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A. General

A.1. Stock definition

The management area for this stock is deli ,g,h (FU 20-22; Fig. 1). The

management unit is pertinent because of th@sedentaty feature of Nephrops. However,

the sources of recruits are much more poor ined. There is no evidence that the
whole exploited area belongs to the s or that there are several patches linked
in meta-population sense.

A.2. Fishery

Nephrops present part ground features and in the FU 20-22 are known to occur
and have very different size structures in Nephrops
fisheries also have differences in non-Nephrops by-catch

until sexual maturity. Once males are sexually mature, they continue to moult twice a
year while females moult only once a year in the latter spring/summer right after the
hatching of their eggs. In previous references (1970-80's), it is pointed out that
maturation of females happens at a median size of 31 mm CL (10 cm of total length)
which corresponds to 3.5 years old individuals. There is no specific reference for the
sexual maturation of males in the FU 20-22, but biological references on close areas
with similar hydrological conditions (FU 15; Western Irish Sea) indicate a first size of
functional maturity of 29-31 mm CL.

As reported by the WGNEPH 2004 and the WGSSDS 2005 and 2006, Nephrops in FU
20-22 is mainly exploited by trawlers from France, Republic of Ireland and UK
although the contribution of other countries is lower. The spatial distribution of
landings by statistical rectangles are provided below (Fig. 2-5). It indicates
heterogeneous spatial behaviour of the main fleets.
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France

No major changes have taken place in the fishery for more than fifteen years apart
from the implementation of a new mesh regulation in 2000 which increased the
minimum codend mesh size from 80 to 100 mm (in fact, the regulation involves to 90
mm mesh size, but 100 mm meshes are adopted aiming to avoid problems with by-
catch composition). The 100 mm mesh size also allows them to switch to finfish (cod,
whiting, haddock) when Nephrops catch rates are low (e.g. because of diurnal and
seasonal variations of catchability for this species or during periods of bad weather).
The MLS applied by the French Producers' Organisations is fixed at 11.5 cm total
length (i.e. 35 mm CL). The total number of vessels from the harbours of the South
Brittany remains stable (more than 90 declared Nephrops catches from the Celtic Sea in
recent years, but around 70 are actually targeting this species). A part of these units
(15-20) switch to other Nephrops stocks (FU 16; Porcupine bank; Fig. 1) mainly in 2nd
and 3 quarters when the meteorological conditions are favorable. At the opposite,
many trawlers (20-30) move towards the FU19 Nephrops (SE and SW Irish coast)

dfin 2006 and 2007

Analytical investigations were carried out on the j
and LPUE provided

involving in the French trawlers. Global indices fo

e Bay of Biscay i.e. FU 23-
24) seem to be pertinent: 99% of vessels*mofiths regi for sales at auction can also

landings occurred in two ICES recta
2nd quarter concentrated 21% of yearl
rectangles 29E1 and 30E2 wa
30E2 were represented by 44

E2; the rectangle 30E2 during the
. In 2007, the contribution of the two

during the 2nd quarter g @ 2 ): in 2006, the maximum landings are obtained
in June whereas a ghiff§egétirred in 2007 (maximum value in May which may be
ical conditions in June). In 2008, the shape of French

of French landings shows that the contribution of the rectangle
ating the major part of Irish landings) declined over the last 10 years:
from 41% of total French landings registered in 1999 this contribution is currently less
than 10% (Fig. 3). During the last 10 years, the most productive rectangle for French
trawlers was 30E2 mainly during the late 2000's: the average annual contribution of
this rectangle was around 15% in the early 2000's, but this proportion reached more
than 30% during the recent years. It seems that the French fleet moved gradually from
31E3 to 30E2 under the steeply increasing concentration of Irish trawlers on the
"traditional" Nephrops grounds (Smalls, Labadie).

Republic of Ireland

More than 60 Irish vessels target Nephrops in the Celtic Sea. In 2007, 95 Irish trawlers
were registered as landing Nephrops, but 63 of them exceeded threshold of 10 t (Fig.
6). In 2008, 99 Irish vessels reported landings from this area whereas 67 of them landed
more than 10 t. The fishery presents a more typical seasonal profile than the French
vessels and most of the landings are made between March and July. These vessels are
mid-size multi-purpose trawlers, with a length of 18-23 m and engine power between
250 and 350 kW. Many of the vessels switch between FU 15 and FU 20-22, depending
on the tides in the Irish Sea. Other vessels switch from targeting finfish in the winter
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to Nephrops in the spring and early summer. The mesh size used by Irish vessels is 80
mm, and increasingly these vessels are using twin trawls. The MLS applied by Irish
trawlers is the European one fixed at 8.5 cm total length (i.e. 25 mm CL).

The Irish landings seem to be more concentrated spatially than the French. During the
period 2003-2006, 63-67% of the Irish nominal landings were provided by one ICES
rectangle (31E3). The Irish fishing effort is located more northerly than the French one.

UK

The UK fishery in the Celtic Sea has generally remained unchanged. Since the early
2000's, the number of UK Nephrops directed vessels has increased from around 10 to
15, but their contributions in total landings remains minor (usually less than 50 t of
landings). The maximum historical value of UK landings is reported in 2008 (242 t).

A.3. Ecosystem aspects

Nephrops occur in discrete patches where the sediment is suj or them to construct

their burrows. There is a larval phase of long duratio
mixing with Nephrops from other areas depending oecanographic conditions,
but the mechanisms for this in the Celtic Sea are wn.

Cod has been identified as a predator of Nephzopsy s, and the generally low
level of the cod stock is likely to have resulted in re predation on Nephrops.

B. Data

B.1. Commercial Catch

Landings are reported mai rancéand the Republic of Ireland. French landings
fluctuated between 200¢ @ 800 sh landings rose from around 500 to more than
2000 tin the last 15 sqllde highest value of Irish landings is observed in 2007 (more
iseend is due to greater accuracy of reporting mainly after

s Temained stable whilst Irish landings steeply increased and the
total harvésted quantity was the highest during the last decade. For the first time, in
2007, the Irishjadings exceeded the French ones (3230 t against 2080 t). This may be
caused by constraints linked to the international context affecting fuel prices for
fishing vessels. The overall fishing profile remains typically seasonal with a
dominance of the 2n¢ and 3¢ quarters (60-70%; the other quarters are less productive
because of meteorological conditions and of less accessibility of females due to
burrowing).

During the recent years, the evolution of the French fishing effort and LPUE was
sometimes considerably different from the evolution of the same indicators for the
Irish fleet (e.g. between 2004 and 2005: -5% of fishing effort and +2% of LPUE for
French trawlers against +50% of fishing effort and +25% of LPUE for Irish trawlers).
In 2007, an increase occurred for LPUE values of both main fleets: a slight upwards
trend of French trawlers (+13% associated to a strong reduction of the fishing effort: -
25% whereas the total number of vessels remained almost stable) and a steep one for
the Irish fleet (+36% coinciding with +31% of the fishing effort which was displayed
by an increasing number of trawlers operating in the Celtic Sea: +19% between 2006
and 2007). This underlines the divergence of features of the targeting vessels for each
country and indicates the great heterogeneity of the area. A direct comparison
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between both countries cannot be undertaken because the fishing effort is not
available in the same unit (France: otter trawlers getting at least 10% of their total
landings by targeting this species; Ireland: otter trawl vessels where >30% of monthly
landings in live weight were Nephrops). Furthermore, the actual fishing areas are
different and the Irish fleet is more restricted spatially as already reported by WGSSDS
2005-2008.

B.2. Biological

Natural mortality and maturity at age.

A natural mortality of 0.3 is applied to all Nephrops males whereas the mortality of
females changes at the size of first maturity (occurring at 31 mm CL as explained
previously): a value of 0.2 is usually applied on mature individuals.

The L2AGE slicing program usually applied on Nephrops stocks allocates length
classes into age groups by assuming Von Bertalanffy model ofindividual growth. This
slicing is applied to length distributions by sex. All paz o and K by sex,
calculated mean sizes by age for each sex, natural maturity by sex
(assumed to be knife-edged for males and s-shap and combined are
given below.

Table 1. Nephrops FU20-22 (Celtic Sea). Individualigrowth, mortality, maturity parameters

by sex.
MALES AND IMMATURE FEMALES: Loo= ; MATURE FEMALES: Lo=49, K=0.10
age 1 2 3 4 5 6 7 8+
Size males 34 39 44 47 51
(CLmm)  females 32 33 35 36 37
mm
males 0.3 0.3 0.3 0.3 0.3 0.3
0.3 0.3 0.2 0.2 0.2 0.2 0.2
0.3 0.3 0.25 0.25 0.25 0.25 0.25
0 1 1 1 1 1 1
Maturity 0 0 0 0.5 1 1 1 1
0 0 0.5 0.75 1 1 1 1

Biological sampling

Landings: The total French landings have been available since 1983 (on quarterly basis
since 1987) whereas the Irish series began in 1987 (on quarterly basis since 1995).

LPUE and fishing effort: LPUE series are provided since 1987 in France whilst Irish data
are available over 1996. It has to be noted that the French and Irish method of
calculation of the fishing effort are not carried out by the same way (threshold of 10%
in weight for Nephrops on total landings applied for French trawlers whereas 30% is
the threshold used for Irish fleet), thus a direct comparison of those indices is not
appropriate.

