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Abstract

Commission Decision of 25 February 2016 setting up a Scientific, Technical and Econ omic
Committee for Fisheries, C(2016) 1084, OJ C 74, 26.2.2016, p. 4 7 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 f isheries, aquaculture or similar
disciplines. Within a management stra tegy evaluation harvest control rules were tuned and
robustness tested for the anchovy and sardine stocks in the Adriatic Sea. This investigation was

done in support of GFCM and a contin uation of the preliminary report (EWG 21 -adhoc -02). For
the sardine stock no meaningful MSE could be conducted. For the anchovy stock two HCRs were
identified to be achieving the management targets and being robust.



SCIENTIFIC, TECHNICAL AND ECONOMIC CO MMITTEE FOR FISHERIES (STECF) -
Management Strategy Evaluation of alternative approaches for the anchovy and sardine
stocks in the Adriatic Sea (STECF -21-04)

Request to the STECF

STECEF is requested to review the report of the STECF Expert Working Group meeting, evaluate
the findings and make any appropriate comments and recommendations

STECF observations

The STECF EWG -21-04 was held virtually from 12 to 16 July 2021. The meeting was attended by
10 experts, including fish dynamic modelling and econom ic expertise. Among them there were
two STECF members and three JRC experts, but no observers.

The EWG-21-04 was tasked to develop and test alternative harvest control rules (HCR) for

anchovy and sardine in the Adriatic Sea (GSA 17+18) based on the lates t GFCM Benchmark
(ended in January 2021), that will ensure a low probability of SSB to fall below Blim ( P<5%
probability).  This should be done through Management Strategy Evaluation framework (MSE).

The EWG -21-04 had the following ToRs:

ToR1

TOR 1) Co nditioning / background for simulation testing:

1.1 Model an intermediate period 2020 -23 in line with the work performed for STECF 1802: Using
anchovy and sardine reported catches from 2020, assuming status quo catches in 2021 (in line

with the Council F ishing Opportunities Regulation 2021) and according to different levels of catch
reductions of Sardine (of 5  -10-15% per year) and Anchovy (of 5 -10-15% per year) starting in
January 2022 and ending in December 2023. As a sensitivity run, for year 2024, sar dine catches
should be 15% lower and anchovy 5% lower than the level of 2023.

1.2 Condition operating models for Sardine and Anchovy in the Adriatic Sea (Gsa 17 -18) with the
results of Request for services - 1743 - STECF Ad hoc contract and taking into a ccount the
current GFCM benchmarked stock assessment and adding stock -recruitment models that consider
multi -annual cycles of recruitment, which can consider both biomass or non biomass related

drivers for recruitment in the past. Specifically for the sard ine stock, due account should be given

to the uncertainty in the growth in recent years. Additionally model recruitment: In line with S/R

in model conditioning or segmented -regression, S/R variance set in accordance with literature
occurrence of Persisten tlow recruitment or o ther deemed appropriate

1.3 Use an age structured population model based on a single area and a calendar year basis
(January to December)

TOR 2) In the MSE follow the specifications below:



2.1 Full feedback loop or shortcut MSE: Fo r Anchovy stock run MSE with full feedback loop . For
Sardine stock, owing to the stock not being benchmarked and survey CVs being too wide, run

only a shortcut MSE to understand the impact of the transitional period measures on the SSB and

Rec.

2.2 Implem entation Model : Annual catch limits to be set over for the January i December period
Management implementation via catch control

2.3 Observation Model : The MSE testing should simulate the provision of scientific advice where

the data delivery of echo  -survey (performed June -Sept) and landings from Year N in April of year
N+1, stock assessment performed in June (N+1) and catch quota implementation from January
N+2 1.

2.4 Management Decisions

2.4.1. The objective of the management decisions is to reach the plan target [Fmsy proxy or
SSBtarg] in year : a) 2025 b) 2028

2.4.2. From January 2024 annual catch limits/TACs should be set on the basis of HCRs outlined
below. Additionally, as a sensitivity run, simulate the HCR implementation starting in January
2025 after catch levels established in point 1.b.

(HCR1) Test a level of fixed level F proxy (e.g. through catches)
(HCR2) Test a fixed biomass HCR in line with the Bay of Biscay anchovy or in an ICES like HCR.

(HCR3) In line with the work of STECF EWG 18 -01, update the biomass escapement HCR that will
ensure a low probability of SSB to fall below Blim (5% probability) for Anchovy and Sardine.

For the HCR 3, define: an optimal level of the Bescapement , confirm the need of an Fcap and in
case the app ropriate level.

2.4.3. In combination of the HCR 1 -3 test the effect of a TAC stability mechanism that allows TAC
inter -annual change of 10% downward and 5% upward. Advise if such mechanism i s compatible
with achieving the plan target according to point 24.1.b

TOR 3) Economic Performance.

If economic data are available and of adequate quality, evaluate the maximum economic
performance of the HCR.

TOR 4) Performance Statistics

! Note that in the report the notat ion of years is not the one in the TOR but the following: The
assessment and advice is produced inyeary (the interim or assessment year), using data from
surveys until yeary -1, and for the management of year y+1 .



