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A. General

A.1. Stock definition

Since the end of the 1970s, ICES has as
management purposes: megrim in ICH
8.a,b,d and megrim in divisions 8.c and
historically the Working
separate stocks. The Revie
during an EC study cg

hree difféfent stocks for assessment and
egrim in divisions 7.b-k and
egrim stock structure is uncertain and
ed megrim populations in 6.a and 6.b as

Anon, 2001). Spawning fish occur in both areas but whether
productively isolated is not clear.

megrim in 4.a has historically not been considered by ICES,
mmended that 6.a megrim should be considered by WGCSE.

ata from both the commercial fishery (using VMS and catches by statistical rectangle)
rom fishery-independent surveys provide little evidence to support the view that
megrim in 6.a and 4.a are indeed separate stocks. Based on the recommendations from
WKFLAT (2011), megrim in 6.a and 4.a are considered a single unit stock and assessed
accordingly. Megrim in 6.b is considered a separate stock unit for assessment purposes.

Stock description and management units

Megrim stock structure is uncertain, and historically the Working Group has considered
megrim populations in 6.a and 6.b as separate stocks. The review group questioned the
basis for this in 2004. Data collected during an EC study contract (98/096) on the ‘Distri-
bution and biology of anglerfish and megrim in the waters to the West of Scotland’
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showed significantly different growth parameters and significant population structure
difference between megrim sampled in 6.a and 6.b (Anon, 2001). Spawning fish occur
in both areas, but whether these populations are reproductively isolated is not clear. As
noted by WGNSDS (2008), megrim in 4.a has historically not been considered by ICES
and WGNSDS (2008). Since 2009 data from 4 and 2.a are included in this report, but
international catch and weight-at-age data for 4 prior 2006 were not available to the
Working Group or WKFLAT (2011). Given that there is little evidence to suggest that
megrim in 6.a and 4.a are separate stocks, based on a visual inspection of the spatial

A.2. Fishery

Megrim are predominately taken in otter trawl
Analysis of VMS data indicates that megrim is t discrete shelf fisheries
and also in traw] fisheries conducted along the 2 . Historically, ICES has
assumed that megrim catches are closelflimk kfish. Area misreporting
of monkfish from 6.a into 4.a as a res ictive TACs in 6.a is known to have

fast of the 4° line, was not observed in 2009, indeed the 2009
pattern indi ersal of the process due to a more restrictive TAC in 4.a. How-

gency measures applicable to 6.a in 2009 (EC Regulation 43/2009,
pacted on the amount of effort deployed and increased the gear se-
rn of the main otter trawl fleets. Figure 5.3.1 shows the effort pattern for
fle main fleets (TR1) catching megrim in 6.a. Additionally, EC regulation 43/2009 has
tively prohibited the use of mesh sizes <120 mm for vessels targeting fish, which
had¥een used particularly by the Irish fleet up to that point, the resultant rapid decline
in effort for this category (IRE TR2) and is now 1% of historic levels Much of the effort
has been transferred into the TR1 fleet. Effort associated with the French fleet has con-
tinued to decline while the substantial declines seen in the Scottish TR1 fleets (120 mm
mesh) appears to have stabilized at levels well below the earlier part of the time-series.
The increase in mesh size (from 100 to 120 mm) has also impacted on the retention length
of megrim, increasing L50 from 28 cm to 42 cm, an increase of almost 50%.
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Fishing effort in 4.a (Figure 5.3.2) for the main Scottish whitefish directed otter trawl
fleets (TR1) have stabilized since the large total effort reductions observed between 2000
and 2003.

Fishing effort in 4 for the main Scottish otter fleet (TR1) have stabilized since the large
effort reductions observed in previous years, effort levels associated with this mesh
band have fallen by 64% since 2000. Following the increases in Irish effort in Subdivision
6.b from 2004-2008, effort in 2009 has declined significantly. These reductions in effort
in Scotland and Ireland are considered to have contributed to the decline of landings in
Subarea 6. Landings in 6 are well below the TAC. Uptake by France,
44% of the TAC, is very low (~11%). Official landings in Subarea 4 3
recent years are close to the TAC.

