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Abstract

Commission Decision of 25 February 2016 setting up a Scientific, Technical and Economic
Committee for Fisheries, C(2016) 1084, OJ C 74, 26.2.2016, p. 4-10. The Commission may consult
the group on any matter relating to marine and fisheries biology, fishing gear technology, fisheries
economics, fisheries governance, ecosystem effects of fisheries, aquaculture or similar disciplines.
The Commission requested an Evaluation of alternative scenarios for Adriatic small pelagic MAP.
The Scientific, Technical and Economic Committee for Fisheries (STECF) issued its advice by written
procedure in January 2018.


https://ec.europa.eu/jrc
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SCIENTIFIC, TECHNICAL AND ECONOMIC COMMITTEE FOR FISHERIES (STECF) -
Evaluation of alternative scenarios for Adriatic small pelagic MAP (STECF-18-02)

Background provided by the Commission

The European Commission has launched a proposal for an EU MAP on the Adriatic small pelagic
stocks!. In the MAP ANNEX I and II there are respectively the target fishing mortality Fysy ranges
and conservation reference point (MSYatrigger and Bim, Bpa) for sardines and anchovies. These
values were derived from STECF-15-14 (2015a) and are now outdated by revised input data and
consequent new assessments. Additionally, the framework for proposing a target fishing mortality
has change from an Fysy computed in eqSIM, to a Patterson Exploitation rate = 0.4. (see STECF
Plenary Report July 2017, PLEN-17-02)

The MAP proposal is currently in discussion with the European Parliament and the Council.

STECF PLEN-17-03 evaluated both the new assessments of Anchovy and Sardine in GSA 17-18
and proposed F and B reference points based on a target F that is a proxy of Patterson E = 0.4.
An additional scenario is accounting for a different maturity at age 0 (Mat = 0.5) and
corresponding reference points.

The proposed reference points by STECF PLEN-17-03 are the following:

Stock :::if::ence Value Technical basis
gr)\chovy in GSA 17-18 (MATage0 = By, 20155 tonnes Bo * 0.2

gycrovy In GSA 1718 (MATA9E0 = | g, MSYauigeer | 28007 tonnes Bim*exp(1.645%0.2)!
gl)‘lchovy in GSA 17-18 (MATage0 = EMSY 0.57 E=0.4

81.15c;10vy in GSA 17-18 (MATage0 = Boo 44712 tonnes Bo * 0.2

oy oY N GSA 178 (MATage0 = 1 g, 32 177 tonnes Blim*exp(1.645%0.2)
sardine in GSA 17-18 Biim 112922 tonnes Bo * 0.2

sardine in GSA 17-18 Bpa , MSYatrigger 156913 tonnes Bim*exp(1.645%0.2)*
sardine in GSA 17-18 FMSY 0.44 E=0.4

As the above mentioned stock assessments and STECF advice have significantly changed the
advice on which the MAP proposal has been built, an additional management strategy evaluation
work to evaluate alternative scenarios for managing these stocks in the short to medium term is
needed to be carried out through an ad-hoc contract and with technical support from JRC.

The contract should support the STECF to build medium term forecast scenarios according to the
proposed reference points and to different timings for achieving the Fysy proxy with associated
risk.

! Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL establishing a multi-annual plan for
small pelagic stocks in the Adriatic Sea and the fisheries exploiting those stocks {SWD(2017) 63 final}
{SWD(2017) 64 final}



Request to the STECF

For the stocks of anchovy (according to age0 MAT = 0 or 0.5) and sardine in the Adriatic Sea,
evaluate in an MSE framework the sustainability of the management scenarios described below,
considering the HCR parametrized by PLE1703, and taking into account recruitment variability
from TOR 1 and sensitivity to natural mortality assumptions. As much as possible follow the
methodologies used in other MAPs evaluated by STECF.

Management scenarios:
Time limit: 2030

The different scenarios should be compared with a scenario of fishing at F status quo
(average F at age of the last three years)".

Tactics:

* linear reduction in F up to years 2020 or 2025 starting in:
e 2019
e 2020

= catch reduction of 10% or 20% per year

e starting in:
o 2019
o 2020

e HRV scenario

o in 2018 the catch limit for small pelagics shall be set at the
level of catch in 2014. Starting from 2019, catch limits for
small pelagics shall be gradually reduced each year by 5 % in
comparison to the previous year until 2022

Summary of the information provided to STECF

The STECF response is based on the results presented in the ad-hoc contract report (Annexes I-
III). A number of Management Strategy Evaluations (MSE) were run for both anchovy and
sardine, comparing the results of the different management scenarios described above via
simulation testing, taking into account alternative assumptions about stock dynamics.

Four different assumptions about maturity and natural mortality were tested for anchovy, and
two were tested for sardine. These six simulated population dynamics, referred to as Operating
Models (OM) are conditioned on the most recent stock assessment data.

oM Stock

oMl Anchovy (maturity at age0 set to 0, as in STECF PLEN 17-03)
OoM2 Anchovy (mat0=0 and constant M)

OM3 Anchovy (maturity at age0 set to 0.5 as in GFCM Small




pelagics 2017
OoM4 Anchovy (maturity at age0 set to 0.5; constant M)
OM5 Sardine
OM6 Sardine (constant M)

For each OM, ten management scenarios were tested:

Scenario Tactic Period
SQ Status quo: F constant at 2016 level All years
S1 Linear reduction of F towards FMSY 2019-2025
S2 Linear reduction of F towards FMSY 2020-2025
S3 Linear reduction of F towards FMSY 2019-2020
S4 10% Catch reduction per year Start 2019
S5 10% Catch reduction per year Start 2020
S6 20% Catch reduction per year Start 2019
S7 20% Catch reduction per year Start 2020
S8 catch in 2018 equal to 2014 catch for the stock; | 2018-2022
5% reduction per year
S9 catch in 2018 equal to total 2014 -catches | 2018-2022
combined anchovy + sardine (115776 t); 5%
reduction per year

S8 and S9 are two different interpretations of the HRV scenario, with S8 assuming the same
levels of catch and proportion between anchovy and sardine as in 2014 (33157 t + sardine 82619
t respectively) while S9 assumes an extreme and unlikely scenario of fleets targeting one species
alone and all catches being directed on that single stock.

In total, 60 runs are thus presented in the report. All runs assume a Hockey-stick stock-
recruitment relationship conditioned on the whole time series, similarly to what has been used in
STECF PLEN 17-03 to derive reference points.

STECF comments

STECF notes that the simulations outcomes are more optimistic when using the assumption of
juvenile anchovy maturity at age 0 = 0.5 than when assuming maturity at age 0 = 0. Therefore,
only the results using mat age 0=0 are commented here, since they represent the higher risk
boundary. Robust management scenarios providing low risk at mat age 0=0 will de facto present
even lower risks under alternative maturity assumption.



STECF recalls that changes in maturity scales have been suggested during the GFCM Small
pelagic WG in November 2017 shortly after completion of STECF EWG 17-09 and PLEN 17-03. As
such (and as explained in STECF PLEN 17-03 report), B, with the new maturity scale has not
been recalculated using a full modelling exercise with EqQSim as performed in PLEN 17-03, but
only as a rapid upscaling of BO (virgin biomass) assuming different maturity parameters for
juveniles. At virgin biomass, the proportion of adults in the population is large, which induced an
upscaling of B, by a factor of 1.6 (from 20155 t to 32177t). However, the anchovy populations
simulated over the short-medium term have low proportions of adults, and the upscaling of SSB
because of the assumed maturity for juveniles has a comparatively larger effect, with a scaling
factor of 2 to 3. Therefore, the risks of falling below Bj, are much lower with the new maturity
scale (OM3) than with the one used by PLEN 17-03 (OM1). The current value of B, estimated
assuming the proportion mature at age 0 = 0.5 is questionable and STECF considers that it
should be re-estimated properly using the same methodology as in PLEN 17-03.

STECF notes also that all the catch-based scenarios (S4 to S9) assumes that management would
still impose catches reduction even after Fysy has been reached, which may seem unlikely to
happen. Alternative scenarios where F would be maintained at Fysy after the initial catch
reductions would most likely suggest SSB and catch levels closer to those of scenarios S1 to S3
after they have reached Fysy. STECF therefore stresses that the most critical differences lie in the
various paths to reach Fysy in the short-term, more than in the simulated developments after
2025.

STECF notes that the stock-recruitment relationships parameterized over the entire historical
period mean that the recruitment time series simulated in the runs are rather overestimated
compared to the recent low average, especially for anchovy (Figure 1). For that stock, the results
are robust in terms of comparison of scenarios with each other, but they represent an optimistic
projection. A continued low recruitment will lead to higher F values and longer time to recovery.
Consequently, STECF requested additional MSEs with low recruitment OMs (parameterized on the
average over the last five years), which were run after the completion of the ad-hoc report.
Results for anchovy are included in this response, while results for sardine are close to those
obtained with the long-term average and are not presented here except for the risk table (Table
1).
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Figure 1: Median value of recruitment for anchovy, OM1, 2015-2030. Black bold line: Status quo
F (F2016). Coloured lines: scenarios S1 to S8. Scenario S9 not shown (crashed stock).

The median results have been compiled and compared for the baseline populations (with maturity
and natural mortality parameters as used in STECF PLEN 17-03 and STECF EWG 17-09) (Figure
2: Sardine OM5, Figure 3: Anchovy OM1).



These lines are only the middle value across 250 iterations, but the spread of results around this
median can be quite large depending on year-to-year recruitment variability. The detailed results
including variability (confidence intervals) across all scenarios and OMs are provided in the ad-hoc
contract report.

Finally, STECF notes that the MSEs here only include variability in a few biological parameters
(recruitment, maturity, natural mortality). Other important sources of uncertainty could not be
accounted for in the timeframe of this request, and in particular the assessment uncertainty
(imprecise stock assessment) and implementation error (management decisions imperfectly
implemented). There are also indications of changes in growth and condition for small pelagics in
the Mediterranean Sea (van Beveren et al., 2014), which may play a role in future stock
dynamics. Accounting for these would not affect the relative performance of the management
strategies compared to each other, but would widen the confidence interval and increase risks.
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Figure 2: Sardine (OM5). Median value of catch (t), Spawning stock biomass (t) and fishing
mortality F 2015-2030. Black bold line: Status quo F (F2016). Coloured lines: scenarios S1 to S9.



45000

40000 " —

35000 —
30000 — —31
25000

20000

Catch (t)
b

15000 55

10000
— T

2000

— 0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Years

50000

BOOOO

70000

60000

50000

SSB (t)

40000

30000

20000

10000

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Years

24

20

16

0,8

0,4

0,0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Years
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(t) and fishing mortality F 2015-2030. Black bold line: Status quo F (F2016). Coloured lines:
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STECF notes that the various HCRs provide very different outcomes over the short- medium term.
For both stocks, status quo fishing mortality is the scenario that results in the lowest levels of
biomass, on average just above MSY Bygger but with rather high probabilities of falling below it.