DLF of landings: French sampling plan at auction started in 1983, but only after 1986
the data can be used on quarterly basis. The Irish plan as written previously began in
2002 (in fact, solely 2003 has been entirely sampled in the FU 20-22 area; 2002's data
involving the whole Management Area M: see processing by WGSSDS 2006; two
quarters were not sampled in 2004 and 2005: see processing by WGSSDS 2006). For
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French landings, the increasing proportion of tailed individuals (see below) and the
inappropriate method of sampling before the end of 2007 provided

DLF of discards: French estimation of discards occurred only in three separate years
(1985, 1991 and 1997), but only the data collected in 1997 can be included in analytical
investigations. The available dataset is given for only one year of discard sampling
(1997) because of unavailable quarterly data for landings for the first year of discard
sampling (1985) whereas data collected in 1991 were considered as unreliable
(samples sorted by fishermen). Irish sampling has been undertaken since 2002 (lack of
information for two quarters in 2004; see processing by WGSSDS 2006).

Length compositions of the landings by sex are provided for the two main fleets, but
the time series are different. Sampling of French landings since 1984 has provided
length frequencies by sex on a monthly basis. Due to uncertainty of the older data sets,
the data for 1984-86 were omitted from further analysis. The Irish sampling program
was launched in 2002 under the EU DCR and gave length frequencies for the period
2002-2006 (after simulation undertaken for some missing
explained during WGSSDS 2006).

ormation in 2004 as

unavailable quarterly data on landings fo
whereas data collected in 1991 were con
fishermen not representative of the di§eardin iour of the whole fleet). The 1997
French plan onboard showed high s temporal variability of discard size-
composition vs. that of landings (CV>30%%). The Irish sampling launched under DCR

gave results as presented by Takle 2.

set ddition to that of the harvested area by each
ate by fleet: it was higher for French vessels: 65% in 1997
8 (the only one year with sampling, but only 11% during

The heterogeneity of
country affects the di
against 37% for
the quarters 2 a

quickly).
Table 2. F rish®Sampling Summary
Year Quarter Number of samples Numbers Measured
Catch Discards  Landings Catch Discards  Landings
2003 1 1 1 186 417
2 5 5 4057 3016
3 3 3 2535 3638
4 2 1 996 528
2004 1 0 0 0 0
2 3 2 1634 2781
3 7 6 4284 7171
4 0 0 0 0
2005 1 1 1 1330 2271
2 2 2 2208 3238
3 2 0 1634 0
4 2 0 1627 0
2006 1 2 1 2 1891 1152 2252
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2 10 2 2 7241 1049 363
3 5 1 0 3178 1101 0
4 9 0 0 8266 0
2007 1 1 3 0 767 770 0
2 12 0 0 9648 0 0
3 15 4 2 7784 1862 411
4 6 5 0 1959 1417 0
2008 1 2 5 680 1758
2 10 13 3409 5333
3 3 2 878 546
4 4 4 1356 1573

Extrapolations

Landings: DLF of tailed Nephrops

The WGCSE 2009 pointed out a significantly ingrea gportion of tailed
individuals in French landings whereas this propgfti 3 A
trawlers. In 2008, 20% of total French landings { in_talled Nephrops (19% in

2007, 15% in 2006 and 11% in 2005; less tha

orresponding to the two moulting periods,
icular conditions of trips (12-15 days)
rops. As regards to the annual increasing
by using an exponential function), industry
ic difficulties of the vessels because of the rapidly
individuals are intended to compensate this loss for the
al investment by trip. As the European MLS for FU20-22
of total length (25 mm CL) and the MLS retained by the

Before the end of 2007, the tailed Nephrops could not be sampled at auction and, as the
sampling onboard remains difficult to apply routinely (long trip duration for French
trawlers), the problem was partially tackled by apportioning tailed individuals to the
smallest category of landings at auction. Since the end of 2007, new biometric
relationships established during the EVHOE survey have been used: they allow to fit
CL vs. 24 abdominal segment of tail by sex (Fig. 8). The DLF of French landings for
2008 were estimated by two ways: one using the extrapolations from tails to CL, the
other apportioning tails to the small category as for previous years. The resulting
difference appears relevant (Fig. 9): in 2008, 46 million Nephrops were provided by the
previous method whereas 58 million were estimated by including tails (+28%). Almost
30% of landed individuals were below the French Producers' Organization MLS, but
no Nephrops was undersized compared with European MLS. Moreover, the sex ratio
seems to be affected by the tailing practice: 13% of Nephrops (7.4 million) were females
although this percentage would be 7% (3.2 million) under the previous method. The
mean size of French landings for 2008 decreases at around 2.5-5 mm CL by sex when
tails are involved by sampling. However, the mean CL for 2008 remains larger than
the Irish one.
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Table 3. Nephrops in 7.f,g,h. Mean sizes (CL in mm) of French and Irish landings for 2008. French
values are calculated (1) including the samples involving in tailed individuals and (2) using the
previous method (no sampling of tails; the total tailed proportion was apportioned in the smallest
category of entire Nephrops at auction).

French sampling Irish sampling

Males Females Total Males Females Total
37.6 34.7 37.2 32.0 29.7 311
40.1 39.6 40.1

This result emphasizes the WGSSDS 2008 conclusion that the size composition may
be overestimated when raised to the composition of entire individuals.

Discards: years with no sampling onboard

Generalities

As the sampling plan for both countries was not routinel
series of landings by quarter either for the French f

years or quarters with no information was

The main concepts of the derivation (back-

(1) The first step involves appl
which is explained by s-sha
tested by fleet, the
parameters of the
within period)

ing selection of retained catches
ic) function vs. size. As statistically
function is stable within-quarter for given
ern (if mesh size and MLS remain constant

(2) nsists in removing undersized individuals unusual in
enerate unreliably extreme values of discards due to

(very high CV of landings for the extreme size classes).

3) hird step allows the generation of missing size classes by applying a
probability density function which can be symmetrical or not. The whole
calculation is based on multiple maximum likelihood function according to
the number of missing years. Relationship as between mean sizes of landings
and of discards tested on the FU 23-24 Nephrops (Bay of Biscay; WGHMM) can
also be included in the final fitting.

Particularities for FU 20-22 Nephrops stock

The approach summarized above was already developed on the FU 23-24 Nephrops
stock (Bay of Biscay) and its validation was investigated during the WGHMM 2007
(Fig. 10-14). The WGSSDS 2007 examined statistical formulation and validation of this
method on French (years 1987-2006) and Irish (years 2002-2006, investigation by
quarter) discards for FU 20-22. There are some differences from the calculation
applied on the Bay of Biscay as:
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(1) The available French dataset is given for only one year of discard sampling (1997).
It means that the hand-sorting s-shaped curves by quarter are calculated on only
one year? instead of six in the case of the Bay of Biscay stock.

(2) The cumulative percentage level for removing of undersized generated discards
(see above: 27 stage) is fixed at 5% for French data and 1% for Irish data (also 1%
for the Bay of Biscay Nephrops stock). In the case of the French fishery in Celtic
Sea, this can be justified by the high variability of landing samples between trips
(higher coefficients of variation at auction because of higher heterogeneity of the
fished area and of long duration of trips i.e. 12-15 days and, hence, less availability
of samples at auction).

(3) For the French discards, with only one year of discard sampling, the initial value
of the parameter Lm can not be assumed to be equal to any expected mean size
of discards vs. mean size of landings (see above 3 stage). Furthermore, the
interval in which Lm should be contained is not statistically calculable. Hence,

maximum number of

alculation (i.e. after
the 1+t stage: hand-
priori coefficient of

e tested). For the Irish

of discards and landings

was set because of lack of any information on tRat due to the short time series.

Lm is initially introduced as the size corresponding tg
discarded individuals as provided by the 2nd st
removing extremely high values of discards obgéinedya

variation around the initial Lm (CV of 0.10 a
data, no constraint on relationship betw@en mea

se FU 20-22 area indicates that the
s is probably no symmetrical because
more significant than for the FU 23-24 stock
2.

(4) The large mesh size of the Fren
distribution of length frequencies
of selectivity effects which should
or for the Irish trawlers infghe FU 2

(4) For French discar abs of reference about any relationship between
mean sizes of 1 d discards at the opposite of the Bay of Biscay, implies
that the fin i to provide the more linear as possible relationship (after
log-log tra ion) with only one reference point (year 1997). Hence, the

Let j be a ye ith no dataset on discards. By quarter k, the number of discarded
individuals by sex (m or f) and by size L, NDjm (or NDjt), is not calculated on data
provided from other years, but from the number of landed individuals NLikm (or
NLiwr) during the same year, quarter k, sex (m or f) and size L:

NDjum = NLjum.eXp(—ax.(L—L50k)) or NDjur = NLjur.exp(—ax.(L—L50x))
(1]

ax and L50k are the parameters of the s-shaped curve (logistic model) fitted by quarter
k describing the commercial Nephrops hand-sorting onboard. For this fitting, both
sexes are combined and the dependent variable is expressed by the number of landed
individuals for size L and the independent one is the total number of catches by size
L for the years with discard sampling onboard.

