seasonality within a year (month effect) should be also con-
sidered. The proposal is therefore that a standardization of nominal lpue procedure
be carry out including the factors mention above and predict catch rates for an Ipue
index instead of correcting only effort values.

The expected corrected values for standard HP and month/vessel class can be esti-
mated as:

LPUE= g, + p,Year + g,Month + g,VessK + ,HP + . HP *VessK

where the f’s are the estimated GLM parameters given in Table 4.2.1. The model like-
lihood estimation is presented below:
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Response: Igcpue, Distribution: Normal, Link: Identity, Observations (or Sum Wgts) = 9511

Whole Model Test

MODEL -LOGLIKELIHOOD L-R CHISQUARE DF PrROB>CHISGQ
Difference 1775.03976 3550.080 25 0.0000
Full 8138.08865
Reduced 9913.12841

GOODNESS OF FIT

STATISTIC CHISQUARE DF PROB>CHISQ OVERDISPERSION
Pearson 6165.810 9485 1.0000 0.6483
Deviance 6165.810 9485 1.0000

Effect Tests

SOURCE DF L-R CHISQUARE PrROB>CHISQ
Year 11 1728.385 0.0000
Month 11 118.68776 <.0001
HP 1 19.773625 <.0001
VessK 1 18.207051 <.0001
HP*VessK 1 17.61884 <.0001

Attempt to create a French effort series for trammelnets

In recent years, on average half of the landings of sole in VIId were realized by
France, predominantly by the trammelnet and demersal trawl fisheries. However, no
French commercial tuning data were available for these fisheries up till now. A first
attempt to create an effort series for the French trammelnets is presented below.

Tables 4.2.6-4.2.8 give an overview of information available on the French trammel-
net fishery in VIId. The absolute information in these tables is reliable from 2002 on-
wards. It should be noted that the dataset for 2008 is incomplete and therefore not
fully comparable with previous years. The percentage of trips where the dimension of
the gear is available increases over time, topping at almost 96% in 2007. Nevertheless,
the use of the actual information is impossible without some reconstruction of the
time-series.

The assumption that the time spent at sea (for trammelnets, time spent at sea equals
effort) is proportional to the length of the nets, does not stand (Figure 4.2.15). The
reason for this is certainly that Channel harbours are subject to high tides, meaning
that vessels may go at sea and come back only during high tides. With that configura-
tion, no relationship can be found between the time spent at sea and the length of the
net, thus it is impossible to reconstruct a time-series.

From there, there are several alternatives

e As there are more than 75% of the trips with gear length information, it
may be possible to adjust a General Linear Model with harbour, vessel
length, year, month and maybe mesh size on the variable net length. If the
explained variance is ok, this will constitute the series of effort.

e One might also try to investigate the consistency within vessels to see if the
gaps are vessels we don’t know or just trips we don’t know. In the latter
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case, it would be easy to fill the gaps with the information of that same
vessel’s surrounding trips.

In any case, an Ipue time-series can be built with the information that is available.
There is a risk to be evaluated on any bias if the improvement of the information by
time is not random (more and more small vessels report their length nets ...).

The Ipue calculated by the sum of the landings over area and year divided by the
sum of the effort (length of the nets * soaking time [days]) over area and year is given
in Table 4.2.9. The unit of the table is kilos-per-km*days [soaking time].

4.2.5 Industry/stakeholder data inputs

No industry/stakeholder data were provided to the flatfish bench mark working
group.

Stock identity and migration issues

The sole in the eastern English Channel (VIId) are considered to represent a separate
stock from the larger North Sea stock to the east and the smaller geographically sepa-
rate stock to the west in VIle. No new information on stock identity and migration
patterns has been provided to the working group. However, the influence of migra-
tion between stocks (in this case from the Thames estuary into VIId and the other
way around) and their potential influence on the assessment should be investigated.
See Stock Annex for more detailed information.

Spatial changes in the fishery and stock distribution

Effort and landings data by rectangle have only been provided by Belgium (33% of
total sole landings) and UK (16% of total sole landings). Unfortunately no rectangle
information was available for France (51% of total sole landings).

The Belgian data originates only from beam trawls which accounts for more than 98%
of the total Belgian landings. The time-series covers 1996 to 2007. The UK data are
available by the following gear categories: beam trawl, gillnets, demersal otter trawl,
dredges, pots and driftnets, which account respectively for 49%, 36%, 13%, 1%, 0,4%
and 0,1 % of the UK sole landings. The time-series covers 1982 to 2007.

The Belgian spatial effort and landings patterns are very similar for all the years
available. Efforts and landings have increased substantially since 2002, although the
distribution has not changed remarkably over the years. Although the effort is dis-
tributed all over the whole area VIId, there is substantially more effort deployed
along the UK coast, particularly in rectangle 30F0 and also in rectangle 29E9. The
same pattern is also observed for the landings data (Figure 4.4.1 a-b).

For UK, only the gear categories with the most abundant sole landings are plotted sc.
beam trawl (49%), gillnets (36%) and demersal otter trawls (13%).

Effort deployed by the UK beam trawl fleet has been spread over the whole area VIId
for most of the time-series. The highest concentrations have been observed along the
UK coast and in particularly in rectangle 30F0. UK landings by the beam trawl fleet
have also been taken for most of the time-series from all over the area VIId. The high-
est uptake for 1984, the period 1991-1999 and 2006 was from rectangle 30F0. (Figure
4.42 a-b).

Effort deployment by UK gillnet fisheries over the whole time-series is concentrated
over the UK coast. Since 2007, the effort in rectangles 30E8 and 30F0 was substantially
higher than for the rest of the time-series. The landings are also taken from the rec-
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tangles along the UK coast where rectangle 30F0 has the highest abundances over the
whole time-series. (Figure 4.4.3 a-b).

Effort by the UK otter trawl fleet has been deployed from 1982 to 1987 mostly along
the UK coast, with the highest concentrations in rectangle 30F0. Since 1988, effort has
also being deployed further south up to 50° N. For 1988 to 2005, no particularly high
effort deployment was noticed in rectangle 30F0. However since 2006, again higher
effort concentrations have been observed in this rectangle. The landings pattern of the
UK demersal otter trawl fleet is very similar to the effort pattern apart that the land-
ings form rectangle 30F0 is far dominant of the whole time-series compared with the
other rectangles. (Figure 4.4.4 a-b).

4.5 Environmental drivers of stock dynamics

Vaz et.al., 2007 concluded that four sub-communities in relation to depth, salinity,
temperature, seabed, shear stress, sediment type and benthic community nature
could be assumed. The community relationship with its environment was remarkably
stable over the 17 years of observation (see stock annex for more details). No new
information was available to the Benchmark Working Group.

4.6 Role of multispecies interactions

No evaluations of multispecies interactions have been carried out at the Benchmark
Working Group.

4.7 Impacts on the ecosystems

The increasing concern about the ecosystem effects of fishing on the marine environ-
ment and particularly, the impact of trawling on benthic communities is reflected in
numerous publications. The weight of this concern will very likely only increase in
management decisions in the near future. Beam trawling has a negative reputation
with regard to discarding and seabed impact and may be confronted with further
constraints imposed by the fisheries management.

The fishing industry has, however, the opportunity to anticipate management deci-
sions and to adopt improved fishing gears, i.e. with reduced discarding and reduced
environmental impact. A proactive attitude and a voluntary uptake of improved
gears allow the industry to shape the alterations to the specific conditions of the fish-
ery and the fishing grounds.

For the chain matrix beam trawl, many studies have been carried out on a wide vari-
ety of technical alterations to the beam trawl to improve the length and species selec-
tivity, to reduce ecosystem effects and to reduce fuel consumption. The ILVO-Fishery
institute has carried out many of these experiments and has recently been testing and
promoting a combination of successful alterations. The improved trawl has been
called the “alternative beam trawl” and has already been commercially tested for two
years on a beam trawler. It consists of a number of simple and cheap alterations to the
beam trawl.

A compilation report was made by ILVO (Depestele et al., 2008) of the most success-
ful technical alterations for the beam trawl. The alternative beam trawl is not strictly
defined and can consist of any combination of selective devices presented in this re-
port or even new devices that prove to be successful. The basic idea is that each de-
vice that has undergone scientific scrutiny can be further developed by the industry
in close cooperation with the fishery institute.
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The table (Table 4.7.1) below gives an overview of the devices tested with a sketchy
indication of their effects.

Table 4.7.1: overview of the devices tested with a sketchy indication of their effects.
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Commercial flatfish catch 0 0 - + +
Commercial roundfish catch o - - o) - -
Discards comm. fish <MLS 0 - - o — —
Discards non-comm. catch o o o — - —
Fuel consumption - - - o o o

+=increase, - = decrease, 0 = no change.

Other devices like a narrow codend, a tunnel in square meshes, selective electric
stimulation in the trawl, etc. are being tested by ILVO-Fishery. At present, though,
sufficient effective selective devices are available to construct an alternative beam
trawl with a significantly reduced environmental impact.

Stock assessment methods

4.8.1 Models

The assessment model used for sole in Division VIId (Eastern Channel) is XSA. No
new models have been investigated during this Benchmark Working Group.

Stock assessment

Apart from investigations on disaggregated tuning indices (UK and French YFS
indices-see Section 4.2.3.) no new data inputs were introduced in the stock
assessment during this Benchmark Working Group.

Recruitment estimation

No new information was available.

Short term and medium term forecast

If the estimates of the two surveys (UK-BTS and French YES) diverts substantially in
estimating the year class strength, it may be considered to replace the final estimates
by GM.

Biological reference points

The biological reference points for sole in division VIId are:
Bpa  Fpa  Flim
8000t 0.4 0.55

The rationale behind these reference points is described in the Stock Annex. No alter-
native values were proposed by this Benchmark Working Group.
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4.13 Recommended modifications to the stock annex

Influence of missing UK Young Fish Survey indices

In the absence of any update of the UK component of the YFS index the available
time-series of the UK component should still be used in the assessment. Next to this
series, the French component of the YFS index should also be used.

Horsepower correction for commercial tuning series

The horsepower correction for the commercial Belgian beam trawl fleet should still be
applied as documented in the Stock Annex. However, if a new corrected effort series
is available (see Section 4.2.4.1) it should be used under condition that they are re-
viewed and approved by ICES.

4.14 Recommendations on the procedure for assessment updates

Availability of French tuning series

There is no tuning information available from the French commercial fleets, account-
ing for about 50% of the sole landings in Area VIId.

The Working Group highly recommends that effort should be conducted to make
data available for stock assessors to construct tuning series for these fisheries. At-
tempts have been made during this Benchmark Working Group to calculate an effort
series for the French gillnet fishery which is responsible for about 25% of the sole
landings in Area VIId (see Section 4.2.4.1 b).

Influence of missing UK Young Fish Survey indices

The UK component of the YFS index is not available for 2007 and 2008, resulting in
the unavailability of the combined YFS-index. This combined index has been estimat-
ing the incoming year-class strength very consistently, hereby providing reliable es-
timates to the forecasts. Although results of using the YFS indices separately (YFS-
France for 1987-present and YFS-UK for 1987-2006) did not display apparent changes
in retrospective patterns for fishing mortality and SSB, recruitment estimates in re-
cent years are highly variable impairing the short-term forecast.

The Working Group therefore recommends (1) that the UK survey should continue
and (2) that the French YFS continues to be included in the assessment.

Horsepower correction for commercial tuning series

Investigations of a possible horse power correction for the Belgian beam trawl fleet
indicate that a more realistic approach could be implemented.

The Working Group therefore recommends that the effort series for the Belgian beam
trawl fleet should be recalculated and the XSA-diagnostics evaluated (see Section
4.2.4.1 a) before the next update assessment.

Spatial distribution of effort and landings

Information on spatial distribution of effort and landings was only available from the
Belgian and the UK fleets. This only comprises around 50% of the total sole landings
in Area VIId.

The Working Group recommends that, where possible, spatial distribution of effort
and landings from the major fleets should be provided, and notes that this informa-
tion could be incorporated into future tuning series.
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Discards

The Working Group recognizes that the discards are not a substantial part of the
catch for this highly valued species (around 5% by weight and around 10% by num-
bers). However there is still a need for age aggregated discard information for possi-
ble use in the assessment.

The Working Group therefore recommends that this information should be provided
to the WGNSSK as soon as possible for the major fleets involved in the sole fisheries
in Area VIId.

Industry supplied data

No data were provided by the industry on sole in Division VIId to the Benchmark
Working Group.
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Table 4.2.1. Sole in VIId. Fit model 1 results for standardization of log-transformed Ipue of sole

for the Belgium Beam trawl dataseries.

EFFECT YEAR MONTH VESSK ESTIMATE STDERR
Intercept -7.92141 3.213055
Year 1996 -0.7816 0.058183
Year 1997 -0.73195 0.050753
Year 1998 -1.03521 0.061101
Year 1999 -0.90257 0.058831
Year 2000 -0.70132 0.054266
Year 2001 -0.61682 0.050044
Year 2002 -0.56574 0.046801
Year 2003 -0.0949 0.043024
Year 2004 0.149689 0.042921
Year 2005 -0.05885 0.044485
Year 2006 -0.00068 0.043323
Year 2007 0
Month 1 0.026013 0.034375
Month 2 0.071439 0.036496
Month 3 0.183559 0.036241
Month 4 0.218803 0.040038
Month 5 0.103676 0.050144
Month 6 -0.04503 0.053856
Month 7 -0.03488 0.053832
Month 8 -0.08827 0.051444
Month 9 -0.05114 0.048769
Month 10 0.066964 0.046492
Month 11 0.088353 0.039382
Month 12 0
VessK 0 10.3228 3.213207
VessK 1 0
HP 0.049091 0.014572
HP*VessK 0 -0.0477 0.014572
HP*VessK 1 0

Table 4.2.2. Sole in VIId. Comparison of AIC criteria for the models of catch rates as function of

year, month, HP and vessel class. Model 1 includes only fix factors assuming independence of

observations. Model 2 assumes Vessel as unit subject (A repetitive measurements model) with an

autoregressive (1) variance covariance matrix, that assumes a higher correlation between consecu-

tive observations for a given vessel ID unit.

MODEL 1 VESs ID AR(1)
-2 Res Log Likelihood 23015.5 22379.8
AIC (smaller is better) 23017.5 22383.8
AICC (smaller is better) 23017.5 22383.8
BIC (smaller is better) 23024.7 22390.0
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STD
EFFECT  VESSK EST ERROR DF T VALUE PR > |T| ALPHA LOWER UPPER
VesskK 0 2.657 0.033 157  80.933 0.0001 0.05 2.592 2.722
VessK 1 14.794 3.649 157  4.05418 0.0001 0.05 7.586 22.002

Table 4.2.4. Sole in VIId. Estimates of LSMeans for the fixed factors year, month, and vessel class.

EFFECT YEAR MONTH  VEssK EsT STDERROR DF  TVALUE PR> |[T| ALPHA LOWER  UPPER
Year 1996 8.389 1.8255 769 4.596 0.0001 0.05 4805 11.972
Year 1997 8.438 1.8252 769 4.623 0.0001 0.05 4.855 12.021
Year 1998 8.135 1.8254 769 4.457 0.0001 0.05 4552 11.719
Year 1999 8.268 1.8262 769 4.527 0.0001 0.05 4.683 11.853
Year 2000 8.469 1.8246 769 4.642 0.0001 0.05 4.887 12.051
Year 2001 8.553 1.8245 769 4.688 0.0001 0.05 4972 12135
Year 2002 8.605 1.8245 769 4.716 0.0001 0.05 5.023 12.186
Year 2003 9.075 1.8247 769 4974 0.0001 0.05 5493  12.658
Year 2004 9.320 1.8242 769 5.109 0.0001 0.05 5.739  12.901
Year 2005 9.111 1.8252 769 4.992 0.0001 0.05 5.529  12.694
Year 2006 9.170 1.8253 769 5.024 0.0001 0.05 5.586 12.753
Year 2007 9.170 1.8250 769 5.025 0.0001 0.05 5.588 12.753
Month 1 8.706 1.8245 1007  4.772 0.0001 0.05 5.126  12.287
Month 2 8.752 1.8248 1007  4.796 0.0001 0.05 5171  12.333
Month 3 8.864 1.8247 1007  4.858 0.0001 0.05 5.283  12.445
Month 4 8.899 1.8251 1007  4.876 0.0001 0.05 5.318 12.481
Month 5 8.784 1.8252 1007  4.813 0.0001 0.05 5.202 12.366
Month 6 8.635 1.8243 1007  4.734 0.0001 0.05 5.055 12.215
Month 7 8.645 1.8261 1007  4.735 0.0001 0.05 5.062 12.229
Month 8 8.592 1.8265 1007  4.704 0.0001 0.05 5.008 12.176
Month 9 8.629 1.8254 1007  4.727 0.0001 0.05 5.047 12.211
Month 10 8.747 1.8240 1007 4.796 0.0001 0.05 5.168 12.327
Month 11 8.769 1.8245 1007  4.806 0.0001 0.05 5.188 12.349
Month 12 8.680 1.8243 1007  4.758 0.0001 0.05 5.100 12.260
VessK 0 2.657 0.0328 157  80.933 0.0001 0.05 2.592 2.722
VessK 14.794 3.6491 157 4.054 0.0001 0.05 7586  22.002
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Table 4.2.5. Sole in VIId. Estimates of fixed effects final model standardization cpue rates as func-
tion of HP and other variables. Model include vessel ID as subject and AR(1) variance-covariance
matrix structure.

STD
EFFECT  YEAR MONTH VESsK EsT ERR DF  TVALUE PROBT ALPHA LOWER UPPER

Intercept -7921 3213 157 247  0.015 0.05 -143 -1.6
Year 1996 -0.781  0.058 769 -1343 0.001 0.05 -09 -0.7
Year 1997 -0.731  0.050 769  -1442 0.001 0.05 -0.8 -0.6
Year 1998 -1.035  0.061 769 -16.94 0.001 0.05 -1.2 -0.9
Year 1999 -0902  0.058 769 -1534 0.001 0.05 -1.0 -0.8
Year 2000 -0.701  0.054 769  -1292 0.001 0.05 -0.8 -0.6
Year 2001 -0.616  0.050 769 -12.33 0.001 0.05 -0.7 -0.5
Year 2002 -0.565 0.046 769 -12.09 0.001 0.05 -0.7 -0.5
Year 2003 -0.094 0.043 769 -2.21 0.028 0.05 -0.2 0.0
Year 2004 0.149 0.042 769  3.49 0.001 0.05 0.1 0.2
Year 2005 -0.055 0.044 769 -1.32 0186 0.05 -0.1 0.0
Year 2006 -0.0007 0.043 769  -0.02 0988 005 -0.1 0.1
Year 2007 0

Month 1 0.026 0.034 1007 0.76 0.449 0.05 0.0 0.1
Month 2 0.071 0.036 1007 1.96 0.051 0.05 0.0 0.1
Month 3 0.184 0.036 1007 5.06 0.001  0.05 0.1 0.3
Month 4 0.219 0.040 1007 5.46 0.001  0.05 0.1 0.3
Month 5 0.104 0.050 1007 2.07 0.039 0.05 0.0 0.2
Month 6 -0.045  0.053 1007 -0.84 0.403 0.05 -0.2 0.1
Month 7 -0.035  0.053 1007 -0.65 0517 005 -0.1 0.1
Month 8 -0.088  0.051 1007 -1.72 0.087 0.05 -0.2 0.0
Month 9 -0.051  0.048 1007 -1.05 0.295 0.05 -0.1 0.0
Month 10 0.067 0.046 1007 1.44 0.150 0.05 0.0 0.2
Month 11 0.088 0.039 1007 2.24 0.025 0.05 0.0 0.2
Month 12 0

VessK 0 10.323 3213 157 3.21 0.002 0.05 4.0 16.7
VessK 1 0

HP 0.049 0.014 157 337 0.001  0.05 0.0 0.1
HP*VessK 0 -0.048 0.014 157 -327  0.001 005 -0.1 0.0
HP*VessK 1 0
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Table 4.2.6. Sole in VIId. Number of trips using trammelnets.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1329 2292 8328 14026 14936 15020 16448 15804 15834 4383
Table 4.2.7. Sole in VIId. Number of trips with dimensions of the gear available.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

861 1606 5792 10235 11479 11979 13306 14566 15181 3876

Table 4.2.8. Sole in VIId. Percentage of trips with dimensions of the gear available.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

64,8% 70,1% 69,5% 73,0% 76,9% 798%  809%  922%  959%  884%
Table 4.2.9. Sole in VIId. Lpue (kilos per km*day) for the French trammelnet fishery in VIId.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

16.65 19.44 18.54 20.84 21.86 18.51 18.09 19.40 20.57
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Figure 4.2.1. Sole in VIId. retrospective XSA analysis (shrinkage SE=2.0). Two Commercial fleets +

UK-BTS survey + Combined YFS.
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Figure 4.2.2. Sole in VIId. Retrospective XSA analysis (shrinkage SE=2.0). Two Commercial fleets

+ UK-BTS survey + FR-YFS + UK-YFS.
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Figure 4.2.3. Sole in VIId. Retrospective XSA analysis (shrinkage SE=2.0) - All - min 5Y 2 Com-
mercial fleets + UK-BTS survey + FR-YFS + UK-YFS (minimum 5 years).
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Figure 4.2.4. Sole in VIId. Retrospective XSA analysis (shrinkage SE=2.0).

Series a) 2 Commercial fleets + UK-BTS survey + YFS combined
Series b) 2 Commercial fleets + UK-BTS survey + FR-YFS + UK-YFS
Series ¢) 2 Commercial fleets + UK-BTS survey + FR-YFS
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Figure 4.2.5. Sole in VIId. Distribution and cumulative density plot of HP for the Belgium beam

trawl vessels Ipue of sole from 1996 to 2007.
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Figure 4.2.6. Sole in VIId Top panel: Nominal sole catch rate (Kg/h) against HP by vessels
grouped into class 1 [216-224 HP] (blue) and class 0 all other vessels (red). Linear fit for Igcpue vr
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Figure 4.2.7. Sole in VIId. Nominal sole Ipue (Kg/h) by year and vessel class. Blue dots represent

class 1 vessels and red dots class 0 vessels.
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Figure 4.2.8. Sole in VIId. Distribution of HP by year and vessel class, blue dots represent class 1,

red dots class 0.