For sardine (Figure 2), all scenarios except S3 and S9 indicate that the transition period 2018-
2022 will maintain rather low biomass levels, until the reduction of catches and fishing mortality
start showing a positive effect on the stock. Nevertheless, the risk of falling below By, remains
low for all years and scenarios, even at recent recruitment levels (Table 1). There are as such no
clear trade-offs between the various scenarios in the short-term, although scenario S4 is less
desirable as it implies further increase of fishing mortality in 2019-2021. For scenarios S6 and S7,
the 50% probability (median) of reaching Fusy would occur around 2023; for scenarios S1 and S2
that is only expected to occur around 2025and for scenario S4 and S5 around 2026. After 2025,
scenarios S1, S2, S3, S5 and S8 provides rather similar outcomes, while scenarios S6 and S7
provide lower catch and higher SSB levels because catches are assumed to keep decreasing even
after Fysy is reached. STECF notes also that only scenario S3 complies with the CFP objective of
reaching Fysy by 2020. In this scenario, median sardine catches would not fall below around
40.000 t (which correspond to the catch level prior to 2010), though with a lowest confidence
interval down below 30 000 t around 2020-2021.

For anchovy (Figure 3), and accounting for long-term average recruitment (optimistic projection),
all scenarios induce catch levels way below the F status quo scenario after 2019. Results for S9
are not shown as they indicate an early collapse; and this scenario is also unlikely for anchovy
given the smaller contribution of anchovy in the combined pelagic fishery compared to sardine.
The scenario S8 is not advisable, as it induces further increases of fishing mortality until 2021. In
the short-term, there are important differences in the results produced by the other scenarios,
with scenarios S1 and S2 maintaining the highest levels of catches with limited reductions in
fishing mortality and biomass increases. In these scenarios, Fusy is expected to be reached
around 2025. All other scenarios induce lower catches and higher biomass, of varying degree,
with Fysy being reached on average around 2020-2021.

The risks of falling below MSY Byigger are higher if recruitment remains low (Figure 4 for anchovy).
The status quo scenario is not sustainable, with median SSB fluctuating below MSY Byrigger (Bpa)
and high risks of falling below By, (Table 2). Scenarios S3, S4 and S6 would bring the median
SSB above MSY Byrigger in 2019, while scenarios S1, S2, S5 and S7 would postpone it until 2020-
2021. In terms of low risks (less than 5% risk of SSB falling below B,), S3 would achieve it in
2021, S6 in 2022, and all other scenarios in 2024 or beyond.

11
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Figure 4: Anchovy with mat age 0 = 0 and low recruitment (OM1llowR). Median value of catch (t),
Spawning stock biomass (t) and fishing mortality F for anchovy, OM1, 2015-2030. Black bold
line: Status quo F (F2016). Coloured lines: scenarios S1 to S8. Scenario S9 not shown.

Table 1. Sardine with low recruitment (OM5lowR). Risk of falling below By, per year and scenario.
Risk higher than 5% is highlighted in grey
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year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9
2016 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
2017 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8
2018 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
2019 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,2
2020 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,6
2021 0,0 0,0 0,0 0,0 2,0 1,2 0,8 0,8 0,0 0,4
2022 0,0 0,0 0,0 0,0 3,6 2,4 1,2 0,4 0,0 1,6
2023 0,0 0,0 0,0 0,0 2,4 0,8 0,0 0,0 0,0 0,0
2024 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
2025 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
2026 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
2027 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,0
2028 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 0,0 0,0
2029 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Table 2. Anchovy with mat age 0 = 0 and low recruitment (OM1llowR). Risk of falling below Bjn,

per year and scenario. Risk higher than 5% is highlighted in grey.

year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9

2016 22,4 22,4 22,4 22,4 22,4 22,4 22,4 22,4 22,4 22,4
2017 80,8 80,8 80,8 80,8 80,8 80,8 80,8 80,8 80,8 80,8
2018 35,2 33,2 35,2 29,2 35,2 35,2 35,2 35,2 53,2 89,6
2019 35,2 29,6 32,0 20,0 27,6 36,4 24,4 36,4 52,4 96,8
2020 27,2 21,2 22,4 5,6 17,6 24,0 11,2 21,6 39,2 92,4
2021 29,2 21,2 23,6 2,0 14,0 22,0 8,0 16,4 32,8 94,4
2022 32,8 18,0 18,8 1,2 10,8 16,8 4,0 7,2 22,0 89,2
2023 29,6 14,0 15,2 2,8 10,0 12,4 2,8 6,0 18,0 90,4
2024 30,0 8,8 8,4 4,4 6,8 9,2 1,6 1,6 13,6 90,4
2025 30,8 4,4 4,4 2,4 3,2 5,6 0,8 2,0 13,6 91,2
2026 28,0 2,4 2,0 2,4 2,0 6,0 0,8 2,0 11,2 89,2
2027 28,0 3,6 3,6 4,4 1,6 4,8 1,2 0,4 12,4 88,8
2028 33,2 2,8 2,8 3,2 2,4 3,6 0,8 1,2 11,2 89,2
2029 29,6 4,0 4,0 4,0 2,0 2,8 0,8 0,8 8,8 92,0

STECF conclusions
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MSE have been performed for anchovy and sardine in the Adriatic, investigating several scenarios
for reaching Fysy no later than 2025 under various assumptions of biological parameters
(recruitment, maturity, natural mortality). These scenarios highlight the necessary trade-offs
between maintaining high catches and insuring low risks of biomass falling below Bji.

The MSE results show outcomes of the various scenarios that are more contrasted for anchovy
than for sardine, both in the short and medium-term.

All management scenarios include some reductions of catches and fishing mortality which induce
rapid increases in biomass; however, some scenarios imply some further increase of fishing
mortality in the short-term, which is not advisable.

STECF raises concerns on the sensitivity of the risk estimates to the choice of maturity parameter
for anchovy, which indicates that the current B, proposed for anchovy with mat=0.5 might not
be fully appropriate. STECF concludes that biomass reference points with the new maturity scale
should be reconsidered.

References

Van Beveren, E., Bonhommeau, S., Fromentin, J.-M., Bigot, J.-L., Bourdeix, J.-H., Brosset, P.,
Roos, D., et al. 2014. Rapid changes in growth, condition, size and age of small pelagic fish in the
Mediterranean. Marine Biology, 161: 1809-1822. http://link.springer.com/10.1007/s00227-014-
2463-1.

Contact details of STECF members

! - Information on STECF members’ affiliations is displayed for information only. In any case,
Members of the STECF shall act independently. In the context of the STECF work, the committee
members do not represent the institutions/bodies they are affiliated to in their daily jobs. STECF
members also declare at each meeting of the STECF and of its Expert Working Groups any
specific interest which might be considered prejudicial to their independence in relation to specific
items on the agenda. These declarations are displayed on the public meeting’s website if experts
explicitly authorized the JRC to do so in accordance with EU legislation on the protection of
personnel data. For more information: http://stecf.jrc.ec.europa.eu/adm-declarations

Name | Address! | Tel. | Email
STECF members
Abella, J. | Independent consultant Tel. 0039- | aabellafisheries@gmail.c
Alvaro 3384989821 om
Andersen, Department of Food and | Tel.dir.: +45 35 | jla@ifro.ku.dk
Jesper Levring | Resource Economics | 33 68 92
(IFRO)

Section for Environment
and Natural Resources

University of Copenhagen
Rolighedsvej 25

1958 Frederiksberg
Denmark

Arrizabalaga, AZTI / Unidad de Tel.: harri@azti.es
Haritz Investigacion Marina, +34667174477
Herrera

kaia portualdea z/g 20110
Pasaia

(Gipuzkoa), Spain

Bailey, Independent expert nickbailey2013@btintern
Nicholas et.com

14


http://stecf.jrc.ec.europa.eu/adm-declarations
mailto:aabellafisheries@gmail.com
mailto:aabellafisheries@gmail.com

Name Address! | Tel. | Email

STECF members

Bertignac, Laboratoire de Biologie | tel : +33 (0)2 98 | michel.bertighac@ifreme
Michel Halieutique 22 45 25 - fax : | r.fr

IFREMER Centre de Brest

BP 70 - 29280 Plouzane,
France

+33 (0)2 98 22 46
53

Borges, Lisa

FishFix, Brussels, Belgium

info@fishfix.eu

Cardinale,
Massimiliano
(vice-chair)

Féreningsgatan 45, 330

Lysekil, Sweden

Tel:
18750

+46 523

massimiliano.cardinale@
slu.se

Catchpole,
Thomas

CEFAS
Laboratory,

Pakefield Road,
Lowestoft
Suffolk, UK
NR33 OHT

Lowestoft

thomas.catchpole@cefas
.co.uk

Curtis, Hazel

Sea Fish Industry Authority
18 Logie Mill

Logie Green Road
Edinburgh

EH7 4HS, U.K.

Tel: +44 (0)131
524 8664
Fax: +44 (0)131
558 1442

Hazel.curtis@seafish.co.
uk

Daskalov,
Georgi

Laboratory of Marine
Ecology,
Institute
and
Ecosystem
Bulgarian

Academy of Sciences

of Biodiversity

Research,

Tel.:
646892

+359 52

Georgi.daskalov@gmail.
com

Déring, Ralf

(vice-chair)

Thinen
Bundesforschungsinstitut,
fur Landliche Raume, Wald
und Fischerei, Institut fir
Seefischerei - AG
Fischereibkonomie,
Palmaille 9, D-22767
Hamburg, Germany

Tel.:
185

040 38905-

Fax.: 040 38905-

263

ralf.doering@thuenen.de

Gascuel, Didier

AGROCAMPUS OUEST

65 Route de Saint Brieuc,
CS 84215,

F-35042 RENNES Cedex
France

Tel:+33(0)2.23.48
.55.34

Fax:
+33(0)2.23.48.55.
35

Didier.Gascuel@agroca
mpus-ouest.fr

Knittweis,
Leyla

Department of Biology
University of Malta
Msida, MSD 2080

Leyla.knittweis@um.edu
-mt

Malta
Lloret, Josep Associate Professor josep.lloret@udg.edu
(Professor Agregat),

University of Girona (UdG),
Spain

Malvarosa,
Loretta

NISEA, Fishery and
Aquaculture Research, Via
Irno, 11, 84135 Salerno,
Italy

Tel:
089795775

+39

malvarosa@nisea.eu

15



mailto:michel.bertignac@ifremer.fr
mailto:michel.bertignac@ifremer.fr
mailto:info@fishfix.eu
mailto:massimiliano.cardinale@slu.se
mailto:massimiliano.cardinale@slu.se
mailto:thomas.catchpole@cefas.co.uk
mailto:thomas.catchpole@cefas.co.uk
mailto:H_Curtis@seafish.co.uk
mailto:H_Curtis@seafish.co.uk
mailto:ralf.doering@thuenen.de
mailto:Leyla.knittweis@um.edu.mt
mailto:Leyla.knittweis@um.edu.mt
mailto:malvarosa@nisea.eu

Name

Address!

