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A General

A.1l Stock definition

subpopulations of cod that
titudinal boundary of these
groups is between 57 and 58°30" N. T
groups with a tendency towards year-
with the Irish Sea. The northern compo ppears to inter-mix with cod in IVa at all
stages of the life history (IC

v@ i s area is 35 cm.

The demersa i Division Vla are predominantly conducted by otter trawlers

A.2 Fishery

The minimum land

anglerfish and whiting, with bycatches of saithe, megrim,

Norway and Spain with Scottish vessels taking the majority of
, effort by larger Scottish trawlers and seiners has decreased.
trends since 2000 can be obtained from the (STECF)

anglerfisl fisheries in Division Vla. Nephrops fisheries use a smaller mesh size than the
120 mm mandatory for cod targeted fisheries, but landings of cod are restricted through
bycatch regulations and from 2012 all fisheries are restricted to landings of cod through
bycatch only (see below).

For 2009 Council regulation (EC) No 134212008 introduced a cod long-term management
plan. The objective of the plan is to ensure the sustainable exploitation of the cod stock on
the basis of maximum sustainable yield while maintaining a fishing mortality of 0.4.

For stocks above Bra, but where mortality is above 0.4 the harvest control rule (HCR)
requires:
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1) setting a TAC that achieves a 10% decrease in the fishing mortality in the year
of application of the TAC compared to the previous year, or a TAC that
achieves a fishing mortality of 0.4, whichever is the higher.

2) limiting annual changes in TAC to + 20%.
For stocks above Biim, the HCR requires:

3) setting a TAC that achieves a 15% decrease in the fishing mortality in the year
of application of the TAC compared to the previous year, or a TAC that
achieves a fishing mortality of 0.4, whichever is the higher.

4) limiting annual changes in TAC to + 20%.
For stocks below Biim the Regulation requires:

5) setting a TAC that achieves a 25% decrease in the fishi
of application of the TAC compared to the previo

g MO e year

6) limiting annual changes in TAC to + 20%.
In addition the plan states:

e That if lack of sufficiently accurate a

e If advice is for catches of cod
TAC shall be reduced by 25%,

e In all other cases the TAC shall b
is not appropriate).

annual effort and cod catch calculated for those effort
groups where the percentage cumulative catch is >20% of

international waters of Vb east of 12°00" W with the proviso that:

Bycatch of cod in the area covered by this TAC may be landed provided that it does not
comprise more than 1,5% of the live weight of the total catch retained on board per
fishing trip.

A.2.1 General description

In recent years the countries involved in this fishery are Scotland, Northern Ireland,
Republic of Ireland, England and Wales, Norway and France.



A2.2

Fishery management regulations

Regulations and cod avoidance schemes relevant to Division Vla cod

Area closures

Clyde Sea area closure — STECF (2007) noted that the Clyde closure includes
the main spawning area of a reproductively isolated aggregation of cod and
concluded that the closure is likely to have a positive effect in reducing
targeting of high densities of mature cod.

Windsock closed area — STECF (2007) concluded that the extent of the

removal would not help improve cod recovery.

Since 2009, the Irish authorities introduced a seas

VIa are from the closed area. For contr
from a dedicated survey conducted i
average 26.8 kg hr-1 while cpue rates es bserver trips outside the
kg hr1. STECF (2012)
he p ns of article 13 (Reg. (EC)
gciated with the Irish fleet had
e introduction of the cod closure and

L possible to disentangle the effects of the

1342/2008), the partial cod mé
declined considerably (>50%) si
other measures, alt it i

les related to days-at-sea allowances (Reg. (EC) 850/1998
. (EC) 2056/2001) — These rules legislate for landings
ot restrict discards.

to 2010 and 2011) prohibited all fishing activity to the east of
cotland Management (French) line in Division Vla, with the
of a number of derogated fisheries. These measures have been
incorporated into a new EC regulation 227/2013. For demersal otter trawlers
eting whitefish this required an increase in mesh size to 120 mm and the
inclusion of a 120 mm square-meshed panel (SMP). Vessels targeting Nephrops
also require the 120 mm SMP or a sorting grid. More stringent catch
composition rules have also been introduced. For Nephrops-directed fisheries,
no more than 10% of the retained catch can consist of cod, haddock, and
whiting, where the limit is no more than 30% for whitefish targeted vessels.
For 2012 a zero TAC for cod and a 1.5% bycatch by live weight limit was
introduced and this was carried through to 2013, but in 2012 the catch
composition limit on haddock was removed (Reg. (EC) 161/2012).