Figure 4.2.9. Sole in VIId. Nominal log transform catch rates of sole by month and vessel class.
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Figure 4.2.10. Sole in VIId. Nominal Ipue rates per vessel by vessel class (1) [215-226 HP], and

class 0 all others.
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Figure 4.2.11. Sole in VIId. Plot of the predicted sole log transform lpue vs. the nominal rates by
vessel class. Blue dots represent vessels class 1, red dots vessels class 0.
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Figure 4.2.12. Sole in VIId. Standardized log-lpue rates for sole from the Belgium beam trawl
fishery vs. the HP of the vessel by vessel class.
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Figure 4.2.13. Sole in VIId. Diagnostic plot, studentized residuals by predicted and vessel class.
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Figure 4.2.14. Sole in VIId. Distribution of studentized residuals.
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Figure 4.2.15. Sole inVIId. Scatterplot of time spent at sea vs. length of the nets for the French

trammelnet fishery in VIId.
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Figure 4.4.1 a) Spatial distribution of Belgian beam trawl effort.



ICES WKFLAT REPORT 2009

o & & & & " L 2
o
o
< |
o
3
ol
Effon (cwedays
O o<7ms
2 O 77175 <= 154350
B 154350 <= 231525
B 231525 < 308700
B 308700 <= 385875
B 385875 <= 463050
B 53050 < 540225
2,
T T T T
6 -4 2 2
Year = 2002
o & & & & " L r2
o
w
-
w
o |
w0 v
Effort (kW days
O 0<=77175
2 O 77275 <= 154350
O 154350 <= 231525
B 231525 < 208700
B 308700 <= 385675
B 385875 <= 463050
B 63050 <= 540225
T T T T
-6 -4 -2 2
Year = 2004
o & & & & " L 2
o |
o
< |
o
8 -
o
Effon (cwedays
O o<7ms
2 O 77175 <= 154350
B 154350 <= 231525
= 231525 < 308700
B 308700 <= 385875
B 385875 <= 463050
B 53050 < 540225
2,
T T T T
-6 -4 -2 2
Year = 2006

52

51

50

49

49

52

51

50

49

Effort (cW-days
0<=77175
77175 <= 154350

mE@oooo

Year =2003

Effont (cW-days
0<= 77175

77175 <= 154350
231525

308700
385875

sE@EoOoono

Year = 2005

Effont (cW-days
0<=77175
77175 <= 154350

mE@oooo

Figure 4.4.1 a) Spatial distribution of Belgian beam trawl effort, continued.
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Figure 4.4.1 b) Spatial distribution of Belgian beam trawl landings.
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Figure 4.4.1 b) Spatial distribution of Belgian beam trawl landings, continued.



58 | ICES WKFLAT REPORT 2009

& & & @ ) o f 2 & & @ o & w0 f ©
[N
wn
=
o
o |
B e
ettort (hours*b_width) ettor (pours*b,_ i)
> O <2202 > o
4 O 2260 <= aa85 4 o 2
< O 4485 <= 6728 ~ a
a a
= =
= =
13056 <= 15699 B 1356 < 15699
T T T T T T T T T T
-6 -4 -2 0 2 -6 -4 -2 0 2
Year = 1982 Year =1983
& B & & ) o o 1 2 e e e & e e o 1 2
o~
in
= |
)
o |
n v
ettort (hours*b_wdth) fort (hoursb_wid]
o
o | a
= a
@
o
11213 <= 13456 -
13456 <= 15699 O
T T T T T T T T T T
-6 -4 -2 0 2 -6 -4 -2 0 2
Year = 1984 Year = 1985
e e e = & e ro o r2 e e - & e 5 o F w2
8 8
o oN
v o
L] L]
L] E]
= = |
o i}
B B
R R
8 8 .
L] L]
fort (hours*b_widt| L] fort (hours*b_widt| L]
0 0<=2042 o
2 8 2202 <= aass 2 H
H 8 H 8
B 1306 <= 156{) B 13a56 <= 156
a a
T T T T T T T T T T
-6 -4 -2 (0] 2 -6 -4 -2 o 2
Year = 1986 Year = 1987

Figure 4.4.2 a) Spatial distribution of UK beam trawl effort.
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Figure 4.4.2 a) Spatial distribution of UK beam trawl effort, continued.
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Figure 4.4.2 a) Spatial distribution of UK beam trawl effort, continued.
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Figure 4.4.2 a) Spatial distribution of UK beam trawl effort, continued.
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Figure 4.4.2 b) Spatial distribution of UK beam trawl landings.
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Figure 4.4.2 b) Spatial distribution of UK beam trawl landings, continued.
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Figure 4.4.2 b) Spatial distribution of UK beam trawl landings, continued.
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Figure 4.4.2 b) Spatial distribution of UK beam trawl landings, continued.
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Figure 4.4.3 b) Spatial distribution of UK gillnets landings.
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Figure 4.4.3 b) Spatial distribution of UK gillnets landings, continued.
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Figure 4.4.3 b) Spatial distribution of UK gillnets landings, continued.
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Figure 4.4.4 a) Spatial distribution of UK otter trawl effort.
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Figure 4.4.4 a) Spatial distribution of UK otter trawl effort, continued.
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Figure 4.4.4 a) Spatial distribution of UK otter trawl effort, continued.
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Figure 4.4.4 a) Spatial distribution of UK otter trawl effort, continued.
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Figure 4.4.4 b) Spatial distribution of UK otter trawl landings.
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Figure 4.4.4 b) Spatial distribution of UK otter trawl landings, continued.
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Plaice (Pleuronectes platessa) in the North Sea (Subarea V)

5.1

5.2

Current stock status and assessment issues

The objective of this benchmark assessment is to improve the current assessment.
First a review of the most recent literature has been made, most of which will be in-
corporated into the stock annex and different sections of this report.

In the WGNSSK assessment in 2008 two major assessment issues have been put for-
wards 1) the quality of the discard data from the UK fishery and >100mm Dutch
fishery, and 2) the different signals in the three scientific tuning indices; the SNS, BTS-
Isis and BTS-Tridens. Both aspects will be studied in more detail and suggestions for
improvements will be made.

In the 2008 WGNSSK plaice IV assessment, it was also suggested that incorporating
the commercial Ipue series may improve the quality of the assessment. The effect of
incorporating the commercial Ipue series into the assessment will be investigated and
a final advice on inclusion will be made.

Currently the assessment itself makes use of Extended Survival Analysis (XSA). Sta-
tistical catch-at-age models have been used frequently in different stocks, in particu-
lar in pelagic stocks and by the non-European fishery science community. This
benchmark assessment will look at the pros and cons of the statistical catch-at-age
models and in particular to the Statistical Catch-at-Age presented by Aarts and Poos,
2009.

This year the benchmark assessment will be carried out in close collaboration with
stake-holders. The Dutch Fish Product board (PVis), present at the meeting, have
extended on the results of their self-sampling discard programme. They also pre-
sented a plan to start their own industrial survey and have requested the WKFLAT to
provide feedback.

Compilation of available data

5.2.1 Catch and landings data

Discards

Discard sampling programmes started in the late 1990s to obtain discard estimates
from several fleets fishing for flatfish. These sampling programmes give information
on discard rates from 1999 but not for the historical time-series. Observations indicate
that the proportions of plaice catches discarded at present are high (80% in numbers
and 50% in weight: (van Keeken et al., 2004b)) and have increased since the 1970s
(51% in numbers and 27% in weight: (van Beek, 1998)). The discards time-series are
derived from Dutch, Danish, German and UK discards observations for 2000-2007.

For the period prior to 2000, a reconstructed discard time-series for 1957-1999 exists,
based on a reconstructed population and selection and distribution ogives (ICES CM
2005/ACFM:07 Section 9.2.3). Aarts and Poos, 2009 present a Statistical Catch-at-Age
model which incorporate flexible fishing and discard selectivity functions that can
change over time. This method not only accounts for unaccounted mortality, e.g. as a
result of historical discarding, it will also explicitly deal with uncertainty in the cur-
rent discard data. Section 5.7.1 describes the methodology in more detail.

Currently, the total discard numbers-at-age are based on individual length measure-
ments of the discard fraction of the catch which are transformed into age-structured
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discards using age-length keys. However, two key parameters in stock assessment
methods, fishing selectivity and retention, are essentially length-based selection
processes. The stock assessment methodology could be improved by including length
measurements directly into the assessment. In particular, the number of parameters
could be reduced, and a clearer and more direct link with the processes leading to
fishing selectivity and retention would be obtained. For a discussion on alternative
stock assessment models which use such length-based processes, see Section 5.7.1 of
this report.

The quality of the estimation of total discards numbers-at-age depends on the quality
of the available discards data, which are derived from low sampling level discards
observations within the four countries that have provided discard estimates. A self
sampling programme for discards was started by the Dutch beam trawl fishery in
2004, and is still running. This sampling programme has a large number of samples,
taken on board by the fishers, estimating the percentage of discards by volume. The
programme indicates a strong spatial pattern in the discarding of the fleet. The per-
centage discards estimated in the self sampling programme is significantly lower
than that in the Dutch sampling programme in the same years, Aarts and van Hel-
mond, 2007. Currently, an evaluation is being undertaken to analyse the causes of the
difference.

Most discarding consists of individuals below MLS, but there are indications that
some discarding of marketable plaice (highgrading) occurs, in particular in the first
quarter of the year (see also Section 5.1.4). This is the consequence of high catchability
of plaice in the southern and central North Sea as a consequence of aggregations of
spawning plaice in these regions. For the estimation of stock size, the accurate estima-
tion of discards at age is essential. However, the localized nature and short time span
at which highgrading takes place makes accurate estimation difficult. In the near-
future, effort should be made to estimate the size of this Section of the discards, by
starting a more detailed sampling programme in collaboration with the industry.

Landings
Not further assessed during this benchmark.

5.2.1.1 Evaluation of the quality of the UK discards data

A considerable proportion of the total landings of Plaice in Subarea IV is attributed to
the UK. For example, in 2007 24% of the total landings were made by UK vessels (Ta-
ble 5.2.1). The plaice landings are made by Otter trawl and 80 mm and >100 mm
beam trawl vessels. Considerable discarding will most likely coincide with such large
landings and having accurate estimates for both landings and discards is essential to
the assessment of the stock. However, the UK beam trawl and Dutch >100 mm fishery
is very poorly sampled. For example in 2005 and 2007 no UK beam trawl vessels were
surveyed, and the discard estimates are only based on the Otter trawl fishery.

Table 5.2.2 indeed shows considerable variability between years. For example in 2006,
the estimated discards were 48 times higher as in 2005. In 2002 the number of dis-
cards-per-tonne was even higher than the Dutch fleet, while in that year almost all
fishing took place in the more northern regions of the North Sea. The spatial analysis
of the data from the Product board discard self sampling programme demonstrates
that in the more northern regions the discards are much lower compared with the
more coastal regions (Figure 5.2.1). From 2002 onwards the observed UK discard
estimates declines considerably, although the amount of fishing in the more southern
regions (characterized by high discards) increases considerable (Figure 5.2.2). This
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increase is a consequence of the fact that the UK-flagged vessels are bought by Dutch
companies.

This discrepancy between the data on UK discards and the existing knowledge of the
spatial and temporal patterns in fishing effort and discards, strongly suggest that the
current estimates are incorrect.

During this WKFLAT meeting attempts are made to improve the UK discard esti-
mates by incorporating discard data from the Dutch fleet. This could be done by
modelling the age specific UK discard levels in the data as a function of the age and
year specific discard estimates from the Dutch fleet, and to use this model to generate
an age and year specific model estimate for the UK fleet.

Several models have been tested, relating the logarithm of the UK discard numbers-
at-age to the logarithm of the Dutch discard numbers-at-age, using linear regression.
This revealed no significant relationships between UK and Dutch discard data, most
likely as a consequence of limited information in the UK discard data, the existence of
outliers in the UK discard data, and the limited number of data points. In the absence
of additional information, we therefore assume a constant ratio between the UK and
Dutch discard numbers-at-age:

2007
UK
2.0

JUK _ y=2002 NL
Da,y 2007 X Da,y

201,

y=2002

UK [_QUK NL
where &Y, Y and 2V are the observed and estimated UK, and observed Dutch
discard numbers of year y and age 4, respectively.

Table 5.2.2 shows the new discard numbers-at-age for the UK fleet. Figure 5.2.3
shows the effect of including the effect of including the estimated discard numbers on
Fbar and SSB, as estimated using XSA. While these estimates will be used in the XSA
final assessment runs, we also evaluated the sensitivity to inaccurate discard esti-
mates, by assuming zero UK discard from 2002-2007 and assuming that UK discard
numbers are equal to the average of the Dutch, Danish and German 80 mm fleets.

Currently the difference between SSB and Fbar under the different assumptions is
relatively small, but its effect may be more prominent in future population projec-
tions when the discarded ages enter the adult population.

5.2.2 Biological data

5.2.2.1 Weights-at-age

The stock weights of age groups 1-4 are calculated using modelled mean lengths
from survey and back-calculation data (see ICES CM 2005/ACFM:07 Appendix 1) and
converted to mean weight using a fixed length-weight relationship. Stock weights of
the older ages are based on the market samples in the first quarter. Stock weight-at-
age has varied considerably over time, especially for the older ages. Discard weights-
at-age are calculated the same way as the stock weights of age groups 1-4, after
which gear selection and discarding ogives are applied. Landing weights-at-age are
derived from market sampling programmes. Catch weights-at-age are calculated as
the weighted average of the discard and landing weights-at-age.
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There appear to be cohort effects on landings weight-at-age, which are also reflected
in the stock weights-at-age. In addition to the cohort effects, there is a long-term de-
cline in weight-at-age for the older ages. In 2007, stock weight estimates for several of
the older ages are below the weights of the same cohort in the previous year. This
may be an extension of the long-term decline in stock weight-at-age. However it may
also be as a consequence of non-representative sampling of the different sexes in the
population, mainly in the Dutch sampling programme. The stock weights of the older
ages are based on the market samples in the first quarter. In these market samples,
the sex ratio for the older ages is skewed towards the lighter males. The WKFLAT
suggests a close inspection of future weights-at-age observations during the upcom-
ing WGNSSK assessments and a more in depth study into the causes and conse-
quences of the perceived decreases in stock weights for the next benchmark
assessment. One solution may be to assess the status of the stocks for the two sexes
separately (see Section 5.1.2.5). No changes have been made in the current WKFLAT
benchmark assessment.

5.2.2.2 Maturity-at-age

A fixed maturity ogive is used for the estimation of SSB in North Sea plaice, assuming
maturity-at-age 1 is 0, maturity-at-age 1 and 2 is 0.5, and older ages are fully mature.
However maturity-at-age is not likely to be constant over time (Grift et al., 2003, Grift
et al., 2007). The effects of assuming a constant maturity-at-age on the management
advice was discussed in a study by Kell and Bromley, 2004. However, a study of the
effect of the fluctuations of natural mortality on the SSB by the WG in 2004 demon-
strated that incorporating the historical fluctuations had little effect on SSB estimates
in the period 1999-2003.

5.2.2.3 Natural mortality-at-age

Natural mortality is assumed to be 0.1 for all age groups and constant over time.
These estimates are probably derived from war-time estimates by Beverton and Holt,
1957. Using tagging studies Metcalfe, 1997, it may be possible to provide a rough
estimate of mortality for the older ages, but only if considerable proportion of the
tagged fish are recovered.

Also, some recently developed statistical catch-at-age can incorporate and estimate
changes in unexplained mortality, by modelling ‘natural mortality” as a random walk
process. They idea is that natural mortality in year ¢ is equal to the mortality in the
previous year t-1 plus a small value drawn from normal distribution with mean zero
and prespecified standard deviation. The implicit assumption is that mortality can
only change gradually over time. Although it may not be possible to estimate natural
mortality separately, the method will allow for the estimation of unexplained mortali-
ty, and therefore improve the estimation of the stock size (pers. comm. Jim Ianelli).

5.2.2.4 Discard mortality-at-age

Industry questions the assumption that all discarded plaice do not survive. The most
extensive study on plaice survival is done by van Beek, 1990. The mean discard mor-
tality of plaice (18—27cm) was estimated at approximately 90% after 84 hours. Careful
handling of discarded plaice can increase the survival, but this was only observed
when the haul duration was relative short (60 minutes). Many additional factors in-
fluence the survival such as depth, water temperature and gear type, but those effects
where relatively small compared with the effect of haul duration. Based on the study
by van Beek, 1990 there are no indications that under the current fishing practices the
survival is much higher. Currently, no changes have been made in the WKFLAT
benchmark assessment. In future benchmark it may be worthwhile to investigate the
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effect on the stock size when reducing the discards mortality (assumed to by 100%)
by 10%.

5.2.2.5 Sex ratios and sexual dimorphism in growth

There is a considerable difference in weight-at-age between the different sexes. Also
fishing mortality, natural mortality, and the spatial and temporal distribution be-
tween the sexes may differ. No changes have been made in the current benchmark
assessment, but we recommend that information on sex ratios is evaluated during the
assessment process and that the assessment may improve, when sexes are modelled
as separate components of the stock.

5.2.3 Survey tuning data

5.2.3.1 Evaluation of the quality of the survey data

Three different survey indices can be used as tuning fleets (Table 5.2.3 and Figure
5.2.4):

e Beam Trawl Survey RV Isis (BTS-Isis)
e Beam Trawl Survey RV Tridens (BTS-Tridens)
e Sole Net Survey in September-October (SNS)

The Beam Trawl Survey RV Isis (BTS-Isis) was initiated in 1985 and was set up to
obtain indices of the younger age groups of plaice and sole, covering the southeastern
part of the North Sea (RV Isis). The spatial sampling distribution of these surveys is
depicted in Figure 5.2.5. Since 1996 the BTS-Tridens covers the central part of the
North Sea, extending the survey area of the surveys. Both vessels use an 8-m beam
trawl with 40 mm stretched mesh codend, but the Tridens beam trawl is rigged with
a modified net. Currently, age groups 1 to 9 are used for tuning the North Sea plaice
assessment.

The Sole Net Survey (SNS) was carried out with RV Tridens until 1995 then contin-
ued with the RV Isis. Until 1990 this survey was carried out in both spring and au-
tumn, but after that only in autumn, except in 2003 when surveying took place in
spring only. The gear used is a 6 m beam trawl with 40 mm stretched mesh codends.
The stations fished are on transects along or perpendicular to the coast. This survey is
directed to juvenile plaice and sole. Ages 1 to 3 are used for tuning the North Sea
plaice assessment; the 0-group index is used in the RCT3.

Traditionally, the BTS-Isis and SNS surveys captured trends in the numbers of plaice
of younger ages best, because their spatial sampling effort overlapped most with the
distribution of fish of these ages. Conversely, the BTS-Tridens survey was believed to
capture trends in numbers of fish of older ages best. However, in recent years, there
has been a marked change in the spatial distribution of plaice of younger ages, which
has resulted in a gradual increase in numbers of younger plaice being caught further
offshore by BTS-Tridens (Kraak et al., 2008). Because of this change in the spatial dis-
tribution of the younger ages relative to the areas covered by each of the surveys, it
can no longer be assumed that the trends in the indices of these surveys independ-
ently reflect the trend in abundances of age classes in the whole of the north sea.
However, tuning indices can only be included in stock assessments under the as-
sumption of constant catchability (over years). This crucial assumption will be vio-
lated in case of a change in the spatial distribution of age classes as described above.

The relatively more positive trend in the BTS-Tridens survey for the younger ages is
also reflected in the SSB and Fbar estimates obtained from XSA, particularly in the
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most recent years. Using the BTS-Tridens survey data only in the assessment results
in an SSB estimate which is approximately 50% higher compared with the SSB esti-
mate obtained by using the indices from the BTS-ISIS and SNS surveys only (Figure
5.2.7). The residuals obtained by regressing the SNS and BTS-ISIS survey indices on
the XSA population estimates are positive before and negative after, the year 2000. In
contrast, there is an opposite pattern in the residuals from the BTS-Tridens index
(Figure 5.2.6).

5.2.3.2 Splitting tuning indices to achieve constant catchability

With the current settings in XSA, each tuning index receives an age-specific weight-
ing based on how well it relates to the historical population estimates (inverse vari-
ance weighting). Historically, this may have been a good weighting scheme, but
given the changes described above, the weightings may be inappropriate for the most
recent years. As a solution, it would be possible to give more weight to more recent
years (using e.g. the tapered weighting function available in XSA), or to include more
recent years only. However, given that potential changes in catchability have taken
place recently, bias could be introduced if weights are based partly upon historic
parts of the time-series where the relationship between index and stock estimates was
different. The tuning series could be split into parts, before and after the change had
taken place. The WKFLAT therefore recommends splitting the SNS survey into two
indices; before and after 2000.

5.2.3.3 Combining the survey indices

The rationale behind combining the indices from BTS-Tridens and BTS-Isis is that any
changes in the population distribution in recent years would be entirely contained
within the area covered by both surveys combined. Combining the indices is possible
because BTS-Tridens and BTS-Isis fish with similar gear and their surveys overlap
partly in time and space. Also, both surveys take place in the same period of each
year. Therefore, differences in efficiency can be expected to arise exclusively from
differences in gear used.

We have obtained gear selectivity ratios from the report of the 2005 Beam Trawl
Working Group (WGBEAMO05). In the WGBEAM project, pairs of hauls of BTS-Isis
and BTS-Tridens within 10 miles of each other were compared in terms of differences
in numbers of fish smaller than, or larger than, 15 centimetres. The following rela-
tionship was estimated for the relationship in catch efficiency between BTS-Isis and
BTS-Tridens:

y :eAXB,

where y is the number of fish of a particular size class (< 15 or > 15 centimetres)
caught by BTS-Isis, x the number of fish caught by BTS-Tridens, and A and B are pa-
rameters.

The following parameters estimates were obtained (WGBEAMO5; Table 4.2.1):

< 15 CENTIMETRES > 15 CENTIMETRES
A -0.42 -0.55
B 0.79 1.03
Mean catch efficiency 0.34 0.66

ratio
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The ‘mean catch efficiency ratios quoted in the table above are the ratios of the catch
of each gear-type and the catch of the standard BTS. The ratio is determined for the
mean catch of each specific species/size group in the standard gear (WGBEAMO05).