Tel.

Email

STECF members

Martin, Paloma

CSIC Instituto de Ciencias
del Mar

Passeig Maritim, 37-49
08003 Barcelona
Spain

Tel: 4.93.2309500

Fax:
34.93.2309555

paloma@icm.csic.es

Motova, Arina

Sea Fish Industry Authority
18 Logie Mill

Logie Green Road
Edinburgh

EH7 4HS, U.K

Tel.: +44 131 524
8662

arina.motova@seafish.c
0.uk

Murua, Hilario

AZTI / Unidad de
Investigacion
Herrera

kaia portualdea z/g 20110
Pasaia

(Gipuzkoa), Spain

Marina,

Tel:
667174433

Fax: 94 6572555

0034

hmurua@azti.es

Nord, Jenny The Swedish Agency of [ Tel. 0046 76 140 | Jenny.nord@havochvatt
Marine and Water | 140 3 en.se
Management (SWAM)
Prellezo, Raul AZTI -Unidad de | Tel: +34 | rprellezo@azti.es
Investigacion Marina 667174368
Txatxarramendi Ugartea
z/g
48395 Sukarrieta
(Bizkaia), Spain
Raid, Tiit Estonian Marine Institute, | Tel.: +372 | Tiit.raid@gmail.com
University of Tartu, | 58339340
Méaealuse 14, Tallin, EE- | Fax: +372
126, Estonia 6718900
Sabatella, NISEA, Fishery and | TEL.: +39 | e.sabatella@nisea.eu
Evelina Aquaculture Research, Via | 089795775
Carmen Irno, 11, 84135 Salerno,
Italy
Sala, Antonello | Italian National Research | Tel: +39 071 | a.sala@ismar.cnr.it
Council (CNR) 2078841
Institute of Marine | Fax: +39 071
Sciences (ISMAR), Largo | 55313
Fiera della Pesca, 1 Mob.: +39
60125 Ancona - Italy 3283070446
Scarcella, 1) Italian National | Tel: +39 071 | g.scarcella@ismar.cnr.it
Giuseppe Research Council (CNR), [ 2078846
Institute of Marine | Fax:  +39 071 | gscarcella@apmarine.co
Sciences (ISMAR) - | 55313 m.cy
Fisheries Section, Largo | Tg.: +357
Fiera della Pesca, 1, 60125 | 99664694
Ancona - Italy
2) AP Marine
Environmental Consultancy
Ltd, 2, ACROPOLEOS ST.
AGLANIJIA, P.O.BOX 26728
1647 Nicosia, Cyprus
Soldo, Alen Department of Marine | Tel.: soldo@unist.hr
Studies, University of Split, | +385914433906

Livanjska 5, 21000 Split,
Croatia

16



mailto:paloma@icm.csic.es
mailto:arina.motova@seafish.co.uk
mailto:arina.motova@seafish.co.uk
mailto:hmurua@azti.es
mailto:rprellezo@azti.es
mailto:Tiit.raid@gmail.com
mailto:e.sabatella@nisea.eu
mailto:a.sala@ismar.cnr.it
mailto:g.scarcella@ismar.cnr.it
mailto:soldo@unist.hr

Name

Address!

| Tel.

Email

STECF members

Somarakis,
Stylianos

Institute of Marine
Biological Resources and
Inland Waters (IMBRIW),
Hellenic Centre of Marine
Research (HCMR),
Thalassocosmos Gournes,
P.O. Box 2214, Heraklion
71003, Crete, Greece

Tel.:  +30
337832

Fax
6936566764

2810

+30

somarak@hcmr. gr

Stransky,
Christoph

Thinen Institute [TI-SF]
Federal Research Institute
for Rural Areas, Forestry
and Fisheries, Institute of
Sea Fisheries, Palmaille 9,
D-22767 Hamburg,
Germany

Tel. +49
38905-228
Fax: +49
38905-263

40

40

christoph.stransky@thue
nen.de

Ulrich, Clara

(chair)

Technical University of
Denmark, National
Institute of Aquatic
Resources, (DTU Aqua),
Charlottenlund Slot,
JaegersborgAllé 1, 2920

Charlottenlund, Denmark

clu@aqua.dtu.dk

van Hoof, Luc

IMARES, Haringkade 1,
Ijmuiden, The Netherlands

Tel.:
61061991

+31

Luc.vanhoof@wur.nl

Vanhee, Willy

Independent consultant

wvanhee@telenet.be

van
Oostenbrugge,
Hans

Fisheries
Wageningen
Research, formerly LEI
Wageningen UR, The
Hague, The Netherlands

Economics,
Economic

Hans.vanQostenbrugge

@wur.nl

Vrgoc, Nedo

Institute of Oceanography
and Fisheries, Split,
Setaliste Ivana Mestrovica
63, 21000 Split, Croatia

Tel.:
21408002

+385

vrgoc@izor.hr

17



mailto:somarak@biology.uoc.gr
mailto:christoph.stransky@thuenen.de
mailto:christoph.stransky@thuenen.de
mailto:ek@aqua.dtu.dk

ANNEX 1

(from page 1 to page 47)



Request for services — 1744 — STECF Ad hoc contraah Adriatic small pelagic
stocks

Final Report

10" January 2017

Prepared by

Alessandro Ligag, Ernesto Jardin?, Alessandro Mannin?, lago Mosqueir&, Paris
Vasilakopoulog

Consorzio per il Centro Interuniversitario di Bigla Marina ed Ecologia Applicata (CIBM), Viale N.
Sauro 4, 57128 Livorno, Italy
2EC Joint Research Centre (JRC), Directorate D +aSwble Resources, Unit D.02 Water and Marine
Resources, Via E. Fermi 2749, 21027 Ispra (Vardisdy,

Contact information
Alessandro Ligas

E-mail: ligas@cibm.it
Mobile: +39 338 2919904
Tel.: +39 0586 260723




INDEX

R = = ox (o | {0 U o T PR |

2. Terms of Reference (TOR 2) ..ot e e e e e e e e 3

G T |V 1= 1 T Yo (0] [ o 4

. RESUIS. . ittt e e e e s D

4.1 MSE projections without stock assessment UnCeptaint. .............coovevveiieiieinnennnnn. 9

4.2 MSE projections with stock assessment UNCAYLaIN...........ovvvivrieivii i, 45

5. FiNal COMMENTS....c.tiit it e e e e e e e e e nene e neneeeens 2 45
= (=T =] 1= a7

Annex |



1. Background

The EC has launched the proposal for an EU MAFherAdriatic small pelagic stocks. In the MAP
ANNEX | and Il there are respectively the targething mortality msy ranges and conservation
reference points (MSYRygerand Bim, Bpa) for sardine and anchovy. These values were cfioen
STECF 15-14 (2015a) and are now outdated by rewgmd data and consequent new assessments.
Additionally, the framework for proposing a tardething mortality has changed from amdv
computed in EQSIM to a Patterson exploitation Eate0.4. (STECF, 2017a)

The MAP proposal is currently in discussion witke turopean Parliament and the Council. STECF
PLEN 17-03 (STECF, 2017a) evaluated both the nemgsssnents of anchovy and sardine in GSA
17-18 and proposed F and B reference points basaedarget F that is a proxy of Patterson E = 0.4.
An additional scenario is accounting for a difféneraturity at age 0 (maturity = 0.5 instead of 0l a
corresponding reference points. The proposed mtereoints by STECF PLEN 17-03 are
summarized in Table 3.1.

As the above mentioned stock assessments and Sad@ie have significantly changed the advice
on which the MAP proposal has been built, an adid#i management strategy evaluation (MSE)
work to evaluate alternative scenarios for manatiiege stocks in the short and medium term needed
to be carried out through an ad hoc contract, teithnical support from JRC.

The objective of this ad hoc contract (ToR 2) ibtdd medium term forecast scenarios according to
the proposed reference points and to differentiysifor achieving theMsy proxy with associated
risk.

The work presented here is the result of a MSErwall pelagic fisheries in the Adriatic Sea reqgeest

by the STECF PLEN 17-03 (STECF, 2017a). This doecungentains a description of the MSE
models and the results of the simulations carrigdbased on the assumptions, reference points and
scenarios agreed during the STECF PLEN 17-03.

2. Termsof Reference (ToR 2)

For the stocks of anchovy (according to maturitggeO set to 0 and 0.5) and sardine in the Adriati
Sea, it is requested to evaluate in an MSE framletha sustainability of the management scenarios
described below, considering the HCR parametrize8 BECF PLEN 17-03 (STECF, 2017a), and
taking into account recruitment variability from Hol and sensitivity to natural mortality
assumptions. The methodologies used in other MABKiated by STECF will be followed.
The proposed management scenarios are the following
Time limit: 2030
The different scenarios should be compared witteaario of fishing at F status quo (averagedf
the last three years).
Tactics:
- linear reduction in F up to years 2020 or 2025tistguin 2019and 2020;
- catch reduction of 10% or 20% per year startingdfh9 and 202Qntil reaching MSY;
- HRV scenario: in 2018 the catch limit for small ggics shall be set at the level of catch in
2014, starting from 2019, catch limits for small pelagstsall be gradually reduced each year
by 5 % in comparison to the previous year until202



3. Methodology

Management Strategy Evaluation (MSE) is widely absi®d to be the most appropriate way to
evaluate the trade-offs achieved by alternativeagament strategies and to assess the consequences
of uncertainty for achieving management goals (Ptial., 2014). MSE has started to be used in the
Mediterranean context within the framework of STE@Rd GFCM expert groups on stock
assessment.

MSE uses simulation testing to determine how romestagement strategies are to measurement and
process error, and to model uncertainty (Smith 1984ractice, data are sampled from the operating
model to mimic collection of fishery dependent datal research surveys (including variability).
These data are used in the assessment model. &ssegsment results, the HCR is applied and a
management action is determined. According to tlamagement measure set, new catches are
estimated and fed again into the operating modethé end of all the simulations, estimates of the
main stock variables and of the catches (giveragipdication of the HCR are available) are provided
together with the associated uncertainty.

For the purpose of this work, a single speciessamgle fleet MSE was applied to both anchovy and
sardine in GSAs 17-18. Therefore, the two specie®wreated separately, assuming no interactions
between them. A similar approach was used in pusvMSE simulations on anchovy and sardine in
the Adriatic Sea (GFCM, 2017).