1 The six trips sampled in 2005 provided new s-shaped curves of hand-sorting for Q3 and Q4 which were
used for simulations of the recent period since 2000 i.e. since the mesh size change.
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The estimates ax and L50x were calculated by assuming the stability of hand-sorting
process onboard if mesh size and MLS remain unchanged. The short Irish time series
2002-2006 was considered as a common dataset, but, for the French trawlers, the
overall time series was divided into three periods:

(1) Years 1987-1990: The results of sampling carried out in 1985 are not available
on computing support. Thus, there is no formal information if the hand-
sorting onboard could be approximated by the more recent parameters of 90's.
a and L50 were not got fixed, but their values were estimated by the multiple
likelihood function as for the parameters of the probability density by year
(see below).

(2) Years 1991-1999: The hand-sorting was fitted on data from 1997 (1991's data
were not representative of the whole fleet). The missing data of years 1991-96
and 1998-99 were therefore estimated.

(3) Years 2000-2006: Because of the mesh size change, the hand-sorting should be
different from 1997's sampling data. However, th
for the 15t and 2" quarters (the 2005's sampling p
only for the 3 and 4 quarters). Hence, a
were fixed equal to 1997's parameters,
quarters is based on 2005's data.

0 new information

ded relevant results
first two quarters
ation for the other two

2nd stage: removing of unreliable size classes of discards

This derivation approach reduces i
may induce lack of contrast in rec
inconveniencies of the new
sorting onboard s-shaped

en e between yearly datasets which
ime series. In spite of that, some

unts by size because of the exponential calculation. All size classes
representing less than a minimum cumulative percentage level in landings by
year were removed (5% for French landings, 1% for Irish landings).

(2) Discarded individuals by size exceeding observed mean ratios discards/landings.
Generated discarded numbers were removed when the calculated ratio
discards/landings by size (decreasing function vs. size) exceeded observed
mean ratios by size?. Almost all size classes involved by (2) were already
removed by (1). This operation was added at the aim of elimination of not
normally high ratios discards/landings for large sizes (which has a little
impact on total discarded number due to the s-shaped function of hand-
sorting).

This calculation process retains only a part of the initial hand-sorting generated
distributions of discards mainly the decreasing part of discarded individuals.

2 This procedure is performed only on Irish dataset whereas it is not pertinent for French data (only one
year dataset).
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3rd stage: simulation of densities of probability of discarded individuals (yearly distribution for
French and quarterly for Irish discards)

Finally, the assumed distribution of discards for the whole range of sizes was
calculated from the descending part. This process needs to input the probability
density of discards given by:

AL) = 1+ exp(,%.(L—Lm)
(2]
where a, 3, Lm are coefficients of the distribution (¢(L)=ct/2 when L=Lm).
Because of the assumed skewness for the French discard distribution, as explained

above, the whole function of the probability density is approximated by:

for L<Lm

AL) =17 exp(—?!/ﬂ.(L—Lm)

AL) = 1+ exp(%.(L—Lm) m
(3]

with a complementary coefficient y: if y=
symmetrical, if y<1 the skewness of the dis
negative (y=1 for Irish discards, y#1 for Fr

holgfPprobability density is
tive if y>1 the skewness is

The fitting of @(L) is processed on t

- Lm and « are fixed: « is initi i at 2*qmax which is the maximum
frequency retained a ge of calculation (see above), Lm is fixed at
the size correspon

@ culation (see previously) and, hence, {3 is given

classes with discards different from zero).

All parameters are estimated: «, 3, Lm got obtained by the 1+t stage are input for the final
calculation using Newton cancellation of gradient and assuming stochastic approach
for Lm. Lm is assumed to be included in the interval defined accordingly to an a priori
CV of Lm (see above)®.

Otherwise, the final run includes constraints as:

- The sum of frequencies for descending part of distribution is equal to that
calculated by the model i.e. the retained values of the 2d stage of calculation
described previously are assumed to be reliable.

- Lm2>Lmin [Lmin=(1-Z1-a2.CV)*Lm] (usually:
0=0.05=>Z1-42=1.96)

3 For French discards, are also included in the optimisation algorithm, the parameters o and L50 of the first
period (1987-1990) which remained unknown.
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- Lm<Lmax [Lmax=(1+ Z1-42.CV)*Lm]

- For French discards, the coefficient of determination of the relationship
between the mean sizes of landings and the mean sizes of discards for missing
years has to be as close as possible to 1 (with no possibility of statistical test
because of only one year dataset).

- Statistical formulation and validation

Calculation of variances

Matrix of variances-covariances of model parameters

The Generalized Reduced Gradient and the Complex method do not give an estimate
of the matrix of variances-covariances of the four (three for Irish) parameters. In this
case, it is usually recommended to apply non-parametric techniques such as the
Bootstrap method. The calculation can also be carried out according to parametric
procedure (Lin, 1987; Fifas and Berthou, 1999; Fifas et al., 2 ing Jacobian matrix
(i.e. matrix of partial derivatives of the objective).

The matrix of variances-covariances is obtained by ti§€ follo ationship:

[M] = 2.1}

(5]
with:
[M]= matrix of variances-covariance inv of matrix of information; s?>= sum
of mean residual squares of the fitted on¥s>=SCE/DDL*):
Lj<Lm 2 Ljs=L
. [04

—my | * 2 [AL) - 1+ exp(g.(Li—Lm)}

i=j+1

[J] is the Jacobian matrix (nc rows and 4 columns for French data, 3 for Irish):

IpL1) IpL1) IpL1) dp(Ls)
oa B & om

IpL2) SplL2) IpLz) Sip(Lo)
DK 6 & & am

ALne) B L) A Lnc) SpLnc)
da B I aAm
[8]

[JI" is the transpose of [J], the partial derivatives of the equation [8], also defined as
absolute coefficients of sensitivity of order 1 written as a(a), a(p), a(y), a(Lm) are given
below:

4 DDL is equal to nc-4 for French discards, but equal to nc-3 for Irish data (parameter vy is omitted).
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aofL)_o(L)
oa a

[9]

) p(L-Lm).ofL)--22h ifL<Lm
[10a]

B (L-Lm). (1.2 ifL>Lm
[10b]

O (L-Lm). o). (-2 ifL<Lm
[11a]

é’(g(y'—) -0 if L>Lm
[11b] Q

WO _ gy pf1).1- 25 @

[12a]
opL) _ ML) ( ;i)
[12b]

Uncertainty of simulated disca

v@ iances of the four (three for Irish) parameters of the

derivatives of order 1 provide an approximate calculation
e W(L) corresponding to simulated discards vs. size L.
This procedure 1 imited developments of order 1 in Taylor’s series (called
Delta me 86; Laurec and Mesnil, 1987; Chevaillier, 1990; Chevaillier

The matrix of variana
model and the use

By using Taylor’s polynomial on a function ® against parameters 01, 02, ..., 6k it is
possible to present the variance of @ by:

k acpj2 k1 koD oD
vio] = Zlvlal + 2 = “Zcovla,g
o] = 3(Z) vl + 23 26 o 06

[13]

Then, the variance of simulated discards vs. size, V[W(L)], is written as:

VIVY(L)] = a(@)2.V]a] + a(p)2V[L] + a(»)?V[A + a(Lm)2V[Lm] + 2a(«).a(p).Cov[a,f] +
2.a(a).a().Cov[a,y] + 2.a(e).a(Lm).Cov[a,Lm] + 2a(p).a(y).Cov[5,] +2a(p).a(Lm).Cov[S,Lm]

2.a(y).a(Lm).Cov[y,Lm]
(14]
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where the absolute coefficients of sensitivity of order 1 (partial derivatives) are
defined above (equations [9] to [12])

Validation

The generated by simulation values are tested against discards estimated by sampling.
This procedure is undertaken on French data of 1997 and also on available Irish set
(all quarters of 2003, 2004-Q2, 2004-Q3, 2005-Q1, 2005-Q2, 2006 apart from Q4 i.e. 11
quarters). As performed for the Bay of Biscay Nephrops stock, this validation involves
in three main stages (Fig. 10-14): (1) Examination of the total amount of discards
calculated by simulation that should not be significantly different from that obtained
by sampling. (2) Test by linear regression performed on simulated numbers vs. size
as dependent variable against sampled numbers as independent one. The slope of this
relationship should not be significantly different from 1 (bisecting line) and the
intercept should not be significantly different from 0. (3) Test of cumulative
frequencies of the sets, sampled and simulated, using non parametric approaches such
as Kolmogorov-Smirnov.

Results

Hand-sorting s-shaped curves

The French and Irish hand-sorting logistic cirves esti
by Figure 15. In the Table 4, are also pres
years 1987-1990 (simulated by the mudti
density of discards; see above).

by sampling are provided
ted thefFrench parameters involving in

quarter (year 1997) IRL (years 2003-2005)
L50 a L50
Q1 1.006 32.776 0.480 25.876
0.718 36.019 0.426 26.016
0.851 33.654 0.559 25.785
0.815 32.381 0.412 24.886

These valuesjindicate the high heterogeneity between the two fleets which accentuates
the a priori high spatial heterogeneity of the targeted resource. Some weak differences
are observed between the simulated values a and L50 of the first French period (1987-
1990) and the sampling of 1997. Nevertheless, these parameters are given by
deterministic way, therefore, there is no possibility of further statistical comparison.

Estimates of French discards

Estimates of French discards (1987-2006), total number of discarded individuals,
parameters a, 3, Y and Lm and corresponding coefficients of variation (CV, in %), are
given below (Table 5). The Table 6 and Figure 16 present discard rates by sex and
combined for the overall time series.