There is anecdotal information from the Scottish industry th
the Conservation Credits Scheme in Area 4, those vessels
ing focus on anglerfish and megrim in both 4.a and 6.a.
sented to the Working Group, only 53% of the over,
international waters of 12 and 14 was used. The

90% of the total catch.
trends varied through-

Commercial catches are dominated by female
Analysis of Irish logbook data by Anon (2002) sh
out the year, showing a maximum in 1 ing/ea
period and at their lowest in late autu

A.3. Ecosystem aspects

None considered.

A.4. Megrim in 4. (No r rth Sea and West of Scotland) and Megrim

roportion from 30% at the start of the time-series to 15% at the end
gysection). It is probable that the proportion of megrim discarded in 4.a has

size was increased from 100 to 120 mm in 2009. It is therefore likely that the dis-
carding profiles have probably changed significantly in line with these mesh size in-
creases.

Previous runs have shown that the inclusion of discard data has some impact on the
output.
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PARAMETER LANDINGS ONLY FIXED 15% SLOPE 30-  %DIFF. 15% % DIFF.
15% SLOPE
r.hat 0.59 0.61 0.62 3% 5%
K.hat 32996 35760 38536 8% 14%
MSY 4539 5147 5645 12% 20%
Fwmsy 0.29 0.30 0.31 3% 5%
Bwmsy 16498 17880 19268 8% 14%

Bao 26762 28697 30617 7%
Fao10 0.15 0.14 0.13 -8%
Biim 4949 5364 5780 8

Btrig 8249 8940 9634

Effectively, the inclusion of discard information into the ca

1storic time-series of discard
given the technical changes in the
al observer programmes will be used.

data, the assumption of a linear decline i
fishery. In future discard estimates from

Type of assessment in 2016

Update of 2015 assegg i w la gs and survey data.

ICES advi i ates do not change from the average of the last three years
i andings of no more than 7539 tonnes.

e no more than 8567 tonnes. If discard rates do not change from the
pe last three years (2012-2014), this implies landings of no more than

Stock description and management units

Megrim stock structure is uncertain and historically the Working Group has considered
megrim populations in 6.a and 6.b as separate stocks. The review group questioned the
basis for this in 2004. Data collected during an EC study contract (98/096) on the ‘Distri-
bution and biology of anglerfish and megrim in the waters to the West of Scotland’
showed significantly different growth parameters and significant population structure
difference between megrim sampled in 6.a and 6.b (Anon, 2001). Spawning fish occur
in both areas but whether these populations are reproductively isolated is not clear. As
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noted by WGNSDS (2008), megrim in 4.a has historically not been considered by ICES
and WGNSDS (2008). Since 2009 data from 4 and 2.a are included in this report, but
international catch and weight-at-age data for 4 prior 2006 was not available to the
Working Group or WKFLAT (2011). Given that there is little evidence to suggest that
megrim in 6.a and 4.a are separate stocks, based on a visual inspection of the spatial
distribution of commercial landings and fishery-independent survey data, WKFLAT
(2011) concluded that megrim in 6.a and 4.a should be considered as a single stock. This
has subsequently been supported through recent genetic studies (MacDonald and

B. Data

B.1. Commercial catch

Commercial landings by country are available sin 4 s for ~80% of
the total landings. Over 50% of the landings ar i ea (4.a) with the
remainder taken in 6.a (~40%) and 6.b, there are i orted from other areas
(4.b and 4.c), but these are negligible.

International landings-at-age data ba ‘ §U et sampling are available

gated, only partial landings-at-age are avs

ce 2011, France has provided landings and effort (hours
angle with quarterly length distributions of landings and dis-
apling effort (hours fished).

he quality of the available landings data (unknown area misreporting), discard infor-
pn, lack of effort data and cpue data for the main fleet in the fishery, and disaggre-
gated landings-at-age data at an appropriate area level severely hamper the ability of
ICES to carry out an assessment for this stock.