Effort limitations



e Between 2003 and 2011 STECF (2012) reported that the fishing effort (in kW-
days) of trawlers using >100 mm mesh declined by 59%. These vessels
primarily targeted roundfish, including cod. Over the same period effort for
trawlers using 70-99 mm mesh declined by 16%. These vessels primarily target
Nephrops and in 2011 22% of the effort in this category was exempt from effort
controls because of less than 1.5% of cod in the catch (article 11).

e Annex Ila of Reg. (EC) 39/2013 does not require effort reduction compared to
2012 except for French trawlers using >100 mm mesh (20% reduction).

Supply chain traceability

recorded.

Cod avoidance measures

, nineteen in 2010, four in 2011,
and 5% of the total RTCs in each year.
MS data and daily logbook records,

RTCs are determined by Ipue, based on
i aumber of RTCs west of Scotland result from

and also by on-board inspegtions. The lo

mates of continuing high discard rates in
been effective west of Scotland. ICES Advice

as adopted Council Regulation (EC) No. 1342/2008 which
the recovery and long-term management of cod stocks. The

Article 7

Procedure for setting TACs for cod stocks in the Kattegat the west of Scotland and the Irish Sea

1) Each year, the Council shall decide on the TAC for the following year for each
of the cod stocks in the Kattegat, the west of Scotland and the Irish Sea. The
TAC shall be calculated by deducting the following quantities from the total
removals of cod that are forecast by STECF as corresponding to the fishing
mortality rates referred to in paragraphs 2 and 3: (a) a quantity of fish
equivalent to the expected discards of cod from the stock concerned; (b) as
appropriate a quantity corresponding to other sources of cod mortality caused
by fishing to be fixed on the basis of a proposal from the Commission.



2) The TAC shall, based on the advice of STECF, satisfy all of the following
conditions: (a) if the size of the stock on 1 January of the year of application of
the TAC is predicted by STECF to be below the minimum spawning biomass
level established in Article 6, the fishing mortality rate shall be reduced by 25%
in the year of application of the TAC as compared with the fishing mortality
rate in the previous year; (b) if the size of the stock on 1 January of the year of
application of the TAC is predicted by STECF to be below the precautionary
spawning biomass level set out in Article 6 and above or equal to the
minimum spawning biomass level established in Article 6, the fishing
mortality rate shall be reduced by 15 % in the year of application of the TAC as
compared with the fishing mortality rate in the previous d
size of the stock on 1 January of the year of application o
by STECF to be above or equal to the precautionary

the previous year.

3) If the application of paragraph 2(b) an
shing mortality rate
at a level resulting in a

4) When giving its advice in acc ith paragraphs 2 and 3, STECF shall
assume that in the year prior to

ouncil shall decide as follows: (a) where STECF advises that the catches of cod
be reduced to the lowest possible level, the TACs shall be set according to a 25%
reductiolf compared to the TAC in the previous year; (b) in all other cases the TACs shall
be set according to a 15% reduction compared to the TAC in the previous year, unless
STECF advises that this is not appropriate.

Article 10

Adaptation of measures

1) When the target fishing mortality rate in Article 5(2) has been reached or in the
event that STECF advises that this target, or the minimum and precautionary—
spawning biomass levels in Article 6 or the levels of fishing mortality rates
given in Article 7(2) are no longer appropriate in order to maintain a low risk



of stock depletion and a maximum sustainable yield, the Council shall decide
on new values for these levels.

2) In the event that STECF advises that any of the cod stocks is failing to recover
properly, the Council shall take a decision which: (a) sets the TAC for the
relevant stock at a level lower than that provided for in Articles 7, 8 and 9; (b)
sets the maximum allowable fishing effort at a level lower than that provided
for in Article 12; (c) establishes associated conditions as appropriate.

Ecosystem aspects

Geographic location and timing of spawning

Spawning has occurred throughout much of the region in depth lowever, a

number of spawning concentrations can be identified from 950s, 1992
and from recent surveys of spawning adult distrib ommercially
important of these, range from the Butt of Lewis to P @ also important
spawning areas in the Clyde and off Mull. The relative ¢ i these areas is not
known. Based on recent evidence there are no ifiéant spawning areas in
the Minch. Peak spawning appears to be in g surveys (Raitt, 1967).