Table 5. French Nephrops trawlers, Celtic Sea (FU 20-22). Estimates of discards, coefficients of
model and coefficients of variation of parameters.

year disc CV(disc) Lm CV(Lm) a CV(a) P cv@ep) v CV(y)
1987 125752 4.62 30.278 3.25 25773 1379 0293 3211 0.768  44.61
1988 425396 4.88 28917 5.28 59518 1697 0.260 39.24 0.534  56.57
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1989 99536 4.02 31.061 4.36 14417 1386 0.221  33.01 0.740  45.69
1990 81530 8.74 30.579 8.28 12219 2886 0221 61.77 0.866 9251
1991 389726 5.69 29.479 5.70 57932 1885 0.218 40.78 0.868  60.75
1992 377075 18.48 30.752 1457 61039 58.97 0314 14251 0.534 193.98
1993 118210 199.42 31.299 147.10 20679 61224 0.258 1356.53 0.879  1956.90
1994 93687 7.62 31438 6.77 14384 2484 0232 5491 0.830  79.80
1995 131541 136.57 31.808 9539 25096 41852 0.273 880.20 0.808  1323.18
1996 82811 6.05 32.357 5.61 12121 2020 0.255  49.20 0.637 6691
1997 96612 6.21 32403 2.11 18050 1536  0.673  46.01 0.397  55.62
1998 30494 7.62 31.393 1098 3453  28.85 0.161 6194 0.893  94.65
1999 36900 12.14 31.827 10.67 5618  40.01 0.236  84.90 0.791  127.28
2000 22234 46.41 33.790 56.24 2655 17190 0.175 359.92  0.863  552.62
2001 98962  5.59 31.766 7.43 11594 2094 0.191 46.64 0.682  69.25

2002 34283 18.42 33466 2152 4223 66.86 0.193 150.64 0.762  217.87
2003 59692 4.73 34452 3.48 9659 0.638  49.26
2004 29493  9.36 33.546 9.20 4050 0.874  103.22
2005 15097  18.92 34739 1757 2098 0.873  206.98
2006 17286  6.86 36.327 7.29 2350 0530 85.17

nts whereas in coloured fonts are
probability density seems to be
parameters and discarded numbers).
pbtained by sampling.

Note: the sampled year 1997 is given in bold
presented the years for which the model ba

YEAR 1987 1988 1989 1990 1991 19 995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

total 65.0 83.8 58.6 512 86 . 9 558 634 543 654 401 403 317 649 374 493 407 288 287

males 465 67.0 385 328 370 442 33.6 456 23.0 238 198 464 210 300 240 16.6 182

females 86.7 96.5 86.1 72568 0.2 823 883 881 947 750 729 556 855 80.8 90.6 81.4 688 48.9

As prese
generally adequate results (see parameters' CV) except for three years on twenty of
the overall time series. Nevertheless, the provided CV are estimated by the model and
do not necessarily reflect the actual uncertainty because of complex organization of
samples (sub-sampling stratified plan applied onboard). This is illustrated by the
sampled year 1997 which showed high spatial and temporal variability of discard
size-composition vs. that of landings (CV of samples>30%) although the estimated by
the model CV seems unlikely (weak value of 6.21%). Moreover, the generated by the
model total number of discarded Nephrops for 1997 was under-estimated (66 millions
ie. 68% of the total number estimated by sampling: 97 millions). The use of the
coefficient vy in the model was justified by the expected skewness of discard
distributions due to the selectivity effect: in fact, all values of y do not exceed 1.
However, using the simulated model for the year 1997 with assumed symmetrical
distribution of discards and with no constraint on relationship between mean sizes in
discards and in landings provided more satisfactory results (Fig. 17). The symmetrical
simulation gave un estimate of 83 millions of discards i.e. 86% of the 97 millions
calculated by sampling closer than the value generated with skewness. Moreover, the
CV of parameters o, Lm and mainly {3 are less strong.
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There is no current statistical evidence for choosing symmetrical or not distribution
for simulations and there is no possibility to validate any relationship between mean
sizes in discards and landings while the actual sampling is limited to only one
complete year.

However, as underlined in the Stock Annex, the generated by model CPUE (including
discards calculated by the probabilistic simulation with skewness) show a good
agreement with EVHOE groundfish survey indices for the period 1997-2005 (R?=0.65)
whilst the relationship between LPUE and EVHOE indices seems more sparse
(R?=0.36). As also reported by WGSSDS 2007, throughout the overall time series, some
high (years 1988, 2001) or low (year 1990) values of simulated discard rates coincide
with increase or decrease of LPUE for 1-2 years later (increase in 1989-1990 and 2002-
2003, decrease in 1991-1992). It is noticeable that no constraint was set for back-
calculations on the relationship between discard rate (year i) and LPUE (years i+1/i+2).

Estimates of Irish discards

bers of discarded
3 of variation (CV,

Estimates of Irish discards by quarter (since 2002),
individuals, parameters o, 3 and Lm and correspondi
in %), are provided below (Table 7).

A first examination of results shows an over istical adequacy than for
French discards. Except for one sample
coefficients of determination are strong a
relatively low. Despite this initial
approach will be tested as regards t
stock.

of model parameters remain
adequacy of the probabilistic

The Table 8 and Figure 18
sampling and by simulation can be directly
: it seems that the average simulated discard
than the sampled one (26.0% against 27.3%), but for 8
alues are under-estimated.

compared for 11
percentage is sli

19 give comparisons between sampled and simulated
o sampled years (2003 and 2005) for the 1st quarter give low

levels (9 on 11 the overall conclusion is that the null hypothesis (slope=1) is refused
apart from one example (2004-Q2) which although provides biased results of
simulated discards (very high ratio Nexp/Nobs). It is worth noting that the descending
part of simulated DLF of discards seems to be more coherent with the sampled DLF
than the ascending one (except for one case on 11, 2005-Q2 which is denoted by the
less good statistical consistency of simulation in regards with the low value of g% Table
7). Introduction of some constraint between mean sizes in discards and in landings as
for the French example may give different results for the ascending DLF.

Table 7. Irish Nephrops trawlers, Celtic Sea (FU 20-22). Estimates of discards, coefficients of model
and coefficients of variation of parameters (bold characters=sampled quarters).

year Q disc Lm CV(Lm) « CV(a) p CV() 0?

2002 Q1 2664 26.039  0.95 1282 13.89 0.674 18.09 0.990
2003 Q1 6318 20994 197 1476  11.52 0.319 15.53 0.855
2004 Q1 2208 24.743 1.34 998 18.48 0.625 24.42 0.960

2005 Q1 7613 25929  0.88 3764 1327 0.691 17.29 0.994
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2006 Q1 11279 25218  0.68 4594  8.56 0.564 11.32 0.929
2002 Q2 1670 27.891 1.10 666 14.69 0.555 19.37 0.950
2003 Q2 10236 25.119 0.72 4204 898 0.571 11.84 0.980
2004 Q2 4953 24685  1.05 1003  6.39 0.278 8.59 0.951
2005 Q2 23437 25139 142 3701  6.79 0.214 9.27 0.608
2006 Q2 15977 26854 0.35 7902 5.61 0.688 7.35 0.987
2002 Q3 729 27444  0.77 363 13.40 0.686 17.73 0.982
2003 Q3 15985 22042 043 5780  4.04 0.504 5.33 0.940
2004 Q3 1291 28.143  0.26 571 3.90 0.615 5.13 0.969
2005 Q3 4795 24.751 0.64 2562  10.55 0.739 13.85 0.960
2006 Q3 2518 25484  0.44 1144  6.48 0.626 8.60 0.927
2002 Q4 11343 24442 056 5197  7.89 0.631 10.46 0.990
2003 Q4 2166 24284  0.83 630 7.23 0.402 9.64 0.967
2004 Q4 1561 27543  0.93 713 14.91 0.630 19.77 0.992
2005 Q4 9249 24318  0.67 4603  10.22 49 0.992
2006 Q4 10394 25289  0.67 5666  11.50 A1 0.990

Table 8. Irish Nephrops trawlers, Celtic Sea (FU 20-22).
the sampled quarters: the cited percentages in bol S
brackets are obtained by the simulation).

%) by quarter and year (for
e sampling results; those in

year 2002 2003 2004 2005 2006 2002 2003 20! 2 2003 2004 2005 2006 2002 2003 2004 2005 2006

quarter Q1 Q1 Q1 Q1 Q1 Q2 Q2 Q2 Q3 Q3 Q3 Q3 Q3 Q4 Q4 Q4 Q4 4

total 73 269 154 353 411 26 4 295 12 412 101 11.1 195 99 264 23 543 7.2

(41.6) (24.5) (32.4) 8) (24.1) (40.6) (9.0) (15.6) (22.9)

males 6.6 221 137 379 345 193 229 13 422 93 52 170 109 207 43 47.0 8.0

females 8.9 75.1 18.7 34.0 : 405 117 227 327 12 406 114 400 209 65 591 02 712 38

It would also i re-examine the comparisons after assuming skewness

symmetrye ations, then small sized individuals are under-estimated (however,
the overestimation of the small Nephrops by the simulation occurs less often, but
provides extremely divergent results). Although, there is no current basis for further
analysis of this point because there is no evidence of any particular effect of some
biological feature affecting the symmetry of distributions i.e. moulting which occurs
in spring and autumn (example examined in the French fishery of the Bay of Biscay).
The short time series and the low sampling rate do not allow to generalise this first
overview.