The biological operating model (OM) for the MSE veasditioned using the assessment results from
the assessment models (SAM) for sardine and ancpeviprmed at the STECF EWG 17-09
(STECF, 2017b). For anchovy, an alternative asseissmias carried out by the EWG and GFCM
WGSASP using maturity at age 0 set to 0.5. Thereafee points proposed (Table 1) are those
determined during the STECF EWG 17-09 and revise8 TECF PLEN 17-03.

Table 3.1. Reference points for anchovy and saidit&SAs 17-18.

Stock Reference point Value Technical basis
anchovy in GSA 17-18 A *
(maturity at age0 = 0) Biim 201551 8702
anchovy in GSA 17-18 _ . .
(maturity at age0 = 0) Bpa, MSY Brigger 28007 t Bn*exp(1.645*0.2}
anchovy in GSA 17-18 _
(maturity at age0 = 0) Fusy 0.57 E=04
anchovy in GSA 17-18 _ N
(maturity at age0 = 0.5) Bim s21rrt B*0.2
anchovy in GSA 17-18 * N
(maturity at age0 = 0.5) Bpa 44712 t Bn*exp(1.645*0.2}
sardine in GSA 17-18 iR 112922 t B*0.2
sardine in GSA 17-18 B MSY Buigger 156913 t Bn*exp(1.645*0.2}
sardine in GSA 17-18 Msy 0.44 E=04

The stock-recruitment relationship used was a satgdeaegression (hockey stick) with breakpoint
at Bim (Figure 3.1).
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Figure 3.1. Stock-recruitment relationship (hockegk) in anchovy (top left), anchovy with
maturity at age0O set to 0.5 (top right), and sarqbottom left).

Finally, an alternative natural mortality (constémtset equal to 0.65 for anchovy, and to 0.55 for
sardine) was also tested, generating a total oDs#s for the simulations. The reference points for
the natural mortality alternatives were recompuisithg the same methodology used for the other
OMs (ICES, 2015).

To keep consistency across OMs, ada assessmehessik OMs were run using MCMC to estimate
model fit uncertainty (250 iterations). The Assesstrfor All (FLa4a) stock assessment model in
FLR implements a generalized statistical catchgat-anodel using ADMB to estimate model
parameters. The advantage of this model is thapitdeallowing a good flexibility, it requires a
relative low number of parameters and a fairly $erfprmulation (Jardim et al., 2014). The FLada
models used were set to emulate the results frerwdhdated FLSAM assessment models in terms
of SSB, recruitment and fishing mortality for bahecies (Figures 3.2 and 3.3).
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Figure 3.2. Anchovy comparison of estimates fraist #LSAM (in blue) and FLa4a (in red).
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Figure 3.3. Sardine comparison of estimates frasn FILSAM (in blue) and FLa4a (in red).

The Management Procedure (MP) tested ten managesoenarios (including fishing mortality at
status quo) agreed during STECF PLEN 17-03, fotad bf 60 MSE projections. The linear reduction
of F towards ksy from 2020 to 2020 was not tested, as considerédehiable. Starting from the
Croatian proposal, two scenarios were set: adashario (S8) in which no shift in the fishing regi
will occur, thus the fishery will exploit the twaogks in the same proportion as in the status guo;
second scenario (S9) in which the fishery will &rgnly one of the two stocks. Table 3.2 and Figure
3.4-3.8 summarize the nine management scenaribsimilations were carried out using the FLR
framework (www.flr-project.org/). Each scenario wsismulated over a 14-year period (2017 to
2030).

Due to time constraints MSE projections with unaietly on stock assessment were not run.
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Table 3.2. Management scenarios (alternative ttwStauo) to be tested.

Stock Scenario Tactic Period

S1 Linear reduction of F towardm$y (0.57) 2019-2025

S2 Linear reduction of F towards$y (0.57) 2020-2025

S3 Linear reduction of F towards$y (0.57) 2019-2020
?,Q;{'u?% sS4 10% Catch reduction Start 2010
at age0 se S5 10% Catch reduct@on Start 2020
to 0) S6 20% Catch reduction Start 2019
S7 20% Catch reduction Start 2020
S8 Anchovy'’s catch in 2018 equal to 2014 catch §33t); 5% reduction per year 2018-2022
S9 Anchovy'’s catch in 2018 equal to 2014 total lvasc(115776 t); 5% reduction per year 2018-202

S1 Linear reduction of F towards$y (0.57) 2019-2025

S2 Linear reduction of F towards$y (0.57) 2020-2025

S3 Linear reduction of F towards$y (0.57) 2019-2020
Anchovy S4 10% Catch reduction Start 2019
(constant S5 10% Catch reduction Start 2020
M) S6 20% Catch reduction Start 2019
S7 20% Catch reduction Start 2020
S8 Anchovy's catch in 2018 equal to 2014 catch §33); 5% reduction per year 2018-2022
S9 Anchovy's catch in 2018 equal to 2014 total lvasc(115776 t); 5% reduction per year 2018-202

S1 Linear reduction of F towardsi$v (0.57) 2019-2025

S2 Linear reduction of F towardsi$y (0.57) 2020-2025

S3 Linear reduction of F towardsi$y (0.57) 2019-2020
(Ar;‘;thu‘;g sS4 10% Catch reduction Start 2019
at age0 se S5 10% Catch reduct!on Start 2020
to 0.5) S6 20% Catch reduction Start 2019
S7 20% Catch reduction Start 2020
S8 Anchovy's catch in 2018 equal to 2014 catch 533); 5% reduction per year 2018-2022
S9 Anchovy's catch in 2018 equal to 2014 total lvasc(115776 t); 5% reduction per year 2018-202

S1 Linear reduction of F towardsi$v (0.57) 2019-2025

S2 Linear reduction of F towardsi$v (0.57) 2020-2025

Anchovy S3 Linear reduction of F towardsié (0.57) 2019-2020
étmazgggtze S4 10% Catch reduct?on Start 2019
t0 0.5 S5 10% Catch reduct!on Start 2020
consta’nt S6 20% Catch reduct!on Start 2019
M) S7 20% Catch reduction Start 2020
S8 Anchovy's catch in 2018 equal to 2014 catch §33); 5% reduction per year 2018-2022
S9 Anchovy's catch in 2018 equal to 2014 total lvasc(115776 t); 5% reduction per year 2018-202

S1 Linear reduction of F towardsi$v (0.44) 2019-2025

S2 Linear reduction of F towardsi$v (0.44) 2020-2025

S3 Linear reduction of F towards$y (0.44) 2019-2020
S4 10% Catch reduction Start 2019
Sardine S5 10% Catch reduction Start 2020
S6 20% Catch reduction Start 2019
S7 20% Catch reduction Start 2020
S8 Sardine’s catch in 2018 equal to 2014 catch1828 5% reduction per year 2018-2022
S9 Sardine’s catch in 2018 equal to 2014 totalhes¢115776 t); 5% reduction per yea 2018-202

S1 Linear reduction of F towards§y (0.44) 2019-2025

S2 Linear reduction of F towardsi$v (0.44) 2020-2025

S3 Linear reduction of F towardsi$v (0.44) 2019-2020
Sardine S4 10% Catch reduction Start 2019
(constant S5 10% Catch reduction Start 2020
M) S6 20% Catch reduction Start 2019
S7 20% Catch reduction Start 2020
S8 Sardine’s catch in 2018 equal to 2014 catch1828 5% reduction per year 2018-2022
S9 Sardine’s catch in 2018 equal to 2014 totalhes¢115776 t); 5% reduction per yea 2018-202
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Figure 3.6. Anchovy: management scenarios baseatsh reduction.
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Figure 3.8. Scenarios proposed by Croatia.

4. Results

Section 4.1 shows the results of the MSE projestinm without stock assessment on the ten
scenarios.

4.1 MSE projections without stock assessment unceaiitty

For each of the six OMs investigated, the result8M8E projections without stock assessment
uncertainty of the ten management scenarios arenswized in the following paragraphs (4.1.1-
4.1.6).

4.1.1 Anchovy in GSAs 17-18

The results of the MSE projections for the anchswock with a maturity at ageO set to 0 are shown
in the Figures 4.1.1.1-4.1.1.10 and Table 4.1.1.1.



Scenario 3 (linear reduction of F towardss¥ in the period 2019-2020) recovers the stock earlie
than the other scenarios, since it is the scerthab reduces fishing mortality faster and earlier.
However, Scenario 3 drives F (and catch) to a i@mlevel before reachingJsy. Scenarios 1, 2, 4,
5, 6 and 7 show intermediate results.

Note that projections of scenarios based on cadhations end up with fishing mortalities below
Fuvsv. In these scenarios, oncedy is reached, catches are kept constant for thefeke forecast,
since there were no indications of what managemahtiook like after reaching the objective.
Keeping catches at the level whewskis reached for the first time, means that catefitbde lower
than MSY, since the stock is not at its equilibrilewel yet, as such generating fishing mortalities
lower than sy.

Also note that recruitment in the projections ghar than the most recent estimations. This igalue
the use of a segmented regression model for remenit which assumes average recruitment over a
wide range of SSB values. The EWG found a S/R timaadel, which shows a decrease of
recruitment at low levels of SSB. This effect was captured by the model used in the projections,
and as such the model projections may be optinasticshould be taken with care. This effect is very
clear in the Status quo scenario, which seemsciovez SSB and catches at high levels of F. This
result must be considered as not reliable.
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Figure 4.1.1.1. Anchovy: MSE projection (Status quean kar of the last 3 years, 2014-2016)
based on the a4a model used to emulate the offissdssment (SAM). Dashed blue line represents
Fusy (0.57) and Bn (20155 t).
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Figure 4.1.1.2. Anchovy: MSE projection (Scenaritiriear reduction of F towardssEv in the
period 2019-2025) based on the a4a model used uta@nthe official assessment (SAM). Dashed
blue line representsvksy (0.57) and B (20155 t).
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Figure 4.1.1.3. Anchovy: MSE projection (Scenaridirgar reduction of F towardssEv in the
period 2020-2025) based on the a4a model used uta@nthe official assessment (SAM). Dashed
blue line representsvksy (0.57) and B (20155 t).
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Figure 4.1.1.4. Anchovy: MSE projection (Scenaridirgar reduction of F towardsskv in the
period 2019-2020) based on the a4a model used utagathe official assessment (SAM). Dashed
blue line representsvsy (0.57) and B (20155 t).
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Figure 4.1.1.5. Anchovy: MSE projection (Scenarid@% catch reduction starting in 2019) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisy
(0.57) and Bn (20155 1).