Recent sampling suggests that this is still the ¢

The main concentrations of juveniles

Fecundity

Millar and Fryer (2005).

The following table gives the source of landings data for West of Scotland cod:

Kind of data
Country Caton (catch-in- Canum (catch-at-  Weca (weight-at-  Matprop Length
weight) age in numbers) ageinthecatch)  (proportion composition in
mature-by-age) catch

UK(NI) X

UK(E&W) X

UK(Scotland) X X X X X
Ireland X X X X
France X




Norway X

B.2 Biological sampling

B.2.1 Maturity

Maturities-at-age are given by

Age 1 2 3 4+

Proportion mature-at- 0.0 0.52 0.86 1.0
age

B.2.2 Natural mortality

Natural mortality-at-age (M) is assumed weight-depende
mortality assumed to be time invariant, M is calculated
for stock weights-at-age before applying the Lorenzen

Ma = 3Waexp(—0.29)

Where Ma is natural mortality-at-age 4, Wa is time averaged stock weight-at-age a
(in grammes) and the numbers ar arameters for fish in natural
ecosystems.

B.2.3 Length and age compasiti d discarded fish in commercial fisheries

Weights-at-age are supplie
derived using the suz
weights-at-age are@ss e catch weights-at-age.

landings and discards. Catch weights are
e landings and discards weights-at-age. Stock

(Q4: Fixed station design

IBTS — Q4: Random stratified design
UKSGFS*= WIBTS - Q1: Random stratified design
UKSGFS - WIBTS - Q4: Random stratified design

B.3.2 Survey data used

ScoGFS — WIBTS — Q1: 1985-2010. Ages 1 to 6 where oldest age is a true age.
UKSGFS - WIBTS - Q1: 2011-. Ages 1 to 6 where oldest age is a true age.
ScoGFS — WIBTS — Q4: 1996-2009. Ages 1 to 6 where oldest age is a true age.

Modest to poor self-consistency (a weak ability to track cohorts) and very limited
influence on exploratory assessment runs means not included in assessment.



IGFS — WIBTS — Q4: 2003-. Ages 0 to 4 where oldest age is a true age. Sufficient non-zero
entries only present for ages 1 and 2. Survey only extends to 56°30'N. Concerns survey
not representative of full assessment area means not included in assessment.

UKSGFS — WIBTS — Q4: 2011- . Ages 1 to 6 where oldest age is a true age. Random
stratified design. Replaced ScoGFS — WIBTS — Q4. ICES will consider inclusion as a
tuning index through an inter-benchmark procedure when 4+ years of data have been
gathered.

B.4 Commercial cpue

Not used.

B.5 Other relevant data

Grey seal consumption of cod data from Hammond an
model run only (used to test sensitivity of outco
mortality).

lementary
about natural

C Assessment methods and settin

C.1 Choice of stock assess model

Model used: TSA

Software used: NAG library (FORTRA and functions in R.
C.2 Model used of basis advice
Model Options chos

renzen (1996); ‘natural system’ values.

991-2005: age structure only used (with unaccounted mortality estimated)
e 2006-2010: adjusted to account for misreporting and then treated as unbiased
Points given greater variance at WKROUND 2012
e landings cvmult-at-age =c(1, 1, 1, 1, 1, 2, 2): extra variability for ages 6 and 7+
e landings cvmult = 3 for age 2 in 1987 and 7+ in 1989
e discards cvmult =2 for age 1 in 1988, age 2 in 1988, age 1 in 1992
e discards cvmult =3 for age 2 in 1992

e discards cvmult =5 for age 2 in 1998, age 2 in 2002
Discard model

¢ step model: random walk for each age, with a step function allowed



e 1981-2005: ages land 2 modelled
e 2006-2010: ages 1 to 4 modelled, with a step function for ages 1 and 2

Stock-recruit model

e Ricker

e Numbers-at-age 1 assumed to be independent and normally distributed
with mean n1 S exp(—n2 S), where S is the spawning—stock biomass at the
start of the previous year. To allow recruitment variability to increase with
mean recruitment, a constant coefficient of variation is assumed.

e Large year class: 1986

¢ Mean in Ricker model replaced by 511 S exp(-n2 S)

Fishing selection model

e amat = 4: fishing selection flat (apart fro
e gudmundssonHl=c(2,1,1,1,1,1,1):e

Survey model (ScoGFS — WIBTS - Q1)

e full model: separate catchability
e ages1to 6 modelled

e transitory and persi

cvmult = 5 for age 5 in 2001, 3 in 2008

The mai® diagnostics of the quality of the model fit come from consideration of the
objective value (-2*log likelihood), prediction error results and a consideration of how
well the model has replicated discard ratios in the input data. As new years of data
become available these diagnostics will indicate the need to down weigh individual
datapoints or that the data, be it landings, discards or survey, for a given age is more or
less variable than previously thought. It is therefore important that changes to the
variance structures used in the TSA models will be allowed if they improve model
diagnostics.