We used the mean catch efficiency ratios for the two size classes to create a new com-
bined index by multiplying the numbers of fish caught by BTS-Tridens with
(1/0.34)=2.941176 (fish <=15 cm) and (1/0.66) = 1.515152 (fish >15 cm). The numbers of
fish caught by BTS-Tridens and BTS-Isis were then added together, and an age-
specific index per year was obtained by applying the available spatio-temporal time-
series of age-length keys (Table 5.2.2). It was found that relative catch efficiencies
varied considerably with distance from the coast (WGBEAMO5, Figure 4.2.3). BTS-
Tridens (standard BTS with flip-up rope) demonstrates a different pattern where
relative catch efficiency of small plaice initially increases up to 20 (plaice) or 25 (sole)
miles after which it decreases).

We emphasize that the procedure that we have used here to compute the combined
index needs to be checked by the WGBEAM team. Not all details involved in the
estimation of the gear efficiency ratios are evident from the WGBEAM report. Fur-
thermore, the impact of potential spatial patterns in gear efficiency ratios on the pro-
cedure for combining the indices that we have presented here needs to be further
evaluated.

5.2.3.4 Description of the characteristics of the combined index in relation to the BTS-Tridens
and BTS-Isis indices

The combined index was compared with the separate indices (Figure 5.2.8). For ages
1-3, the (standardized) combined index closely tracks the Isis index, but is higher in
most recent years. This is in correspondence with our knowledge of the spatio-
temporal changes in the distribution of younger plaice, which have moved partly out
of the area surveyed by BTS-Isis, and into the area surveyed by BTS-Tridens. For the
ages groups of 4 years and older, the combined index closely tracks the index of BTS-
Tridens.

5.2.3.5 Assessment trials using the combining survey indices

Stock assessment trials were performed with different combinations of tuning indi-
ces. The following assessments were run:

1)  With the current settings (BTS-Tridens, BTS-Isis and SNS included for all
available years as tuning indices).

2)  With the combined index and the SNS from 1982-2007.

3)  With the combined index and the SNS from 1982-1999 and 2000-2007
separately.

4) With the BTS-Tridens from 1996-1999 and from 2000-2007, BTS-Isis from
1985-1999 and from 2000-2007, and the SNS from 1982-1999 and from
2000-2007.

No pattern was evident in the residuals of the combined index when it is used in XSA
(Figure 5.2.9). Instead, a very strong residual pattern is still present in the index of the
SNS (Figure 5.2.9). This residual pattern is much reduced when the SNS index is split
into an index before and after 2000 (Figure 5.2.10). Identical results were obtained in
XSA when the SNS tuning series before 2000 was included or left out of the analysis.

The SSB estimates of the four assessment trials are shown in Figure 5.2.11.
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Also, the importance of the cut-off point for the SNS tuning series is investigated by
varying this from 1998 to 2002 (Figure 5.2.12). While a pattern is apparent with in-
creasing SSB estimates the more recent the cut-off point is chosen, the absolute differ-
ences in SSB estimates are small.

5.2.3.6 Conclusion

We propose that combining the tuning series from BTS-Tridens and BTS-Isis into a
single tuning index, at least from 2000 onwards is something that needs to be consi-
dered, given the changes in the spatial distribution of fish of younger ages, the strong
patterns in the residuals of the survey indices in XSA, and the relatively large influ-
ence on the estimates of F and SSB in the final year on the inclusion/exclusion of ei-
ther of these tuning indices (Kraak et al., 2008). For the same reasons, we propose that
the SNS tuning series is used only from the year 2000 onwards

Here, we have presented a procedure for combining the tuning indices using gear
selectivity ratios at mean catch as published in WGBEAMO05. The combined index
follows the trends of BTS-Isis for younger ages. However, in the most recent years,
the combined index starts to deviate from that of the BTS-Isis, and now appears to lie
between the indices of BTS-Tridens and BTS-Isis. This is in accordance with the in-
formation and knowledge of the changes in the distribution of fish of ages 2 and 3.
For the older ages, the combined index follows the index of BTS-Tridens closely
throughout the time-series. The combined index does not have a strong residual pat-
tern when included in XSA.

Using the SNS tuning series from 2000 onwards greatly reduces the residual pattern,
and increases the weight that this survey has in the estimates of the survivors in the
final year for ages 1-3. However, residual patterns remain, with more negative resi-
duals in the final years. This is reflected by the fact that the results from XSA indicate
that the more recent the start of the SNS tuning series, the higher the estimates of SSB
in the final year.

We emphasize that the procedure that we have used here to compute the combined
index needs to be checked by the WGBEAM team, because this is their area of exper-
tise. One assumption in our method is that the estimated gear efficiency ratios in the
overlapping region are representative for the entire North Sea. However, as a conse-
quence of the bottom structure in some areas of the North Sea (e.g. the coastal areas
of the UK), gear efficiencies may be different from the overlapping region. This com-
plexity has been mentioned in WGBEAMO5, but no detailed quantitative information
has been presented on this matter.

A second assumption is that the gear efficiency ratio within each length class (<= 15
cm or >15 cm), are constant. However, this assumption may be incorrect.

The processes described above will have an influence on the range of ages for which
the indices should be combined. We suggest that WGBEAM further investigate these
issues.

5.2.4 Commercial tuning data

5.2.4.1 Evaluation of the quality of the commercial tuning data

In stock assessment of commercial fish stocks, the terminal fishing mortality rates are
generally estimated by tuning the estimated stock numbers to independent estimates
of the stock, using research vessel survey data and Landings per unit of effort (Ipue)
series of commercial fleets. Commercial Ipue series generally reveal a better perform-
ance for the older age groups, while the research vessel survey data demonstrate a
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better performance for the younger age groups. However, the potential for bias in
commercial lpue series has raised substantial concern (Gulland, 1964; Harley et al.,
2001).

The ICES Assessment Working Group on Demersal Stocks in the North Sea and
Skagerrak used both survey data and commercial Ipue data until the mid nineties. At
that time, however, it was realized that commercial plaice lpue data of the Dutch
beam trawl-fleet, which dominated the fishery, were likely to be biased as a conse-
quence of quota restrictions (Pastoors et al., 1997). These issues were mainly relevant
to plaice, so it was decided not to include commercial plaice Ipue data in stock as-
sessment. Lpue for sole has never been removed from the assessments, because of the
scarcity of fishery-independent data for this stock.

Initially, one major objection for including the lpue data were that separation of age
classes was impossible. In 2008 however, a series of landings per age class became
available. In addition, data from the Danish fleet are included, because this fleet has
an important role in plaice fishing. The second major objection was that the observed
changes in the lpue could have been driven by changes in the distribution of effort,
e.g. changes caused by increases in the fuel prices or quota restrictions. The current
Ipue has been standardized to accommodate such distributional changes in effort
(sections of text taken from Quirijns and Poos WD WGNSSK 2008).

5.2.4.2 Analysis

The objective of this study is to explore the relationship between the lpue index and
other tuning indices, to quantify its effect on stock size, and to create a table of advan-
tages and disadvantages for including is as a tuning series. This information will be
used to decide whether or not to include the lpue in the assessment.

Figure 5.2.13 shows high internal consistency, especially for the older ages. There is
also a large agreement with other tuning indices (Figure 5.2.14). A regression analysis
of lIpue as a function of numbers-at-age as estimated through XSA using all data
sources, but excluding lpue as a tuning index (Figure 5.2.15), also shows a strong
correlation for ages 4 and older. However, there are also some differences. The stan-
dardized lpue index is lower in most recent years relative to the fishery-independent
tuning indices. This leads to slightly lower SSB (and correspondingly higher Fbar)
estimates when the Ipue is included in XSA (Figure 5.2.16).

5.2.4.3 Pros and cons of using the standardized Ipue

Possible advantages of using the Ipue series

e The commercial fleet has the largest spatio-temporal coverage of the North
Sea. This is an important potential advantage, especially given the prob-
lems with the separate fishery-independent tuning indices described
above.

¢ The commercial fleet has information available on plaice of older ages;
these are not caught in large numbers by the surveys.

Possible disadvantages: potential changes in efficiency

e Changes in fuel prices can be expected to have led to changes in fishing
speeds and locations. While the changes in fishing locations are corrected
for by the spatial weighting of the index, changes in fishing speed would
lead to biased estimates of effort. Reductions of approximately10-20% in
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fishing speed in order to maximize fuel-efficiency have probably happened
(Ben Daalder, pers. comm.).

e In the spawning period at the beginning of the year, the Dutch plaice fish-
ers agree to reduce their landings. The agreement for 2009 is that produc-
ers’ organizations will not land more than 30% of their quota from the 1st
of January until the 28th of March (pers. comm. PVis). Each producer’s or-
ganization is responsible of achieving this maximum of 30% and it usually
results in individual fishers not landing more than 30% of their individual
quota. 2009 will be the fourth year in which such a measure has been
adopted. The first quarter of each year is characterized by a high catchabili-
ty of plaice in the southern and central parts of the North Sea because of
the aggregation of spawning plaice in these parts. Fisheries targeted on
sole also take place in these regions, leading to considerable coincidental
catches of plaice. This may result in exceeding the 30% of the contingent
before the end of the first quarter. Therefore, marketable plaice may be dis-
carded (highgrading). Those catches are not included in the landings and
therefore the Ipue series. Because the abundance of plaice has increased
relative to the abundance of sole, and the price of sole has increased rela-
tive to that of plaice in recent years, this form of discarding may have in-
creased. Such changes in discarding behaviour would lead to bias in the
lpue series.

5.2.4.4 Conclusion and recommendation

We have documented potential advantages and disadvantages. Extensive attempts
have been made to standardize the lpue index to account for spatial and temporal
changes in the fishery. Nevertheless, concerns remain about potential unaccounted
changes in the efficiency of the fishery (decrease in fishing speed in order to maxim-
ize fuel economy), and unregistered discards of marketable plaice.

To improve the Ipue series, the WKFLAT advices to get discard estimates of market-
able plaice. As a consequence of the local nature of this highgrading and the poten-
tially small time-window during which this takes place, it may be difficult to quantify
the extent of this form of highgrading in the current discard sampling programme.
One solution may be to cut-off the period in question. A better, but more long-term
solution would be to obtain accurate estimates by working in close collaboration with
the industry, and adopt targeted discards sampling.

Using the lpue index in the stock assessments will provide better insights into biolog-
ical and fishery related processes. However, as a consequence of the potential biases
described above, we do not recommend the use of the lpue series in the final assess-
ment run upon which the advice is based.

5.2.5 Industry/stakeholder data inputs

In close collaboration with IMARES, the Dutch Product board have introduced the
Ipue series of the Dutch beam trawl fleet, corrected for the spatial effort allocation.

Stock identity and migration issues

Many tagging studies exist on the migration patterns of mostly adult female plaice.
The general pattern of plaice migration has been established from trawl surveys
(Wimpenny, 1953) and mark-recapture experiments in the Southern Bight of the
North Sea and the English Channel (see review by Harden Jones, 1968; de Veen, 1978;
Rijnsdorp and Pastoors, 1995; Bolle et al., 2005). Houghton and Harding, 1976 demon-
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strated that 20-30% of the plaice catch from the eastern Channel in winter contained
migratory North Sea fish that entered the Channel in autumn and left rapidly after
spawning. Plaice tagged in the Channel during summer were not recaptured outside
the Channel, but appeared to be members of two groups that returned to specific
(east or west Channel) spawning areas each winter. An analysis combining estimates
of spawning-stock biomass with fishing intensity at the recapture sites suggested
that, of the plaice spawning in the Channel during January and February, 20% spent
summer in the western Channel (VIle), 24% in the eastern Channel (VIId), and ap-
proximately 56% migrated to the North Sea (IVb,c). Few plaice tagged in the southern
North Sea during January and February were recaptured in the Channel (de Clerk,
1977).

Since the late 1960s, electronic tags that transmit acoustic signals have been used to
track the movements of individual free-ranging fish for limited periods (Arnold and
Dewar, 2001). Such work has demonstrated how, in the Southern Bight of the North
Sea, plaice use selective tidal stream transport during their pre- and post-spawning
migration (Greer Walker ef al., 1978, Metcalfe et al., 1992). Fish exhibiting this behav-
iour leave the seabed and move into midwater at about the time of slack water and
swim down tide for the major part of the ensuing north-going or south-going tide. As
the tide turns again, the fish return to the seabed where they remain for the duration
of the opposing tide. This behaviour allows fish to move rapidly (25 km per day is
not exceptional) between feeding and spawning grounds while considerably reduc-
ing the cost of migration compared with swimming continuously over the same dis-
tance (Metcalfe et al.,, 1990). This understanding of plaice biology has allowed the
development of computer simulation models that predict rates and scales of geo-
graphical movement by combining patterns of behaviour (vertical movements) with
local hydrography (tidal stream vectors, Arnold and Holford, 1995). However, acous-
tically tagged fish can only be tracked for a few days and early versions of such mod-
els (Arnold and Cook, 1984) were based on relatively small amounts of behavioural
data. Consequently, only simple assumptions could be made about how behaviour
might change in time and space.

Advances in microelectronic technology have led to the development of electronic
"data storage" or "archival" tags that are small enough to be carried by fish and record
and store environmental data such as pressure (to give depth) and temperature.
These data can then be used to derive detailed information about fish behaviour and
movements at much finer temporal and spatial scales than is possible with mark-
recapture experiments. Pressure measurements can be used to geolocate fish when-
ever they remain stationary on the seabed for a full tidal cycle (Metcalfe and Arnold,
1997; Hunter et al., 2003). Further, depth information can be used to derive informa-
tion about fish behaviour such as vertical movements and patterns of activity. This
new technology allows information to be gathered from many fish simultaneously,
and over entire annual cycles of feeding, migration and spawning (Metcalfe and Ar-
nold, 1997).

Since 1993, almost 1000 plaice equipped with electronic data storage tags (DST) have
been released into the North Sea. Several hundred tags have now been returned
through the commercial fishery, yielding several tens of thousands of days of data for
geolocation (from tidal data, above), behaviour and environmental temperature that
have changed the understanding of the structure of the plaice population in the
North Sea. While the concept of plaice subpopulations in the North Sea is not new (de
Veen, 1978; Cushing, 1990) previous mark-recapture data (de Veen, 1978) had sug-
gested there were isolated plaice subpopulations that aggregated during winter
spawning then dispersed during summer over distinct but overlapping feeding
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grounds. In contrast, detailed analysis of the data from these DSTs has revealed that
the adult plaice population in the central and southern North Sea forms three geo-
graphically discrete feeding aggregations during summer, that disperse over the
southern North Sea and eastern English Channel to spawn in winter (Hunter et al.,
2004).

No obvious single physical factor stands out that can explain the divergent feeding
aggregations. For example, they cannot be explained solely by temperature because
similar temperatures are found in areas where the fish occur at much lower densities.
There are also no obvious physical features of these three areas that make them stand
out from other parts of the central and northern North Sea. For example, the depths
and bottom substrata are not unique to these areas (British Geological Survey, 1991).
The level of dispersion observed during spawning does not appear to be ascribable to
differential timing of individual fish migrations, but as a consequence of the wide-
spread geographical area that the plaice visited to spawn, irrespective of summer
location. The use of southerly spawning grounds may be for several reasons. First,
there may be a need for warmer water during maturation of gonads and early devel-
opment of larvae (Lam, 1983). Second, the tidal currents in the south will bring the
larvae towards shallow coastal nursery areas (Harden Jones, 1968; Cushing, 1990).

The system of tidal streams that some North Sea plaice appear to exploit during their
seasonal spawning migrations is relatively well defined, and several authors have
suggested that plaice stocks are contained within the tidal streams (Harden Jones,
1968; Arnold and Cook, 1984; Cushing, 1990). Results from DST experiments indicate
that two of the three feeding aggregations were indeed located at the branch termi-
nals of the tidal streams, but the third (northern) lies outside the influence of the
transport system. Northern fish often travelled in excess of 250 km to spawn, without
the benefit of tidal transport. It should be noted that because we did not tag fish off
the northeast coast of England during the spawning season, our results may mask the
existence of a fourth subpopulation off the Scottish coast, where plaice are also
known to occur (de Veen, 1978; Lockwood and Lucassen, 1984).

The majority of the northern plaice did not move south of the 0.3 ms-! average tidal
current velocity contour (Hunter et al., 2004). Their migration occurred along an ap-
proximate north-south axis, at right angles to the primary axis of tidal flow (Harden
Jones et al., 1979). The observation that a few plaice from each of the aggregations
were capable of entering, leaving, and sometimes crossing the tidal stream paths
(Hunter et al., 2004) suggests that although tidal streams may provide directional
clues (Harden Jones, 1984; Gibson, 1997), a significant navigational component in-
volving external cues may also be involved (Metcalfe ef al., 1993), and that the con-
tainment of tidally transporting fish is not absolute.

During summer period, the northern feeding aggregation remain separate from the
eastern and western aggregations by the North Sea thermal front (Hunter ef al., 2004),
the southern boundary of the area of seasonal thermal stratification (Pingree and
Griffiths, 1978). The location of the front itself is determined by the strength of the
tidal stream currents because the stronger currents in the southern North Sea prevent
the establishment of a stratified surface layer of warm water.

The eastern and western feeding aggregations remain in warm, thermally mixed wa-
ter south of the front, whereas the northern subunit are located in deeper, cold, ther-
mally stratified water. The thermal front appears to represent a distributional limit
for each of the aggregations, and may represent a physical barrier to the northward
movement of warm-adapted plaice. Plaice from the western and eastern feeding ag-
gregations rarely occur in water deeper than 40 m (Hunter et al., 2004), the approxi-
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mate depth of the thermally stratified layer (Pingree and Griffiths, 1978; Brown et al.,
1999). In contrast, the plaice from the northern feeding aggregation migrate through
the thermal front before the winter breakdown of stratification, at the onset of the
prespawning migration (Hunter et al., 2003b).

The association of fish with the areas bordering thermally stratified areas may also
have foraging implications, given that temporally these are relatively stable features
(Pingree and Griffiths, 1978; Brown et al., 1999). There is a significant relationship
between increased levels of primary productivity along thermal fronts (Pingree et al.,
1978; Riegman et al., 1990; Heilmann et al., 1994), and increased productivity at higher
levels in the food chain (Lindley and Williams, 1994; Josefson and Conley, 1997; Skov
and Durinck, 1998). Although corroborative data are not available, it seems reason-
able to assume that increased primary productivity in the water column would result
in seasonally predictable increased food resources on the seabed (Barry and Dayton,
1991).

Spatial changes in the fishery and stock distribution

Changes in the fishery

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
micro-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 of 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 catch-rates at the level of ICES rec-
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 micro-scale 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 micro-scale targeting, will not
have a significant effect on the cpue 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 micro-scale, suggest that scope for targeting (or avoidance) behaviour may be
large. This implies that under different constraints variations in micro-scale targeting
may bias the cpue index for stock biomass in future. Collection of more comprehen-
sive data on the catch-rate by individual tows in conjunction with the obligatory re-
cording of fishing locations using VMS, is important to assess the quality of the cpue
time-series on stock biomass, and may provide data to correct cpue time-series for
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variations in micro-scale targeting. Other factors that may cause bias in cpue: increas-
ing efficiency of the fleet, vessel interactions and highgrading need to be estimated
separately. The increase in efficiency can be readily estimated from the time-series of
catch and effort data (Marchal et al., 2002) and was estimated to be 2.8% and 1.6% per
year in the period 1990-2004 for sole and plaice, respectively (Rijnsdorp et al., 2006).
Vessel interactions that reduce the catch-rate with increasing density of fishing ves-
sels may be more difficult to analyse (Gillis, 2003), although (Poos and Rijnsdorp,
2007a, b) provided evidence of interference competition in the Dutch beam trawl fleet
and estimated that a doubling of the vessel density within an ICES rectangle would
reduce the catch-rate by approximately 10%. Discarding or nonreporting of a part of
the catch of marketable fish will bias cpue and may have a similar effect as the redi-
recting of fishing effort to a fishing ground with a lower catch-rate. Hence, the target-
ing index developed may partly reflect variations in highgrading, or misreporting of
catches. In the Dutch beam trawl fleet misreporting is considered to be negligible, but
highgrading may occur under certain circumstances.

Environmental drivers of stock dynamics

Not further assessed during this benchmark.
Role of multispecies interactions

5.6.1 Trophic interactions

Not further assessed during this benchmark.

5.6.2 Fishery interactions

Not further assessed during this benchmark.

Impacts on the ecosystem

Not further assessed during this benchmark.
Stock assessment methods

5.8.1 Models

eXtended Survivors Analysis (XSA)

Currently the stock assessment of plaice in IV is done using XSA. XSA is a VPA type
analysis, but also allows for the inclusion of different tuning indices (Shepherd, 1999).
XSA is not a full statistical model and therefore lacks some of the advantages de-
scribed below.

Statistical Catch-at-Age model (SCA) with time-varying fishing and discarding
selectivity functions (Aarts and Poos, 2009)

The conceptual complexity of the current reconstruction of the historical (<2000) dis-
cards ((ICES 2005); (van Keeken et al., 2004a)), has lead to development of a new sta-
tistical catch-at-age model, which explicitly incorporates the discard reconstruction
into the assessment (Aarts and Poos, 2009). In short, a statistical catch-at-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 indic-
es. The link between model estimate and observations is made by means of a specifi-
cation 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-
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lectivity in time, but explicitly models the fishing and discard selectivity as a flexible
function of time using spline smoothers. The proposed statistical catch-at-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 statistical
catch-at-age model is that it allows for the inclusion of additional biological
processes, use objective criteria (i.e. likelihood-based information criteria) to select the
best model and explicitly estimate uncertainty in both the input data and the uncer-
tainty in the stock summaries, such as SSB and fishing mortality F.
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Length-based statistical assessment methods and other extensions to SCA

Both existing and new information on biological processes and changes thereof such
as changes in maturation, growth and mortality are difficult to include in the current
XSA. In contrast, SCA are more flexible. In Annex 8 a more detailed illustration is
made on how such processes can be included into the stock assessment.