Table 9. Irish Nephrops trawlers, Celtic Sea (FU 20-22). Relationships between discarded numbers
by sampling (Nobs) and by simulation (Nexp).

YEAR/QUARTER NEXP=¥(NOBS) p2 P(SLOPE) NEXP/NOBS
2003 Q1 Nexp=0.87*Nobs+84.99 0.44 0.41 194%
2005 Q1 Nexp=0.60*Nobs-2.72 0.72 0.00* 60%
2006 Q1 Nexp=0.72*Nobs-12.49 0.89 0.00* 69%
2003 Q2 Nexp=0.72*Nobs-3.87 0.84 0.00* 71%

2004 Q2 Nexp=0.94*Nobs+45.90 0.85 0.38 152%
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2005 Q2 Nexp=0.78*Nobs+267.45 0.85 0.00* 148%
2006 Q2 Nexp=0.83*Nobs-39.77 0.94 0.00* 76%
2003 Q3 Nexp=0.89*Nobs+32.24 0.94 0.00* 97%
2004 Q3 Nexp=0.86*Nobs+0.92 0.97 0.00* 88%
2006 Q3 Nexp=0.80*Nobs-2.90 0.91 0.00* 77%
2003 Q4 Nexp=0.74*Nobs+5.79 0.88 0.00* 83%

Note: *=significant result (1-a=0.95)

Conclusion

The biological sampling onboard for Nephrops FU 20-22 stock remains poor for both
main fleets. The duration of trips for French trawlers (12-15 days) restricts possibilities
of regular participation of observers. Moreover, in agreement with results of sampling
design applied in 1997, the long duration of trips implies a high spatial variability of
harvested areas by trip and a low total number of trips sampled by quarter. Thus, the
By the way, the
simulations developed on French discards are hampegzed b pling of only one

the hand-sorting onboard. In spite of that,
with independent indices as EVHOE gro indices (as pointed by last
ms of LPUE during the whole

time series.

cause of a shorter duration of trips. Hence,
herent to the French fleet should not affect

conceptual problems of sam desig
the Irish data. As the Iris eeti8ee 0 be more recruitment directed, the indices
provided by the samjp boar ould improve the diagnostic accuracy. In the

meantime, the si

The Irish dataset takes more promisin

consistent reco,

Direct Nephrops assessment by trawling are inappropriate because of notable diurnal
variations of availability which is higher during dawn and dusk. The most adapted
way is based on transect with video and TV runs of burrows (combined with hauls on
area and geo-statistical analysis of catches with the aim of separating burrows of
Nephrops from those of squat lobster), but it needs heavy preliminary arrangements
because the spatial heterogeneity of resource requires to well define the survey area
and the sampling plan in order to avoid biased results. The current situation will be
improved in the future once a data time series has been collected by the Irish
specifically designed survey program launched in 2006. However, the Irish and
French exploited areas are different. On FU 20-22 the French groundfish survey
EVHOE while not focusing on Nephrops does provide an indication of the length
distributions and the strength of recruitment (Fig. 20). An Irish groundfish survey
giving size composition of Nephrops catches has also been carried out since 2003.
Moreover, a UK bottom trawl survey had occurred on the same area between 1984
and 2004, but only two sampling stations were within FU 20-22 area.
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A comparative analysis conducted between LPUE and CPUE of French and Irish
vessels with EVHOE indices shows a good agreement between commercial French
CPUE and EVHOE series for the period 1997-2005 (R?>=0.65) whilst the relationship is
more sparse (R?=0.36) when the commercial French LPUE are used (Fig. 21). The Irish
data are not significantly linked to the French dataset probably due to the difference
of harvested area and the short time-series.

The results of the UWTV survey initiated by Republic of Ireland in 2006 involving in
the three first years, 2006-2008, are shown by Figures 20-25 and Tables 10-11. It is
noticeable that the strongest values of this short time series (2006) coincide with the
highest level on "Smalls" as reported by Irish industry in 2007. In a timeframe of
around 2-4 years, this survey should provide valuable information to tune data for the
FU20-22 Nephrops stock especially on the "Smalls" ground where are located more than
the 2/3 of the total Irish yearly production. Nevertheless, the historical longer series of
French landings in the Celtic Sea is less involved by the area covered by UWTV (the
contribution of the rectangle 31E3 in the total French production fell from 41% in 1999
at less than 10% in 2008). This implies the necessity to tun the whole area.

B.4. Commercial CPUE

Between 2006 and 2007, the French fishing ef
LPUE increased (+13%) although the evoluti
was different (+31% of fishing effort and
decrease of the French fishing effort
trips by vessel whereas the total n
evolution of the Irish fishing effort inv
Irish trawlers were listed in
trips by vessel.

ned giotably by —25% and the
ndicators for the Irish fleet
PUE). It is noticeable that the

s either in increase of the fishing vessels (95
0 for 2006) or in increase of the number of

Between 2007 and 200 fort of the French trawlers decreased slightly i.e. 99789

hereas the Irish fishing effort remained stable (59727 h

against 59899 E of both fleets increased mainly for French trawlers

(+22%: 2

There is no currently specific development for analytical assessment of the stock. By
the WGNEPH 2003, the FU20-22 Nephrops stock was analytically assessed by XSA
(software VPA; Darby and Flatman, 1994). Because of the lack of long and consistent
Irish series (before DCR), the analysis was limited on the male component involved
by French trawlers (see input parameters: Table 1).

D. Short-Term Projection

No short-term projection is performed for this stock.

E. Medium-Term Projections

No medium-term projection is performed for this stock.

F. Long-Term Projections

No long-term projection is performed for this stock.
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G. Biological Reference Points

There is no biological reference point for this stock.
H. Other Issues
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Figure 11. Nephrops of FU 23-24 (Bay of Biscay). Comparison between discard rates obtained by
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Figure 17. Nephrops of FU 20-22 (Celtic Sea). French fleet. Results of the discard simulation on
theyear 1997. The distribution is assumed symmetrical and no constraint was set on relationship
between mean sizes in discards and landings. Simulated number (Nexp) illustrated by broken
line are compared to sampled one (Nobs).
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Figure 18. Nephrops of FU 20-22 (Celtic Sea). DiscaC awlers by year and quarter.
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Figure 10. Nephrops FU 20-22 (Celtic Sea).
Irish trawlers. DLF of sampled (continuous
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Figure 19. Nephrops FU 20-22 (Celtic Sea). Irish trawlers. DLF of sampled (continuous line) and
simulated (broken line) discarded numbers.
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Figure 20. Nephro, -22. dmdices of the French groundfish survey EVHOE.
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Figure 21. Nephrops FU 20-22. Comparison of indices EVHOE and of commercial LPUE and CPUE

for French and Irish trawlers.
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Figure 22. Omnidriectional mean variograms for the Celtic Sea FU20-22 by year from 2006-2008
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Figure 24. Contour plots of the krigged density estimates for the Celtic Sea FU20-22 by year from
2006-2008.
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eltic Sea FU20-22 by year from 2006-2008.

Table 10. Summary geost (@ the Nephrops UWTYV surveys of the Celtic Sea from 2006-2008.

mber
of Mean Raised abundance
ber gfBoundary| Density | Standard| CVgeo estimate (million
Ground o) i points | (No./M2) | Deviation (%) Var Domain Area (m2) burrows)
Smalls 4 1 50 0.62 0.50 80% 0.25 2847 1914
Smalls 07 63 0.46 0.44 96% 0.19 2915 1402
Smalls 76 31 0.47 0.40 85% 0.16 2698 1448

Table 11. Summary statistics for the Nephrops UWTV survey indicator stations of the Labadie and
Nymphe Bank and Seven Heads Grounds from 2006-2008.

Mean Area
Number | Density | Surveyed | Burrow | Standard
Ground Year |of stations| (No./M2)*| (M2) count | Deviation| 95%CI CV
2006 9 0.42 1,322 760 0.37 0.28 29%
2007 - - - - - - -
Labadie Bank 2008 - - - - - - -
2006 2 0.27 195 89 0.39 3.47 100%
2007 - - - - - -
Nymphe Bank 2008 - - - - - - R
2006 7 0.23 995 293 0.25 0.23 41%
2007 - - - - - - -
Seven Heads 2008 - - - - - - -

*random stratified estimates are given for the Labadie Bank, Nymphe Bank and Seven Heads grot
Area not surveyed in 2007 to 2008 due to weather
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Table 7.7.3. Nephrops in 7.f,g,h. Length distribution of landings by country in 2002. Quarterly and
total values (10%). The reported size is the carapace length (CL). Conversion of CL to TS (total size)
is done by multiplication by 3.3.

- The French data are presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the smallest category of entire Nephrops at auction). (2) Tails are included (simulation of
hand-sorting s-shaped curve vs. CL: see Stock Annex).

- The Irish data reported from the whole MA M (See Stock Annex).

