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Abstract
Alength-based stock synthesis statiskticalframework was applied to provide a quantitative assessment of

the northern shrimp (Pandalus borali$ in Divisions llla and 1V East (Skagerrak, Northern North Sea in the
Norwegian Deep)

The model diagnosticsof the assessment showed no major problems and were in lingith the assessment of
the benchmark 2016. The residualf the proportion-at-length of the commercial feet and surveywere
generally small with no apparent year or cohort effectsModel retrospective analysesshowed that the SSB
and R have been overestimated anB underestimated the last years.

Spawning stock biomass $SB decreased from a high level 019780 tonsin 2008 to the time series low of
5800 t in 2014, then to increase slightly in 2015 but decrease again to 7100 tosin 2016. This islower than
MSY Bigger of 9900 tons, but greater than Bm of 6300 tons. The stock has experienced a series of low
recruitment years between 2008 and 2016, with the exeption of théigh 2013 year class. FShing mortality
decreased from 0.94 in 2014, whiclwas the highest value of the time series, to the second highest valusf
0.78 in 2015. Consequently, he stock iscurrently exploited at a greater level than sy of 0.62.

Background
This stock was benchmarkedin January 2016 (ICES 208) when it was decided that a length based stock
systhesis statistical framework should replace the suwplus production model (Hvingel 2015) used since
2013, to assess status of the stock antbrm the basis for advice.Also reference points presented below were
defined at the 2016 benchmark (ICES 2016).

Model description and configuration
Athorough description of the catch data tuning index, biological information and a description of the stock
synthesis model (SS3) and its configuration can be found in the stock annex produced during the benchmark
2016 (ICES2016, for a link seethe references section; see alsahe benchmark report (ICES 2016) for a model
description and SCR Documents 16/53,56 and 5fbr a description of the data useg.
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A summay of thedata used in the model and the modealettings can befound in Fig 1 and Table 1, respecitvely.
Whereas the assessment formally includes the 2@lyear through estimated catches for this year and the
survey index from the beginning of the yearthe assessment results are interpried as providing information
on stock development up to January s12016, i.e. not for the year 2016 Moreover, the survey does not provide
information on the 2016 year class, for which abundance is unknown.

Model performance

Model convergence, lodikelihood values, number of parameters near bounds and estimates of the biological
parameters for the final model are presented in Tabl@. The modelled catches fitted well with the observed
catches by quarter (Fig. 2) Thepredicted abundances similarly matched the obsemd survey indces, with the
exeption of year 2016 (Fig. 37 5), due toalarge declinein the survey index this year The model estimates
also fitted well to the observed lengthcompositions averaged over the time series, and when fitted on a yearly
basis, for the commercial fleet and the surveys (Fég7z9). The residuals of the proportionat-length of the
commercial fleet and surveys were generally small with no apparent year or cohort effects(Fig. 10). The

model retrospective analyses ofSSB, R and §how that the model overestimated the SSB and R the last three
and five years respectively, and underestimated F thiast two years (Figs. 14z 16). The likely reason for this
is that the large 2013year class wasunexpectedly not detected as a large number of 3 year old individuals in
the survey 2016. The estimated fishery selectivityat-length for the commercial fleet and for the surveysare
shown in Fig.6.

Sensitivity analysis

The benchmark in 2016 (ICES 2016) recognized the uncertainty in the current assumption if= 0.75 to the
assessment, which is based on estimates from the Barents Sea in the 1990s (Barenboim et al.1991), and
recommended that the sensitivity of model outputs and catch advice to the specifications Mfshould be
explored. Preliminary sensitivity analyses of the assessment model regarding different levels bfcarried out
at the current NIPAG meeting, showed thavl = 0.90 does not change the perception of the current level bf
and SSBrelative to the reference points ofFmsyand Bpacompared with M = 0.75 (base model Fig. 17. UsingM
=0.90, theSSBin 2017 will still be under Bim (the new Bim) at the current level of catches, indicating that the
advice is rather robust to the assumption oM, within this range. However, shrimp in the North
Sea/Skagerrak are considered to have a lifespan of only about half of that of shrimp in the Barents Sea and it
is therefore likely that M could be substantially higher and outside the 0.78.90 range explored. Previous
analyses of differentM-assumptions forthis stock (SCR 14/66) provide support for this hypothesis. NIPAG
was not in a position at this meeting to fully explore the sensitivity to thevl assumption used and stresses the
importance of further investigations to be conducted no later than during th proposed benchmark in 2018
19.