One of those extensions is the inclusion of length-based retention functions. The se-
lectivity processes of the fishery and scientific surveys are length-based. Also the
retention (and discarding) is a length-based process. For most stocks, including
plaice, there is limited data available on historical discards. However, there is consid-
erable historical data available on the numbers at length and age-length-key tables.
Using this length-based information and incorporating it into the assessment may
greatly improve our understanding of the fishery processes and the quality of the
assessment. The flexibility of SCA to include different data sources and model com-
ponents into the likelihood functions makes incorporation of such length-based proc-
essing relatively straight forward. The WKFLAT therefore recommends that future
benchmark assessments should look into the inclusion of the length-based selectivity
patterns.

5.8.2 Sensitivity analysis

Not further assessed during this benchmark.

5.8.3 Retrospective patterns

Not further assessed during this benchmark.

5.8.4 Evaluation of the models

Not further assessed during this benchmark.

Stock assessment

The stock assessment for North Sea plaice will continue to be the XSA, as it is de-
scribed in last years” WGNSSK report, and the stock annex that is appended to this
WKFLAT report. However, the UK discards input data are to be used as described in
Section 5.2.1.1, where a constant ratio between the UK and Dutch discard numbers-
at-age is assumed from 2000-2007. This change does not substantially alter the per-
ception of the stock. Changes in this perception are only found in the most recent 10
years of the assessment (Figure 5.2.3).

In Section 5.14, we recommend to run an alternative stock assessment method for
North Sea plaice in parallel with the current XSA in the update assessments, in order
to test the robustness of this method. Also, we propose to further study the survey
and commercial tuning indices.

Recruitment estimation

Not further assessed during this benchmark.

Short term and medium term forecasts

Not further assessed during this benchmark.

Biological reference points

Not further assessed during this benchmark.
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5.13 Recommended modifications to the stock annex

A new stock annex has been constructed for North Sea plaice in IV.

5.14 Recommendations on the procedure for assessment updates
The following recommendations are being made by WKFLAT:

1)  WKFLAT recommends assuming a constant ratio between the UK and
Dutch discard numbers-at-age (Section 5.2.1.1) from 2000-2007, in order
to estimate the UK discard numbers.

2)  WKFLAT recommends revising the fishery-independent tuning indices
in the light of the evidence of the spatio-temporal changes in the abun-
dance of young plaice in the North Sea, because this would violate the
assumption of constant catchability which cannot be relaxed in XSA.
WKFLAT recommends that the tuning indices from BTS-Tridens and
BTS-Isis are combined, and that the tuning series of the SNS is split into
two series: one containing all the years up to (an including) 1999, and the
other series from 2000 onwards However, until the WGBEAM group has
agreed upon which gear efficiency ratios are to be used (and whether
these need to vary between regions and/or ages (Section 5.2.3)), the sepa-
rate indices are to be used for the final assessment runs upon which
management advice is based.

3)  WKFLAT recommends including the lpue index in to the assessment
process. However, the Ipue series is to be excluded in the final assess-
ment run upon which management advice is based (Section 5.2.4). The
reason for this is that there is concern that changes in the catchability
have taken place, which have not been properly accounted for as yet.

4)  WKFLAT recommends running the Statistical Catch-at-Age model (SCA
model) in parallel with XSA, and evaluate the stock summaries. Once the
Statistical Catch-at-Age model has been tested for a number of years, it
should be adopted as the assessment method on which the management
advice is based. The reason for his is that this methodology provides
some major additional advantages such as its ability to incorporate bio-
logical processes, use model selection tools, and to quantify uncertainty
in the assessment. Furthermore, in the SCA model, the assumption of
constant catchability could be relaxed. Thus, changes in the catchability
of the surveys owing to spatio-temporal changes in the abundance of
young plaice in the North Sea could be estimated by the model. The in-
tention is to improve the SCA model by including length-based processes
explicitly in the model.

5)  The spatio-temporal changes in the abundance of young plaice are likely
to have changed the catchability of the age-1 and age-2 groups of the
RCT3 survey, which is an important source of information used in the
forecasting. WKFLAT therefore recommends that the SNS index is re-
vised in the light of this evidence.
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Industry supplied data

5.15.1 Self sampling-discards 2004-2008 (presented by Paula den Hartog, Duich
Fisheries Organisation)

In the Netherlands, discards in the Dutch beam trawl fishery (80 mm mesh size) are
monitored following the European Commission Data Collection Regulations (DCR)
1543/2000 and 1639/2001 by IMARES since 2000.

In response to concerns about quality issues of these discard data, the Dutch beam
trawl industry started, in close cooperation with the Dutch Fish Product Board (PVis),
its own plaice (Pleuronectes platessa) discards programme in 2004. Since then, this self-
sampling programme recorded discard data of about 20 Dutch commercial trawlers
in the North Sea.

PVis requested Wageningen IMARES to analyse the data of the self-sampling pro-
gramme for the period 2004-2007 (Aarts and van Helmond, 2007). The latest report,
including the data collected in 2008, will soon be available and can be requested from
PVis. PVis also requested IMARES to include their data in the North Sea plaice stock
assessment. To this end the data were presented by the Dutch Fisheries Organisation
at this ICES Benchmark Flatfish Workshop.

Results demonstrate a significant difference between the estimated plaice discards
observed in the self-sampling programme and in the IMARES DCR programme, but
this difference has decreased over the years. The discards are currently 50% and 59%
respectively (Figure 5.15.1). The observed discard fractions from the self-sampling
programme reveal clear spatial (Figure 5.2.1) and temporal trends (Figure 5.15.2). In
the northern North Sea in the province of Zeeland in winter lower discards were ob-
served. The variables latitude, longitude, date and the number of tickler chains from
the rope head or a chain mat explain 55% of the observed variability in the data. Spa-
tial position of the fishing vessel, explained most of the observed variability (44%).
No significant difference was found between the discard estimates when both meth-
ods were directly compared for the same haul, concluding that the difference could
not be explained by a difference in methodology, but it may be explained by the dif-
ference in implementation. The IMARES DCR programme takes samples from differ-
ent sections of the discards, while the self sampling programme takes one sample
from the catch, often only from the first section. This difference in sampling could
have led to different discard estimates.

Conclusion

The major advantages of the self-sampling programme are that it samples a large
number of trips from a large number of vessels which allows the quantification of
detailed discard patterns in space and time. Few, if none, discards sampling pro-
grammes have such a large number of data points and such an extensive spatial and
temporal coverage. This self-sampling programme had also led to a critical review of
the current DCR discard sampling programme.

Recommendations

As it stands, the discards self-sampling data cannot be incorporated into the stock
assessments because
1. it does not seem to represent an unbiased sample of the catch;

2. it cannot be used to directly estimate age composition of discards (see de-
tails in Aarts and van Helmond).
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Work is in progress to quantify the spatial and temporal distribution of discard num-
bers-at-age using the discard data collected under the DCR programme. These mod-
els should be able to include the observations from the self-sampling programme and
therefore improve the quality of the estimated patterns.

5.15.2 Dutch industrial survey (presented by Paula den Hartog, Dutch Fisheries
Organisation)

The Dutch flatfish fishing industry will carry out an industry survey in close coopera-
tion with IMARES. This is a request to the WKFLAT to consider the relevance of this
industry survey for stock assessment of North Sea plaice. Based on this working plan
it might be possible to assess the feasibility of using the results in future stock as-
sessments or in discussions on fisheries management.

Objectives
1. A correction factor for the catch composition in the Beam Trawl Survey
(BTS).

The main objective of the survey is to compare catch compositions be-
tween the research vessel(s) during the BTS. All species and length
classes will be considered in this comparison of catch compositions, but
the main focus will be on commercial species. The comparison will result
in a correction factor for a selection of species (and size class).

2. Time series of an industry survey index for commercial species.

The second objective is to develop a time-series of an industry survey in-
dex, derived from annual monitoring. Preferably this index will be used
as a tuning series in the stock assessments.

Methodology

Every year, during the BTS, a commercial vessel will fish close to the Dutch research
vessel Tridens (and maybe also Isis). IMARES staff will be on board the commercial
vessels to process the catch in the exact same way as is done on board the research
vessel. The BTS lasts for 4-5 weeks. It is not yet clear if there will be funding to organ-
ize an industry survey for this entire period of time. It might be necessary to reduce
the length of the industry survey to 1 or 2 weeks.

Recommendations

Carefully evaluate the objectives of the programme, because objective 1 and 2 may
disagree with each other. Estimating a correction factor for the catch composition in
the Beam Trawl Survey (objective 1) requires fishing side by side while setting up a
time-series (objective 2) would benefit most from coverage of different regions and
times of the year. When estimating differences in catchability, gear efficiency of the
commercial vessels could be a representation of the current state-of-the-art fishing
gear. However, when creating a tuning index, gear efficiency should be constant, or
at least accurately estimated in an experimental setting. Irrespective of the objectives
this survey should provide new insights and improve the communication between
fishers and fishery scientists.
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Table 5.2.1 North Sea Plaice. Nominal landings.

ICES WKFLAT REPORT 2009

NETHER- UN- WG

YEAR BELGIUM DENMARK FRANCE GERMANY LANDS NORWAY SWEDEN UK  OTHERS TOTAL ALLOCATED ESTIMATE TAC
1980 7005 27 057 711 4319 39782 15 7 23032 101928 38023 139951

1981 6346 22 026 586 3449 40 049 18 3 21519 93996 45701 139697 105000
1982 6755 24532 1046 3626 41208 17 6 20 740 97930 56616 154546 140 000
1983 9716 18749 1185 2397 51 328 15 22 17 400 100812 43218 144030 164000
1984 11393 22154 604 2485 61478 16 13 16 853 114996 41153 156149 182000
1985 9965 28236 1010 2197 90 950 23 18 15912 148311 11527 159838 200 000
1986 7232 26 332 751 1809 74 447 21 16 17 294 127902 37445 165347 180000
1987 8554 21597 1580 1794 76 612 12 7 20 638 130794 22876 153670 150000
1988 11527 20259 1773 2566 77 724 21 2 24497 43 138412 16063 154475 175000
1989 10939 23481 2037 5341 84173 321 12 26104 152408 17410 169818 185000
1990 13940 26474 1339 8747 78204 1756 169 25632 156 261 -21 156 240 180 000
1991 14328 24356 508 7926 67 945 560 103 27839 143565 4438 148 003 175 000
1992 12006 20891 537 6818 51 064 836 53 31277 123482 1708 125190 175000
1993 10814 16452 603 6895 48 552 827 7 31128 115278 1835 117 113 175000
1994 7951 17 056 407 5697 50 289 524 6 27 749 109 679 713 110392 165 000
1995 7093 13 358 442 6329 44263 527 3 24 395 96 410 1946 98356 115000
1996 5765 11776 379 4780 35419 917 5 20992 80 033 1640 81673 81000
1997 5223 13 940 254 4159 34143 1620 10 22134 81483 1565 83048 91000
1998 5592 10 087 489 2773 30 541 965 2 19915 1 70 365 1169 71534 87000
1999 6160 13 468 624 3144 37513 643 4 17 061 78 617 2045 80662 102 000
2000 7260 13 408 547 4310 35030 883 3 20710 82151 -1001 81150 97000
2001 6369 13797 429 4739 33290 1926 3 19 147 79 700 2147 81847 78000
2002 4859 12 552 548 3927 29081 1996 2 16 740 69 705 512 70217 77000
2003 4570 13742 343 3800 27353 1967 2 13 892 65 669 820 66489 73250
2004 4314 12123  231* 3649 23662 1744 1 15284 61 008 428 61436 61000
2005 3396 11 385 112 3379 22271 1660 0 12 705 54908 792 55700 59 000
2006 3487 11907 132 3599 22764 1614 0 12 429 55933 2010 57943 57 441
2007 3866 8128 144 2643 21465 1224 4 11 557 49 031 713 49744 50261
2008 49 000
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Table 5.2.2 North Sea plaice. UK Discard estimates used in WGNSSK (top) and new discards

estimates produced in the benchmark assessment (bottom).
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56018
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21992
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6791
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0
0
0
0
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26530
10180

5362
1074
115
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0

0

0

2003
4479
24727
2749
2403
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1726
0
0
0
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1742
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1789
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39
13
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16086
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6870
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6
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2005
8084
16780
2523
2270
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1531
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0
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2006
5001
6445
5356
1581
1589
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19885
12747

8471
846
239
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0
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12003
5297
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61
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58
662
462
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Table 5.2.3. North Sea plaice. Survey tuning indices.

2008-04-22 14:47:05

BTS-Isis (Ages 1-8 used in the assessment)

age
year effort 1 2 3 4 5 6 7 8 9
1985 1 116 179.9 38.81 11.84 1.371 1.048 0.362 0.167 0.098
1986 1 667 131.8 51.00 8.89 3.285 0.428 0.338 0.129 0.038
1987 1 226 764.3 33.06 4.77 2.039 1.017 0.352 0.087 0.072
1988 1 680 147.0 182.31 9.99 2.810 0.814 0.458 0.036 0.112
1989 1 468 319.3 38.66 47.30 5.850 0.833 0.311 0.661 0.132
1990 1 115 102.6 55.67 22.78 5.572 0.801 0.205 0.374 0.259
1991 1 185 122.1 28.55 11.86 4.264 5.710 0.257 0.219 0.099
1992 1 177 125.9 27.31 5.62 3.184 2.662 1.136 0.259 0.053
1993 1 125 179.1 38.40 6.12 0.931 0.812 0.629 0.465 0.167
1994 1 145 64.2 35.24 10.88 2.857 0.638 0.861 0.957 0.401
1995 1 252 43.5 14.22 8.11 1.195 0.868 0.356 1.131 0.218
1996 1 218 212.3 23.02 4.83 3.404 0.917 0.047 0.173 0.131
1997 1 NA NA 19.91 2.79 0.219 0.390 0.171 0.121 0.000
1998 1 343 431.9 47.40 8.91 1.440 0.755 0.145 0.078 0.105
1999 1 306 130.0 182.52 3.65 2.107 0.137 0.140 0.029 0.032
2000 1 278 74.4 31.38 24.00 0.613 0.175 0.540 0.029 0.013
2001 1 223 78.4 19.39 9.97 9.474 0.294 0.143 0.041 0.043
2002 1 541 47.7 16.05 5.38 2.734 1.422 0.091 0.138 0.000
2003 1 126 170.1 10.78 5.94 1.525 1.214 0.684 0.112 0.104
2004 1 226 41.8 66.60 6.62 2.650 1.603 1.021 3.054 0.000
2005 1 158 69.6 7.23 13.74 1.167 1.254 0.313 0.164 0.530
2006 1 135 39.0 19.50 3.21 6.343 0.934 0.815 0.043 0.289
2007 1 329 72.3 21.22 15.53 3.168 6.553 0.737 0.895 0.168
BTS-Tridens
Age
Year effort 1 2 3 4 5 6 7 8 9
1996 1 1.593 5.59 4.40 3.31 2.37 1.84 0.830 0.529 0.177
1997 1 NA NA 10.41 3.95 2.84 1.93 0.471 1.102 0.424
1998 1 0.557 30.14 9.93 5.57 2.67 1.35 0.911 0.789 0.308
1999 1 2.387 8.29 36.93 6.47 2.65 2.13 0.600 0.771 0.326
2000 1 4.639 9.45 12.74 17.23 2.94 1.89 1.076 0.954 0.247

2001 1 0.672 6.93 .05 7.23 7.67 1.21 0.691 0.480 0.603
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Table 5.2.3. North Sea plaice. Survey tuning indices. Continued.

2002 1 18.480 13.54 11.27 6.87 4.23 4.43 0.741 0.723 0.340
2003 1 4.108 34.84 11.91 8.57 4.75 2.72 3.973 0.699 0.703
2004 1 5.689 10.63 29.05 7.92 4.19 2.23 1.131 2.460 0.396
2005 1 7.340 23.70 11.30 16.20 2.57 5.42 1.552 0.536 3.335
2006 1 7.024 17.45 25.06 9.91 11.39 1.93 3.874 0.835 0.716
2007 1 29.707 21.89 17.26 20.79 4.55 9.70 1.829 3.545 0.314
SNS
Age
Year effort 1 2 3
1970 1 9311 9732 3273
1971 1 13538 28164 1415
1972 1 13207 10785 4472
1973 1 65639 5046 1578
1974 1 15366 16509 1129
1975 1 11628 8168 9556
1976 1 8537 2403 868
1977 1 18537 3424 1737
1978 1 14012 12678 345
1979 1 21495 9829 1575
1980 1 59174 12882 491
1981 1 24756 18785 834
1982 1 69993 8642 1261
1983 1 33974 13909 249
1984 1 44965 10413 2467
1985 1 28101 13848 1598
1986 1 93552 7580 1152
1987 1 33402 32991 1227
1988 1 36609 14421 13153
1989 1 34276 17810 4373
1990 1 25037 7496 3160
1991 1 57221 11247 1518
1992 1 46798 13842 2268
1993 1 22098 9686 1006
1994 1 19188 4977 856
1995 1 24767 2796 381
1996 1 23015 10268 1185
1997 1 NA NA 1391
1998 1 33666 30242 5014
1999 1 32951 10272 13783
2000 1 22855 2493 891
2001 1 11511 2898 370
2002 1 30813 1103 265
2003 1 NA NA NA
2004 1 18202 1350 1081
2005 1 10118 1819 142
2006 1 12164 1571 384
2007 1 14175 2134 140
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Table 5.2.4. North Sea plaice. Combined tuning index.

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

0 7.81 84.56 72.39 64.78 165.29 86.32 62.09 49.42 78.84 72.60 66.43
1 154.25 119.82 113.10 104.94 58.15 215.57 49.73 93.49 69.42 59.50 156.16
2 262.67 180.03 54.97 36.06 26.82 30.66 95.14 26.06 49.18 31.33 48.37
3 17.05 26.44 101.97 23.66 13.67 16.63 15.42 52.78 13.22 30.80 24.26
4 4.83 8.44 7.34 25.34 9.58 8.60 10.44 9.95 20.29 10.43 25.30
5 2.84 3.12 3.27 3.06 9.85 5.13 5.15 4.91 2.82 13.02 5.45
6 2.01 157 2.10 1.90 127 4.81 3.07 2.69 5.47 215 11.54
7 0.51 0.95 0.63 1.24 0.72 0.75 4.09 1.45 155 3.91 1.98
8 112 0.85 0.75 0.93 0.49 0.74 0.72 3.47 0.56 0.79 3.63
9 0.42 0.34 0.33 0.24 0.60 0.32 0.72 0.37 3.27 0.78 0.36
10 0.60 0.46 0.18 0.62 0.65 0.97 159 1.28 221 3.27 5.20

Table 5.2.5. North Sea plaice. Combined tuning index.

AGE
1 2 3
Tridens 0.066 0.214 0.568
Isis 0.448 0.554 0.326
SNS 0.458 0.188 0.076
Fshk 0.028 0.043 0.03
age
1 2 3
Tridens 0.042 0.136 0.567
Isis 0.267 0.279 0.265
SNS (2000+) 0.675 0.564 0.146
Fshk 0.017 0.02 0.023
age
1 2 3
Combined 0.697 0.527 0.832
SNS 0.286 0.377 0.119
Fshk 0.017 0.096 0.048
age
1 2 3
Combined 0.494 0.216 0.748
SNS (2000+) 0.494 0.756 0.218

Fshk 0.012 0.028 0.034
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Latitude

-2 0 2 4 6 8

Longitude

Figure 5.2.1. North Sea plaice. Model predictions of plaice discard percentages and distribution of
the PVis data plotted on top. Predictions are made for the beginning of June 2008 (one month
before the most recent data point) for a vessel with nine tickler chains from the groundrope (and

no chain mat) and the absolute discard levels only apply to those conditions.
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Figure 5.2.2. North Sea plaice. Percentage of UK and Dutch landings in the area where minimum

mesh size is 100 mm, north of 55 degrees N.
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Figure 5.2.3. North Sea plaice. SSB estimate (left panel), and Fbar estimate (right panel) for differ-
ent methods for UK discards estimation (see legend).
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Figure 5.2.4 North Sea plaice. Standardized survey tuning indices used for tuning XSA: BTS-Isis
(black), BTS-Tridens (red) and SNS (blue).
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Figure 5.2.5. North Sea plaice, spatial distribution of sampling effort in the three survey series

used for tuning the current stock assessment.
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Figure 5.2.6. North Sea plaice. XSA results with respect to SSB (left) and F (right) estimates for
different permutations of the available survey tuning indices. XSA run with only SNS survey
tuning index is omitted because no reliable SSB or F estimates are available owing to the limited
age range (only ages 1-3). Labels indicate used tuning indices (Figure 8.3.3 in WGNSSK 2008).
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Figure 5.2.7 North Sea plaice. Log catchability residuals for the final XSA run from the three tun-
ing series (Figure 8.3.4 in WGNSSK 2008).
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Figure 5.2.8. North Sea plaice. A comparison of the combined tuning index with the separate BTS-
Tridens and BTS-Isis indices.
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Figure 5.2.9. North Sea plaice. Tuning series residuals for combined BTS index and SNS from

1982 onwards
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Figure 5.2.10. North Sea plaice. Tuning series residuals for combined BTS index and SNS from
1982 onwards
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Figure 5.2.11. North Sea plaice. Estimates of SSB from XSA obtained by running XSA with differ-
ent combinations of tuning indices. The following combinations were used: With the current
settings (BTS-Tridens, BTS-Isis and SNS included for all available years as tuning indices: black
line). With the combined index and the SNS from 1982-2007 (blue line). With the combined index
and the SNS from 1982-1999 and 2000-2007 separately (red line). With the BTS-Tridens from
1996-1999 and from 2000-2007, BTS-Isis from 1985-1999 and from 2000-2007, and the SNS from
1982-1999 and from 2000-2007 (grey line).
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Figure 5.2.12 Evaluation of the importance of the choice of cut-off point for the SNS. Cut-off
points were chosen from 1998-2002. The bottom line (lowest SSB) results from the 1998 cut-off
point, the second line from the bottom is the result from the 1999 cut-off point, etcetera until the
top line (highest SSB estimates) which resulted from the 2002 cut-off point.
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Figure 5.2.13. North Sea plaice. Internal consistency plot for the corrected age structured lpue
(Figure 8.3.5. in WGNSSK 2008).
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Figure 5.2.14. North Sea plaice. Comparison of the lpue indices with the BTS and SNS indices.