Prior to 2000, discard data for 6.a were combined together with data from 6.b and no
data fom 4.a are available prior to 2005. The available data show that discarding is var-
iable and given the increases in mesh sizes introduced in 2000 (North Sea) and 2009
(West of Scotland) it is expected that discard rates have declined. Laurenson and Mac-
Donlad (2008) note that while discarding of megrim below minimum landing size is low
(<1%), discarding of legal sized fish was much higher at 22%. This is attributed to low
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market price for small grades and bruised fish, resulting in highgrading of catches on
length/quality reasons to maximise the value of a restrictive quota.

Official landings data for each country together with Working Group best estimates of
landings from 6.a are shown in Table 5.3.1 and for 4.a in Table 5.3.2. The WG best esti-
mates of landings are those supplied by stock coordinators of the various countries and
differ from the official statistics in some years. Landings have increased in recent years
and are more in line with historical trends.

Catches of megrim comprise two species, Lepidorhombus whiffiagonis and i I nfor-
mation available to the Working Group indicates that L. boscii, are a ng r-
tion of the Scottish and Irish megrim catch (Kunzlik et al., 1995; A t
clear to the WG whether landings of other countries are accura -
grim species. Megrim are caught in association with anglerf are
area-misreported along with anglerfish. Previously, the r dings
have been adjusted to the Working Groups estimate of cat i i dings de-

clared from Subarea 4.a in the ICES statistical rect ] of the 4°W

line (see anglerfish Annex 5.2 for a detailed met orting peaked
in 1996 and 1997 when around 50% of the estimded Working andings for Divi-
sion 6.a were area-misreported. The correction een conducted for the

past two years. There are indications thg
renson and MacDonald (2008) note tha
North Sea has become more restrictive

ars that megrim TAC in the

N
v evidence suggest that megrim
M afffom Division 6.a. Therefore, because of

catches from 4.a are misreported as co

ings at a statistical rectang
sider megrim in 6.a 3
unknown whethe Qlit i ision 6.b is an issue.

B.2. Biologi

ommonly the same size as fish one year younger found in
n et al., 2010). Analysis of age-at-length data shows a wide
in ages and that age precision deteriorates when sampling levels

C.1. Input data

C.1.1. Catch

International landings data collated by the ICES Working Group on the Celtic Seas Eco-
region (WGCSE) are used as an estimate of catch. However, it is recognised that dis-
carding is a feature of the fishery but note that discard data are not available for the
entire time-series and the availability or raised discard data are highly variable across
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fleets and areas therefore if catch data are to be used, then some assumptions regarding
the historic discard pattern must be made.

To assess the sensitivity of the model outputs to this assumption, two alternative model
runs with (i) a fixed 20% discard proportion over the full landings time-series and (ii) a
linear decline in proportion from 30% at the start of the time-series to 10% at the end. It
is probable that the proportion of megrim discarded in 4.a has declined since 2000 and
in 6.a since 2009 the mesh size in the North Sea increased from 100 to 110 mm and was
further increased to 120 mm in 2001, while in Division 6.a, the mesh size was j

ably changed significantly in line with these mesh size increases, and,
for the final run. For catch data from 2011 onwards, discard esti
Working Group are used.

C.1.2. Survey indices

Indices from six fishery-independent surveys are u
prise of the Scottish North Sea IBTS survey (IBTS ter 1 (ScoGFS-
WIBTS-Q1) and quarter 4 (ScoGFS-WIBTS-Q4) 'y and the Scottish
and Irish (STAMISS-Q2) dedicated anglerfish su ides estimates of abso-

€ no estimates of catchabil-
ated in a relative sense.