CL Q1 Q2 Q3 Q4 YEAR
(mm) F IRL F IRL F IRL F IRL F IRL
no tails no tails no tails no tails no tails
tails tails tails tails tails
17
18
19 4 5 33
20 13 6 145
21 37 4 213
22 1 72 17 653
23 1 124 1 85 1340
24 2 236 1 136 2243
25 3 421 2 216 2245
26 5 538 4 245 2459
27 10 778 7 326 202 75 1110 94 2417
5 607 120 1516 83 213 3459
11 470 289 1220 21 369 3104

23 1125 242 613 1107 283 763 3483

51 1685 242 667 1284 289 1125 4632

110 1558 242 626 1002 375 1260 4325

266 1551 404 694 995 664 1676 4624

791 1455 404 718 753 927 2822 4281

1427 1152 678 857 782 1985 4332 3913

1745 599 601 777 512 3223 5217 2742

37 648 767 ¥221 1541 2247 1361 706 1359 711 823 914 412 3718 5288 2705

38 797 832 198 1603 2131 1156 1603 1761 580 1146 1096 526 5150 5821 2460

39 847 827 198 2230 2404 820 1463 1504 341 824 849 270 5364 5584 1628

40 1078 963 116 2901 2690 907 1466 1320 313 1618 1388 270 7063 6361 1606

41 817 730 47 2757 2381 380 1028 896 249 1377 1156 171 5978 5163 847

42 1114926 140 2365 1929 322 1186 958 207 669 578 156 5334 4391 825

43 509 434 12 2070 1598 249 781 629 129 836 671 85 4196 3332 474

44 604 493 47 1003 794 234 1076 837 129 771 625 28 3454 2749 438

45 352 288 23 1157 882 132 605 476 74 612 527 71 2727 2174 300

46 144 122 467 371 132 893 692 37 306 281 14 1811 1466 183

47 179 150 345 302 15 470 371 97 247 238 14 1241 1061 126

48 78 68 23 472 390 102 422 331 55 175 161 14 1147 949 195

49 87 74 12 133 124 59 202 164 37 55 59 14 477 420 121

50 73 62 242 207 15 158 129 87 91 14 560 490 29

51 48 41 166 142 126 106 18 95 83 435 371 18
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52 32 29 72 73 120 100 18 94 74 318 276 18
53 30 28 76 77 45 43 24 25 175 172

54 31 29 57 57 65 54 18 23 24 176 165 18
55 24 24 53 53 99 80 18 17 17 192 175 18
56 18 18 40 41 19 18 8 9 85 85

57 11 11 42 42 9 9 18 15 15 77 78 18
58 11 11 23 23 8 8 18 42 42 18
59 10 10 12 12 2 2 1 1 25 26

60 12 13 14 14 7 6 18 1 1 34 34 18
61 3 3 18 18 7 7 1 1 28 28

62 4 4 20 21 1 1 1 1 26 26

63 2 2 1 1 8 8 11 11

64 2 2 1 1 2 2

65 2 2 1 1

66

67

68 1 1 1 1 2 2

69

70

71

72

73

74

75

Total 9056 10126 7774 217/ 17€ 4 93 16297 13821 12732 14516 19184 57783 64823 58378

ength distribution of landings by country in 2003. Quarterly and
size is the carapace length (CL). Conversion of CL to TS (total size)

Table 7.7.4. Nephr
total values
is done

The French dat@yare presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the’smallest category of entire Nephrops at auction). (2) Tails are included (simulation of
hand-sorting s-shaped curve vs. CL: see Stock Annex).

CL Ql Q2 Q3 Q4 YEAR
(mm) F IRL F IRL F IRL F IRL F IRL
no tails no tails no tails no tails no tails
tails tails tails tails tails
17
18 2 2
19 10 10
20 124 26 71 49 270
21 556 72 271 1 172 1 1071
22 567 169 399 1 198 1 1333
23 1452 319 596 1 211 2 2578
24 446 1 848 1 608 2 239 4 2141
25 150 1 1110 1 737 3 477 6 2474
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26 2334 3 1836 3 1072 5 586 11 5827
27 321 5 1894 1644 8 514 19 4372
28 1 1675 9 1967 12 2065 13 948 35 6654
29 1 450 16 1895 25 2331 20 901 63 5578
30 2 372 29 1744 52 2545 31 445 115 5106
31 25 23 831 54 1682 107 1906 25 66 828 50 250 5247
32 7 1002 47 133 1796 211 370 1810 99 257 1307 357 767 5915
33 13 548 47 215 2035 1152 1360 99 273 437 146 1653 4380
34 24 428 328 1228 1565 739 2297 1374 124 427 477 1191 3975 3845
35 77 188 238 516 1412 1293 1689 3101 868 496 756 240 2778 5457 2639
36 75 310 190 563 1534 856 1901 2690 510 545 812 254 3083 5345 1809
37 298 494 190 1220 1892 639 1478 2008 378 595 776 233 3591 5169 1441
38 323 533 285 1313 1794 492 2649 2548 391 694 774 206 4979 5649 1374
39 497 666 95 1360 1691 359 2745 5297 5415 1026
40 828 915 2224 2200 158 1496 5168 5027 495
41 1024 1022 48 2499 2268 257 2217 6683 5771 592
42 1044 978 95 2385 2054 197 1409 5535 4703 549
43 1096 959 48 2478 2024 228 1224 5535 4490 415
44 761 660 1734 1410 80 1472 4467 3570 203
45 751 627 1532 1242 70 1229 3971 3206 110
46 462 389 48 1692 1365 50 3659 2954 131
47 298 267 1008 858 20 1941 1679 167
48 308 274 674 204 181 1498 1329 70

142 133 7 958 919 77
156 154 676 663 40
78 81 450 465 60
57 59 14 308 317 24
27 28 199 204
9 9 126 129
21 21 94 97
82 84
3 3 75 77 10
58 5 5 20 20 25 26
59 2 3 13 14 9 9 25 25
60
61 7 7 7 7
62 5 5 5
63
64
65
66
67
68
69
70

71
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72
73
74
75
Total 8424 8907 12492 22977 25366 23767 22978 25977 22516 8581 9438 9258 62959 69688 68034

Table 7.7.5. Nephrops in 7.f,g,h. Length distribution of landings by country in 2004. Quarterly and
total values (10%). The reported size is the carapace length (CL). Conversion of CL to TS (total size)
is done by multiplication by 3.3.

- The French data are presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the smallest category of entire Nephrops at auction). (2) Tails are included (simulation of
hand-sorting s-shaped curve vs. CL: see Stock Annex).

- The missing Irish data of the 1st and 4t quarters were calculated by likelihood function as explained (Stock

Annex).
CL Ql Q2 Q3 YEAR
(mm) F IRL F IRL F F IRL
no tails no tails no tails no tails
tails tails tails tails

17 1

18 3 6

19 16 1 20

1 40

1 1 19 2 77
2 1 57 3 134
3 4 1 107 6 245
6 13 2 207 11 480
12 37 3 368 19 807
22 107 4 565 35 1416
42 286 7 799 64 2053
80 699 12 1091 117 2938
152 1126 20 1360 215 4037

30 59 681 16 1402 290 1652 32 1521 397 5255

31 102 737 27 1965 73 880 1798 53 1563 73 1063 6063

32 80 402 783 64 88 2493 254 1227 1606 88 1542 398 1805 6424

33 321 669 800 64 119 2870 363 1114 1403 145 1386 748 2047 6459

34 351 797 746 350 3038 327 983 1336 161 312 1144 838 2442 6264

35 728 978 634 191 592 2299 689 1193 988 183 589 908 1792 3352 4829
36 618 823 553 318 1177 1906 1161 1336 708 688 1078 738 2785 4414 3905
37 763 825 444 1080 1723 1702 871 978 449 1009 1224 544 3723 4749 3138
38 827 786 373 1080 1745 1302 1161 999 353 596 817 397 3664 4346 2426
39 537 514 298 1652 1741 799 798 674 224 688 700 297 3675 3628 1618
40 695 584 216 826 1027 499 980 747 134 573 558 223 3074 2916 1072
41 486 412 150 1525 1348 448 1161 841 135 573 508 162 3745 3109 894
42 612 487 105 1789 1421 249 762 547 82 688 543 118 3852 2998 554
43 516 409 68 837 699 162 726 509 57 575 437 79 2653 2054 366
44 461 369 41 1218 895 74 635 449 59 392 296 59 2706 2009 234
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45 470 366 31 1092 831 50 527 370 30 482 345 46 2571 1912 156
46 129 119 21 827 603 142 111 22 432 298 29 1530 1130 72
47 309 249 16 457 370 50 408 310 24 90 75 17 1264 1004 107
48 178 166 11 661 570 25 278 225 11 182 136 14 1299 1099 61
49 178 166 9 352 320 25 282 229 11 123 102 6 935 816 51
50 125 120 5 395 361 149 155 5 69 63 4 739 698 14
51 149 143 4 193 198 145 151 3 54 56 3 541 548 10
52 117 118 2 215 219 126 131 3 58 60 3 516 528 7
53 81 81 2 204 208 114 106 8 81 83 2 479 478 12
54 60 60 2 129 131 37 39 3 61 63 2 287 293 6
55 60 60 64 66 37 39 3 48 49 3 209 214
56 36 37 54 55 37 39 36 37 3 164 167 3
57 26 26 54 55 37 39 16 17 18 3 134 137 19
58 18 18 11 11 26 27 12 12 3 66 68 3
59 3 3 32 33 4 4 5 10 48 49 8

23 24 1

17 17 1

11 12

4 4

2 2
3
1

2 2 1
3
1
1
3

Total 8938 10029 9048 15381 17020 24434 12354 15106 13409 7892 8850 15412 44565 51005 62303

Table 7.7.6. Nephrops in 7.,g,h. Length distribution of landings by country in 2005. Quarterly and
total values (10°). The reported size is the carapace length (CL). Conversion of CL to TS (total size)
is done by multiplication by 3.3.