Shown are standardized indices per age group from 1998-2007.
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Figure 5.2.15. North Sea plaice. Stock size as a function of the corrected lIpue for ages 1-9 (Figure

8.3.6. in WGNSSK2008).
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Figure 5.2.16. North Sea plaice. XSA output. A comparison of SSB estimates obtained by running
XSA with the BTS and SNS survey tuning indices only (blue line: without lpue) and with the
Ipue in addition to the BTS and SNS tuning indices (grey and red lines: with Ipue). The Ipue was
used as a tuning index for ages 1-9 inclusive (red line: ages 1-9), and for ages 2-9, 3-9, etc. (grey
lines: with lpue: ages >1-9).
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Figure 5.15.1. North Sea plaice. Year by year comparison between discard percentage of plaice
observed by the Product Board and IMARES.
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Figure 5.15.2. North Sea plaice. Model (see Table 4) predictions of plaice discard percentage for a
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Eastern Channel plaice

The assessment for this stock has been rejected by ACOM since 2005. VIId plaice was
originally identified for review in the Workshop, but could not be evaluated because
of lack of availability of experts for the main part of the meeting. Key issues for the
assessment, identified during the data workshop, included very limited discard data
and uncertainty about stock structure. The meeting was told that much more inten-
sive monitoring of discards for the French fleet will commence in 2009.
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7 Recommendations from the Workshop

Recommendations from the Plenary

GENERAL RECOMMENDATIONS To wHOM

Improving the process for benchmark assessments ACOM?

WKFLAT encountered a number of difficulties in addressing its terms of
reference. These stemmed in the main from lack of prior preparation or
additional work to address the terms of reference prior to the meeting. Several
members of the working group observed that the notice given of the meeting
was quite short, and that there was an issue of time and resources in preparing
data and additional analyses. The consequence however was that nearly all the
review of data and testing of new methods derived from work conducted in the
meeting rather than prior to it, leaving little time for proper review. Another
problem arose from the low level of attendance, resulting in two stocks being
dropped entirely from the work programme and one stock being represented
by only one scientist.

WKFLAT recommends that much longer notice to prospective participants is
required to make benchmark reviews effective, and that dedicated resources
need to be allocated to ensure that analyses addressing key issues and the terms
of reference are available prior to the actual meeting. ACOM should draw
lessons about the process from the first two benchmark workshops and take
active steps to correct current deficiencies.

Data access and availability ACOM

Access to and availability of data were a problem for the WK. This was no ICES Data Centre
doubt partly attributable to the issues described above, but also seems related
to a more fundamental problem that the primary observational data are not
easily accessible, or in some instances (for older data) perhaps not accessible at
all. The group frequently had to rely for provision of primary data on short
notice requests to individuals in national laboratories, some of which could not
be complied with for practical reasons.

WKEFLAT recommends that ICES databases should include all data needed to
allow assessments to be carried out without relying on data requests to national
laboratories. This should include at a minimum landings, discards and effort by
fleet and flag at a suitable spatial and temporal resolution (at least by statistical
square and month), length and age data for retained and discarded catch and
for surveys, and all survey indices used for tuning.

Data quality issues Working groups
and future

Several issues affecting current and future data quality were highlighted during ~benchmarks

the workshop. For example, current data collection on discards appears to be
inadequate (an important issue for plaice), and at least one key survey (the UK
Young Fish Survey in the Channel) has apparently been terminated. It was not
possible to review properly other sampling strategies such as the national
collection of landings data and the associated size and age sampling, nor were
details of survey design and execution examined.

WKFLAT recommends that sampling protocols and programmes be evaluated
against the quality criteria outlined in the PGCCDBS 2008 report. Data used for
assessments should be reviewed against these criteria and agreed by working
groups (and periodically by benchmark groups) prior to incorporation into
ICES databases (see also previous recommendation).
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GENERAL RECOMMENDATIONS To wHOM
Data analysis ACOM
The workshop identified Ipue analysis and standardization as an area for PGCCDBS

improvement in pre-model data analysis. For some stocks, Ipue is calculated

simply as annual catch over annual effort (by fleet). While additional factors are  pfethods WG?
taken into account in some lpue analyses (e.g. corrections for horsepower in
Belgian VIId sole Ipue), a more systematic and statistical approach to deriving
Ipue (such as use of GLM and related models) would likely improve such
model inputs as indices of abundance. The methods by which data are
aggregated up to international catch-at-age and other key model inputs also
bear closer scrutiny. In particular, an improved statistical basis for error
propagation should be adopted.

Future
benchmarks

WKFLAT recommends that statistical methods such as use of general linear
models and related methods be used to standardize Ipue time-series used in
assessments. (For a general overview of such methods, see special issue of
Fisheries Research 2004 Volume 70).

Assessment methods Methods
Working Group

The workshop discussed a range of issues around analytical assessment

methods (see Annex 3 for a more detailed discussion). Key issues included: 1) Assessment WGs
the relative advantages and disadvantages of “XSA” type methods vs.

“statistical catch-at-age” methods; 2) estimating and accounting for discards; 3)

including sex and length in flatfish assessments; 4) robustness of assessment

methods to poor or missing data; and 5) the need to evaluate uncertainty in

model results (e.g. using classical variance estimates, non-parametric bootstrap,

or MCMC protocols). To the extent that time and resources permitted, the

implications of some of these issues for specific assessments were investigated

in the workshop but much more work needs to be done.

WKFLAT notes and applauds moves to develop and apply new assessment
methods to some flatfish stocks (such as North sea plaice), particularly methods
that deal better with discards, length, sex, and missing data, and that can
provide explicit estimates of uncertainty in assessments and model-based
projections. WKFLAT recommends continued application of such alternative
models as parallel assessments (for the moment). In time, and following proper
review, such methods are likely to be adopted as benchmark assessments for
some stocks and be incorporated into the Stock Annexes.

Biological reference points ACOM?

Even relatively modest changes to assessment methods, or simply
incorporation of new data into existing benchmark assessments, can have
implications for the calculation of biological reference points. The workshop
was concerned that for some assessments there is a mismatch between current
assessments and biological reference points.

WKFLAT notes and supports the recommendations of WKROUND on
biological reference point and further recommends that the implications of
significant changes to assessments for biological reference points be assessed
and reported in addition to existing advice from WGs. Ideally, calculation of
reference points and current status relative to them will be incorporated
directly in the assessment methods.
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GENERAL RECOMMENDATIONS To wHOM

Communicating uncertainty in advice ACOM?

While sensitivity analyses are often included in detailed WG reports, the way in
which uncertainties in assessments are summarized and included in advice
appears to be highly variable.

WKFLAT recommends that, particularly where there is substantial uncertainty
in assessments, advice should include ranges as well as median or best
estimates of key management quantities. Ranges might be derived from
statistical uncertainty related to benchmark model outputs, as well as from
alternative plausible model runs and even from alternative models.

Detail in Stock Annexes ICES Secretariat
The workshop noted that some of the details of assessment methods, Future
particularly regarding data preparation and raising, are not well described in benchmarks

Stock Annexes.

WKFLAT recommends that more detail on data analysis and preparation be
included in Stock Annexes, including documentation of data collection
protocols and problems, and how data are aggregated from primary sampling
up to whole of fishery data used in assessments. As a first step, Stock Annexes
should reference documents that describe such methods, and should describe
where primary data and the software used to analyse them, can be obtained.

Involvement of Industry members in assessments ICES Secretariat

The workshop appreciated the attendance and contributions by stakeholders PGCCDBS
from the Dutch, English and Belgian fisheries, and noted the increasing use of
science-industry partnerships and the willingness of industry to collect

information in a cost-effective way.

WKFLAT endorses the recommendation of WKROUND to consider setting
aside a day prior to key assessment meetings for industry and assessment
scientists to discuss developments in fisheries and interpretations of data. This
would include the impacts of changes in fleets, gear, effort distribution and
management arrangements on landings, discards, effort and size distribution of
the catch.

Archiving of Working Documents ICES Secretariat

WKFLAT endorses the WKROUND recommendation that working documents
presented at WG or WK meetings should be numbered and archived by ICES in
a database that is accessible to present or future WG or WK members.
Numbered documents can be referenced in the text of WG or WK reports when
the information in the WG or WK reports is not available in published form.
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GENERAL RECOMMENDATIONS To wHOM

Discard mortality Working groups
and future

WKFLAT recommends that the mortality resulting from discarding is studied benchmarks
in more detail. Currently, all stock assessments incorporating discards assume

none of the discarded fish survive. This is assumption is generally based on

studies done in the 80s. Since then, much of the fishing operation has changed

in many fisheries. The effects of these changes is unknown. Therefore WKFLAT

recommends studying the fate of discards, in order to improve the stock

assessment estimates of mortality and biomass.

STOCK SPECIFIC RECOMMENDATIONS

VllIe sole (Western Channel)

Use of current models to provide management advice WGCSE

Both the current assessment model (XSA) and a statistical catch-at-age model
trialled in the workshop (AM) demonstrated consistent retrospective bias
patters, overestimating F and underestimating SSB in recent years. Despite a
fairly intensive investigation during the workshop, neither the exact source of
this problem nor its solution could be identified.

WKFLAT recommends that the current assessment model not be used for stock
projections or to provide management advice until these problems have been

resolved.

Further development of the “AM” model WGCSE, next
benchmark

While not developed specifically for sole, the AM statistical catch-at-age model

proved useful for a rapid evaluation of the stock and in many ways allowed a

more straightforward analysis of sensitivities to data.

WXKFLAT recommends that further investigation of statistical catch-at-age

models be undertaken for this stock.

Biological reference points next benchmark

The current biological reference points in the stock annex were developed using
a no longer current assessment model for the stock.

WKEFLAT 2009 recommends that the current reference points be reviewed once
a new analytical assessment has been accepted. Until such time, these reference
points should not be used in management.
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GENERAL RECOMMENDATIONS To wHOM
Use of industry survey data WGCSE, next
benchmark

A survey of western Channel sole and plaice has been carried out each autumn
since 2003 as part of the UK Fisheries Science Partnership
(www.cefas.co.uk/fsp). Although the time-series is only six years long, the
survey indices contain information on trends in abundance and appear suitable
for evaluation within a catch-at-age assessment framework.

WKFLAT 2009 recommends that the western Channel sole and plaice autumn
survey be investigated further with a view to its incorporation in future
assessments.

VIId sole (Eastern Channel)

Availability of French tuning series WGNSSK,
IFREMER,
There is no tuning information available from the French commercial fleets, next benchmark

accounting for about 50% of the sole landings in area VIId. Attempts were
made during this benchmark working group to calculate an effort series for the
French gillnet fishery which is responsible for about 25% of the sole landings in
area VIId (see Section 4.2.4.1. b).

WKFLAT recommends that effort should be conducted to make French
commercial fleet data available for stock assessors to construct tuning series for
these fisheries.

Influence of missing UK Young Fish Survey indices WGNSSK,
CEFAS,
The UK component of the YFS index is not available for 2007 and 2008, IFREMER

resulting in the 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. Although results of using the YFS
indices separately (YFS-France for 1987—present and YFS-UK for 1987-2006) did
not demonstrate apparent changes in retrospective patterns for fishing
mortality and SSB, recruitment estimates in recent years are highly variable
impairing the short-term forecast.

WXKFLAT recommends (1) that the UK survey should continue and (2) that the
French YFS continues to be included in the assessment.

Horsepower correction for commercial tuning series WGNSSK,
ILVOin

Investigations of a possible horse power correction for the Belgian beam trawl cooperation with

fleet indicate that a more realistic approach can be implemented. ICES secretariat

WKFLAT recommends that the effort series for the Belgian beam trawl fleet
should be recalculated and the XSA-diagnostics evaluated (see Section 4.2.4.1.
a) before the next update assessment.
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GENERAL RECOMMENDATIONS To wHOM
Spatial distribution of effort and landings WGNSSK,
CEFAS,
IFREMER, ILVO

Information on spatial distribution of effort and landings was only available
from the Belgian and the UK fleets. This only comprises around 50% of the total
sole landings in area VIId.

WKFLAT recommends that, where possible, spatial distribution of effort and
landings from the major fleets should be provided, and notes that this
information could be incorporated into future tuning series.

Discards WGNSSK, data
coordinators

WKEFLAT recognizes that the discards are not a substantial part of the catch for
this highly valued species (around 5% by weight and around 10% by numbers).
However there is still a need for age aggregated discard information for
possible use in the assessment.

WKFLAT recommends that discard data should be provided to the WGNSSK
as soon as possible for the major fleets involved in the sole fisheries in area
VIId.

IV plaice (North Sea)

Combined BTS-Isis and Tridens tuning indices WGBEAM

During the benchmark workshop for flatfish, the North Sea plaice tuning was
reviewed. WKFLAT concluded that combining the tuning series from BTS-
Tridens and BTS-Isis into a single tuning index, at least from 2000 onwards
should be considered.

WGBEAM is asked to provide a procedure for a combined index calculation for
the 2010 WGNSSK meeting, based on the procedure as proposed in the
WKEFLAT report. A more detailed request will be send to the WGBEAM
representatives.

Data on the level of discards of marketable plaice IMARES, PVis

As a result of fishery management regulations, quota restrictions and the high
catchability of plaice in the first quarter of the year, considerable discarding of
marketable plaice (mostly spawning or spent females) may take place. The
current DCR discard sampling programme may not (accurately) estimate this
section of the discards. This may lead to both underestimates of the Ipue and
total discards. WKFLAT recommends that in close collaboration with PVis
attempts will be made to improve those estimates.

Extending the Statistical Catch-at-Age models WGNSSK, Next
benchmark

WKFLAT recommends that a SCAA will be run in parallel with the current
XSA and that in the next benchmark assessment the extensions described in
annex 8 will be explored in more detail
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GENERAL RECOMMENDATIONS To wHOM
Plaice in VIId (Eastern Channel)
Discards time-series are missing WGNSSK,
France, UK and Belgium have begun sampling otter trawlers, gillnetters and ILVO, CEFAS,

beam trawlers targeting demersal fish for discards since 2002, but with a very RCM NS&EA
low sampling rate.

In the DCR, more sampling should be allocated to the three métiers cited above
in ICES division VIId, and should cover the 4 quarters.

There is scope for sharing the discards samples collected so far and raise by
métier at the scale of the division VIId. There is also scope for searching a
way/proxy to reconstruct a discards time-series back in time.

Belgium and UK need to send all discards samples in VIId to the stock
coordinator (J. Vigneau) before April, together with raising figures by quarter
and métier.

Sampling intensities from 2009 onwards to be discussed in RCM NS and EA.
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2008/2/ACOM31

A Benchmark Workshop on Flatfish [WKFLAT] (Chair: Tony

Smith (Australia), ICES coordinator: Jan Jaap Poos (Netherlands) and two invited
external experts) will be established and will meet in ICES HQ, Copenhagen, Den-
mark, 6-13 February 2009 to:

a)

c)

d)

Evaluate the appropriateness of data and methods to determine stock status

and investigate methods for short-term outlook taking agreed or proposed

management plans into account for the stocks listed in the Text Table below.

The evaluation shall include consideration of fishery-dependent, fishery-

independent, and life-history data currently being collected for use in the cur-

rent assessment work and the proposed assessment;

Agree and document preferred method for evaluating stock status and (where

applicable) short-term outlook and update the assessment handbooks as ap-

propriate;

Develop recommendations for future improving assessment methodology

and data collection;

As part of the evaluation:

i) conduct a one day data compilation workshop. Stakeholders shall be in-
vited to contribute data (including data from non-traditional sources) and
to contribute to data preparation and evaluation of data quality. As part of
the data compilation workshop consider the quality of data including dis-
card and estimates of misreporting of landings;

ii) consider the possible inclusion of environmental drivers for stock dynam-
ics in the assessments and outlook;

iii ) evaluate the role of stock identity and migration;

iv ) evaluate the role of multispecies interactions on the assessments.

The Benchmark Working Group will report for the attention of ACOM by 6 March
2009.
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Annex 3. A brief comment by the invited experts on assessment methods
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The invited experts at the meeting (Ortiz, Ianelli, Smith) noted that the assessment
method of choice for flatfish assessments within ICES is XSA, although useful
progress has been made recently in the North Sea plaice assessment in developing a
statistical catch-at-age model (SCA). They observed that SCA methods are now used
routinely in assessments in many parts of the world, and noted the following poten-
tial benefits of these methods over the current implementation of XSA:

1.

N o g e

Ability to incorporate more biological realism and more of the data that
have been collected (sex, length, movement, etc);

Improved and more consistent treatment of uncertainty (observation and
process error);

Ability to provide estimates of these uncertainties in status and stock
projections;

Ability to fit directly to observed data rather than having to create data;
Ability to provide better diagnostics of model fit to data;

Much better ability to deal with missing data in time-series;

Ability to directly assess status relative to biological reference points,
where the latter are updated at each assessment consistent with changes
in the data and model assumptions.
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DESCRIPTION OF THE DATA SOURCE

1. Fishery Independent Indices

A. Describe the survey design (e.g. fixed sampling
sites, random stratified sampling), location, sea-
sons/months and years of sampling.

B. Describe sampling methodology (e.g. gear, vessel,
soak time, etc.)

C. Describe any changes in sampling methodology
(e.g. gear, vessel, sample design, etc.)

D. Describe the variables reported in the dataset (e.g.
location, time, temperature, catch, effort, etc.).

E. What species or species assemblages are targeted
by this survey (e.g. red snapper, reef fish, pelagic)?

F. Describe the size/age range that the index applies
to. Include supporting figures (e.g. size comp) if avail-
able.

2. Fishery Dependent Indices

A. Describe the data source and type of fishery (e.g.
commercial handline, commercial longline, recrea-
tional hook and line, etc.).

B. Describe any changes to reporting requirements,
variables reported, etc.

C. Describe the variables reported in the dataset (e.g.
location, time, temperature, catch, effort, etc.).

D Describe the size/age range that the index applies
to. Include supporting figures (e.g. size comp) if avail-
able.

Not Applicable

Absent

Incomplete

Complete

Working
Group
Comments:
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METHODS

1. Data Reduction and Exclusions

A. Describe any data exclusions (e.g. gears, fishing
modes, sampling areas, etc.). Report the number of
records removed and justify removal.

B. Describe data reduction techniques (if any) used to
address targeting (e.g. Stephens and MacCall, 2004;
gear configuration, species assemblage, etc).

C. Discuss procedures used to identify outliers. How
many were identified? Were they excluded?

Working
Group
Comments:

Not Applica-
ble

Absent
Incomplete
Complete

2. Management Regulations (for FD Indices)

A. Provide (or cite) history of management regulations
(e.g. bag limits, size limits, trip limits, closures, etc.).

B. Describe the effects (if any) of management regu-
lations on cpue

C. Discuss methods used (if any) to minimize the
effects of management measures on the cpue series.

3. Describe Analysis Dataset (after exclusions and other treatments)

A. Provide tables and/or figures of humber of obser-
vations by factors (including year, area, etc.) and
interaction terms.

B. Include tables and/or figures of number of positive
observations by factors and interaction terms.

C. Include tables and/or figures of the proportion
positive observations by factors and interaction terms.

D. Include tables and/or figures of average (unstan-
dardized) cpue by factors and interaction terms.
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E. Include annual maps of locations of survey sites (or
fishing trips) and associated catch rates OR supply
the raw data needed to construct these maps (Obser-
vation, Year, Latitude, Longitude (or statistical grid,
area), Catch, Effort).

F. Describe the effort variable and the units. If more
than one effort variable is present in the dataset,
justify selection.

G. What are the units of catch (e.g. numbers or bio-
mass, whole weight, gutted weight, kilograms,
pounds)?

4. Model Standardization

A. Describe model structure (e.g. delta-lognormal).

B. Describe construction of GLM components (e.g.
forward selection from null, etc.)

C. Describe inclusion criteria for factors and interac-
tions terms.

D. Were YEAR*FACTOR interactions included in the
model? If so, how (e.g. fixed effect, random effect)?
Were random effects tested for significance using a
likelihood ratio test?

E. Provide a table summarizing the construction of the
GLM components.

F. Summarize model statistics of the mixed model
formulation(s) (e.g. log likelihood, AIC, BIC, etc.)

G. Report convergence statistics.
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MODEL DIAGNOSTICS

Comment: Other model structures are possible and acceptable.
Please provide appropriate diagnostics to the cpue indices
working group.

1. Binomial Component

A. Include plots of the Chi-squared residuals by fac-
tor.

B. Include plots of predicted and observed proportion
of positive trips by year and factor (e.g. year*area)

C. Report overdispersion parameter and other fit
statistics (e.g. Chi-squared / degrees of freedom).

2. Lognormal/Gamma Component

A. Include histogram of log (cpue) or a histogram of
the residuals of the model on cpue. Overlay the
expected distribution.

B. Include plots describing error distribution (e.g.
Studentized residuals vs. linear predictor.

C. Include QQ-plot (e.g. Student deviance residuals
vs. theoretical quantiles), Overlay expected distribu-
tion.

D. Include diagnostic plot for variance function (e.g.
square root of std residuals vs. fitted values). Over-
lay expected distribution.

E. Include diagnostic plot for link function (e.g. linear
response variable vs. linear predictor). Overlay
expected distribution.

F. Include plots of the residuals by factor.

3. Poisson Component

A. Report overdispersion parameter and other fit
statistics (e.g. Chi-squared/degrees of freedom).

Not

Applicable

Absent

Incomplete

Complete
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Working
Group
Comments:
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B. Include plots describing error distribution (e.g.
Studentized residuals vs. linear predictor.

C. Include QQ-plot (e.g. Student deviance residuals
vs. theoretical quantiles), Overlay expected distribu-

tion.

D. Include diagnostic plot for variance function (e.g.
square root of std residuals vs. fitted values). Over-
lay expected distribution.

E. Include diagnostic plot for link function (e.g. linear
response variable vs. linear predictor). Overlay
expected distribution.