For the 2016 assessment, survey indices evised. For the IBTS and WIBTS this was
associated with a switch fr hange data to using data directly obtained
IBTS-Q1 and ScoGFS-WIBTS-Q4, the re-

8ing procedure used for deriving the SIAMISS-Q2 a was found
of this time-series. Incorrectly, the areas of each strata were

the 2014 assessment was re-run with the updated survey estimates. While there
are some changes across the time-series, the differences do not significantly alter the
perception of the stock or the exploitation rates. WGCSE 2015 concluded that there was
no basis to reopen the advice. Figure 5.3.4 contrasts the outcome of the 2016 assessment
with those from 2014 and 2015. This shows the clear difference between the 2014 and
2015 assessments due to the revision in the DATRAS indices. However, there is little
difference when comparing the 2015 and 2016 assessments.

Surveys Sco Vla IVa Index shows the abundance for the Sco GFS data. Sco IVa Q1/Q4
WIBTS surveys show an increase in biomass.



Table 1.2.1. Survey indices used for surplus production model.
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NUMBER SURVEY NATIONALITY AREA TIME-SERIES DEPTH
RANGE(M)

1 Sco-IBTS-Q3  Scotland 4a 1987—present <400 m
Sco-IBTS-Q1  Scotland 4a 1987-present <400 m

3 ScoGFS- Scotland 6.a 1986-2010 40-400
WIBTS-Q1

4 ScoGFS- Scotland
WIBTS-Q4

5 SIAMISS-Q2  Scotland

6 SIAMISS-Q2  Ireland
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Table 1.2.2. Input parameters, individual survey cpue indices, landings and modelled discards for
the final assessment run.

YEAR  SCOGFS ScoGFS Sco-IBTS-Q1 Sco-IBTS- SAMISS-Q2/ SAMISS-Q2 6.A&4.A
WIBTS-Q1 WIBTS-Q4 Q3 IAMISS-Q2 CATCH
1985 2.903559 NA NA NA NA NA 6427
1986 1.929094 NA 1.265329 NA NA NA 4051
1987 1.358222 NA 1.32665 NA NA NA 6488
1988 2.08337 NA 1.669439 NA NA 7273
1989 1.236084 NA 1.350466 NA NA 4778
1990 1.158327 1.693348 0.702685 NA NA 4187

1991 0.822158 1.299643 0.495672 0.346043 4514
1992 0.942249 1.941365 0.670378 0.337655 A v 4837
1993 0.971044 2.263661 1.121323 0.3208 A A 5107
1994 1.723013 3.579677 0.250753 NA 5200
1995 1.649429 1.865522 0 NA 6181
1996 2.008043 2.099782 0.512056 NA 6902
1997 1.1908 1.117966 0.426121 NA 6334
1998 1.137063 1.935873 0.7, NA 5507
1999 1.442447 2.20036 0.9 NA NA 4833
2000 1.640153 2.097323 3 NA NA 4460
2001 1.560615 1.593783 0.117063 NA NA 4527
2002 1.209742 1.906 0.570154 NA NA 3528
2003 1.311394 0.370054 NA NA 2961
2004 1.332722 0.493347 NA NA 2566
2005 0.72356 7599171 0.890539 1660.379 4753.223 1883
2006 1. 0.807708 1.045221 2688.942 3344.997 2515
0.8882 1.449534 3380.351 6347.544 2856

1.571201 1.268062 2467.076 7754.143 3496

1.915956 1.114903 3830.668 5946.946 3445

1.733848 1.733026 3312.129 5394.946 3811

2.413067 1.872994 1.657346 2501.99 4683.594 3857

2.903679 2.526282 1.577915 3450.807 4839.468 3186

3.646905 3.459725 2.66054 1.449047 6174.864 6460.015 3064

2.347423 2.625564 2.170752 1.299442 3033.072 11970.3 2809

2015

C.1.2.1. IBTS survey indices

IBTS survey data from Scottish groundfish survey data (surveys 1-4 shown above) are
available for quarters 1 and 4 in ICES Area 6.a and quarters 1 and 3 in ICES Area 4.a
north. The survey design is based on ICES statistical rectangles. One tow is selected per
rectangle based on a library of clean tows. The tow location is largely the same every
year and as such the design may be considered fixed station although minor changes to
tow locations can occur.
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Catch weights are not routinely collected on all IBTS surveys so the length data were
converted to weight using the length—-weight relationship.