Assessment results

The spawning stock biomass$SB has been variable over the assessment period 1988 to 20XFig. 11).
Since 2008, when SSB was 19780 tenand which is the second highest SS&timate/value of the time series,
the stock decreased tdhe time series low of 5800 tons in 2014. The stock then increased slightly in 2015,
but decreasa again to 7100 torsin 2016.

The recruitment (R) has, similaly to the SSB been variable over the assessmé period 1988 to 2015 (Fig. 12.
A series of low recruitment years between 208 and 2015, with the exception of year 2013 should be noted.
During this period of low recruitment the estimates ofSSBwere alsofor some yearshistorically low and below
Bim (Fig. 17). The uncertainties around the estimate of recruitment in 2015slarge. The reason for this is that
the model has not yet seen the recruits inhie fishery data (data until 2019, only in the survey data (January
2016).

Fishing mortality (F) for ages1 to 3 remained relatively stable since the beginning of the 1990s to about 2010
(Fig. 13). After 201Q Fincreased steeply to 0.94 in 2014, whiclis the highest value of the time series, to the
second highest value of 0.78 in 2015. The stock is conseqtignexploited at a greater level than theFmsyof

0.62. (Fig. 17).



A summary of the reference points determined at the benchmark (ICES 2016) is presented Tiable 3.

Quality of the assessment
The benchmark that took place in January 2016 (ICES 2016) agreed on a quarterly lengtised model as the
basis for the assessment and the provision of catch advice for thRandalusstock. The lengthbased model is
considered preferable to the previous stplus production model because it makes more use of the available
data, including using observed lengths and a quarterly time step to achieve a better representation of the
population structure and dynamics. The lengtibased model is able to better take it®@ account yearto-year
changes in recruitment and how these changes influence catch options in the short term.

Input data are considered to be of good quality. However, the survey time series has not been standardised for
variability in factors such as svept volume, spatial coverage and trawling speed, which might add uncertainty
to the stock estimates. Moreover, the survey indicated a large decline in biomass in 2016, which is not
observed in the Ipue of the Swedish, Norwegian and Danish fleets.

The assessment and the derived advice depend on the assumption of natural mortality. However, exploration
conducted during the benchmark suggests thai might be larger than assumed in the current model.

Bim was set toBpss however, recruitment estimates suggest that large year classes could be produced at levels
of SSBclose to Boss and therefore Bim might be overestimated.The values below Bn in the 2016 assessment is
due to the SSB curve being shifted slightly downwards compared to in the benchmark assessment, and that the
reference points are not updated

Discarding practices in the Norwegian fishery are unknown, and Norwegian discards havbeen estimated by
applying the Danish discard ratio to Norwegian data.

Catch options
The basis for the catch optionsare as follows:

Variable Value Source Notes
Fots 153 ICES (2016) Corresponds to thgoalses.umed catch in
SSBois 70771t ICES (2016)
Roo16 tr?081?58a5n?185 ICES (2016) GM 20062015
Catch (2016)* 12842t ICES (2016) Egtz‘n?gt‘;gg’ijsec‘;redds_'a”dings 2016 plus
Landings (2016)** 11085t ICES (2016) Projected landings 2016
Discards (2016) 1757t ICES (2016) (Al";g’},%‘)adiscard rate in 201%2015

* Equal to projected landings corrected for weight loss due to ehoard boiling, and with estimated discards
added.

** Swedish projected landings 2016 are recorded landings corrected by applying a factor of 1.13 to boiled
landings to correct for weight loss due to orboard boiling. Danish and Norwegian projected landings 2016 are
not corrected for boiling.



The catch options as presented in the ICES advice are as follows:

. Catch Wanted catch* . %SSB %TAC

Rationale (2017) (2017) Basis F catch (2017) | SSB (2018) change® |change™

MSY 2840 2485 Bim in 2018 0.30 6310 129 -84

approach

Zero catch 0 0 F=0 0 8054 192 -100
5146 4503 Fusy 0.62 4991 81 71

Other 1725 1509 | = MusyX (SSBow/ MSY 0.17 6981 153 -90

Opt|0ns B[rigger)
9406 8230 Fao16 153 2875 4 -48

*O7 AT OAA AAOGAESG EO OOAA O AAOAOEAA OEOEi B OEAO xi Oi A AA

and has been calculated based on the average discard rates in 292315 (12.5%).
N SSB 2018&elative to SSB 2017.
M Wanted catch 2017 relative to TAC 2016.