4. Zero-inflated model

A. Include ROC curve to quantify goodness-of-fit.

B. Include plots describing error distribution (e.g.
Studentized residuals vs. linear predictor).

C. Include QQ-plot (e.g. Student dev. residuals vs.
theoretical quantiles), Overlay expected distribution.

The feasibility of
this diagnostic is
still under review.

Applica-

ot

N
ble

MODEL DIAGNOSTIC (CONT.)

Absent

Incomplete

Complete

Working
Group
Comments:

D. Include diagnostic plot for variance function (e.g.
square root of std residuals vs. fitted values). Over-
lay expected distribution.

E. Include diagnostic plot for link function (e.g. linear
response variable vs. linear predictor). Overlay
expected distribution.

IF MULTIPLE MODEL STRUCTURES WERE CONSIDERED:

(Note: this is always recommended but required when model diagnostics are poor.)

1. Plot of resulting indices and estimates of variance

2. Table of model statistics (e.g. AIC criteria)
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Annex 5. Stock Annex sole in Division Vlle

Stock specific documentation of standard assessment procedures used by ICES.
Stock Sole in Division VIle (Western Channel)

Date 19 February 2009

Revised by Sven Kupschus (WKFLAT)

A. General

A.1. Stock definition

The management area for this stock is strictly that for Area Vlle. Biologically speak-
ing however the picture is much less clear. Sole in general are relatively sedentary
once settled at which point the management unit becomes well defined. However, the
sources of recruits are much more poorly defined, as are the nursery areas. There is
good evidence to suggest that the stock is split into two biological stocks on either
side of the Hurd Deep, with likely relatively little exchange between the two. The
French industry almost exclusively exploits the southern area of the stock with the
UK fishery operating mostly in the northern part of the stock distribution. Addition-
ally, tagging information suggests that during years of strong sole recruitment in
Areas VIIf and g some juveniles may migrate to VIle. The stock boundary to VIId is
also likely to be poorly defined as it represents no natural boundary to sole move-
ment. During period of strong recruitment a substantial portion of the VIId recruits
(up to 30%) may move into VIle where their impact will be felt very strongly as a
consequence of the much smaller stock size in the latter region. The assessment
method used until 2008 does not deal with uncertainty about stock boundaries.

A.2. Fishery

The principal gears used for sole in the Western Channel are otter- and beam trawls,
for the UK fleet and entangling nets and otter trawls for the French fleet. In recent
years, UK vessels have accounted for around three quarters of the total international
landings, with France taking approximately a quarter and Belgian vessels the re-
mainder. UK landings were low and stable between 1950 and the mid-1970s, but in-
creased rapidly after 1978 as a consequence of the replacement of otter trawlers by
beam trawlers. Because the UK fleet is the major component of the international land-
ings, they follow a similar trend. Sole is the target species of an offshore beam trawl
fleet, which is concentrated off the south Devon and Cornish coasts, and also catches
plaice and anglerfish. In recent years a winter fishery targeting cuttlefish has devel-
oped for the English beam trawl fleet in the Western Channel, lasting from November
to the end of March. This has taken some of the reliance of the fleet away from sole,
but sole still represents a substantial portion of the catch during this time so it is not
clear to what degree the switch to cuttlefishing has reduced fishing mortality on sole.

Discarding of sole in this fishery is thought to be minor. Landings of sole reached a
high level above 1400 t in the 1980s, boosted initially by high recruitment in the late
1970s, followed by an increase in exploitation. Landings declined between 1988 and
1991, following the recruitment of three below-average year classes (1986-1988); since
1991 they have fluctuated between 800 t and 1100 t. Substantial quantities of sole
caught in VIle have been reported to two rectangles in VIId in order to avoid quota
restrictions. Corrections for this misreporting were first made during the 2002WG,
but misreporting to other areas has been more difficult to identify. In addition, black



ICES WKFLAT REPORT 2009 | 151

landings are likely to have occurred to various degrees since quotas became restric-
tive in the late 1980s. No estimates of the scale of the problem exist so that this uncer-
tainty has not been incorporated into the assessment process.

A.3. Ecosystem aspects

Little is known with regards of the effect of the environment on the stock dynamics of
Vlle sole. Certainly the division is on the convergence between the Celtic Sea proper
and the Channel/North Sea ecosystem. If predicted increases in temperature were to
materialize changes to the stock dynamics of this and other species in the division
would be expected. To date there is good evidence of a sizeable increase in the abun-
dance of bass in the area, a species with a similar pan European distribution as sole.
In addition there is some anecdotal evidence of changes in the range of some species
such as langoustine, triggerfish, and black sea bream from warmer parts of the Atlan-
tic. In the North Sea it has also been suggested that cold periods immediately prior to
spawning have a tendency to increase year-class strength and there is some indica-
tion of this for this stock, but no statistical analysis has been carried out to date.

Beamtrawling is known to have a significant impact on the seabed. It is understood
though that those areas impacted continue to be productive in terms of the target
species. After the initial degradation of the habitat usually associated with the loss of
sessile macro fauna, continued use of beam trawls seems to have few further impacts.

B. Data

B.1. Commercial caich

UK (>60%) and France (>30%) together provide almost all the catches for this stock.
UK Landings data are based on EU logbook data for 7e catches. In 2002 the UK indus-
try indicated that there had been substantial misreporting of landings to two rectan-
gles in Area VIId. It was possible to identify the misreported landings spatially and
by reported lpue. Having identified misreported landings, data were corrected back
to 1985 by the 2002 WG. This method of correction is ongoing. French official land-
ings statistics have been poor since 1997, but since 1997 landings data have been cal-
culated much more accurately using buyer and sellers notes. France has provided
corrected landings information to the Working Group since 2002.

Numbers-at-age prior to 1994 are calculated by raising the UK age composition to UK
and Channel Island Catches, adding the French age composition data, and finally
raising the resulting age composition to the total international landings. From
1995WG to 2005WG the International landings for the stock were based entirely on
English quarterly sampling effort then raised to quarterly international landings.
Since 2006WG French age data from 2003 onwards have been included.

Numbers-at-age 1 in the catch are low or zero in most years and most likely reflect
variation in the sampling, rather than variation in the stock itself. Therefore, these
were not considered to add useful information and are replaced by zeros.

Table A shows the history of the derivation of catch numbers-at-age.

B.2. Biological
Weights-at-age

Total international catch and stock weights-at-age for each year’s catch data are calcu-
lated 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:
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Wt=a+b*Age +c* Age?

where catch weights-at-age are mid-year values, and stock weights-at-age are 1 Janu-
ary values. Following the estimation of the weights-at-age catch-numbers are ad-
justed to so that the sum of products of the weights and catches sum to the estimated
Landings (SOP correction). Catch numbers-at-age 1 are replaced by zeros, but the
catch weights-at-age 1 were retained because they are part of the smoothing proce-
dure and do not affect the assessment. They are also essential if a medium-term fore-
cast is performed.

A smoother is applied to sampled catch weights-at-age to adjust for variation in the
weight-at-age that may result from low levels of sampling rather than differences in
growth rate between cohorts. It also allows estimation of the stock weights-at-age by
extrapolation of the curve rather than by using quarter 1 samples, which may be
sparse. However this smoother is applied through the plus group and the age range
in the plus group is such that this will tend to overestimate the weights at the
younger ages. This needs to be corrected as soon as possible.

Natural mortality and maturity-at-age

Natural mortality is assumed constant over ages and years at 0.1. This is consistent
with the natural mortality estimates used for sole by other ICES working groups
(WGNSSK: 1V, VIId, WGNSDS: VIla, WGSSDS: VlIfg, VIlla,b) and consistent with
estimates of M reported in Horwood, 1993 for VIIfg sole as well as other stocks and
papers cited therein.

Assessments prior to 1997 had use knife edge maturity-at-age 3. This was changed in
1997 to a maturity ogive from Area VIIf and g according to Pawson and Harley (WD
presented to WGSSDS in 1997), which is applied in all years, 1969 to present, since the
1997 WG.

AGE 1 2 3 4 5 6,7,..12+

Prop. Mature 0.00 0.14 0.45 0.88 0.98 1.00

Proportions of F and M before spawning are both set to zero to reflect the SSB calcula-
tion date of 1 January.

B.3. Surveys

Currently the only available survey for this stock is the Western Channel Beam trawl
Survey conducted by the UK in late September, early October (UK-BTS). The survey
covers a relatively small area of Vlle from Start Point through to the middle of Lyme
Bay and out to the edges of the Hurd Deep covering the immediate area of fishing for
the Brixham and Plymouth fleets. Sampling started originally in 1984 on the char-
tered commercial fishing vessel ‘Bogey One’, replaced in 1988 by the ‘Carhelmar’ and
moved to the research vessel ‘Corystes’ in 2002 to 2004. Concerns were raised regard-
ing differences in catchability between the Carhelmar and Corystes, and in 2003 the
survey was carried out on both vessels. The results of the comparison convinced Ce-
fas to return the survey to the long-serving Carhelmar and to replace the 2003 data
with the data from the comparison trials in order to improve consistency. Conse-
quently, the time-series has been largely recovered, with only 2002 and 2004 data
coming from the RV Corystes.

The survey cpue demonstrates a decline from 1986 to 1995 in line with the commer-
cial data, after which SSB seems to have largely stabilized at lower levels. The abun-
dance indices at ages 1 and 2 demonstrate little overall trend, but ages 3 to 6 indicate
a decline over the middle part of the series, despite intermittent peaks and troughs.
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The 1989 year class is indicated to be strong at all ages and this year class can also be
traced through the catch-at-age matrix. More recently the 1998 year class can be
tracked reasonably consistently.

Appendix 1 provides a history of the survey and details the survey methodology and
objectives.

B.4. Commercial cpue

In the early part of the 20th century the fishery for VIle sole was largely prosecuted
by otter trawlers and inshore netters. During the mid to late 1970s landings sharply
increased with a considerable increase in nominal effort as the beam trawl fleet de-
veloped. Otter trawl effort declined with levels in 2002 being about half that of effort
found in the late seventies. Beam trawl effort in terms of hours fished has continued
to rise since 1988, but at a slower rate than previously as a consequence of licensing
and quota restrictions, but boat size and power as well as beam sizes have also in-
creased suggesting that the effective effort has continued to rise more sharply than
suggested by the effort data alone.

Lpue has declined since the late eighties in both the otter and beam trawl fleets sug-
gesting a marked decline in the SSB of this stock. Interestingly the catch-at-age infor-
mation for these fleets does not suggest a marked decline in the age structure over
this time suggesting the decline may be associated with environmental impacts rather
than fishing, but given the uncertainty in current landings data it is difficult to distin-
guish between the potential causes of the discrepancy between the lpue and catch-at-
age data. Little information is currently available regarding the development of the
French fishery on this stock on the southern side of the Channel.

The UK beam trawl fleet in recent years has been landing large quantities of cuttlefish
during winter. Investigations of the landings data indicated that misreporting was
particularly high during the period of the cuttlefish fishery indicating that Ipue was
unlikely to be substantially lower than during the remainder of the year, justifying
the inclusion of all trips in the Ipue time-series. Similarly, there was no indication of
differences in lpue for those trips split between divisions (misreporting to VIId) so
that trips reporting to VIle as well as those reporting to the two adjacent rectangles in
VIId were included in the derivation of the tuning fleets.

UK beam trawl] effort has climbed markedly since 1992. Otter trawl effort has stabi-
lized following its decline during the 1980s and early 1990s.

For the purpose of the lpue tuning effort used in the assessment until 2008 a subset
(vessels greater than 13.27 m) of the boats operating in Vlle is taken and their com-
bined landings over the period are used to calculate Ipue. The commensurate effort
figure in kWh for their effort is used for each individual landing. The relationship
between the kWh and the landings is then used to determine the relationship be-
tween lpue and power, and a correction made to effort values for changes in the fleet
composition. The latter procedure is now very dated and should be look at with some
urgency, as it may be contributing to the retrospective pattern.

For the calculation of lpue, landings misreported to VIId (see catch data section) are
corrected in the same manner as the catch data. No corrections are made to the effort
statistics, as the time spent in VIId for the purposes of misreporting has been negligi-
ble.

B.5. Other relevant data

None.
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C. Historical stock development

WKFLAT 2009 concluded that at the present time it is not possible to perform a quan-
titative assessment on the stock that could be seen to be representative of recent
trends in F and SSB. Therefore no assessment, short-term forecast or sensitivity analy-
sis can be performed. Some suitable information is available from the survey (Ap-
pendix 1) that could be used for management until such time that a suitable
assessment model can be developed.

Although this stock has been exploited historically for a long time at low levels, offi-
cial landing statistics and catch-at-age data are available from 1969 onwards. At this
time landings were 353 t mainly attributable to otter trawlers and netters. The devel-
opment of a beam trawl fleet in UK waters lead to rapid increases in landings from
the stock in the late 1970s which resulted in a commensurate decline in SSB after an
initial increase in stock size to its maximum in 1980 as a consequence of particularly
good recruitment in 1976. The decline as assessed by XSA occurred despite subse-
quent good recruitment in 1980, 1984, 1986 and 1990 leading to an apparently de-
pressed recruitment period since 1991. It is unclear whether this reduction in
recruitment is linked to the decline in SSB, environmental effects, or is an artefact of
the misreporting of landings as a consequence of the TAC constraints introduced in
1987, and becoming restrictive in 1989.

Key uncertainties with regards to the data quality/assessment quality of this stock are
the uncertainty regarding the degree of mixing between this and adjacent stock, par-
ticularly with regards to recruitments, the fact that the survey covers only a small
portion of the stock the lack of a discernible stock recruit relationship which does not
allow us to determine reference points with any certainty.

Table B shows the history of VIle sole assessments and details the assessment model
used (XSA) and the parameters and settings used in each year’s assessment until
2008.

D. Short-term projection

In lieu of an assessment no short-term prediction is carried out.

E. Medium-term projections

Not applicable for the time being.

F. Long-term projections

Not applicable for the time being.

G. Biological reference points

Biological reference points in this stock were originally set in 1998 as described in the
table below along with the reasoning and amended in 2001 to take account of a
change to the assessment methodology.

WG(1998)/ACFM(1998) SINCE WG(2001)/ACFM (2001)
Age range extended from 1-10+ to 1-12+
Flim 0.36 (Floss WG98) 0.28 (Floss WG01)
Fpa 0.26 (Flim*0.72) 0.20 (Flim*0.72)
Blim 1800 t (Bloss= B73 WG98) 2000 t (Bloss=B00 WGO01)

Bpa 2500 t (Blim*1.4) 2800 t (Historical development)
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The assessment methodology that formed the basis for these precautionary reference
points is rejected by WKFLAT and these reference points are therefore no longer con-
sidered appropriate. The reference point table will therefore be updated as follows:

TYPE VALUE TECHNICAL BASIS
Blim Undefined
Precautionary Bpa Undefined
approach Flim Undefined
Fpa Undefined
Targets Fmgt 0.27 EC Multi-annual plan.

(unchanged since 2009)

Once a new assessment methodology has been accepted its implications on reference
points will need to be evaluated.

H. Other issues
A management plan was agreed for Vlle sole in 2007:

Council Regulation (EC) No 509/2007 establishes a multi-annual plan for the sustain-
able exploitation of Vlle sole. Years 2007-2009 are deemed a recovery plan, with sub-
sequent years being deemed management plan. For 2008 the TAC is required to be at
a value whose application will result in a 20% reduction in F compared to Fbar (03—
05). If this value exceeds a 15% change in TAC, a 15% change in TAC shall be imple-
mented.

I. References
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Table A. VIIe sole. Catch Derivation table for assessment years 1981-2007.

SOURCE
YEAR OF DATA UK FRANCE DERIVATION OF INTERNATIONAL %
WG LANDINGS SAMPLED
1981 length quarterly quarterly UK ALKs applied to French 95
composition LDs
ALK quarterly - UK+France raised to total
international
Age quarterly -
composition
1982 As for 1981  As for As for 1981 99
1981
1983 As for 1981  As for As for 1981 92
1981
1984 As for 1981  As for As for 1981 96
1981
1985 As for 1981  As for As for 1981 96
1981
1986 As for 1981  As for As for 1981 96
1981
1987 length quarterly quarterly UK-+France raised to total 95
composition international
ALK quarterly quarterly
Age quarterly quarterly
composition
1988 As for 1987  As for As for 1987 96
1987
1989 As for 1987  As for As for 1987 95
1987
1990 As for 1987  As for As for 1987 94
1987
1991 As for 1987  As for As for 1987 96
1987
1992 As for 1987  As for As for 1987 97
1987
1993 As for 1987  As for As for 1987 94
1987
1994 length quarterly quarterly UK ALKs applied to French 92
composition LDs
ALK quarterly - UK+France raised to total
international
Age quarterly -
composition
1995 length quarterly - UK raised to total international 81
composition
ALK quarterly -
Age quarterly -
composition

1996 Asfor1995 - As for 1995 78
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SOURCE
YEAR OF DATA UK FRANCE DERIVATION OF INTERNATIONAL %
WG LANDINGS SAMPLED
1997 As for1995 - As for 1995 73
1998 As for 1995 - As for 1995 64
1999 As for 1995 - As for 1995 57
2000 Asfor1995 - As for 1995 56
2001 As for 1995 - As for 1995 59
2002 As for1995 - As for 1995 60
2003 length As for 1995  quarterly UK and French raised to total ~95%
composition international
ALK As for 1995  biannually ~95%
2004 As for 1995 As for As for 2003 ~95%
2003
2005 As for 1995 As for As for 2003 ~95%
2003
2006 As for 1995 As for As for 2003 ~95%
2003
2007 As for 1995 As for As for 2003 ~95%
2003
2008 As for 1995 As for As for 2003 ~95%

2003
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Table B. History of VIIe sole assessments.

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Assmnt Age Range 1-9+ 1-9+ 1-9+ 1-10+  1-10+  1-10+ 1-10+ 1-10+ 1-10+  1-10+  1-12+ 1-12+ 1-12+ 1-12+ 1-12+  1-12+ 1-12+  1-12+
Fbar Age Range F(3-8) F(3-7) F@B-7) F@B-7) F@B-7) F@B-7) F@GB-7) F@G-7) FG-7) EGB-7) FEQB-7) FE@G-7) F@G-7) FGB-7) FGB-7) FEGB-7) F(3-7) E(@3-7)
Assmnt Method L.S. XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA XSA
Tuning Fleets
UK Inshore beam 1983- 1973- 1973- 1973-  1973- 1986- 1987- 1983- 1984- 1986-  1986- 1973-  1973- 1973-  1973-  1973-
Ages 92 92 92 93 93 95 96 97 98 99 00 87 87 87 87 87
2-9 2-9 2-9 2-9 2-9 2-9 2-9 2-9 2-9 2-9 2-11 2-11 2-11 2-11 2-11 2-11
UK Offshore beam  1983-  1973- 1973- 1973- 1973- 1986- 1987-  1983- 1984- 1986- 1986~ 1973-  1973- 1973-  1973-  1973-
Ages 92 92 92 93 93 95 96 97 98 99 00 87 87 87 87 87
3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-9 3-11 3-11 3-11 3-11 3-11 3-11
UK <24 m beamtr 1989-
Ages 01
2-11
UK > 24 m beamtr 1988-
Ages 01
2-11
UK combined 1988-  1988-  1988-  1988-  1988-  1988-
beam 02 03 04 05 06 07
Ages 3-11 3-11 3-11 3-11 3-11 3-11
UK otter trawl 1988-  1988-  1988-  1988-  1988-  1988-  1988-
Ages 01 02 03 04 05 06 07
3-11 3-11 3-11 3-11 3-11 3-11 3-11
UK BTS yrs 1984-  1984-  1984-  1984-  1986- 1987- 1983-  1984-  1984-  1984- 1984- 1988- 1988- 1988- 1988- 1984-  1988-
Ages 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07

2-6 2-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-9 1-9 1-9 1-9 1-9
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1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Time taper 20yr 20yr 20yr 20yr No No No No No No No No No No No No No
tri tri tri tri
Power model ages 1 1-2 1-4 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 No No No No
P shrinkage Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q plateau age 7 7 7 7 7 7 9 9 9 9 9 8 8 8
F shrinkage S.E 0.3 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0
Num yrs 5 5 5 5 5 5 5 5 5 5 5 5 5 3 4 5 5
Num ages 5 3 5 3 3 3 3 3 3 5 5 5 5 5 5 5 5
Fleet S.E. 0.3 0.3 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 0.5 0.5 0.5
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Appendix 1. Beam trawl surveys of the western English Channel (ICES
Division Vlle)

1. History of the survey

Complaints from the fishing industry in the southwest about the lack of scientific
investigation and knowledge of the local sole stock provided the catalyst for the sur-
vey in VlIle. Following enquiries of the local fishery officers and normal tendering
procedures, 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 un-
changed until 2002 when R.V. Corystes took over the survey as an extension to its
‘near-west groundfish survey’.

As a consequence of the changes occurring through the time-series, the surveys com-
pleted on R.V. Corystes (2002 onwards will be described separately to the “previous’
surveys (pre 2002).

2.a. Survey objectives (1984 to 2001)

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 present)

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)

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 VIla,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
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.
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3.b. Survey methods (2002 to present)

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
accurate 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 shows the stratifications currently used to calculate the ‘near-west
groundfish survey’ abundance indices.
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ALK stratified by LD stratified by
Species | Sector Sector Depth band Sex Sector Depth band Sex Used in assessment?
Plaice Vile v v v v v v v
Sole Vile v v X v v X v

5. Map of survey grid

Additional stations have been fished throughout the period, but as these stations are
not consistently fished, they are excluded from this map.
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51.5° 7
51.0°—
50.5°—
50.0°—
49.5°
50 40 30

- = Stations 0-3 miles from shore [l = Stations 12+ miles inshore

@ - Stations 3-12 mils from shore A = Stations 12+ miles offshore
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%*6 mbeam trawls

1989-present , except 2002,2004 -2 *4 m beam trawls

2002, 2004 -1* 4 m beam trawl

Mean towing speed

4 knots over the ground

Tow duration

30 minutes

Vessel used

F.V. Bogey 1 1984-1988

E.V. Carhelmar 1989-2001, 2003 and 2005—present

R.V. Corystes 2002 and 2004

20
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Annex 6. Stock Annex sole in Division Vild

Stock specific documentation of standard assessment procedures used by ICES.