12



_____ L]
4 :

-
L

Figure 4.1.1.6. Anchovy: MSE projection (Scenarid 8% catch reduction starting in 2020) based
on the a4a model used to emulate the official assest (SAM). Dashed blue line represenisyF
(0.57) and Bn (20155 t).
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Figure 4.1.1.7. Anchovy: MSE projection (Scenari@®% catch reduction starting in 2019) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisy-
(0.57) and Bn (20155 1).
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Figure 4.1.1.8. Anchovy: MSE projection (Scenari@(% catch reduction starting in 2020) based
on the a4a model used to emulate the official assest (SAM). Dashed blue line represenisy
(0.57) and Bn (20155 1).
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Figure 4.1.1.9. Anchovy: MSE projection (Scenaria&ch in 2018 equal to catch in 2014, then
5% reduction in 2018-2022) based on the ada maal to emulate the official assessment (SAM).
Dashed blue line representgsk (0.57) and Bn (20155 t).
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Figure 4.1.1.10. Anchovy: MSE projection (Scen&jcatch in 2018 equal to total catches in 2014,
then 5% reduction in 2018-2022) based on the addehused to emulate the official assessment
(SAM). Dashed blue line represenigsk (0.57) and Bn (20155 t).

Table 4.1.1.1. Anchovy: probability of SSB fallibglow Bim by year and Scenario. SQ: Status
guo, mean Fr of the last 3 years 2014-2016; S1: linear redunabibF towards ksy in the period
2019-2025; S2: linear reduction of F towardg¥in the period 2020-2025; S3: linear reduction of
F towards sy in the period 2019-2020; S4: 10% catch reducti@h922030; S5: 10% catch
reduction 2020-2030; S6: 20% catch reduction 200302S7: 20% catch reduction 2020-2030; S8:
catch in 2018 equal to catch in 2014, then 5% reolu@018-2022; S9: catch in 2018 equal to total
catches in 2014, then 5% reduction 2018-2022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9

2016 224 224 224 224 224 224 224 224 224 224
2017 80.8 80.8 80.8 80.8 808 808 80.8 80.8 808 808
2018 50.0 46.8 488 452 488 488 488 48.8 56.8 88.0
2019 28.8 260 284 192 232 296 216 296 488 952
2020 176 104 136 24 112 132 88 12.0 416 96.8
2021 140 6.0 9.6 0.0 7.2 9.2 4.8 6.8 404 98.8
2022 124 2.8 4.8 0.0 6.0 6.8 1.6 32 372 980
2023 10.0 24 3.6 0.4 3.6 4.0 0.8 0.8 364 984
2024 10.0 2.0 2.4 0.4 2.0 3.6 0.8 0.8 35,6 9838
2025 8.8 0.0 0.0 0.0 2.8 4.4 0.0 04 352 984
2026 8.0 0.0 0.0 0.0 2.0 3.2 0.0 04 344 996
2027 9.2 0.4 0.4 0.4 2.4 3.6 0.0 04 344 996
2028 104 0.0 0.0 0.0 2.0 2.4 0.0 04 336 99.2
2029 13,6 0.0 0.0 0.0 2.0 2.8 0.0 0.0 33.6 100.0

4.1.2 Anchovy in GSAs 17-18 (Constant M)

The results of the MSE projections for the anchetgck with a maturity at age0O set to 0, and a
constant natural mortality (M = 0.65) are shownhie Figures 4.1.2.1-4.1.2.10 and Table 4.1.2.1.
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These scenarios should be seen as robustnessftestdion 4.1.1. The comments presented are also
relevant here. Overall, the mis-specification afunal mortality deteriorates the HCR performance.
These results would need further exploration toeustéind which effect is having this negative

impact.
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Figure 4.1.2.1. Anchovy (constant M): MSE projent{&tatus quo, meandrof the last 3 years,
2014-2016) based on the a4a model used to embhkatficial assessment (SAM). Dashed blue
line representsaksy (0.57) and Bn (20155 t).
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Figure 4.1.2.2. Anchovy (constant M): MSE projent{&cenario 1, linear reduction of F towards
Fusy in the period 2019-2025) based on the a4a moeel issemulate the official assessment
(SAM). Dashed blue line represenigsk (0.57) and Bn (20155 t).
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Figure 4.1.2.3. Anchovy (constant M): MSE projent{&cenario 2, linear reduction of F towards
Fusy in the period 2020-2025) based on the a4a moeel issemulate the official assessment
(SAM). Dashed blue line represenigsk (0.57) and Bn (20155 t).
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Figure 4.1.2.4. Anchovy (constant M): MSE projent{&cenario 3, linear reduction of F towards
Fusy in the period 2019-2020) based on the a4a moeel issemulate the official assessment
(SAM). Dashed blue line represenigsk (0.57) and Bn (20155 t).
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Figure 4.1.2.5. Anchovy (constant M): MSE project{@cenario 4, 10% catch reduction starting in
2019) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents sy (0.57) and Bn (20155 t).
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Figure 4.1.2.6. Anchovy (constant M): MSE project{@cenario 5, 10% catch reduction starting in
2020) based on the a4a model used to emulate fibmlbdssessment (SAM). Dashed blue line
represents sy (0.57) and Bn (20155 t).
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Figure 4.1.2.7. Anchovy (constant M): MSE project{@cenario 6, 20% catch reduction starting in
2019) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents sy (0.57) and Bn (20155 t).
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Figure 4.1.2.8. Anchovy (constant M): MSE project{@cenario 7, 20% catch reduction starting in
2020) based on the a4a model used to emulate fibmlbdssessment (SAM). Dashed blue line
represents sy (0.57) and Bn (20155 t).
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Figure 4.1.2.9. Anchovy (constant M): MSE projest{@cenario 8, catch in 2018 equal to catch in
2014, then 5% reduction in 2018-2022) based oma4dlaemodel used to emulate the official
assessment (SAM). Dashed blue line represamss (0.57) and B» (20155 t).
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Figure 4.1.2.10. Anchovy (constant M): MSE project{Scenario 9, catch in 2018 equal to total
catches in 2014, then 5% reduction in 2018-2028¢t&n the ada model used to emulate the
official assessment (SAM). Dashed blue line represBusy (0.57) and Bn (20155 t).
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Table 4.1.2.1. Anchovy (constant M): probabilityS$B falling below Bn by year and Scenario.
SQ: Status quo, meandof the last 3 years 2014-2016; S1: linear redunotibF towards fsy in
the period 2019-2025; S2: linear reduction of Fao¥g sy in the period 2020-2025; S3: linear
reduction of F towardswusy in the period 2019-2020; S4: 10% catch reducti@ho22030; S5: 10%
catch reduction 2020-2030; S6: 20% catch redu@@i®-2030; S7: 20% catch reduction 2020-
2030; S8: catch in 2018 equal to catch in 2014 8% reduction 2018-2022; S9: catch in 2018
equal to total catches in 2014, then 5% reduct@iB82022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9

2016 476 476 476 476 476 476 476 476 476 476
2017 884 880 880 880 880 880 880 880 880 88.0
2018 64.8 63.6 63.2 592 632 632 632 632 752 988
2019 62.8 608 628 36.8 532 648 47.2 648 77.6 100.0
2020 50.8 348 400 6.0 276 420 21.2 38.0 76.8 100.0
2021 46.8 240 296 04 196 236 136 172 728 100.0
2022 448 152 180 0.0 164 184 8.8 9.6 72.0 100.0
2023 424 76 116 04 136 140 6.8 6.4 704 100.0
2024 38.8 6.0 6.4 1.2 124 112 64 6.0 70.0 100.0
2025 372 0.8 1.6 00 124 112 56 48 69.6 100.0
2026 372 0.0 0.0 00 116 108 56 40 69.6 100.0
2027 392 04 0.4 0.8 120 10.8 5.6 40 69.2 100.0
2028 32.0 04 0.8 04 116 108 56 40 69.2 100.0
2029 396 0.0 0.0 00 116 108 5.6 40 69.2 100.0

4.1.3 Anchovy in GSAs 17-18 (maturity at age0 = 0.5

The results of the MSE projections for the anchstegk with a maturity at age0O set to 0.5 are shown
in the Figures 4.1.3.1-4.1.3.10 and Table 4.1.3.1.

All the scenarios, with the only exception of Saem&, are showing good performance in terms of
the probability of SSB falling below;R.

In these scenarios, the dynamics of the stock wesfised although the target fishing mortality was
kept the same. This inconsistency was not explrglder and, together with the optimistic S/R, may
explain the very positive results obtained.

See comments in section 4.1.1.
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Figure 4.1.3.1. Anchovy (maturity at ageO = 0.58Bprojection (Status quo, meagof the last
3 years, 2014-2016) based on the a4a model ussadutate the official assessment (SAM). Dashed
blue line representsvsy (0.57) and B (32177 t).
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Figure 4.1.3.2. Anchovy (maturity at age0O = 0.5B5Mprojection (Scenario 1, linear reduction of F
towards sy in the period 2019-2025) based on the ada moael ttsemulate the official
assessment (SAM). Dashed blue line represamss (0.57) and B (32177 t).
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Figure 4.1.3.3. Anchovy (maturity at age0O = 0.5B5BMprojection (Scenario 2, linear reduction of F
towards sy in the period 2020-2025) based on the ada moael ttsemulate the official
assessment (SAM). Dashed blue line represamss (0.57) and B (32177 t).
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Figure 4.1.3.4. Anchovy (maturity at age0O = 0.5B5Mprojection (Scenario 3, linear reduction of F
towards sy in the period 2019-2020) based on the ada moael ttsemulate the official
assessment (SAM). Dashed blue line represamss (0.57) and B (32177 t).
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Figure 4.1.3.5. Anchovy (maturity at age0O = 0.5B5BMprojection (Scenario 4, 10% catch reduction
starting in 2019) based on the a4a model used twagenthe official assessment (SAM). Dashed
blue line representsvsy (0.57) and Bn (32177 t).
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Figure 4.1.3.6. Anchovy (maturity at age0O = 0.55BMprojection (Scenario 5, 10% catch reduction
starting in 2020) based on the a4a model used twagdenthe official assessment (SAM). Dashed
blue line representsvsy (0.57) and Bn (32177 t).
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Figure 4.1.3.7. Anchovy (maturity at ageO = 0.5B5BMprojection (Scenario 6, 20% catch reduction
starting in 2019) based on the a4a model used twagenthe official assessment (SAM). Dashed
blue line representsvksy (0.57) and B (32177 t).
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Figure 4.1.3.8. Anchovy (maturity at ageO = 0.5B5BMprojection (Scenario 7, 20% catch reduction
starting in 2020) based on the a4a model used twagenthe official assessment (SAM). Dashed
blue line representsvksy (0.57) and B (32177 t).
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Figure 4.1.3.9. Anchovy (maturity at ageO = 0.58Bprojection (Scenario 8, catch in 2018 equal
to catch in 2014, then 5% reduction in 2018-202&¢el on the a4a model used to emulate the
official assessment (SAM). Dashed blue line represBusy (0.57) and Bn (32177 t).
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Figure 4.1.3.10. Anchovy (maturity at ageO = OBBE projection (Scenario 9, catch in 2018 equal
to total catches in 2014, then 5% reduction in 2B@82) based on the a4a model used to emulate
the official assessment (SAM). Dashed blue lin@esgnts ksy (0.57) and B, (32177 t).
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Table 4.1.3.1. Anchovy (maturity at ageO = 0.5uhability of SSB falling below B, by year and
Scenario. SQ: Status quo, meag Bf the last 3 years 2014-2016; S1: linear redaabibF towards
Fmsy in the period 2019-2025; S2: linear reduction edéwards sy in the period 2020-2025; S3:
linear reduction of F towardsvEy in the period 2019-2020; S4: 10% catch reducti@ho22030;
S5: 10% catch reduction 2020-2030; S6: 20% catdhateon 2019-2030; S7: 20% catch reduction
2020-2030; S8: catch in 2018 equal to catch in 2€ieh 5% reduction 2018-2022; S9: catch in
2018 equal to total catches in 2014, then 5% reolu@018-2022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9
2016 20.0 200 200 20.0 200 200 20.0 20.0 200 200
2017 1.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
2018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.0
2019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
2020 0.0 0.0 0.0 0.0 0.4 0.4 0.4 0.4 0.0 2.0
2021 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 1.6
2022 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.4 2.4
2023 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 3.2
2024 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2
2025 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6
2026 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
2027 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8
2028 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4
2029 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0