W = 0.00471313 [1]

where W is the weight in grams and L is the length in centimeters. This relationship was
estimated using all available megrim length-weight measurements from the dedicated
monkfish survey. The weights were then raised by the numbers-at-length per tow and
summed to provide a catch in kilograms per tow. This was divided by thed
the tow in decimal hours to provide a cpue measured in units of kg.hr-

The data are modelled at the level of the statio
quarterly fixed-station survey design). The bino odelled as follows

In (ﬁ) =y + 85+ Vit

1-pst

from parameters of the sec
areas 40—48 for 6.a surye

tled here. The predominantly best fitting model by survey
dnsidered (from a single overall mean; yearly effects only; stra-

the linear predictor given by
In(pse) = az + 825 + Var (3)

e |5 is the mean positive cpue at station s in year t - note the log link function; §, ¢
is the station effect; again, stratum effects were included as alternatives to the more spa-
tially resolved station effects; and v, is the year effect. The best fitting model was that
given in Equation 3. Model diagnostics including Q-Q plots of the residuals indicated
the suitability of the gamma distribution; although the percentage of the deviance ex-
plained was only 42% (VIa Q1), indicating substantial unexplained variability in the
data.

The estimated probability of a non-zero tow and the mean of the positive tows were
combined to produce the mean estimated cpue per station by year:

JE—

CPUEg = Ptlist (4)
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These values are combined across stations within strata by the taking the average of the
station-level estimates by stratum. Similarly, the overall mean is then taken as the aver-
age of the stratum-level means (Stefansson, 1996).

IBTS survey data from Scottish groundfish survey data (Surveys 1-4, Table 2.2.1) are
available for quarters 1 and 4 in ICES Area 6.a and quarters 1 and 3 in ICES Area 4.a
north. The survey design is based on ICES statistical rectangles. One tow is selected per
rectangle based on a library of clean tows. The tow location is largely the same every
year and as such the design may be considered fixed station although minor changes to

with the ScoGFS-WIBTS Q1 and Q4 surveys were changed. Rather thg
trawling locations moved to a new random-stratified survey desi

up.
Catch weights are not routinely collected on all
converted to weight using the length-weight rel

W = 0.0047L1313

5 acentimeters. This relationship was
estimated using all available megrim len§ 1 easurements from the dedicated

monkfish survey. The weights were then fised by the numbers-at-length per tow and
summed to provide a catc
the tow in decimal ho

fex (observation error) can be estimated within the assessment
model opff8ti ally and entered into the assessment model as a fixed quan-

survey indices

ISS) and Irish (IAMISS) dedicated anglerfish surveys (surveys 5-6 shown
gve) have been undertaken in 6.a and 4.a (SAMISS only) since 2005. The survey design
is S@tified based on expected densities of anglerfish (not megrim), within each strata,
the location of individual tows are randomly selected. The modelling approach of Stef-
ansson, (1996) is mainly applicable to a fixed station design and therefore for the an-
glerfish indices we used the weighted cpue estimates and allow the observation error to

be estimated within the model. The anglerfish survey provides absolute estimates of

abundance and biomass. The average fish density-at-age a in stratum s, £ , is estimated
from the weighted mean of fish densities corrected for the catchability of each trawl, as
follows:
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P =2 W, {Z”'_ai}zzwi {an—}

ies iea Vi Qy ies 2 € (Vg +Vyh)

where:

N is the number of fish of age a and length I caught in trawl i,

_ VitV

e Z(Vli +Vyi)

v;; is the area swept by gear in trawl i (the area swept by the

V,; is the sweep area of gear in trawl i i.e. the area swept inus th@f swept

by the wing,
Q=68 + éﬁvii is the catchability estimate for a fj

1i
definition by Somerton et al. (2007),

of length [ in 1, following the

€, is the estimated footrope selectivit

originally in the area swept by the win,
under the footrope,

fishery-independent surveys are used in the assessment. These com-
ottish North Sea IBTS survey (IBTSWG, 2011), Scottish quarter 1 (ScoGFS-

mates of absolute biomass and abundance (see Reid ef al., 2007 for further details), how-
ever the survey also catches significant quantities of megrim, but as there are no
estimates of catchability, for the purposes of this work, the indices are treated in a rela-
tive sense.

For the 2016 assessment, survey indices were revised. For the IBTS and WIBTS this was
associated with a switch from using IBTS exchange data to using data directly obtained
from DATRAS. For the Sco-IBTS-Q1; ScoGFS-WIBTS-Q1 and ScoGFS-WIBTS-Q4, the
revision has resulted in some minor changes in estimates but these revisions were
largely consistent across the full time-series (Figure 5.3.3). The revisions to the Sco-IBTS-
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Q3 has resulted in a more moderate change the individual delta-gamma estimates. In
addition, an error in the raising procedure used for deriving the IAMISS-Q2 and SAM-
ISS-Q2 was found during the 2015 analysis of this time-series. Incorrectly, the areas of
each strata was calculated in terms of Km? while this should have been estimated in
terms of Nm?, This had the result of over inflating the estimates across all areas, but due
to year-on-year variability in catches between strata, the level of inflation differs be-
tween years. Aditionally, an area to the west of the Hebridies was incorrectly included
in the revisiom of strata undertaken in 2011. This has resulted in a moderate % down-
ward revision in the indices.

To assess whether the revised indices have resulted in a change i
stock, the 2014 assessment was re-run with the updated survey
are some changes across the time-series, the differences do
perception of the stock or the exploitation rates. WGCSE 20
no basis to reopen the advice. Figure 5.3.4 contrasts the o
with those from 2014 and 2015. This shows the clear di
2015 assessments due to the revision in the DAT
difference when comparing the 2015 and 2016 a

NUMBER SURVEY NATIONA DEPTH
RANGE(M)

1 Sco-IBTS-Q3  Scotland 1987-2015 <400 m

2 Sco-IBTS-Q1 Scotland 4.a 1987-2015 <400 m

3 ScoGFS- cotland 6.a 1986-2010 40-400

WIBTS-Q1

g Sc d 6.a 1986-2010 50-300
Scotland 6.a*/4.a 2005-2015 50-1050

Ireland 6.a* 2005-2015 50-850

tified survey design with trawl locations randomly distributed within ten a
jori sampling strata. While there were rationale reasons for these changes, it has re-
J in a breach in the time-series and it will not be possible to use these indices until
a reasonable time-series, ca. five years, has been built up. The indices from the six sur-
veys, together with commercial landings are given in Table 5.3.3.

C.2. Method

Surplus production methods (Schaefer, 1954; Pella Tomlisson, 1969) offers a potential
modelling approach in the absence of reliable catch-at-age data. Surplus production
pools the overall positive contributory effects (growth and recruitment) with removals
due to mortality into a single production function, thus the stock is considered solely in
terms of biomass without regard for differences in age, size of sex structure. Surplus
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production models are commonly used when only relative biomass indices, either from
survey or from commercial fisheries, and landings data are available. For computational
simplicity, earlier methods assumed that the yield from the fishery is in equilibrium,
where each year’s catch and effort data represent an equilibrium (steady-state) situation
where the catch is assumed to equal the surplus production. This can result in overly
optimistic estimates of MSY, particularly problematic when a stock is in decline. Process
error methods also use catch and effort data, but do not make the assumption that the
population is in equilibrium. Process error methods make the assumption that the meas-

proaches and found that observation methods performed best,
proving very imprecise. However, it would be preferable to