Stock Sole in Division VIId (Easter Channel)

Working Group: ICES Working Group for the Assessment of Demersal Stocks
in the North Sea and Skagerrak (WGNSSK)

Date: February 2009

Revised by Willy Vanhee (WKFLAT)

A. General

A.1 Stock definition

The sole in the eastern English Channel (VIId) are considered to be a separate stock
from the larger North Sea stock to the east and the smaller geographically separate
stock to the west in VIle. There is some movement of juvenile sole from the North Sea
into VIId (ICES CM 1989/G:21) and from VIId into the western Channel (VIle) and
into the North Sea. Adult sole appear to be largely isolated from other regions except
during winter, when sole from the southern North Sea may enter the Channel tempo-
rarily (Pawson, 1995). The assessment does not take account of these stock move-
ments.

A.2 Fishery

There is a directed fishery for sole by small inshore vessels using trammelnets and
trawls, which fish mainly along the English and French coasts and possibly exploit
different coastal populations. Sole represents the most important species for these
vessels in terms of the annual value to the fishery. The fishery for sole by these boats
occurs throughout the year with small peaks in landings in spring and autumn. There
is also a directed fishery by English and Belgian beam trawlers who are able to direct
effort to different ICES divisions. These vessels are able to fish for sole in winter be-
fore the fish move inshore and become accessible to the local fleets. In cold winters,
sole are particularly vulnerable to the offshore beamers when they aggregate in local-
ized areas of deeper water. Effort from the beam trawl fleet can change considerably
depending on whether the fleet moves to other areas or directs effort at other species
such as scallops and cuttlefish. In France, there are some few small beam trawlers
operating inshore in a few local areas, and offshore trawlers fishing for mixed demer-
sal species taking sole as a bycatch.

The minimum landing size for sole is 24 cm. Demersal gears permitted to catch sole
are 80 mm for beam trawling and 90 mm for otter trawlers. Fixed nets are required to
use 100 mm mesh since 2002 although an exemption to permit 90 mm has been in
force since that time.
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A.3 Ecosystem aspects

Bathymetric depth Bottom temperature
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Figure 1. Eastern English Channel physical and hydrological features: Bathymetric depth and
simplified sediment types representation. Survey bottom temperature and bottom salinity (aver-
aged for 1997 to 2003) obtained by Kriging. (in Vaz et al., 2004).

Biology: Adult sole feeds on worms, small molluscs and crustaceans. In the English
Channel, reproduction occurs between February and April, mainly in the coastal
areas of the Dover Strait and in large bays (Somme, Seine, Solent, Mont-Saint-Michel,
Start and Lyme Bay). Pelagic eggs hatch after 5 to 11 days leading to larvae that are
also pelagic and that will metamorphose into benthic fry after 1 or 2 weeks. Juveniles
spend the first 2 or 3 years in coastal nurseries (bays and estuaries) where fast growth
occurs (11 cm at 1 year old) before moving to deeper waters.

The spatial distribution of life stages of common sole demonstrates a particular pat-
tern: larval distribution (on spawning grounds) and juvenile distribution (in nursery
grounds) overlap. If larvae are found everywhere during spring, the potential habitat
for stage 2 larvae is along the Flanders coast and near the Pays de Caux, to the central
zone of the English Channel. Older larvae have a more coastal habitat preference,
which can be explained by a retention phenomenon linked to estuaries.

Environment: A benthic species that lives on fine sand and muddy seabeds between 0
and 150 meters depth. It ranges from marine to brackish waters in temperatures be-
tween 8 and 24°C.

Geographical distribution: Eastern Atlantic, from southern Norway to Senegal, Medi-
terranean Sea including Sea of Marmara and Black Sea.

Vaz et al.,, 2007 used multivariate and spatial analyses to identify and locate fish,
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. One Group (class 4 in Figure 2 below) was a
coastal heterogeneous community represented by pouting, poor cod, and sole and
was classified as preferential for many flatfish and gadoids. It displayed the greatest
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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 potentially heterogeneous environment (both in space and in time), this
sub-community type was the most diverse.

class2
(class 3
@ class 4

Figure 2. Spatial distribution of Fish Subcommunities in the Eastern Channel from 1988 to 2003.
Observed assemblage type at each station, These illustrate the gradation from open sea commu-
nity to coastal and estuarine communities (In Vaz et al., 2004).

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,
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.

B. Data

B.1 Commercial catch

The landings are taken by three countries: France (50%), Belgium (30%) and England
(20%). Age sampling for the period before 1980 was poor, but between 1981 and 1984
quarterly samples were provided by both Belgium and England. Since 1985, quarterly
catch and weight-at-age compositions were available from Belgium, France, and Eng-
land.

An initiative for undertaking combined sampling of VIId sole between France, Bel-
gium and the UK has been agreed from January 2008. The result was a framework for
the collection of age data in relation to an international ALK. The division VIId has
been stratified in three geographical areas and the data collected in line with them for
2008.
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These data will be used to provide the assessment advice in 2009. A limited otolith
exchange was arranged between the laboratories involved, specifically looking at
VIId sole, in order to assess the likely quality of the ALK provided. The reason for
restricting the exchange to those involved in the reading of VIId sole was so that any
stock-specific issues could be addressed. The agreement achieved between institutes
was 91% across all ages.

Belgium

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 Oos-
tende (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.

In 2003 a pilot study started on on-board sampling with respect to discarded and
retained catch. Since 2004 it is part of the DCR.

France

French commercial landings in tonnes by quarter, area and gear are derived from
logbooks for boats over 10m and from sales declaration forms for vessels under 10 m.
These self declared productions are then linked to the auction sales in order to have a
complete and precise trip description.

The collection of discard data has begun in 2003 within the EU Regulation 1639/2001.
The first years of collection were incomplete in term of time and métier coverage. It is
expected an increase of sampling effort from 2009 designed for the use of the infor-
mation for assessment purpose, as required by ICES/ACOM.

The length measurements are done by market commercial categories and by quarter
into the principal auctions of Grandcamp, Port-en-Bessin, Dieppe and Boulogne.
Samplings from Grandcamp and Port-en-Bessin are used for raising catches from
Cherbourg to Fecamp and samplings from Dieppe and Boulogne are used to raise the
catches from Dieppe to Dunkerque.

Otoliths samples are taken by quarter throughout the length range of the landed
catch for quarters 1 to 3 and from the October 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 compositions. The lengths not sampled during
one quarter are derived from the same year close quarter.

Weight, sex and maturity-at-length and -at-age are obtained from the fish sampled
for the age-length keys.

England

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-



ICES WKFLAT REPORT 2009 | 167

lected and is obtained by interview and by census. .No information is collected on
discarding from vessels <10 m but it is known to be low. Discarding from vessels >10
m has been obtained since 2002 under the EU Data Collection Regulation and is also
relatively low.

Length samples are combined and raised to monthly totals by port and gear group
for each stock. Months and ports are then combined to give quarterly total length
compositions 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 international level. Age structure
from otolith samples are combined to the quarterly level, and generally include all
ports, gears and months. For sole the sex ratio from the randomly collected otolith
samples are used to split the unsexed length composition into sex-separate length
compositions. The quarterly separate age-length-keys are used to transform quarterly
length compositions by gear group to quarterly age compositions. At this stage the
age compositions by gear group are combined to give total 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.

Weight-at-age is derived from the length samples using the length/weight relation-
ship W=al"b, where a and b are reference condition factors for the stock.

The text table below shows which countries supply which kind of data:

KIND OF DATA SUPPLIED QUARTERLY

Country Caton Canum (catch-at- Weca (weight-at- Matprop Length
(catch-in-  age innumbers)  age in the catch) (proportion composition-
weight) mature-by-age) in-catch

Belgium X X X X

England X X X X

France X X X X

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 coordina-
tor 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 resulting 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,
either under w:\acfm\nsskwg\2002\ data\sol_eche or
w:\ifapdata\eximport\nsskwg\sol_eche.

B.2 Biological
Natural mortality
Natural mortality is assumed constant over ages and years at 0.1.

Maturity

The maturity ogive used is knife-edged with sole regarded as fully mature at age 3
and older as in the North Sea.
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Weight-at-age

Prior to 2001 WG, stock weights were calculated from a smoothed curve of the catch
weights interpolated to the 1st January. Since the 2002 WG, second quarter catch
weights were used as stock weights in order to be consistent with North Sea sole.

Proportion mortality before spawning

Both the proportion of natural mortality before spawning (Mprop) and the propor-
tion 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 are 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 Interna-
tional Young Fish Survey. The dataset was revised for the full period back to 1981.
The two surveys operate with the same gear (beam trawl) during the same period
(September) in two different nursery areas. Previous analysis (Riou et al., 2001) has
demonstrated that asynchronous spawning occurs for flatfish in Division VIId. There-
fore both surveys were combined based on weighting of the individual index with
the area nursery surface sampled. Taking into account the low, medium, and high
potential area of recruitment, the French YFS got a weight index of 55% and the Eng-
lish YFS of 45% (See table and figure below).

Nursery reception potential used for the combination of FR and UK YFS

Potentiality surface (Km?) South England  Bay of Somme

ngh 756 5751 Nursery reception potentiality
Medium 484.7 0 Sampled by VFS
Low 30.5 953.1 % L
Very low 993.3 21.3
Total 2264.5 1549.5
Total (Low-Med-High) 1271.2 1528.2
=
= i

However, the UK component of the YFS was last conducted in 2006. In the absence of
any update of the UK component of the YFS index the available time-series of the UK
component should still be used in the assessment next to the French component of
the YFS index. The lack of information from the UK YFS may impede the recruitment
estimates and therefore the forecast.
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B.4 Commercial cpue

Three commercial fleets have been used in tuning. The Belgian beam trawl fleet (BEL
BT), the UK Beam Trawl fleet (UK BT) and a French otter trawl fleet (FR OT). The two
beam trawl fleets carry out fishing directed towards sole but can switch effort be-
tween ICES areas. The UK BT cpue data are derived from trips where landings of sole
from VIId exceeded 10% of the total demersal catch-by-weight on a trip basis.

The effort of the Belgian beam trawl fleet is corrected for horse power, based on a
study carried out by IMARES and CEFAS in the mid 1990s (no reference available).
The study calculated an effort correction for HP applicable to sole and plaice effort in
the beam trawls fisheries. The corresponding equations for sole is P=0.000204
BHP*1.23.

This horsepower correction for the commercial Belgian beam trawl fleet should still
be applied. However, if a new corrected effort series is available (based on Section
4.2.4.1 in ICES 2009) it should be used under condition that this is reviewed and ap-
proved by ICES.

No French commercial tuning data are available for the otter trawl and fixed nets. A
first attempt to create an effort series for the French trammelnets has been presented
but is not deemed sufficient. If a new effort series is produced this too should be used
under condition that they are reviewed and approved by ICES.

B.5 Other relevant data

None.

C. Historical stock development

Model used: XSA

Software used: IFAP/Lowestoft VPA suite

Model Options chosen:

Tapered time weighting not applied

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 = 0.500

Since 2004-S.E. of the mean to which the estimate are shrunk =2.000

Minimum standard error for population estimates derived from each fleet = 0.300
Prior weighting not applied
Input data types and characteristics:

Catch data available for 1982-present year. However, there were no French age com-
positions before 1986 and large catchability residuals were observed in the commer-
cial data before 1986. In the final analyses only data from 1986—present are used in
tuning.
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AGE VARIABLE FROM YEAR TO YEAR
TYPE NAME YEAR RANGE RANGE Yes/No
Caton Catch in tonnes 1982-last data 2-11+  Yes
year
Canum  Catch-at-age in numbers 1982-last data 2-11+  Yes
year
Weca Weight-at-age in the 1982-last data 2-11+  Yes
commercial catch year
West Weight-at-age of the 19682-last data 2-11+  Yes-assumed to be the
spawning stock at spawning  year same as weight-at-age in
time. the Q2 catch
Mprop Proportion of natural 1982-last data 2-11+  No-set to 0 for all ages in
mortality before spawning year all years
Fprop Proportion of fishing 1982-last data 2-11+  No-set to 0 for all ages in
mortality before spawning year all years
Matprop Proportion mature-at-age 1982-last data 2-11+  No-the same ogive for all
year years
Natmor  Natural mortality 1982-last data 2-11+  No-set to 0.2 for all ages in
year all years
Tuning data:

TypPE NAME YEAR RANGE AGE RANGE
Tuning fleet 1 Belgian commercial BT 1986-last data year 2-10
Tuning fleet 2 English commercial BT 1986-last data year 2-10
Tuning fleet 3 English BT survey 1988-last data year 1-6
Tuning fleet 4 UK YFS 1987-2006 1-1
Tuning fleet 5 French YFS 1987-last data year 1-1

D. Short-term projection
Model used: Age structured
Software used: MFDP

Initial stock size is taken from the XSA for age 3 and older and from RCT3 for age 2.
The long-term geometric mean recruitment is used for age 1 in all projection years.

Since 2004 initial stock size for age 2 was taken from XSA.

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 0 for all ages in all years
Weight-at-age in the stock: Average weight over the last three years
Weight-at-age in the catch: Average weight over the three last years

Exploitation pattern: Average of the three last years, scaled to the level of Fbar (3-8) in
the last year

Intermediate year assumptions: F status quo

Stock recruitment model used: None, the long-term geometric mean recruitment-at-
age 1 is used
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Procedures used for splitting projected catches: Not relevant

E. Medium-term projections
Not performed for this stock.

In the past an age structured model was used (WGMTERMCc software). Medium-term
projections were carried out with settings as in short-term projection except for the
weights in the catch and in the stock which are averaged over the last 10 years. Since
2005 medium-term projections have not been done for this stock.

F. Long-term projections, yield-per-recruit
Not performed for this stock.

In the past an age structured model was used (WGMTERMc software). Medium-term
projections were carried out with settings as in short-term projection except for the
weights in the catch and in the stock which are averaged over the last 10 years. Since
2005 medium-term projections have not been done for this stock.

G. Biological reference points

TYPE VALUE TECHNICAL BASIS
Blim Not defined

Bpa 8000 t Lowest observed biomass at which there is no indication
of impaired recruitment. Smoothed Bloss
Precautionary  Flim 0.55 Floss, but poorly defined; analogy to North Sea and
approach setting of 1.4 Fpa = 0.55. This is a fishing mortality at or
above which the stock has displayed continued decline.
Fpa 0.40 Between Fmed and 5th percentile of Floss; SSB>Bpa and
probability (SSBmt<Bpa), 10%: 0.4.
Targets Fy Not defined
(unchanged since 1998)

H. Other issues

None.
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Annex 7. Stock Annex plaice in Area IV

Stock specific documentation of standard assessment procedures used by ICES.

Stock: North Sea plaice
Working Group WGNSSK

Date 7 February 2009
By Jan Jaap Poos

A. General

A.1 Stock definition

The North Sea plaice is defined to be a single-stock in ICES Area IV. However, data
from data storage tag experiments reveal that about one third of plaice released in the
Southern Bight of the North Sea visit the eastern English Channel in December and
January. In contrast, analysis of the movements of mark-recapture experiments with
plaice of a similar size and released at similar times indicates that only 13% of plaice
released in the Southern Bight visit the eastern English Channel at this time (Hunter
et al., 2004). This difference between DST and mark-recapture experiments is not ob-
served in the central North Sea and German Bight, where the movements of plaice
derived from the two approaches are relatively similar (Bolle et al., 2005). The differ-
ences may possibly be as a consequence of the fact that these fish migrate to their
spawning grounds by selective tidal stream transport. Studies (Kell et al., 2004) have
demonstrated that the migration between North Sea and the adjacent areas is more
problematic for the smaller adjacent areas than it is for management in IV.

Genetic analysis of plaice population structure in northern Europe using microsatel-
lites and mitochondrial DNA data (Hoarau et al., 2004) reveals relatively strong dif-
ferentiation between “shelf” plaice and those from Iceland and Faroe, suggesting that
deep water may serve as a barrier to movement between these populations. How-
ever, within the area of the European continental shelf, only weak differentiation
could be detected between North Sea-Irish Sea and other areas (Norway, the Baltic
and the Bay of Biscay, Hoarau et al., 2004). Although the spatial location of sampling
within the North Sea was not sufficient to reveal any sub-structure. The lack of any
genetic differentiation between Irish Sea and North Sea plaice populations (Hoarau et
al., 2004) despite the evidence from mark-recapture studies that indicate extremely
low transfer of individuals between these sea areas (0.36% over 17 years, calculated
from (Dunn and Pawson, 2002)) demonstrates how differently genetic and tagging
studies provide an understanding fish population structure. Nonetheless, it seems
unlikely that Irish Sea and North Sea plaice are a single “stock”, at least in a fisheries
management sense.

A.2 Fishery

North Sea plaice is taken mainly in a mixed flatfish fishery by beam trawlers in the
southern and south-eastern North Sea. Directed fisheries are also carried out with
seines, gillnets, and twin trawls, and by beam trawlers in the central North Sea. As a
consequence of the minimum mesh size enforced (80 mm in the mixed beam trawl
fishery), large numbers of (undersized) plaice are discarded. Fleets exploiting North
Sea plaice have generally decreased in number of vessels in the last 10 years. Howev-
er, in some instances, reflagging vessels to other countries has partly compensated
these reductions. For example, approximately 85% of plaice landings from the UK
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(England and Scotland) is landed into the Netherlands by Dutch vessels fishing on
the UK register. Vessels fishing under foreign registry are referred to as flag vessels.
As described by the ICES WGNSSK in 2001(ICES CM 2002/ACFM:01) the fishing
pattern of flag vessels can be very different from that of other fleet segments. Besides
having reduced in number of vessels, the fleets have also shifted towards two catego-
ries of vessels: 2000HP (the maximum engine power allowed) and 300 HP (the maxi-
mum engine power for vessels that are allowed to fish within the 12 mile coastal zone
and the plaice box). Also, the decrease in fleet size may partially have been compen-
sated by slight increases in the technical efficiency of vessels. In the Dutch beam trawl
fleet indications of an increase of technical efficiency of around 1.65% by year was
found over the period 1990-2004 (Rijnsdorp et al., 2006). Because the commercial tun-
ing series are not currently used in the assessment, these estimates do not affect the
current assessment.

The Dutch beam trawl fleet, one of the major operators in the mixed flatfish fishery in
the North Sea, has seen a shift towards more inshore fishing grounds, changing the
catchability of the fleet. This shift may be caused by a number of factors, such as the
implementation of fishing effort restrictions, the increase in fuel prices and changes in
the TAC for the target species (Quirijns, 2008). However, the contribution of each of
these factors is yet unknown. Other factors affecting the catchability of the fleet in-
clude the changes in the fishing speed of the vessels, and discarding marketable fish
in certain seasons and areas, as a result of the TAC management (Rijnsdorp, 1991).

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; EC Council Regulation No 51/2006; e.g.
N°40/2008, annex Il.). For example, for 2007, Council Regulation (EC) No 41/2007
allocated different 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 between 103 and 280 days per year. Gillnets could allowed to fish between
140 and 162 days per year. Trammel nets could fish between 140 and 205 days per
year.

Several technical measures are applicable to the plaice fishery 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 plaice fishery takes place,
an 80 mm mesh is allowed. In the fishery with fixed gears a minimum mesh size of
100 mm is required. In addition to this, since 2002 a small part of North Sea plaice
fishery is affected by the additional cod recovery plan (EU regulation 2056/2001) that
prohibits trawl fisheries with a mesh size <120 mm in the area to the north of 56°N.

The minimum landing size of North Sea plaice is 27 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 beam-length 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
ex-empted from the regulation. An evaluation of the Plaice Box has indicated that:
From trends observed it was inferred that the Plaice Box has likely had a positive
effect on the recruitment of plaice but that its overall effect has decreased since it was
established. There are two reasons to assume that the Plaice Box has a positive effect



174 |

ICES WKFLAT REPORT 2009

on the recruitment of Plaice: 1) at present, the Plaice Box still protects the majority of
undersized plaice. Approximately 70% of the undersized plaice are found in the
Plaice Box and Wadden Sea, and despite the changed distribution, densities of juve-
nile plaice inside the box are still higher than outside; 2) In the 80 mm fishery, discard
percentages in the box are higher than outside. Because more than 90% of the plaice
caught in the 80 mm fishery in the box are discarded, any reduction in this fishery
would reduce discard mortality. There is, however, no proof of a direct relationship
between total discard mortality and recruitment.

A.3 Ecosystem aspects

Adult North Sea plaice have an annual migration cycle between spawning and feed-
ing grounds. The spawning grounds are located in the central and southern North
Sea, overlapping with the distribution area of Sole. The feeding grounds are located
more northerly than the sole distribution areas. Juvenile stages are concentrated in
shallow inshore waters and move gradually off-shore as they become larger. The
nursery areas on the eastern side of the North Sea contribute most of the total re-
cruitment. Sub-populations have strong homing behaviour to specified spawning
grounds and rather low mixing rate with other sub-populations during the feeding
season (de Veen, 1978; Rijnsdorp and Pastoors, 1995). Genetically, North Sea and Irish
Sea plaice are weakly distinguishable from Norway, Baltic and Bay of Biscay stocks
using mitochondrial DNA (Hoarau et al., 2004).

Juvenile plaice were distributed more offshore in recent years. Surveys in the Wad-
den Sea have demonstrated that 1-group plaice is almost absent from the area where
it was very abundant in earlier years (van Keeken et al., 2007). The Wadden Sea Qual-
ity Status Report 2004 (Vorberg et al., 2005) notes that increased temperature, lower
levels of eutrophication, and de-cline in turbidity have been suggested as causal fac-
tors, but that no conclusive evidence is available; taking into account the temperature
tolerance of the species there is ground for the hypothesis that a temperature rise
contributes to the shift in distribution.

A shift in the age- and size-at-maturation of plaice has been observed (Grift et al.,
2007, Grift et al., 2003): plaice become mature at younger ages and at smaller sizes in
recent years than in the past. This shift is thought to be a genetic fisheries-induced
change: Those fish that are genetically programmed to mature late at large sizes are
likely to have been removed from the population before they have had a chance to
reproduce and pass on their genes. This results in a population that consists ever
more of fish that are genetically programmed to mature early at small sizes. Reversal
of such a genetic shift may be difficult. This shift in maturation also leads to mature
fish being of a smaller size at age, because growth rate is reduced after maturation.