An extended set of catch options can be found in Annex 1.

At the benchmark in January 2016a new assessment method and new reference points were agreed. The new
assessment model is better able to capture yedo-year changes in stock abundance, in particular in
connection with the variable recruitment, and this had substantial impact on the regdting short-term forecast
for 2016, which was revised in March 2016.

While there are some differences in assessment results in the present advicempared with the advice issued
in October 2015 (i.e. when the production model was used for the assessmgtihe development of the stock
over time as estimated by the current assessment is rather similar to that derived from the production model.
The main difference lies in the recalculation of the reference points, which has resulted in a change in the
perception of stock status relative to these reference points.

The 2016 assessment conducted during the benchmark indicated that the stock was bel®8Y Bigger in 2015
and was projected to be aboveMSY Bigger in 2016. The current advice indicates that fising mortality in 2015
and 2016 is much larger thanFusy and that the biomass is belowMSY Bigger. This change in the perception of
the stock status is caused by the downward revision of the 2013 year class in the 2016 survey and in the
current assessmen

Due to the current low level of theSSB and the fact that the fishery is dependent on the incoming year class, in
combination with the uncertainty in the magnitude of the decline of the survey estimate between 2015 and
2016, ICES consider that the asssment and the advice should be updated in the beginning of the 2017 after
the results of the 2017 survey will be available.
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ICES 2016 Stock annex
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Table 1. Settings and results of the final SS3 assessment model. The table columns show: number of
estimated parameters, the initial values (from which the numerical optimization is started), the
intervals allowed for the parameters, and the value estimate by maximum likelihood. Parameters
in bold were set and not estimated by the model. No priors were used on any parameter.

INITIAL VALUE
PARAMETER NUMBER ESTIMATED VALUE BOUNDS (LOW,HIGH) (MLE)
Natural mortality
M 0.75
Stock and recruitment
Ln(RO) 1 6 (3.30) 16.19
Steepness (h) 0.99
2AA00EOI AT O OAOE 0.60
Ln (Recruitment deviation): 19817 35
2014
Recruitment autocorrelation 0
Growth
Linf (cm) 1 29 (2,4) 2.82
k 1 0.39 (0.20z0.50) 0.43
L at minimum age (0.001lyears) t0 1 0 (0,4) 0.06
CV of young individuals 1 0.20 (0.005z0.40) 0.13
CV of old individuals 1 0.05 (0.005z0.40) 0.03
Weight-(kg) at-length (cm)
A 0.0016
B 2.7532
Maturity
Length (cm) at 50% mature 1.8
Length (cm) at 95% mature 1.9
Initial fishing mortality
Commercial trawl fleet 1 0.1 (0,4) 2,12
Catchability and selectivity
(logistic)
Commercial trawl fleet
Time-invariant length-based 2 11 (0,4.5) (1.63,0.35)

logistic selectivity the parameters are L50%sel and

L95%selL50%sel (in cm)

Norway survey (1988z2002)

Ln(Q) z catchability 1 - (0,1) 0.003




INITIAL VALUE
PARAMETER NUMBER ESTIMATED VALUE BOUNDS (LOW,HIG H) (MLE)
Extra variability added to input 1 0 (0,1) 0.13
standard deviation
Time-invariant length-based 2 11 (0,4.5) for both (1.93,0.80)
logistic selectivity the parameters areL50%sel and parameters
L95%selL50%sel (in cm)
Norway survey (2004z2005)
Ln(Q) z catchability 1 - (0,2) 0.003
Extra variability added to input 1 0
standard deviation
Time-invariant length-based 2 1,1 (0,4.5) for both (1.45,0.35)
logistic selectivity the parameters are L50%sel and parameters
L95%selL50%sel (in cm)
Norway survey (2006z2015)
Ln(Q) z catchability 1 - (0,2) 0.001
Extra variability added to input 1 0 (0,1) 0.16
standard deviation
Time-invariant length-based 2 1,1 (0,4.5) for both (1.49,0.58)

logistic selectivity

the parameters are L50%sel and
L95%selL50%sel (in cm)

parameters

Table 2. Results of the SS3 assessment model. Model convergence, total-libglihood (MLE), length-
frequency distributions log-likelihood (LFD), survey index loglikelihood (CPUE), recruitment
deviations loglikelihood (Recr dev) andnumber of parameters near bounds
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Table 3. SS3 final model with quarterly timestep. Summary of the assessment.
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Table 4. Summary of the reference points determined at the benchmarin 2016 (ICES 2016).