The French data are presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the smallest category of entire Nephrops at auction). (2) Tails are included (simulation of
hand-sorting s-shaped curve vs. CL: see Stock Annex).

CL Ql Q2 Q3 Q4 YEAR
(mm) F IRL F IRL F IRL F IRL F IRL
no tails no tails no tails no tails no tails

tails tails tails tails tails
17

18
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19 1

20 17 12 1 102

21 74 29 2 459

22 92 46 2 553

23 1 271 110 1 4 1164

24 1 101 1 791 272 5 2730

25 2 202 1 1833 381 9 4313

26 4 378 2 2656 1 596 8 20 6634

27 9 14 1088 3 4305 2 781 10 33 8554

28 12 949 6 5367 3 849 2 45 8913

29 21 1059 10 6785 6 816 1 73 9930

30 9 42 1403 19 7049 13 945 13 136 10418

31 61 2076 33 7768 25 974 21 228 11816

32 70 156 1655 60 7758 8 54 926 148 509 10966

33 44 355 1059 10 114 5684 18 108 788 233 1045 7954

34 131 506 1655 660 2119 7116

35 289 734 1312 1323 3366 5597

36 464 845 933 2060 4294 4134

37 525 799 851 123 2656 4408 2726

38 578 762 936 191 2728 4004 2745

39 814 839 760 177 3106 3634 2045

40 658 657 631 68 2700 2867 1255

41 735 654 296 40 2487 2377 809

42 780 646 166 27 2432 2087 488

43 570 465 268 13 2021 1647 380

44 613 480 166 1775 1401 230

13 1812 1371 38

1563 1183 201
1486 1109 19
1248 938 11
1174 886

50 241 220 698 491 23 302 226 1 34 35 1275 973 24

51 263 240 476 351 271 203 40 42 1051 835

52 179 171 349 278 215 165 21 22 764 636

53 153 139 332 263 198 144 23 24 707 570

54 101 101 241 194 181 133 1 20 20 543 448 1

55 89 88 193 167 205 149 16 16 502 421

56 50 51 132 114 85 64 9 9 276 238

57 58 56 140 106 73 56 9 9 280 228

58 33 33 64 53 68 50 4 5 169 141

59 31 32 48 41 48 35 5 5 133 113

60 15 15 8 8 13 14 4 4 39 41

61 15 15 9 9 18 13 1 1 43 39

62 3 3 5 5 4 7 11 15

63 3 3 10 1 1 17 15

64 1 2 1 2
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65 1 2 2 3
66 2 2 1 2 3 4
67 1 2 1 2
68 1 2 1 2
69

70 1 2 1 2
71

72 1 1 1 1
73 1 1
74 1 1
75 1 3 1 3

Total 9519 10828 18072 11307 14310 65334 7474 9276 10511 9190 10123 18409 37491 44537 112326

Table 7.7.7. Nephrops in 7.f,g,h. Length distribution of landings b,
total values (10%). The reported size is the carapace length (CL)
is done by multiplication by 3.3.

n 2006. Quarterly and
of CL to TS (total size)

The French data are presented by 2 ways: (1) Previous met
apportioned in the smallest category of entire Nephro ctio
hand-sorting s-shaped curve vs. CL: see Stock Annex)

sampled and systematically
ils are included (simulation of

CL Q1 Q2 Q4 YEAR

(mm) F IRL F IRL RL F IRL F IRL

no tails no tails no \\ tails no tails no tails

tails tail tails tails
17
18 4 4
19 7 8 15
21 11 123 235
57 12 335 1 497
195 1 70 1 582 1 1113
488 1 123 1 1141 3 2312
1 852 2 429 2 1705 5 4529
25 1 2000 1 1501 4 692 3 2210 8 6403
26 1 2946 2 3065 8 1333 5 2705 15 10050
27 2 3263 3 4601 15 1722 8 2869 28 12454
28 4 3245 6 5701 10 35 2049 6 17 2354 15 62 13349
29 7 2825 12 6459 58 1689 22 1442 99 12415
30 14 1951 13 30 6443 10 119 1437 11 43 1119 34 205 10950
31 25 1740 41 4632 20 234 1012 60 731 20 359 8115

32 18 58 990 26 91 4577 68 715 706 34 109 577 146 972 6849
33 53 319 673 13 148 3302 78 904 647 85 291 431 229 1662 5053
34 152 524 398 208 840 2438 205 907 573 312 538 346 877 2809 3755
35 286 676 412 312 1404 1679 254 982 269 431 729 332 1283 3791 2693
36 397 783 178 845 2036 1190 488 1055 274 738 915 265 2468 4789 1907
37 642 880 123 1430 2520 826 714 1160 144 772 880 248 3558 5440 1343
38 648 808 96 1963 2519 518 1143 1235 110 755 752 173 4509 5314 897
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39 788 799 82 1769 2052 355 1133 1025 92 590 560 140 4281 4435 668
40 735 680 14 2015 1839 276 918 745 19 568 483 96 4237 3747 405
41 636 552 14 1755 1449 261 1026 709 51 540 420 67 3957 3130 393

42 722 577 1496 1121 126 791 525 11 319 250 52 3329 2474 189
43 674 518 14 1257 879 98 815 507 7 315 227 32 3061 2131 151
44 486 370 965 652 85 519 322 11 211 151 38 2181 1495 133
45 429 321 897 585 56 335 208 7 119 89 17 1781 1202 80
46 346 262 696 462 14 468 284 4 119 85 14 1629 1093 32
47 297 231 27 529 365 28 287 183 86 65 14 1198 844 69
48 262 209 465 333 7 138 107 48 38 12 913 687 19
49 168 145 248 203 14 138 98 66 51 3 619 497 17
50 87 84 216 185 117 89 23 22 6 443 381 6
51 71 72 100 98 115 92 27 25 313 286
52 68 68 156 127 14 70 63 19 18 313 276 14
53 62 64 114 101 46 52 10 231 228
54 42 44 72 69 42 39 166 161
55 34 35 63 59 27 28 10 10 134 133
56 33 35 39 41 23 24 9 105 108
57 29 30 38 39 13 1 85 87
58 17 18 38 39 12 1 5 71 74
5 11 11 14 26 27 9 3 4 49 50 14
60 7 7 15 15 1 2 2 36 37
61 4 4 10 11 6 1 1 21 22
62 3 3 3 3 4 4 1 1 10 11
63 1 1 1 1 1 3 3

2 2 2 2 7

1 1 2 2

67
68
69
70
71
72
73
74
75
Total 8209 9244 23545 17796 20408 49887 10060 12597 13515 6249 6918 20179 42315 49167 107126

Table 7.7.8. Nephrops in 7.f,g,h. Length distribution of landings by country in 2007. Quarterly and
total values (10%). The reported size is the carapace length (CL). Conversion of CL to TS (total size)
is done by multiplication by 3.3.

The French data are presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the smallest category of entire Nephrops at auction). (2) Tails are included (simulation of
hand-sorting s-shaped curve vs. CL: see Stock Annex).
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CL Ql Q2 Q3 Q4 YEAR
(mm) F IRL F IRL F IRL F IRL F IRL
no tails no tails no tails no tails no tails
tails tails tails tails tails

17

18

19 29 29

20 105 148 10 204 468

21 211 354 36 601

22 495 1048 167 650 1 2360

23 916 1 2897 1 8021

24 2757 1 3975 2 13135

25 1 4218 2 5684 4 18144

26 2 5320 4 8822 7 22708

27 3 6276 21 18 9507 1 21 25 22225

28 6 5458 21 25 11331 2 22 37 24486

29 10 4525 25 11794 5 5 50 24021

30 5 21 1767 42 69 10040 10 47 113 19509

31 5 36 916 87 6477 2 10 170 12783

32 15 72 357 64 195 4084 22 6 125 378 9018

33 81 373 105 127 861 2757 307 1986 6395

34 161 490 255 1541 1430 121 407 2196 731 3354 4009

35 218 538 105 806 214 226 544 1797 1768 4509 3309

36 328 563 1125 301 640 1697 2616 5286 2573
453 738 1248 4053 5525 1757
592 811 1073 4290 4883 1474
744 801 823 4063 3993 1148
597 630 548 4238 3429 909
646 556 678 3312 2513 938
515 413 374 2848 1967 447
353 272 349 2510 1620 481
335 232 50 1784 1156 143

45 233 167 973 575 73 278 167 293 198 75 1777 1107 148

46 264 184 569 370 57 196 122 6 253 168 75 1282 844 138

47 116 88 328 242 14 98 72 205 135 50 747 537 64

48 136 100 391 281 72 60 176 115 50 774 555 50

49 91 71 158 147 14 46 44 126 89 75 421 350 89

50 68 56 160 125 38 35 86 60 352 275

51 44 40 73 77 35 32 44 32 196 181

52 34 31 70 62 19 20 20 19 142 132

53 22 21 39 41 1 12 25 19 24 98 93 24

54 18 17 21 22 9 9 27 19 76 67

55 19 18 17 18 8 8 6 6 50 50

56 9 9 18 19 5 5 19 12 51 46

57 7 7 7 7 2 2 8 6 24 22

58 11 10 6 6 14 2 2 2 2 21 20 14
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
Total 5296 6180 33532 18354 21584 84288 8897 10287 27!
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Table 7.7.9. Nephrops in 7.f,g,h. Length distsibuti gs by country in 2008. Quarterly and
total values (10°). The reported size is the cata :
is done by multiplication by 3.3.