4.1.4 Anchovy in GSAs 17-18 (maturity at age0 = Q.Eonstant M)

The results of the MSE projections for the anchstock with a maturity at ageO set to 0.5, and a
scalar natural mortality (M) are shown in the Fegit.1.4.1-4.1.4.10 and Table 4.1.4.1.

These scenarios should be seen as robustnessftestdion 4.1.3. The comments presented are also
relevant here. Overall, the mis-specification ofunal mortality has a negative impact in the HCR
performance, although generally still showing nsltues within the 5% limit. These results would
need further exploration to understand which efiettaving this negative impact.
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Figure 4.1.4.1. Anchovy (maturity at age0 = @énstant M): MSE projection (Status quo, mean
Foar Of the last 3 years, 2014-2016) based on the atehused to emulate the official assessment
(SAM). Dashed blue line representssk (0.57) and Bn (32177 t).
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Figure 4.1.4.2. Anchovy (maturity at ageO = @énstant M): MSE projection (Scenario 1, linear
reduction of F towardsmsy in the period 2019-2025) based on the a4a moeel issemulate the
official assessment (SAM). Dashed blue line represBusy (0.57) and Bn (32177 t).
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Figure 4.1.4.3. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 2, linear
reduction of F towardsmsy in the period 2020-2025) based on the a4a moeel issemulate the
official assessment (SAM). Dashed blue line represBusy (0.57) and Bn (32177 t).
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Figure 4.1.4.4. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 3, linear
reduction of F towardsnusy in the period 2019-2020) based on the a4a moael ttsemulate the
official assessment (SAM). Dashed blue line represBusy (0.57) and Bn (32177 t).
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Figure 4.1.4.5. Anchovy (maturity at ageO = @énstant M): MSE projection (Scenario 4, 10%
catch reduction starting in 2019) based on thenad@el used to emulate the official assessment
(SAM). Dashed blue line represenigsk (0.57) and Bn (32177 t).
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Figure 4.1.4.6. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 5, 10%
catch reduction starting in 2020) based on thenad@el used to emulate the official assessment
(SAM). Dashed blue line representssk (0.57) and Bn (32177 t).
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Figure 4.1.4.7. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 6, 20%
catch reduction starting in 2019) based on thenad@el used to emulate the official assessment
(SAM). Dashed blue line representssk (0.57) and Bn (32177 t).
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Figure 4.1.4.8. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 7, 20%
catch reduction starting in 2020) based on thenad@el used to emulate the official assessment
(SAM). Dashed blue line representssk (0.57) and Bn (32177 t).
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Figure 4.1.4.9. Anchovy (maturity at age0 = @énstant M): MSE projection (Scenario 8, catch in
2018 equal to catch in 2014, then 5% reductior0ib822022) based on the a4a model used to
emulate the official assessment (SAM). Dashed lihgerepresentsasy (0.57) and Bn (32177 t).
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Figure 4.1.4.10. Anchovy (maturity at age0 = @d&nstant M): MSE projection (Scenario 9, catch
in 2018 equal to total catches in 2014, then 5%ctan in 2018-2022) based on the a4a model
used to emulate the official assessment (SAM). Battue line representméy (0.57) and Bn

(32177 1).

32



Table 4.1.4.1. Anchovy (maturity at age0 = @&nstant M): probability of SSB falling belowi8
by year and Scenario. SQ: Status quo, meaofthe last 3 years 2014-2016; S1: linear redactio
of F towards sy in the period 2019-2025; S2: linear reduction eébWwards sy in the period
2020-2025; S3: linear reduction of F towardg¥in the period 2019-2020; S4: 10% catch
reduction 2019-2030; S5: 10% catch reduction 202802 S6: 20% catch reduction 2019-2030; S7:
20% catch reduction 2020-2030; S8: catch in 201&eimp catch in 2014, then 5% reduction 2018-
2022; S9: catch in 2018 equal to total catche®iM2then 5% reduction 2018-2022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9
2016 764 764 764 764 764 764 764 764 764 764
2017 624 620 620 62.0 620 620 620 62.0 620 620
2018 332 300 304 248 304 304 304 304 520 948
2019 272 196 244 10.8 156 288 13.2 28.8 444 97.2
2020 232 144 17.2 1.2 9.6 224 44 18.8 38.8 98.0
2021 240 100 108 0.0 4.8 164 2.0 10.0 29.2 98.8
2022 272 7.6 9.2 0.4 3.2 9.6 0.4 40 22.0 98.0
2023 248 44 6.4 1.6 2.8 8.4 0.8 20 120 96.8
2024 216 2.8 4.0 1.2 2.0 6.0 0.8 1.6 9.6 956
2025 216 0.0 0.0 0.0 2.0 3.2 0.4 0.4 5.2 96.8
2026 216 0.8 0.8 0.8 0.8 3.6 0.0 0.0 52 96.8
2027 20.0 04 0.4 0.4 0.8 2.4 0.0 0.0 3.6 99.6
2028 212 0.0 0.0 0.0 0.8 1.2 0.0 0.0 20 984
2029 29.2 0.8 0.8 0.8 0.8 2.4 0.0 0.0 16 964

4.1.5 Sardine in GSAs 17-18

The results of the MSE projections for sardinesirewn in the Figures 4.1.5.1-4.1.5.10 and Table
4.15.1.

The scenarios that are performing the best botérims of probability of SSB falling belowiB and
ability of reaching sy are Scenario 1, 2, and 3 (linear reduction ofvrardls sy in 2019-2025,
2020-2025, and 2019-2020, respectively). Althougenarios based on catch reductions were not
designed to reachmsy, in these scenarios, oncgdy is reached, catches are kept constant for the
rest of the forecast, since there were no indioataf what management will look like after reaching
the objective. Keeping catches at the level whesy ks reached for the first time, means that catches
may be lower than MSY, if the stock is far from gitpuium, as such generating fishing mortalities
lower than ksy.

Scenario 8 (catch in 2018 set to catch of sarair#®iL4, then 5% reduction in the period 2018-2022)
is providing the best results in terms of low probty of SSB falling below B, and the ability of
reaching sy. Also the scenarios based on 10% catch reductmmlae to bring F towardsvky,
despite allowing SSB recovering abovenBnly in the last few years of the projections. i&o®s
based on 20% catch reduction are performing bietterms of probability of SSB falling below;B;
however, they bring F to fall belowky.

Note that recruitment in the projections is higthem the most recent estimations. This is duedo th
use of a segmented regression model for recruitmdmth assumes average recruitment over a wide
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range of SSB values. The EWG found a S/R linearahadhich shows a decrease of recruitment at
low levels of SSB. This effect was not capturedh®symodel used in the projections, and as such the
model projections may be optimistic and shoulddien with care. This effect is very clear in the
Status quo scenario, which seems to recover SSBainldes at high levels of F. This result must be
considered as not reliable.
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Figure 4.1.5.1. Sardine: MSE projection (Status, gquean k.r of the last 3 years, 2014-2016) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisy
(0.44) and Bn (112922 t).
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Figure 4.1.5.2. Sardine: MSE projection (Scenarilingar reduction of F towardsskv in the
period 2019-2025) based on the a4a model used utagthe official assessment (SAM). Dashed
blue line representsvsy (0.44) and B (112922 t).
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Figure 4.1.5.3. Sardine: MSE projection (Scenarilin2ar reduction of F towardsuky in the
period 2020-2025) based on the a4a model used uta@nthe official assessment (SAM). Dashed
blue line representsvsy (0.44) and B (112922 t).
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Figure 4.1.5.4. Sardine: MSE projection (Scenayilingar reduction of F towards.Ev in the
period 2019-2020) based on the a4a model used uta@nthe official assessment (SAM). Dashed
blue line representsvsy (0.44) and B (112922 t).
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Figure 4.1.5.5. Sardine: MSE projection (Scenayib0%o catch reduction starting in 2019) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisy
(0.44) and Bn (112922 t).
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Figure 4.1.5.6. Sardine: MSE projection (Scenayib®%o catch reduction starting in 2020) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisyF
(0.44) and Bn (112922 t).
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Figure 4.1.5.7. Sardine: MSE projection (Scenayfid%s catch reduction starting in 2019) based
on the a4a model used to emulate the official assest (SAM). Dashed blue line represenisy
(0.44) and Bn (112922 t).
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Figure 4.1.5.8. Sardine: MSE projection (Scenayid0P6 catch reduction starting in 2020) based
on the ada model used to emulate the official assest (SAM). Dashed blue line represenisy-
(0.44) and Bn (112922 t).
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Figure 4.1.5.9. Sardine: MSE projection (Scenaricach in 2018 equal to catch in 2014, then 5%
reduction in 2018-2022) based on the a4a model tasenhulate the official assessment (SAM).
Dashed blue line representgsk (0.44) and Bn (112922 t).