Type Value Technical basis
MSY MSY Bigger 9900t 5th percentile of equilibrium distribution of SSB when fishing at ks,
Approach constrained to be noless than B
Fusy 0.62 F that maximises median equilibrium yield (definingyield as the total
catch)
Precautionary Biim 6300t Bioss (lowest observed SSB)
Approach Ba 9900t Bme ADDjp8otuv s AQh xEAOA £ E
Fiim 1.00 F that leads to 50% probability of SSB <8
Foa 0.68 Fm*exp-p8@Tuv & AQh xEAOA A E m8¢o

Data by type and year
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Fig. 1. Data by type &ad year for each fleet and survey used in the SS3 mod#l the northern shrimp in the
northern part of ICES Divsion llla (Skagerrak) and he eastern part of Division Va (Norwegian
Deep.
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Landings by season and fleet (fitted:black; observed: one colour per season)

Fishery
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Fig. 2. Observed and fitted catches (in tons) in the SS3 final model by quarter. Observed data are colour
coded as follows: Quarter 1: red, Quarter :Zreen, Quarter 3: blue, Quarter 4: sky blue.
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Fig. 3. Predicted abundances (blue line) and observed survey index (dots) with estined 95% probability
intervals of the survey index (first survey period).
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Fig. 4. Predicted abundances (blue line) and observed survey index (dots) with estimated 95% probability
intervals of the survey index (second survey period).
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Fig. 5. Predicted abundances (blue line) and observed survey index (dots) with estimated 95% probability
intervals of the survey index (third survey period).
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Length-based selectivity by fleet in 2016
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Fig. 6. Fishery selectivity-at-length estimated for the commercial fleetand for the surveys in the SS3
model.

length comps, whole catch, aggregated across time by fleet
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Fig. 7. Average model fits to the lengthcomposition data estimated for the commercial fleet and for the
surveys (shown as observed and predicted lengtfirequency distributions, averaged across of all
data years) for the SS3 model.
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Fig. 8b. Yearly model fis to the lengthcomposition data estimated for the commercial fleet (shown as

observed and predicted lengthfrequency distibutions by year) for the SS3model.
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Fig. 9a. Yearly model fits to the lengthcomposition daa estimated for thefirst survey period (shown as
observed and predicted lengthfrequency distributions by year) for the SS3 final model.
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Fig. 9b. Yearly model fits to the lengthcomposition dada estimated for thesecondsurvey period (shown as
observed and predicted lengthfrequency distributions by year) for the SS3 final model.



15

length comps, whole catch, NorwaySurvey2

0.25 - 2006s1 N=42 2010s1 N=422014s1 N=42

efiN=167 g efiN=256.5 efiN=25.5
0.20
0.15
0.10

005 o

P
p

0.00 +

025 42007s1 N=422011s1 N=422015s1 N=42
effN=70.3 effN=296.7) &ffN=55.3

0.20
015 A
0.10 o
0.05
000 4

0.25 -2008s1 N=4212012s1 N=42
effN=302.7| effiN=259.9

-
s

2016s1

Proportion

0.20 4
0.15
0.10

N=42

effN=231.9
005
0.00

0.25 -{2009s1 N=4212013s1 T T T T T

N=421
0.20 effN=179.7] efiN=25195 10 15 20 25 30

p
i

0.15 o
0.10
0.05

;
:

0.00

T
05 10 15 20 25 3005 10 15 20 25 30

Length (cm)

Fig. 9c. Yearly model fits to the lengthcomposition dada estimated for thethird survey period (shown as
observed and predicted lengthfrequency distributions by year) for the SS3 final model.
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Fig. 10. Pearson residuals for the proportionsat-length in the commercial fleet and surveg of the SS3 final
model.
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Fig. 11. Time trajectories of spawning biomass (January sf) +/- 1 standard deviation of the estimates as
estimated by the model.
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Fig. 12. Time trajectories of(age 0) recruitment (January Bt) +/- 1 standard deviation of the estimates as
estimated by the model.
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Fig. 13. Time trajectories of fishing mortality (ages 1-3) estimated by the model.
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Fig. 14. Retrospective analysis of the SS3 model: SSB (January 1).
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Fig. 15. Retrospective analysis of the SS3 model: Recruitment (age 0 abundance on January 1).

Fig. 16. Retrospective analysis of the SS3 model: F(ages3L