The French data are presented b ays: 2vious method (tails not sampled and systematically
apportioned in the smallest cafe entire@Nephrops at auction). (2) Tails are included (as performed
since WGCSE 2009).

CL Q3 Q4 YEAR
IRL F IRL F IRL F IRL

no tails no tails no tails

tails tails tails
18
19
20
21 28 28
22 296 296
23 651 69 539 1258
24 1475 410 1736 3621
25 18 2557 913 3494 6981
26 958 27 4475 22 1136 5829 49 12397
27 1011 82 5408 22 1782 1578 104 9779
28 26 3759 218 6541 89 1582 10 2856 343 14738
29 6 4 3033 463 6436 10 72 2256 6 43 1777 22 582 13502
30 6 162 3336 12 742 7257 245 2116 108 1878 18 1256 14588
31 19 275 980 13 1042 7312 467 2969 18 167 1419 50 1951 12680

32 38 497 1087 61 1774 6648 20 989 3241 55 307 1460 174 3567 12436
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33 89 752 1319 280 1527 4916 30 1372 3063 146 488 1520 544 4140 10817

34 247 1058 1123 536 1789 4829 181 1629 2363 273 721 1698 1236 5198 10013

35 438 977 1462 925 1818 4573 441 1720 1221 450 817 1939 2253 5332 9194

36 554 1167 1123 1448 1993 3000 941 2116 1383 753 979 1219 3697 6254 6725

37 668 920 677 1692 1596 2042 1422 1589 718 863 897 900 4645 5001 4337

38 647 751 659 1814 1383 1224 1682 1525 666 1087 1032 999 5231 4690 3548

39 669 567 356 1583 1242 915 2063 1434 244 844 828 780 5159 4071 2294

40 597 444 339 1558 1148 562 1462 965 213 911 750 600 4528 3306 1713

41 654 465 267 1418 946 378 1382 856 282 772 619 679 4226 2886 1606

42 560 383 178 1027 671 393 1052 595 182 744 566 439 3383 2215 1192

43 576 367 89 1044 607 267 703 368 91 521 378 280 2845 1720 726

44 511 316 89 812 471 321 782 414 374 291 60 2480 1493 470
45 598 371 53 568 342 84 455 245 255 233 160 1876 1190 297
46 345 225 405 259 84 277 1225 835 123
47 290 206 219 151 184 812 593 40
48 209 144 201 173 41 105 600 456 81
49 102 74 128 97 167 100 395 298 207
50 117 84 93 81 125 55 308 247 165
51 49 39 56 56 41 74 229 192 61
52 28 25 47 40 41 30 120 109 41
53 36 29 28 28 102 92

54 11 11 21 21 55 65

55 13 11 17 17 1 46 43

56 8 8 12 12 7 28 28

57 12 10 27 24

58 14 12 4 1 20 17

61

62

== N |
== N |

63

64

65

66

67

68

69

70

71

72

73

74

75

Total 8117 10387 21914 16039 20836 73086 13516 17380 26900 8676 9763 34056 46348 58365 155956
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Table 7.7.10. Nephrops in 7.f,g,h. Length distribution of landings by country in 2009. Quarterly and
total values (10°). The reported size is the carapace length (CL). Conversion of CL to TS (total size)
is done by multiplication by 3.3.

The French data are presented by 2 ways: (1) Previous method (tails not sampled and systematically
apportioned in the smallest category of entire Nephrops at auction). (2) Tails are included (as performed
since WGCSE 2009).

CL Q1 Q2 Q3 Q4 YEAR

(mm) F IRL F IRL F IRL F IRL F IRL

no tails no tails no tails no tails no tails
tails tails tails tails tails

17
18

19

127
167
566
1643
4207
7405
11525
4 12331
35 11744
151 12619
490 10865
5 1251 8630
31 1808 8234
132 2251 6731
434 3058 5694
1063 3627 4647
1859 4228 4032
2828 4334 3397
3895 4305 3106
39 1089 1093 694 1878 1732 1339 921 788 380 526 446 157 4414 4059 2569
40 1044 925 411 1832 1533 808 1141906 209 466 398 199 4482 3761 1627
41 950 802 823 1963 1371 724 997 649 236 411 331 48 4322 3153 1831
42 927 695 308 1568 1075 420 840 481 113 491 340 24 3826 2592 864
43 744 531 334 1432 959 288 845 528 175 346 246 3367 2264 797
44 715 564 154 1201 748 231 658 427 84 315 217 48 2888 1957 517
45 503 341 102 687 447 89 304 201 25 173 140 24 1667 1129 240
46 495 380 77 409 302 160 334 222 44 192 135 12 1430 1039 293
47 280 207 77 445 331 29 193 162 8 118 95 24 1035 796 137

48 238 200 102 146 126 43 135 106 62 51 24 581 483 169
49 144 120 174 154 29 138 108 67 52 12 523 434 40
50 79 75 100 87 43 112 78 8 30 28 320 267 51
51 37 53 % 89 29 37 33 20 20 191 194 29
52 33 33 51 51 57 22 22 11 10 10 115 115 68

53 18 18 37 37 43 16 16 9 9 80 80 43
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54 10 10 24 24 171 12 12 5 9 50 55 171
55 10 10 34 28 8 5 5 2 2 51 45 86
56 6 6 9 9 171 3 3 1 1 20 20 171
57 1 1 8 8 57 1 1 1 1 11 11 57
58 1 1 1 1 86 1 1 1 1 4 4 86
59 1 1 1 1 57 1 1 3 3 57
60 3 3 1 1 86 4 4 86
61 1 1 71 1 1 2 2 71
62 43 43
63 29 29
64 57 57
65 14 14
66

67

68 14 14
69 14 14
70 14 14
71

72

73

74

75

Total 9725 11195 49557 16360 19967 42590 9

11410 25263 4538 5438 10505 39633 48010 127915

Table 7.7.11. Nephrops i

ength distribution of landings by country in 2010. Quarterly and
ize is the carapace length (CL). Conversion of CL to TS (total size)

Q2 Q3 Q4 YEAR

(mm) F IRL F IRL F IRL F IRL F IRL

no tails no tails no tails no tails no tails

tails tails tails tails tails
17
18
19
20
21 43 34 92 169
22 181 97 59 228 564
23 699 301 207 319 1526
24 1032 691 481 360 2564
25 3177 1381 949 839 6346
26 5951 17 2344 1623 7 1128 24 11047
27 13 7952 17 3558 4 2014 2 1663 36 15188
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28 9 5362 41 5352 8 1984 11 2048 69 14745
29 13 5254 70 6136 8 2736 45 1811 136 15938
30 28 3887 169 6558 76 2385 77 2570 350 15399
31 57 2667 256 6066 136 1915 2 141 1706 2 590 12355
32 94 2222 484 5360 236 1706 8 149 1586 8 962 10875
33 129 1968 6 522 4262 296 1337 25 162 1036 31 1109 8603

34 6 243 2079 18 430 3673 20 292 737 49 200 844 93 1165 7333
35 40 224 1151 121 606 2834 66 439 467 94 164 409 322 1432 4861
36 91 313 1559 200 610 2306 158 462 323 113 172 316 562 1557 4504
37 233 363 1596 400 545 1853 286 470 247 139 146 82 1058 1524 3778
38 335 447 1518 388 509 1375 449 460 99 168 145 122 1340 1561 3115
39 460 442 928 509 515 941 541 551 88 164 127 122 1674 1635 2079

40 443 412 705 588 484 627 557 1573 1375
41 460 388 482 485 373 420 587 1362 929
42 552 450 593 661 422 698 450 1328 1352
43 473 351 441 548 340 331 508 1180 800
44 518 385 441 548 378 224 503 1208 665
45 326 257 441 357 248 89 391 863 530
46 268 234 148 237 179 107 228 680 255
47 216 203 74 259 179 79 136 559 152
48 130 132 111 252 185 54 483 164
49 107 108 111 196 151 35 1 409 146
248 35
20 24 224 200 79
13 17 100 109 109
10 10 76 80
54 54
3 3 37 43 17
3 3 14 14 53
9 9
2 2
60
61 2 2 2 2
62
63 2 2 2 2
64 1 1 1 1
65 1 1 1 1
66
67
68 1 1 1 1
69 1 1 1 1
70 1 1 17 1 1 17
71
72

73
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74
75 1 1 1 1
Total 4853 5498 52839 6120 8033 57994 5303 6392 19450 2145 2647 17384 18420 22571 147667
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	Stock Annex: Norway lobster (Nephrops norvegicus) in divisions 7.g and 7.f, Functional Unit 22 (Celtic Sea, Bristol Channel)
	The matrix of variances-covariances of the four (three for Irish) parameters of the model and the use of partial derivatives of order 1 provide an approximate calculation of the variance of the variable Ψ(L) corresponding to simulated discards vs. siz...