Figure 4.1.5.10. Sardine: MSE projection (Scenfricatch in 2018 equal to total catches in 2014,
then 5% reduction in 2018-2022) based on the addehused to emulate the official assessment
(SAM). Dashed blue line represenigsk (0.44) and B, (112922 t).
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Table 4.1.5.1. Sardine: probability of SSB fallinglow Bim by year and Scenario. SQ: Status quo,
mean kar of the last 3 years 2014-2016; S1: linear rednabibF towards sy in the period 2019-
2025; S2: linear reduction of F towardssk in the period 2020-2025; S3: linear reduction of F
towards sy in the period 2019-2020; S4: 10% catch reducti@h922030; S5: 10% catch
reduction 2020-2030; S6: 20% catch reduction 200302S7: 20% catch reduction 2020-2030; S8:
catch in 2018 equal to catch in 2014, then 5% reolu@018-2022; S9: catch in 2018 equal to total
catches in 2014, then 5% reduction 2018-2022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9
2016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2019 1.2 0.8 1.6 0.4 1.6 1.6 1.6 1.6 2.8 7.2
2020 0.0 0.0 0.0 0.0 6.4 0.0 4.0 0.0 3.2 14.0
2021 0.8 0.4 0.4 0.0 7.6 4.4 4.4 3.2 40 19.6
2022 1.2 0.0 0.0 00 112 8.0 5.2 3.6 0.0 184
2023 1.2 0.4 0.4 0.0 100 6.0 2.8 2.4 04 124
2024 2.0 0.0 0.0 00 104 7.2 1.2 1.2 0.8 8.4
2025 04 0.0 0.0 0.0 8.4 6.0 0.4 0.4 0.4 8.0
2026 04 0.0 0.0 0.0 6.8 2.4 0.4 0.4 0.4 5.6
2027 1.2 0.0 0.0 0.0 4.0 3.6 0.0 0.4 0.4 5.6
2028 04 0.0 0.0 0.0 4.8 2.8 0.0 0.0 0.4 4.0
2029 04 0.0 0.0 0.0 3.2 1.6 0.0 0.0 0.0 4.0

4.1.6 Sardine in GSAs 17-18 (Constant M)
The results of the MSE projections for the sardituek with a scalar natural mortality (M = 0.55)
are shown in the Figures 4.1.6.1-4.1.6.10 and T&ldl&.1.

These scenarios should be seen as robustnessftestdion 4.1.5. The comments presented are also
relevant here. Overall, the mis-specification ofunal mortality has a negative impact in the HCR
performance of catch options scenarios. Thesetsesoluld need further exploration to understand
which effect is having this negative impact.
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Figure 4.1.6.1. Sardine (constant M): MSE projettiBtatus quo, meandrof the last 3 years,
2014-2016) based on the a4a model used to embkateficial assessment (SAM). Dashed blue
line representsyisy (0.44) and Bn (112922 t).
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Figure 4.1.6.2. Sardine (constant M): MSE projec{iBcenario 1, linear reduction of F towards
Fusy in the period 2019-2025) based on the a4a moeel tssemulate the official assessment
(SAM). Dashed blue line represenigsk (0.44) and Bn (112922 t).
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Figure 4.1.6.3. Sardine (constant M): MSE projec{iBcenario 2, linear reduction of F towards
Fusy in the period 2020-2025) based on the a4a moeel issemulate the official assessment
(SAM). Dashed blue line represenigsk (0.44) and B, (112922 t).
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Figure 4.1.6.4. Sardine (constant M): MSE projec{iBcenario 3, linear reduction of F towards
Fusy in the period 2019-2020) based on the a4a moeel tssemulate the official assessment
(SAM). Dashed blue line represenigsk (0.44) and Bn (112922 t).
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Figure 4.1.6.5. Sardine (constant M): MSE projet(i8cenario 4, 10% catch reduction starting in
2019) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents irsy (0.44) and Bn (112922 t).
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Figure 4.1.6.6. Sardine (constant M): MSE projec{icenario 5, 10% catch reduction starting in
2020) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents sy (0.44) and Bn (112922 t).
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Figure 4.1.6.7. Sardine (constant M): MSE projec{icenario 6, 20% catch reduction starting in
2019) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents irsy (0.44) and Bn (112922 t).
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Figure 4.1.6.8. Sardine (constant M): MSE projec{iBcenario 7, 20% catch reduction starting in
2020) based on the a4a model used to emulate fibmlodssessment (SAM). Dashed blue line
represents irsy (0.44) and Bn (112922 t).
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Figure 4.1.6.9. Sardine (constant M): MSE projec{iBcenario 8, catch in 2018 equal to catch in
2014, then 5% reduction in 2018-2022) based omadlaemodel used to emulate the official
assessment (SAM). Dashed blue line represamss (©.44) and Bn (112922 t).
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Figure 4.1.6.10. Sardine (constant M): MSE pro@t(iScenario 9, catch in 2018 equal to total
catches in 2014, then 5% reduction in 2018-2028pt@n the ad4a model used to emulate the
official assessment (SAM). Dashed blue line represBusy (0.44) and Bn (112922 t).
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Table 4.1.6.1. Sardine (constant M): probabilitys&B falling below B by year and Scenario.
SQ: Status quo, meandof the last 3 years 2014-2016; S1: linear redunotibF towards fsy in
the period 2019-2025; S2: linear reduction of Fao¥g sy in the period 2020-2025; S3: linear
reduction of F towardswusy in the period 2019-2020; S4: 10% catch reducti@ho22030; S5: 10%
catch reduction 2020-2030; S6: 20% catch redu@@i®-2030; S7: 20% catch reduction 2020-
2030; S8: catch in 2018 equal to catch in 2014 8% reduction 2018-2022; S9: catch in 2018
equal to total catches in 2014, then 5% reduct@iB82022.

Year SQ S1 S2 S3 S4 S5 S6 S7 S8 S9
2016 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
2017 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
2018 7.6 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
2019 156 156 196 9.2 196 196 196 196 26.8 49.6
2020 164 116 140 36 396 156 296 156 300 69.2
2021 196 96 108 04 488 348 29.2 248 344 780
2022 224 A8 6.8 00 508 344 256 232 308 828
2023 224 20 2.4 00 488 344 216 180 256 81.2
2024 192 20 2.0 00 440 324 176 132 196 8038
2025 208 1.2 1.2 00 436 284 152 10.0 188 80.0
2026 16.8 0.0 0.0 00 396 264 144 96 172 824
2027 184 0.0 0.0 0.0 376 240 136 9.2 17.2  81.2
2028 17.6 0.0 0.0 0.0 360 224 136 9.2 164 824
2029 212 0.0 0.0 00 356 204 136 9.2 156 83.6

4.2 MSE projections with stock assessment uncertdin

The MSE projections in this study do not includecktassessment feedback, which should account
for a fair amount of uncertainty. Such uncertaiuty its impact in risk and performance of the HCR
could not be accounted in the current analysistdiene constraints.

5. Final comments

MSE projections used in this study do not inclutbels assessment feedback, which should account
for a fair amount of uncertainty. Such uncertaiuty its impact in risk and performance of the HCR
could not be accounted in the current analysis.

Scenarios based on linear reduction of fishing alibytare relying on the assumption that fishing
mortality reduction will be proportional to the redion in fishing effort. This is a rather strong
assumption for small pelagic stocks (e.g. hypeittglsee Sadovy de Mitcheson et al., 2008).

Scenarios based on catch reductions were not dabigireach frsy. In these scenarios, oncady

is reached, catches are kept constant for theofdabe forecast, since there were no indications of
what management will look like after reaching thigeative. Keeping catches at the level whegy

is reached for the first time may provide catcloegar than MSY, if the stock is far from equilibrium
as such generating fishing mortalities lower thasvyFThese scenarios should be further explored to
decide about which management will be implemented eeaching kisy.
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In the view of these reasons, a straight compat&iween the scenarios based on fishing mortality
reduction and those based on catch reduction neustsidered with caution.

Furthermore, it is worth recalling that recruitmémtthe projections is higher than the most recent
estimations. This is due to the use of a segmarigression model for recruitment, which assumes
average recruitment over a wide range of SSB valliles EWG found a S/R linear model, which
shows a decrease of recruitment at low levels &.J8is effect was not captured by the model used
in the projections, and as such the model projestinay be optimistic and should be taken with care.
This effect is very clear in Status quo scenamdBsch seem to recover SSB and catches at highdevel
of F.

For each of the three Operating Models (OM1: angh®M3: anchovy with maturity at ageO set to
0.5; OM5: sardine) and three robustness test amradanortality M (OM2: anchovy with constant
M; OM4: anchovy with maturity at ageO set to 0.8 @onstant M; OM6: sardine with constant M),
Table 5.1 shows the number of years within the quted period that are characterized by a
probability of SSB falling below & lower than 5%. For anchovy with maturity at age0ts be
equal to 0.5 and sardine most of the scenarios slaoprobability of SSB falling below;B lower
than 5% in nearly all of the 14 projected yearsrédoer, for anchovy with maturity at age0 set to be
equal to 0, the Status quo scenario shows a prilpaddi SSB falling below Bn lower than 5% in

all the 14 projected years.

In general, robustness tests show a deteriorafitimedHCRs performance. The mis-specification of
natural mortality seems to have a negative impHuwese results would need further exploration to
understand which effect is creating the negativeaich

Table 5.1. Number of years (within the projectedquk 14 years) with probability of SSB falling
below Bim less than 5%, by Operating Model (OM) and scen&M1: Anchovy; OM2: Anchovy
with constant M; OM3: Anchovy with maturity at age®.5; OM4: Anchovy with maturity at age0
= 0.5 and constant M; OM5: Sardine; OM6; Sardingnwonstant M. OM2, OM4, and OM6 are
considered as tests to check the effect of M. SQuS quo, meanyk of the last 3 years 2014-
2016; S1: linear reduction of F towardssk in the period 2019-2025; S2: linear reduction of F
towards sy in the period 2020-2025; S3: linear reduction ¢dWwards sy in the period 2019-
2020; S4: 10% catch reduction starting in 2019;1%8% catch reduction starting in 2020; S6: 20%
catch reduction starting in 2019; S7: 20% catclucédn starting in 2020; S8: catch in 2018 equal
to catch in 2014, then 5% reduction 2018-2022;ca8h in 2018 equal to total catches in 2014,
then 5% reduction 2018-2022.