B. Data

B.1 Commercial catch

Discard sampling programmes started in the late 1990s to obtain discard estimates
from several fleets fishing for flatfish. These sampling programmes give information
on discard rates from 1999 but not for the historical time-series. Observations indicate
that the proportions of plaice catches discarded are high (80% in numbers and 50% in
weight: (van Keeken et al., 2004)) and have increased since the 1970s (51% in numbers
and 27% in weight: (van Beek, 1998)). The discards time-series are derived from
Dutch, Danish, German and UK discards observations for 2000-2007. For the period
prior to that, a reconstructed discard time-series for 1957-1999 exists, based on a re-
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constructed population and selection and distribution ogives (ICES CM
2005/ACFM:07, Section 9.2.3).

The discard data from the sampling programmes in the individual countries are
raised totals, based on samples from on-board observers. These observers generally
take length structured samples that are converted into age structured data using age-
length keys obtained from the discard samples, or research surveys.

The UK discards estimates have strong interannual variation, caused by the low
sample sizes, and sampling different strata in the UK fleet. For example, the UK dis-
card samples for 2007 were taken mainly from the UK Nephrops and otter trawl fi-
shery. These fisheries represent only a small fraction of the total UK plaice landings,
and raising the UK discards using only samples from this fleet would potentially lead
to incorrect estimates. Because the UK landings represent 24% of the total nominal
landings, obtaining accurate discard estimates is crucial. In order to gain better esti-
mates of discards, the proportionality of the English discards to the Dutch discards is
calculated in the observations since 2000. The UK estimates are recalculated assuming
a constant ratio between the UK and Dutch discard numbers-at-age:

2007
UK
2D}

QUK _ y=2002 NL
Da,y 2007 X Da,y

NL
2.D.;
y=2002

where D;{ l; , D;“; , and D:{ t, are the observed and estimated UK, and observed Dutch

discard numbers of year y and age a, respectively.

After raising to the fleet total and estimation of discards-at-age using age length keys
from the Dutch BTS surveys, discard observations-at-age are thus available from the
Dutch, Danish, German and the UK discard sampling programmes. The quality of the
estimation of total discards numbers-at-age depends on the quality of the available
discards data, which are derived from low sampling level discards observations with-
in the four countries that have provided discard estimates.

Discards-at-age were raised from the Dutch and UK sampling programmes by effort
ratio (based on hp days at sea for the Dutch fleets, and on trips for the UK fleets).
Discards-at-age from the Danish and German sampling programmes were raised by
landings. Discards-at-age for the other fleets for which no estimates were available,
were calculated as a weighted average of the Dutch, Danish, German and UK dis-
cards-at-age and raised to the proportion in landings (tonnes). This is the same me-
thod as used in the final assessment by WGNSSK 2005 (method B).

A self sampling programme for discards was started by the Dutch beam trawl fishery
in 2004, and is still running. This sampling programme has a large number of sam-
ples, taken on board by the fishers, estimating the percentage of discards by volume.
The programme indicates a strong spatial pattern in the discarding of the fleet. The
percentage discards estimated in the self sampling programme is significantly lower
than that in the Dutch sampling programme in the same years (Aarts and van
Helmond, 2007).

To reconstruct the number of plaice discards-at-age before 2000 that are required for
an XSA assessment, catch numbers-at-age are calculated from fishing mortality-at-age
corrected for discard fractions, using a reconstructed population and selection and
distribution ogives (ICES CM 2005/ACFM:07 Appendix 1). Alternatively, the discards



176 |

ICES WKFLAT REPORT 2009

previous to 2000 can be estimated using the statistical catch-at-age approach as de-
scribed in (Aarts and Poos, 2009).

Landings

The landings by country are collected by different countries, segregated by sex for the
Netherlands and Belgium (accounting for approximately 50 % of the landings). Age
structure is available for the Netherlands, France, Germany, Denmark and Belgium
(accounting for approximately 75% of the landings). The total age structured landings
are estimated using a weighed procedure for the age structure by country, based on
the proportionality of the weight of the total landings.

B.2 Biological
Weight-at-age

The stock weights of age groups 1-4 are calculated using modelled mean lengths from
survey and back-calculation data (see ICES CM 2005/ACFM:07 Appendix 1) and con-
verted to mean weight using a fixed length-weight relationship. Stock weights of the
older ages are based on the market samples in the first quarter. Stock weight-at-age
has varied considerably over time, especially for the older ages. Discard weights-at-
age are calculated the same way as the stock weights of age groups 1-4, after which
gear selection and discarding ogives are applied. Landing weights-at-age are derived
from market sampling programmes. Catch weights-at-age are calculated as the
weighted average of the discard and landing weights-at-age. There appear to be co-
hort effects on landings weight-at-age, which are also reflected in the stock weights-
at-age. In addition to the cohort effects, there is a long-term decline in weight-at-age
for the older ages. The stock weights of the older ages are based on the market sam-
ples in the first quarter. In these market samples, the sex ratio for the older ages may
be skewed towards one of the sexes. The WG suggests a more in depth study into the
causes and consequences of the perceived decreases in stock weights for the next
benchmark assessment.

Natural mortality

Natural mortality is assumed to be 0.1 for all age groups and constant over time.
These values are probably derived from war-time estimates (Beverton and Holt,
1957).

Maturity

A fixed maturity ogive is used for the estimation of SSB from the assessment in North
Sea plaice, assuming maturity-at-age 1 is 0, maturity-at-age 1 and 2 is 0.5, and older
ages are fully mature. However maturity-at-age is not likely to be constant over time
(Grift et al., 2003, Grift et al., 2007) (Grift et al., 2007, Grift et al., 2003). The effects of
assuming a constant maturity-at-age on the management advice was discussed in a
study by (Kell and Bromley, 2004). However, a study of the effect of the fluctuations
of natural mortality on the SSB by the WG in 2004 demonstrated that incorporating
the historical fluctuations had little effect on SSB estimates in the period 1999-2003.

B.3 Surveys
Three different survey indices can been used as tuning fleets are:

e Beam Trawl Survey RV Isis (BTS-Isis);
e Beam Trawl Survey RV Tridens (BTS-Tridens);
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e Sole Net Survey in September-October (SNS).

Additional Survey indices that can be used for recruitment estimates are (Table
8.2.12):

e Demersal Fish Survey (DFS).

The Beam Trawl Survey RV Isis (BTS-Isis) was initiated in 1985 and was set up to
obtain indices of the younger age groups of plaice and sole, covering the
south-eastern part of the North Sea (RV Isis). Since 1996 the BTS-Tridens covers the
central part of the North Sea, extending the survey area of the surveys. Both vessels
use an 8 m beam trawl with 40 mm stretched mesh codend, but the Tridens beam
trawl is rigged with a modified net. Owing to the spatial distribution of both BTS
surveys, consider-able numbers of older plaice and sole are caught. Previously age
groups 1 to 4 were used for tuning the North Sea plaice assessment, but the age range
has been extended to 1 to 9 in the revision done by ACFM in October 2001.

The Sole Net Survey (SNS and SNS5Q2) was carried out with RV Tridens until 1995
then continued with the RV Isis. Until 1990 this survey was carried out in both spring
and autumn, but after that only in autumn. The gear used is a 6 m beam trawl with 40
mm stretched mesh codends. The stations fished are on transects along or perpendi-
cular to the coast. This survey is directed to juvenile plaice and sole. Ages 1 to 3 are
used for tuning the North Sea plaice assessment; the 0-group index is used in the
RCT3. In an attempt to solve the problem of not having the survey indices in time for
the WG, the SNS was moved to spring in 2003. However, because of the gap in the
spring series these data could not be used in the plaice assessment or in RCT3. In
2004, the SNS was moved back to autumn as before, based on the recommendation of
the WGNSSK in 2004.

The 1997 survey results for the 1995 and 1996 year classes (at ages 1 and 2) in the BTS
and SNS surveys cannot be used in the assessment, owing to age reading problems in
that year. Also, the research vessel survey time-series have been revised in May 2006
by WGBEAM (ICES 2006), because of small corrections in databases and new solu-
tions for missing lengths in the age-length-keys.

When WGBEAM will provide these combined series, those should be used instead in
the assessment.

The Demersal Fish Survey (DFES) is the more coastal of the surveys, conducted by
several countries. This survey is not used in the assessment, but rather used to esti-
mate the recruitment of juvenile fish in the RCT3 analysis. The survey estimates ab-
undances for North Sea plaice age 0 and age 1. However, the age 1 has not been used
for recruitment estimation since a number of years, and the time-series for this age
was stopped in 2005. The UK contribution to the DES survey was revised in 2008,
affecting the estimates between 2001 and 2006.

B.4 Commercial lpue

Commercial age structured lpue series (consisting of an effort series and land-
ings-at-age series) that can be used as tuning fleets are:
e The Dutch beam trawl fleet (since 1989);

e The Dutch beam trawl fleet corrected for spatial effort allocation (since
1997);

e The UK beam trawl fleet excluding all flag vessels (between 1990 and
2002).
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Effort has decreased in the Dutch beam trawl fleet since the early/mid 1990s. Up until
2002, the age-classes available in both the Dutch and the UK fleets generally demon-
strate equal trends in Ipue through time.

The WG used both survey data and commercial Ipue data for tuning until the mid
1990s. The commercial lpue was calculated as the ratio of the annual landings over
the total number of fishing days of the fleet. At that time, however, it was realized
that the commercial lpue data of the Dutch beam trawl-fleet, which dominated the
fishery, were likely to be biased as a consequence of quota restrictions. Vessels were
reported to adjust their fishing patterns in accordance to the individual quota availa-
ble for that year. Fishers reported to leave productive fishing grounds because they
lacked the fishing rights and moved to areas with lower catch rates of the restricted
species with a bycatch of non-quota, or less restricted species.

A method that corrects for the spatial effort allocation is to calculate Ipues at a smaller
spatial scale, e.g. ICES rectangles, then calculate the average of these ICES rectan-
gle-specific lpues. Age-information is available at this spatial level since 1997, and
Ipue series could be used for tuning an age structured assessment method (alterna-
tively, age-aggregated tuning series could be used in other analytical assessment
methods than XSA). Only under the assumption that discarding is negligible for the
older ages, the Ipue represents cpue, and this time-series could be used to tune age
structured assessment methods.

Also, age-aggregated lpue series, corrected for directed fishing under a
TAC-constraint (see Quirijns and Poos, 2007), by area and fleet component, can be
used as indication of stock development. Available are:

e The Dutch beam trawl fleet (only large cutters with engine powers above
221 kW);

e The UK beam trawl flag vessels landing in the Netherlands (only large cut-
ters with engine powers above 221 kW);

e Several Danish fleets (trawl, gillnet and seines) mainly operating in the
Northern area;

e Effort of the Dutch beam trawl fleet and of the English beam trawl vessels
landing in the Netherlands, by area and fleet component.

B.5 Other relevant data

To be done.

C. Historical stock development

There are currently two methods that could be used to provide an assessment of
North Sea plaice, being XSA, and a model developed by (Aarts and Poos, 2009). The
XSA uses the reconstructed discard set described in the catch section. The Aarts and
Poos methods estimate the discards from the mortality signals in the surveys, the
landings-at-age and the discards-at-age in the most recent period. WKFLAT 2009
suggest to run both models concurrently, in order to estimate the stability of the
Aarts and Poos method.

Model used as a basis for advice

The North Sea plaice is based on the XSA stock assessment. Settings for the final as-
sessment are given below:
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SETTING/DATA VALUES/SOURCE

Catch-at-age Landings (since 1957, ages 1-10) + (reconstructed) discards
based on NL, DK + UK + GE fleets. Discards reconstruction
between 1957-1999), observations since 2000

BTS-Isis 1985-2007 1-8

BTS-Tridens 1996-2007 1-9

SNS 1982-2007 1-3

Tuning indices

Plus group 10
First tuning year 1982
Time series weights No taper

Catchability dependent on stock 1
size for age <

Catchability independent of ages 6

for ages >=

Survivor estimates shrunk 5 years/5 years
towards the mean F

s.e. of the mean for shrinkage 2.0

Minimum standard error for 0.3

population estimates

Prior weighting Not applied

The Aarts and Poos model

SETTING/DATA

VALUES/SOURCE

Catch-at-age Landings (since 1980, ages 1:9) + discards based on

observations since 2000 NL, DK + UK + GE fleets (ages 1:8). No
reconstruction

BTS-Isis 1985-2007 1-8

BTS-Tridens 19962007 1-9

SNS 1980-2007 1-3

Tuning indices

Plus group No plus group
1980

8 (for catches)

First tuning survey year

Catchability independent of ages

for ages >=

Minimum standard error for 0.05
likelihood function

Prior weighting Not applied

D. Short-term projection

Because the assessment on which the advice is based is currently a fully deterministic
XSA, the short-term projection can be done in FLR using FLSTF (1.4.3). Weight-at-age
in the stock and weight-at-age in the catch are taken to be the average over the last 3
years. The exploitation pattern was taken to be the mean value of the last three years,
scaled to F in 2007. The proportion of landings-at-age was taken to be the mean of the
last three years; this proportion was used for the calculation of the discard and hu-
man consumption partial fishing mortality. Population numbers-at-ages 3 and older
are XSA survivor estimates.

Numbers at age 2 are based on RCT3 estimates if the estimates from RCT3 demon-
strate sufficient consistency.

Numbers-at-age 1 and recruitment of the incoming year-class are taken from the
long-term geometric mean of age 1 assessment estimates, where the most recent 4
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years are removed from the time-series. The management options are given for three
different assumptions on the F values in the intermediate year;

A. Fisassumed to be equal to the estimate for F in the final year of the assessment,
B. Fis 0.9 times F in the final year of the assessment, and

C. Fisset such that the landings in the intermediate year are equal to the TAC of that
year.

E. Medium-term projections

Generally, no medium term projections are done for this stock.

F. Long-term projections

Generally, no medium term projections are done for this stock.

G. Biological reference points

The current reference points were established by the WGNSSK in 2004, when the
discard estimates were included in the assessment for the first time. The
stock/recruitment relationship for North Sea plaice did not display a clear breakpoint
where recruitment is impaired at lower spawning stocks. Therefore, ICES considered
that Bim be set at 160 000 t and that Bpa then be set at 230 000 t using the default mul-
tiplier of 1.4. Fim was set at Fioss (0.74). Fpa was proposed to be set at 0.6 which is the
5th percentile of Fiossand gave a 50% probability that SSB is around Bpain the medium
term. Equilibrium analysis suggests that F of 0.6 is consistent with an SSB of around
230 000 t. In 2008, a target F was added to the reference points, based on the F stated
in the long-term management plan for plaice and sole. This target F is supposedly
based on an estimates of Fumsy.

TYPE VALUE TECHNICAL BASIS
Blim 160 000 t Bloss = 160 000 t, the lowest observed biomass in
1997 as assessed in 2004.
Bpa 230 000 t Approximately 1.4 Blim.
Precautionary -
approach Flim 0.74 Floss for ages 2-6.
Fpa 0.60 5th percentile of Floss (0.6) and implies that
Beg>Bpal) and a 50% probability that
SSBMT~Bpa.
Targets Fmgt 0.3 EU management plan

(unchanged since 2004, target added in 2008)

The Fmsy, Fmax and Fo should be estimated given the 10 most recent years of the stock
assessment.

H. Other issues

None identified.
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Annex 8. Extending the statistical catch-at-age model for plaice in Area IV

Background

The Terms of Reference state that the Workshop should “Agree and document pre-
ferred method for evaluating stock status and (where applicable) short-term outlook
and update the assessment handbooks as appropriate and develop recommendations
for future improving assessment methodology and data collection.”

Based on presentations, the workshop considered the SCAA approach outlined in
Aarts and Poos, 2009 as valuable, particularly because the framework provides an
innovative way to deal with reconstructing discards. This method shares many fea-
tures of statistical catch-age methods and allows for specifications of likelihoods and
more formal evaluation of uncertainty.

It was recommended that the SCAA model be included as part of the assessment
models, with further testing and run in parallel with the XSA to determine stock
status. Another recommendation was to use SCAA models for evaluating changes in
biological parameters for North Sea plaice stock. Scientific literature indicates that
this stock demonstrates changes in maturity schedules and spawning towards
younger age-classes, as well changes in mean size-at-age (Grift et al., 2007, Kell and
Bromley, 2004). These changes in the population whether in response to environ-
mental factors or fishing activity posses a question of what are the appropriate levels
of the population that should be used as reference benchmarks (Kell et al., 2005).

Alternative evaluations

For North Sea place, a few different model configurations were developed. Initially,
the time-series of estimated discard levels (totals by weight and by age) was treated
as a separate fishery. Secondly, the catch-age estimates were combined to a single
fishery. Finally, data from Rijnsdorp and Milner, 1996 were adapted and a model
configuration that extended from 1892 to 2008 was analysed. Initial estimates indi-
cated some poor residual patterns. To illustrate the model flexibility, an alternative
natural mortality-at-age was used. In place of a constant value fixed and 0.1 over all
ages, age 1 and age 15+ mortality was specified to be 0.2 with all ages in between
fixed at 0.1. This was set to attempt to resolve issues about initial conditions. These
can serve to enhance understanding on the levels of assessment uncertainty. Results
are revealed for illustrative purposes only. Further details (code and model runs) can
be made available on request to Jim.lanelli@noaa.gov.

One of the differences from the XSA approach is that the catch-age data were as-
sumed to be estimates of the actual catch. As such, they are tuned as proportions for
ages 1-15 following a multinomial sampling process. The total landings were condi-
tioned to be fit precisely although annually varying levels of uncertainty can be speci-
fied. The “effective sample size” for the fishery proportions-at-age was assumed to be
100 for each year (for fitting assuming a multinomial likelihood). The research survey
indices were used as “bulk” values expressed as numbers of fish per unit area. The
ages 1-15 were summed and fit as an index of population number and, as a separate
likelihood component, age-composition data were fit assuming a multinomial process
with an assumed sample size of 50 for each year. For computation of spawning bio-
mass, females only are presented (assuming a 50:50 relationship) and a constant as-
sumed weight-at-age was used (taken as the most recent 5-year mean from the “stock
weights-at-age”). Some divergence from the XSA approach is expected because SSB is
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computed using annually varying mean weights-at-age). Note that for the fishery
data, the mean weights-at-age are specified for each year as in the XSA runs.

Results from the statistical application indicate that recruitment variability was rela-
tively high (Figure 1). Historically, the spawning biomass is highly uncertain and
gives a significantly different pattern than that from the XSA (Figure 2). This could be
as a consequence of the differences with not including the commercial lpue data.
Residuals from the survey are shown in Figure 3.

Size-based discard process

A second line of investigation involved evaluating an approach that more closely
follows the at-sea practice of discarding plaice (typically involving smaller sizes). A
model with “plaice-like” characteristics was developed in a spreadsheet. This model
allowed both simulations under different levels of recruitment variability and also
explicitly accounted for a hypothetical size-retention process. The steps of the model
can be thought of as follows:

1)  Compute numbers-at-age in an initial year and in subsequent years gains
from recruitment and losses from fishing and natural mortality are calcu-
lated (the recruitment levels can be arbitrarily specified; the default was
lognormal with a specified value for variability;

2)  Calculate the “true” fishery catch-at-age given a “true” selectivity-at-age
function;

3)  Convert the catch-at-age into length frequencies (e.g. Figure 4) using an
age-length conversion matrix (Figure 5). Note that this assumes a con-
stant growth (but annual and seasonal versions can be constructed as
needed);

4)  Select fish by size to keep and to discard. For example, imagine that
nearly all fish less than 24 cm are discard prior to landing;

5)  “Observe” the landed length frequencies;

6) Because true catch-at-age is known from step 2), use this and the age-
length relationship to construct a full age-length key;

7)  Apply the age-length key constructed in step 6) to the landed length fre-
quencies and get landed age-compositions for each year;

8)  Compute difference between landed catch-at-age in each year over the
actual catch-at-age. Expressed as a proportion of all discards, this vector
then represents the age-specific discard pattern for each year, which with
modest recruitment variability can result in annually varying discards-at-
age (Figure 6).

Note that the present model assumption is that the process of discarding plaice is
based on a (mainly) constant age-specific discard rate. This illustrates how year-class
variability alone (assuming constant growth) creates annually varying age-specific
retention rates (which is currently assumed in the statistical age-structured model
presented at the workshop; Aarts and Poos, 2009). It is unknown if the impact will be
significant.
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Figure 1. Recruitment estimates with +2 standard deviations (top panel) and stock recruitment
pattern (bottom panel) for North Sea Plaice, 1892-2008. Note that the age structured data com-
mences in 1957.
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Figure 2. Female spawning biomass estimates relative to that of XSA. Shaded band represents
approximate +2 standard deviations confidence bands.



ICES WKFLAT REPORT 2009 | 187

N Sea plaice

o @ e e e e e
8 [ OO O------
S O..o o +« « O s« s s« s s
AN e @ O oo o O O( ) « e« e« e« . .
... e
o 6. 0 e+ e e e e
8_ Q.-..o.-.-----
N ..O..----------
O « e e - « s s s
E

S ®O - -
>_8_°.-o O « o« =« a
— c @ - o .+ + . o0
.O'.‘°' s s s s e e a
o CO..-O-.......,
8_ .ooO.-- « o« &« &« & a
— O.e. « . « o+« &« & a
@ @ ¢ o« . s . s a2 s a
o) o . .. T
w— o @& e = = L I e ]

3
I I I I
0 5 10 15

Age

Figure 3. Pearson residuals for the IBTS survey for North Sea plaice. Negative residuals are
shown as filled circles.
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Figure 4. Length frequency distribution for a simulated stock where fishing mortality increases in
the third year (from the bottom).
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Figure 5. Invented length distributions-at-age used for the age-length conversion matrix (not to
be confused with an age-length key, which converts lengths to ages. This relationship is used to
convert ages to length frequencies).
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Figure 6. Invented length distributions-at-age used for the age-length conversion matrix (not to
be confused with an age-length key, which converts lengths to ages. This relationship is used to
convert ages to length frequencies).
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