Seal feeding model (supplementary model run only)

M2(y,a) = qaSyB/



where
e M2(y,a) = Seal predation mortality (in year y on age of cod a)
e qa= Catchability coefficient (varies with age but not year)
e Sy =Seal numbers in year y
e By =Total biomass of cod in year y

e «a=Cod biomass (density) dependency term

C.3. Assessment model configuration

Varlable from
year to year

Type Name Year range Age range

Yes/No
Caton Catch in tonnes 1981 onwards Yes
(excluded 1991-2
?? Landings-at-age in numbers Yes
?? Discards-at-age in numbers 1981 Yes
(exc
?? Weight-at-age in the 19 Yes
commercial landings
?? Weight-at-age in the Yes
commercial discards
West Weight-at-age of the spawni
stock at spawning time.
Mprop Proportion of natural mortality Not used
Fprop Not used
Matprop 1981 onwards 1to 7+ No
Natmor 1981 onwards 1to 7+ No
1985 and 2002 1to 7+ Na
Name Year range Age range

ScoGFS - WIBTS - Q1 1985-2010 1t06
UKSGFS - WIBTS - Q1 2011-2015 1t06
ScoGFS - WIBTS - Q4 Not used 1to6
Tuning fleet 4 IGFS - WIBTS - Q4 Not used 1to2
D Short-term prediction

Model used: Age structured
Software used: MFDP prediction with management option table and yield-per-recruit

routines. MLA suite (WGFRANSW) used for sensitivity analysis and probability profiles.

The following configuration was agreed at WGNSDS 2008

Initial stock size: Taken from TSA for age 1 and older.



Weight-at-age in the catch: Average weight of the three last years.

Weight-at-age in the stock: Average stock weights for last three years. Assumed equal to
the catch weight-at-age, (adopted because mean weights-at-age have been relatively
stable over the recent past). CVs are calculated from the standard errors on weights-at-
age.

Maturity: The same ogive as in the assessment is used for all years.
F and M before spawning: Set to 0 for all ages in all years.

Exploitation pattern: Average of the three last years.

Not partitioned to give landings, misreporting and discard F. If ark can solve

this problem, this partition should be applied.

Stock-recruitment model used: None, recruitment in the in
year class at age 1) is taken from the TSA assessment, i argely on the
ScoGFSQ1 survey datum from the terminal year). For following year
the short-term (10 years to year before terminal i an recruitment-at-
age 1is used.

E Medium-term prediction
Not considered at the WKROUND be

F Long-term prediction
Not considered at the WKR D benchm

G Biological ep
Value Technical basls
MSY 22000t Bea
Approac 0.19 Provisional proxy by analogy with North Sea cod Fwax. Fishing mortalities in

the range 0.17-0.33 are consistent with Fusy

14000t  Biim = Bioss, the lowest observed spawning stock estimated in previous
assessments.

Bra 22000t Considered to be the minimum SSB required to ensure a high probability of
maintaining SSB above Biim, taking into account the uncertainty of
assessments. This also corresponds to the lowest range of SSB during the
earlier, more productive historical period.

Fiim 0.8 Fishing mortalities above this have historically led to stock decline.

Fea 0.6 This F is considered to have a high probability of avoiding Fiim.

(unchanged since: 2010).

Since these reference points were established the assessment has adopted weight
dependent natural mortalities (M) at-age. This has increased M values for younger ages
and increased perceptions of SSB and recruitment in years where they were previously
estimated using the old values for M. The differences were, however, judged too small to
merit a revision of biomass reference points (ICES 2012).

The limit and MSY mortality reference points were also confirmed as still valid in 2012
(ICES 2012).