Due to ageing issues with megrim in 6.a and 4.a i ithl low sampling size and
depth-dependent growth issues, a surplus produ odel is used (Schaefer,
1954) to describe the current exploitati
relative to Bmsy. The biomass dynamics § difference form of a Schaefer bio-
mass dynamic model:

carrying capacit
the biomass4 e carrying capacity, denoting the scaled biomass P, = B;/K.
Log-nor re is assumed giving the scaled biomass dynamics (process)

_ Ceoy Ut
P =(P—q +1P_;(1—P_4) — X /)¢

ogarithm of process deviations are assumed normal u~N(0, 62); o3 is the

cess errOr variance.

tarting year biomass is given by B;¢g5s = aK, where a is the proportion of the carry-
ing €apacity in 1980.The biomass dynamics process is related to the observations on the
indices through the measurement error equation:

Ij,t = qutKesj't
where [; is the value of abundance index j in year t, g is index-specific catchability, B, =

PK, and the measurement errors are assumed log-normally distributed with
Sp’N(0,0‘él-) ; Gg_j is the index-specific measurement error variance.
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C.2.1. Estimation-prior distributions

Estimation is undertaken in a Bayesian framework with Markov Chain Monte Carlo
(MCMC) sampling using WinBUGS (Spiegelhalter et al., 1999). Prior distributions are
given in Table 2.1.1. Note that prior distribution assumptions are important. In these
preliminary runs we have assumed largely uninformative priors to see what infor-
mation is present in the data to update these priors.

Sensitivities to K, assuming uniform normal or log-normal, distributions have been
tested and although the fitted and posterior parameters are quite similar. i

subsequent runs (e.g. retrospective and final).

Catchability sensitivity

recommended
997). A corresponding

fit allowing for catchability to range over [0, o] orly converged model
thousand tonnes). The

with unrealistic estimated absolute ab
A 1'” 2 ve a lower limit of -11 on the
D)

Assigning a prior distribution that is uniform on
for catchability in biomass dynamics models (Pu

logarithmic scale, this corresponds to a p g of exp(-11)= 1.67e-05, which
allowed for biomass to range over 100 tho@ig@#ld tonnes from each series.

Table 2.1.1. Lepidorhombus wh s 6.a and 4.a. Prior distributions on parameters.

Parameter distribution Notes

Intrinsic rate of niform(0.001, 2.0)

population
growth

. 2010 .
Carr From the maximum

capa Uniform(In (max(C)), In(10 x Z Co) catch to ten times the
£=1985 cumulative catch
across all years
assuming uniform
distribution on the

logarithmic scale

tchabilities log(q;) Uniform(—11.0,0.0) Uniformly distributed
on log-scale. See
catchability sensitivity
in Section 2.2.3.1

Process error 1/0? Gamma(shape = 0.001,rate = 0.001) Gamma distributed
variance on inverse variance
(precision) scale

Measurement 1/0%; Gamma(shape = 0.001,rate = 0.001) Gamma distributed
error variances on inverse variance
(precision) scale

Proportion of K a Uniform(0.01, 2.0)
in 1985
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D. Short-term projection
Model used: Risk-based forecast.

Software used: R and Winbugs and Perl.

The lack of recruitment data and age data precludes the provision of a short-term fore-
cast based on spawning-stock and recruitment relationships. Instead, using the historic
dynamics of the stock, the likelihood of the stock exceeding Fmsy under a range of catch

options is presented. Advice is based on maintaining the risk of Fusy exceed

A forward projection on the risk of the stock falling below Busy trigger, Biig
last year this has not be updated as the advice was given for 2016 an8

E. Medium-term projection
F. Long-term projection

G. Biological reference points

TYPE VALUE TECHNI BASIS
MSY Brigger 9633 50% of Bmsy
Approach Fusy 0.31
Biim 5780

Bpa
Precautionary
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