Robustness tests
Scenarios OM1 OM3 OM5 | OM2 OM4 OM6

sQ 0 13 14 0 0 0
s1 8 13 14 5 7 8
S2 8 13 14 5 6 7
S3 10 13 14 9 10 10
sS4 7 13 7 0 9 0
S5 7 13 10 0 0
S6 8 13 13 0 10 6
S7 8 13 14 5 8 0
S8 0 13 14 0 3 0
S9 0 13 5 0 0 0
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Abstract

This document presents the Management Strategies Evaluation algorithm developed in the JRC
Assessment For All (a4a ) Initiative. Management Strategy Evaluation (MSE ) is a complex simula-
tion and forecasting procedure that takes into account structural and observational uncertainty on
stock dynamics (growth, recruitment, maturity) and on its exploitation by fishing fleets (selectivity,
effort). The MSE paradigm can lead to to the articulation of the central part of a decision making
framework for fisheries management under uncertainty. The a4a approach to MSE is to develop a set
of common methods and procedures to build a minimal standard MSE algorithm, which has the most
common elements of both uncertainty and management options. Such a toolset should allow for the
development of MSE simulations for many fisheries in an operational time frame. The a4a MSE design
uses a two step approach. The first step defines the ’standard’ components of an MSE while the second
step sets the details, for example the HCR or the OM conditioning.
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1 Introduction

Management Strategy Evaluation (MSE ) is a complex simulation and forecasting procedure that
takes into account structural and observational uncertainty on stock dynamics (growth, recruitment,
maturity) and on its exploitation by fishing fleets (selectivity, effort). The MSE paradigm can lead to
to the articulation of the central part of a decision making framework for fisheries management under
uncertainty. The algorithms for development and application of MSE simulations are currently fairly
diverse across different fora and fisheries, despite the obvious common elements and a shared overall
structure.

Figure 1 shows the major components in the fisheries system, how they relate and interact,
and their position in the the fisheries management cycle. The industry, in most cases comprising
private companies, manage fleets of fishing vessels exploiting the public marine resources. Scientific
institutions then collect data on both the activity of the industry and the biological resources, in
order to build a model representing both fleets and stocks dynamics. These models form the basis
for scientific advice to the corresponding management body on how distinct policy options will affect
the whole system, fleets and stocks. This management body (government, international institution
or RFMO) has the institutional responsibility of managing these public marine resources for the
common good. This requires the setting of appropriate regulations to steer and limit the activity of
fishing.

INDUSTRY GOVERNMENT
regulates

catch

information

RESOURCES SCIENCE

Figure 1: Management cycle

Figure 2 places the MSE components on top of the management cycle. The fleet and the stocks
are embedded in an operating model, which is the representation of the natural and fishery systems.
On the other side, the management procedure includes the stock assessment process, carried out by
scientific institutions and experts, and the management process, carried out by the governmental
institutions based on scientific advice. Two other important components are the observation error,
which represents the process of collecting information for scientific purposes, and the implementation
error, which accounts for differences between the intended results of the regulatory processes and
the observed results, and incorporates the way the actors implement regulations and perceive the
management objectives behind them.

The ada approach to MSE is to develop a set of common methods and procedures to build a
minimal standard MSE algorithm. This has the most common elements of both uncertainty and
management options. Such a toolset should allow for the development of MSE simulations for many
fisheries in an operational time frame.

The a4a MSE design uses a two step approach. The first step defines the ’standard’ components
of an MSE while the second step sets the details, for example the HCR or the OM conditioning.
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Figure 2: Management Strategies Evaluation

For background information on a4a check the FLa4a introductory vignette'.
For more information on the a4a methodologies refer to Jardim, et.al, 2014, Millar, et.al, 2014
and Scott, et.al, 2016.

2 Notation and Definition of variables

Table 1 presents the variables used in this document. The following notation will be used for the
defined variables, functions and indices.

Variables in the Operating Model (OM) are always uppercase, whiles variables in the Management
Procedure (MP) are lowercase, e.g. catch C'in OM c in the MP. Quantities estimated within the MP,
e.g. fishing mortality by a stock assessment model, will use the uppercase with a hat, e.g. F.

Functions will be represented with lower case letters. Functions estimated within the MP will be
identified with a hat, e.g. the stock-recruitment function?.

The target value that results from a decision process, e.g. the application of a harvest control rule,
is identified by a tilde, F'. Indices will always use lowercase, with their maximum value represented
by the corresponding uppercase letter, e.g. ages asa=1... A.

lyignette("introduction", package="FLada")
2The S/R estimation means not only the parameters but also the choice of the functional form, which depends of the
perception of the stock on that moment.


http://icesjms.oxfordjournals.org/content/early/2014/04/03/icesjms.fsu050.abstract
http://icesjms.oxfordjournals.org/content/early/2014/03/31/icesjms.fsu043.abstract
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154922

Subject\ Notation Description

Variables
population abundance in number of individuals
recruitment in number of individuals

fishing mortality rate

natural mortality rate

mature biomass in weight

individual mean weight

percentage of mature fish

catch in number of individuals

yield in weight

fleet catchability

fleet selectivity

fleet effort

indicator of stock status

abundance index

DI nO<QAvSmimxn =2

Functions
stock-recruitment function

fleet behaviour

stock assessment model or indicator

management decision/harvest control rule parametrization
management decision/harvest control rule

management system

technical measures

implementation error

observation error

O =& ™8 ww. @

Other
expected value

variance or covariance matrix

set of parameters

median

lognormal probability density distribution

Q
[NV}
M=

~

s
L
Z8e |26 o

Indices
age

years
iterations
target

ﬁ’@;.
T
==

~
3
Q

Table 1: Variables, indices and function, and the notation used to refer to them in the text.

2.1 Visualizing the a4a MSE

Recovering figure 2 and mapping the functions described above it becomes clearer how the algorithm
is designed.
3 Operating model

Functions: ¢(),5()
The operating model includes the population dynamics of the stock

Na+1,t+1 = Na,t GXP(—Fa,t - Ma,t)

while for the first age, recruitment is estimated following some function of the adult biomass g(B)

NO,t =R = g(Bt)

which is in turn dependent on the proportion of mature individuals at age (P,) and the mean
weight at age in the stock (W,)
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Figure 3: The a4a MSE algorithm

A
By = WaNaPay

a=1
Calculation of catch at age in numbers follows the standard Baranov equation
Fa,t
Fa,t + Ma,t

while total yield in weight is calculated as

Cus = Not(1 = exp(~Fas — My0))

A
Y, = WaiCay
a=1

Fishing mortality at age is related to effort through selectivity-at-age, catchability and effort
through the (possibly non-linear) function (j).

Fa,t - j(Sa,thhEt)

4 QObservation error model

Function: o()

4.1 Catch in number of individuals, ¢,

Catch in numbers-at-age® are observed with error

Ca,t = Corexpec

where €. is log-normally distributed

€c ~ LN (pe, X2)

3Generally derived from sampling of numbers-at-length and a growth model or age-length key



4.2 Index of abundance, d,;
The index of abundance is observed with error, through catchability, which defines its relationship
with the stock abundance-at-age

da,t = Na,tqa,t €Xp €4

where €4 is log-normally distributed

€a ~ LN (pa, ¥3)

5 Management procedure

5.1 Assessment/Estimator of stock statistics
Function: f()

Input into the decision rule includes the indicator of current status (V), given the available
information, in this case catches (¢) and an index of abundance (d)

V = f(ca,t,da|0f)

where

Vo~ LN(NMEU)

transformed through some suitable function (f), for example a stock assessment. The precise
inputs, and the elements in 6 will depend on the precise form of the HCR. In an age based system,
for example, these would be estimates of Fy, By, C¢ and/or Sa7t4.

The stock assessment component of the status estimator might include an stock-recruitment re-
lationship

No.: = §(By)
g is the stock recruitment relationship estimated within the M P and represents the perceived
dynamics, which may differ from the one included in the OM.

5.2 Parametrization of Management Decision/Harvest Control Rule
(HCR)

Function: z()

This process sets the management references that will have to be used by the HCR to set exploita-
tion levels in the future. When a stock assessment exists, this process is linked with the estimation of
biological reference points (BRP). BRPs are afterwards translated, or transformed, into management
reference points which set the objectives and limits of the HCR. The computation of these references
may take place yearly or within a pre-specified period.

eh = m(‘ga,ﬁ g|91)

where

On =~ LN (pn,on)

5.3 Harvest Control Rule
Function: h()

In this code it is assumed that management is carried out through changes in F', although the
implementation of those changes can be done through a combination of systems: input control, output
control and/or technical measures. A first decision is made about the target fishing mortality for next
year. The result of this decision is afterwards translated into an implementation variable.

Fot1,441 = h(Fa—1,t—1|0n)

where, for example 0, = {Ftrg,ttrg}.

4Which in our notation would be represented by I:}, Bt, C't and/or Sa,t



5.4 Management system
Function: k()

This process translates the management decision into a regulation, for example fishing opportu-
nities, or days at sea. It mimics the process used to formulate the advice from the scientific estimates
of likely effects of different fishing mortality levels.

5.4.1 Input/effort management

Eiy1 = k(Fag1,041]0k) expeg
€5~ LN(ug,0%)

5.4.2 Output/TAC management

Crpr = k(Fayr,041|0k) exp s
ce ~ LN(pg,0%)

5.5 Technical measures
Function: w()

Technical measures affect the exploitation by imposing a shift in the age structure of the catch.
Both gear selectivity or availability can be mimicked using shifts in the age structure of the exploita-
tion. The overall level of exploitation is dealt by the input or output controls and technical measures
are seen as a complement.

Sa,t+1 = w(Sa

Ow)

6 Implementation error model

Function: [()

Foi41 = l({Et+1, ét+1}, §a7t+1|91) exp er
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Access to files with code and data

The files with code and data for this study are in the JRC git repository
(https://fishreg.jrc.ec.europa.eu/gitlab/gamitjo/2017-AdriaticSmallPelagics).

For security reasons a user and password must be created for each of the STECF members
wanting to access the files. Please email to Ernesto Jardim (ernesto.jardim@ec.europa.eu) so
he can take care of your access and help you with any issue regarding git.



https://remi.webmail.ec.europa.eu/owa/redir.aspx?C=BEqBXWATRDKq81kexqWXrfO0b0BHA6yYT65AaEhR_CotfQLsUV7VCA..&URL=https%3a%2f%2ffishreg.jrc.ec.europa.eu%2fgitlab%2fgamitjo%2f2017-AdriaticSmallPelagics
mailto:ernesto.jardim@ec.europa.eu

GETTIMNG IN TOUCH WITH THE EL)

In persan
All overthe European Union there are hundreds of Europe Direct information centres. You can find the address of the centre

nearestyou at: http://europea.cu/contact

Cnthe phone or by email

Europe Diredt is a service that answers your questions aboutthe European Union. You can contact this service:
- by freephone: 00 800 6 7 & 910 11 {certain operators may chargeforthese calls),

- at the following standard number: +32 22999696, or

- by electronic mail wia: http://europa.eu/contact

FINDIMNG INFQRMATION ABOUT THE EU

Cnline
Information about the European Union in all the official languages ofthe EU is available on the Europawebsite at: http://europa.eu

ELU publications

ou can download or arder free and priced EU publications from EU Boolkshop at: lttp://bookshop.europa.eu. Multiple copies of
frae publications may be obtained by contacting Eurape Direct oryour local information centre {see http://suropa.su/contact).
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