The Fumsy estimate was derived by WGCSE 2010 using the srmsymc package. Figures
showing stochastic fits to three stock-recruit relationships, estimates of Fmsy and Ferash and
estimates of yield-per-recruit, together with descriptive text, are given in Appendix 1.

H Other issues

H.1. Change of Scottish Research Survey

For 2011 the rig and sampling design of the ScoGFS-WIBTS-Q1 survey was changed. A
new groundgear capable of tackling challenging terrain was introduced broadly
modelled around the rig used by Ireland for the IRGFS-WIBTS-Q4. ove to a more

the same temporal period every year was considered a
the area. It is hoped the greater compatibility betwe

Or surveying
surveys will

New survey strata were designed using clus egated data from the
previous ScoGFS-WIBTS-Q1 data (1999-201
dedicated gadoid survey which took place du

the data collected from a
of 2010. Species considered
analysis yielded four specific
de area and the ‘windsock” which is
overy zone since 2002 and has therefore
ring this time. The new strata are shown in

an area that has been designated as a
experienced no mobile geargexploitation &

Model Options chosen:

Natural mortality (M) 0.2 at all ages.
Commercial data

e 1978-1994: treated as unbiased

e 1995-AY-1: omitted

e landings cvmult-at-age =c(1, 1, 1, 1, 1, 2, 2): extra variability for ages 6 and 7+
Discard model

o 1978-1994: ages land 2 modelled



e 1995-AY-1: omitted
Stock-recruit model

e Ricker
e large year class: 1986

Fishing selection model

e amat = 4: fishing selection flat (apart from noise) from age 4

e gudmundssonH1=c(4, 1, 1,1, 1,1, 1): extra variability for age 1
Survey model (IBTS Q1)

e amat = 4: catchability flat (apart from noise) from age 4

e survey catchabilities up to amat assumed to follow a
e survey cvmult-at-age=c(2, 1, 1, 1, 2, 2): extra vari
e ages1to 6 modelled

e only transitory changes in catchability

scale.

ted assessment in 2011):

Data 2007 assessment 009 assessment 2010 assessmeont
Catch data Years: 1978-(AY-1) Years: 1978-(AY-1) Years: 1978-(AY-1)
Ages: 1-7+ Ages: 1-7+ Ages: 1-7+
Survey:A_Q1 Years: 1985-AY Years: 1985-AY
Ages 1-6 Ages 1-6
Survey: B_Q4 Not used Not used
Survey: C Not used Not used

AY - Assessment

.g. age terminology)

Hammond, P. S., and Harris, R. N. 2006. Grey seal diet composition and prey consumption off
western Scotland and Shetland. Final report to Scottish Executive Environment and Rural
Affairs Department and Scottish Natural Heritage.

ICES. 2012. Report of the Benchmark Workshop on Western Waters Roundfish (WKROUND).
Aberdeen, UK 22-29 February 2012. ICES CM 2012/ACOM:49. 288 pp.

Lorenzen, K. 1996. The relationship between body weight and natural mortality in juvenile and
adult fish: a comparison of natural ecosystems and aquaculture. Journal of Fish Biology, 49,
627-647.

Millar, C., P., and Fryer, R., J. 2005. Revised estimates of Annual discards-at-age for cod, haddock,
whiting and saithe in ICES Subarea IV and Division VIa. Fisheries Research Services internal
report No 15/05, July 2005, 23pp.



Raitt, D.F. S. 1967. Cod spawning in Scottish waters. Preliminary investigations. ICES C. M.
1967/F:29.

West, W. Q-B. 1970. The spawning biology and fecundity of cod in Scottish waters. PhD. thesis,
Aberdeen University, Aberdeen.

Yoneda, M. and Wright, P. J. 2004. Temporal and Spatial variation in reproductive investment of
Atlantic cod Gadus morhua in the northern North Sea and Scottish west coast. Marine Ecology
Progress Series, 276: 237-248.
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Figure H.1. Sampling strata of UKSGFS-WIBTS-Q1 survey. Figure also shows cpue numbers for fish
aged at 1+ by haul for cod in 2011 (numbers standardised to 60 minutes towing).

Appendix 1 Investigations of Fusy using the srmsymc package

The same input data files as used for the short-term forecast were used. An alternative
run using ten year means for stock weights-at-age and mortality-at-age showed there to
be little sensitivity to the averaging period used. Figure A.1 shows the three stock-recruit
relationships fitted by the package; Ricker, Beverton-Holt and smooth hockey-stick.
Models were fitted using 1000 MCMC resamples. For all three stock-recruit relationships



all resamples allowed Fusy and Ferash values to be determined. As such, there was no basis
to reject any of the recruitment models as unsuitable for this stock. For each of the stock—
recruit relationships (SRR) Figures A.2 to A.4 show box plots of Fusy and Ferash together
with the values of Fra and Fim. For the Ricker and Beverton-Holt SRR the estimated value
of Ferash is very close to Fim. For the smooth hockey-stick SRR Ferash is estimated between
Fim and Fra. For all three SRR the current level of Z-02 is higher than the median Ferash
value. Also the value of Fusy is well defined and considerably lower than Fra for all three
SRR. The level of removals possible at the estimated Fwmsy is poorly defined however.
Circles showing the datapoints show values of Z-0.2 repeatedly in excess of the upper
percentile for Feash. As expected removals and SSB have declined such that values for
%%:0.2 mortality

both are now inside confidence limits for these metrics at the estin

rates.

Figure A.5 shows estimation of yield-per-recruit. Fumax is his stock
Comparison of Fumax to Fusy estimated using the three S shows Fwmsy
estimated as lower than Fuax for the Beverton-Holt m for the'¥mooth hockey-

stick, and higher than Fumax in the Ricker model
stock-recruit relationship at higher SSBs.

In conclusion mortalities from removals in 7 to 0.33 were considered
consistent with Fusy.



Cod-6a Ricker Cod-6a Ricker

= o
o (=)
(= =) [= e
=1 5%, 95% =4

“es 0%, 90%
S| | — so% g |
I —— Deterministic 2

g 5 1000/1000 g 5

= 2

g 7 3 87

= = > 3

2 2

£ o £ o

— o — (=)

- -

= =

g 8 2 8

o 5

r o r o
(= (=1
o [ |
s =
[ | o

T T T T

0 10000 20000 30000

SSB (1)
Cod-6a Beverton-Holt
o
8
(= =)
= e 5%, 95%
--o 0%, 90%

g || — so%
2 —— Deterministic

& 100041000

T g

=

g =

£ o

=

- 2 -

e 8

bt (=2

2 g

2 27

3 =

¥ o
o
s
=]

o 4

ockeystick Cod-6a Smooth hockeystick

o

5]

8 i
o

[7=)

o

(=

o .
=]

B

g g

g & b

5

Recruits age 1 (thousands)

Recruits a

10000 20000 30000 40000 50000 GOOQO

o]
0
|

T T T T T T T T
0 10000 20000 30000 0 10000 20000 30000

SSB (1 SSB

Figure A.1. Cod in Division VIa. Stock-recruit relationships fitted by srmsymc package. Models were
fitted using 1000 MCMC resamples. Left hand panels illustrate confidence intervals. Right hand
panels present curves plotted from the first 100 resamples for illustration. The blue line indicates a
deterministic estimate, separate from the MCMC chain. The legends for each recruitment model show
it was possible to converge on a value of Fusy and Fersh for all 1000 iterations in each case.



Cod-6a Ricker
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Figure A.2. Cod in Division VIa. srmsymc package. Estimation of F reference points and equilibrium
yield and SSB against mortality using Ricker recruitment model. For yield and SSB plots left hand
panels illustrate confidence intervals. Right hand panels present curves plotted from the first 100 resamples
for illustration. The blue line indicates a deterministic estimate, separate from the MCMC chain. Circles
show datapoints with the most recent year labelled. For VIa cod the model has been run using total
removals over and above natural mortality, i.e. the x-axis represents Z-0.2.
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Figure A.3. Cod in Division VIa. srmsymc package. Estimation of F reference points and equilibrium
yield and SSB against mortality using Beverton—Holt recruitment model. For yield and SSB plots left
hand panels illustrate confidence intervals. Right hand panels present curves plotted from the first
100 resamples for illustration. The blue line indicates a deterministic estimate, separate from the
MCMC chain. Circles show datapoints with the most recent year labelled. For VIa cod the model has
been run using total removals over and above natural mortality, i.e. the x-axis represents Z-0.2.



Cod-6a Smooth hockeystick
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Figure A.4. Cod in Division VIa. srmsymc package. Estimation of F reference points and equilibrium
yield and SSB against mortality using smooth hockey-stick recruitment model. For yield and SSB
plots left hand panels illustrate confidence intervals. Right hand panels present curves plotted from the first
100 resamples for illustration. The blue line indicates a deterministic estimate, separate from the MCMC
chain. Circles show datapoints with the most recent year labelled. For VIa cod the model has been run
using total removals over and above natural mortality, i.e. the x-axis represents Z-0.2.
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Figure A.5. Cod in Division VIa. srmsymc package. F reference points and yield-per-recruit and SSB
per recruit against mortality. For VIa cod the model has been run using total removals over and above
natural mortality, i.e. the x-axis represents Z-0.2.



Table A.1. Cod in Division VIa. Output from srmsymc ADMB package.

Stock name

Cod-6a

Sen filename

sum_and_sen_files/codvia10runspalyhf075hf0563.sen

pf, pm

0

0

Number of iterations

1000

Simulate variation in Biological parameters

TRUE

SR relationship constrained

TRUE

Ricker

1000/1000 Iterations resulted in feasible parameter estimates

Fcrash Fmsy Bmsy MSY Ipha  Unscaled Beta AIC
Deterministic  0.83 0.35 107615.00 33631.40 1.22E-05 64.52
Mean 0.79 0.34 248654.55 80885.39 1.45E-05
5%ile 0.59 0.26 42534.56 16130.92 1.73E-06
25%ile 0.69 0.30 64432.03 23129.35 7.03E-06
50%ile 0.78 0.33 94637.85 32832.15 1.35E-05
75%ile 0.88 0.37 176432.50 2.02E-05
95%ile 1.03 0.42 692590.35 0.82 1.32 3.16E-05
cv 0.17 0.15 3.43 0.65 0.21 0.65
Table A.5. (cont): Cod in Division VIa.
Beverton-Holt
1000/1000 lterations resulted ip
Fcrash ADMB Alpha ADMBBeta Unscaled Alpha  Unscaled Beta AIC
Deterministic  0.85 66296.50 0.39 1.31 53828.10 60405.70 64.48
Mean 113018.89 0.54 1.41 91481.79 119568.27
5%ile 59.80 21448.08  0.07 1.10 18394.14 11822.00
25%ile 35526.05 0.28 1.26 28078.33 26150.93
50%ile 322891.50 55212.35  0.48 1.40 44006.65 47156.45
75%ile 630754.50 96558.98  0.76 1.55 76202.40 97400.13
95%ile . 2769898.00 341061.90 1.15 1.78 298192.60 417604.45
cv 0.25 0.21 2.78 1.97 0.65 0.15 2.22 2.75
Smooth hockey stick
1000/1000 Iterations resulted in feasible parameter estimates
Fcrash  Fmsy Bmsy MSY ADMB Alpha ADMBBeta Unscaled Alpha Unscaled Beta AIC
Deterministic  0.75 0.22 135085.00 27314.90 0.45 1.54 0.37 26047.10 64.56
Mean 0.70 0.21 173441.36 30090.20  0.47 1.58 0.38 26727.73
5%ile 0.53 0.13 68545.05 17722.69 0.37 0.99 0.30 16778.00
25%ile 0.62 0.19 98326.80 23808.10 0.42 1.33 0.34 22442.08
50%ile 0.69 0.22 129465.50  28856.20  0.46 1.58 0.37 26719.35
75%ile 0.77 0.24 171332.00 34618.58  0.50 1.87 0.41 31474.53
95%ile 0.89 0.27 306434.25  46886.99  0.58 217 0.47 36539.60
cv 0.16 0.22 1.38 0.31 0.16 0.23 0.16 0.23




Table A.5 (cont). Cod in Division VIa. Output from srmsymc ADMB package.

Per recrult
F35 F40 FO1 Fmax Bmsypr MSYpr Fpa Flim
Deterministic 0.18 0.15 0.14 0.22 7.10 1.44 0.60 0.80
Mean 0.16 0.14 0.13 0.21 8.70 1.51
5%ile 0.06 0.05 0.06 0.13 3.97 1.07
25%ile 0.14 0.12 0.12 0.19 5.23 1.27
50%ile 0.17 0.14 0.14 0.22 6.48 1.47
75%ile 0.20 0.17 0.16 0.24 8.31 1.66
95%ile 0.23 0.19 0.18 0.27 15.11 2.16
cv 0.31 0.31 0.28 0.22 1.36 0.22
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	Stock Annex: West of Scotland cod (Division VIa)