Evaluate performance of alternate scenarios (at least 250 iterations) on 10 -20 year time scale
using standard MSE diagnostic tools, in line with those developed for STECF EWG 1801, focusing
in particular on the following in relation to Harvest Rate:

Probability of SSB falling below Blim. / Risk of SSB falling below Blim v s Catch level / Catch
variability / Average catch / Level of SSB / and a ny other deemed useful and of simple
interpretation

TOR 5) Consider possible additional scenarios stemming from GFCM SAC discussion.

The preliminary report (STECF-Adhoc-21-02) was presented to the SAC but no suggestions came
from the SAC

STECF comments

STECF considers that the EWG addressed all the ToRs satisfactorily, and acknowledges the high

quantity and quality of the work performed both before and during the EWG meeting. Th e EWG
was prepared in advance during the first half of 2021 by setting up the management simulations

framework, and running some preliminary explorations of the harvest control rules. The

preparatory work was carried out by the JRC team and was evaluated b y STECF ( STECF-Adhoc -
21-02).

ToR1 Conditioning/background for simulation testing
Intermediate period 20 20-202 3

EWG-21-04 conditioned the intermediate period as requested (2020 -2023) conditional to the
prescribed reduction of catches, assessing the expec ted biomass trajectories and risks of falling
below Blim until 2023, and, as a sensitivity test, also up to 2024 subject to the additional

reduction of catches in 2024 of 15% for sardine and 5% of anchovy (TOR 1.1).

The simulation results evidenced that the probability of the sardine biomass being below Blim

would be far above 5% in any year, and would increase significantly from 2020 to 2023. For
anchovy the situation would not be as dramatic, as median biomass would tend to increase.
However, the risks of falling below Blim for any of the three prescribed gradual reduction of
catches until 2023  will remain above 5%. The additional reductions proposed for 2024 were also

tested and the results showed similar trends for both stocks. All these results were sh own
through graphs of trajectories of Catch, SSB, F and recruitments along time, and by box plots

summarising performance indicators by selected time periods.

A feature of the prescribed fixed catch reductions over the intermediate period is the inability to
adjust catch levels to the stock biomass level s. This increases risks for the biomass if occasional

major drops in recruitments would occur in the coming years. The iterations that  simulate such
sharp decreasing trajector ies do end up in fisheries clos ure in the early stages of the subsequent
HCR implementation  in 2024. This explains the high risk levels throughout these intermediate

years, given the poor starting conditions of the two stocks. STECF endorses the suggestions
passed to managers (in the Ex ecutive summary) on setting up some extraordinary circumstance s
for management actions if the monitoring system detects severe deteriorations of the stock

status of sardine or anchovy throughout the intermediate period, in order to prevent stock
collapse .

Operating Models
The Operating models (OM) to run the MSE of the different HCRs were defined according to GFCM

benchmarked assessment for anchovy (SAM) and preferred assessment model for sardine (A4A)
from latest GFCM Benchmark ing process (ended in Janua ry 2021, GFCM, 2021) (TOR 1.2) . These

4



were age structure models with natural mortality, growth (van Bertalanffy model) and maturity
by ages and survey inputs taken as relative indexes. The best fitted Stock Recruitment models

were adopted for the two speci es (according to the AIC), i.e. Beverton -Holt (BH) model for
anchovy and segmented regression for sardine. The only
resulting from the assessments were that the variance estimates around the S -R relationship s

were judged to be too small for the two stocks in comparison with literature ; therefore the
adopted residual variance was set at the mode of the p
using the hierarchical taxonomic life history model FishLife (Thorson 2020). Such deviation is well

justified in the report.

STECF notes that the requirements in TOR 1.2 of considering multi -annual cycles of recruitment
was discarded because r ecruits deviations from the fitted SR models were found to be
uncorrelated . The others requirements to be tested, such as r ecruitment failures , or any other

variant of the OM deemed necessary , were included in the framework of a robustness test of the
HCRs to alternative OM/Simulations.

The alternatives considered for this robustness test were:

A Natural Mortality: Constant natural mortality for all age classes (= 0.9) (vs. the
base case of changing by age)

A Recruitment failure (LowRec) corresponds to a forcing for three consecutive years
(from 2028 to 2030) of a 35% reduction of the expected recruitment from the BH -
SR relationship (by application of 0.65 multiplier).

A Incr eased recruitment  variability around the SRR (hivar), passing from the modal
(base case) tothe mean variability (highervalue) of r ecr ui t maceotding(tal _ R)
the life history model FishLife around expectations to the BH -SRR, i.e. adopting the

o

mean UuU_ R=1 @alué 8rising from the hierarchical multivariate model FishLife
(Thorson, 2020).
A Autocorrelation within recruitment (arl Rec); such value was set to 0.456 based on
the estimate of 0 = 0.456 by Thorson et al . (20

STECF acknowledges that  these alternative configurations of the OM correspond to main variants
suspected to affect small pelagics in general and give a major s upport to verify the robustness of
the harvest controls rules (Siple et al. 2017; 2020; Thorson 2020).

Biological Reference points Blim and Bpa and Fmsy were adopted from the GCFM benchmark for

the two stocks. However , for anchovy, the Fmsy used for the tuning of the HCRs was the one
deduced from BH -SRR (0.96), which was slightly higher than the GFCM benchmark defined Fmsy
(0.81 with Patt erSsoha deviatianrwast requiredatg increase the inner consistency
between the OM while testing the HCR within MSE, so that resulting Fishing Mortalities for every
HCR can be compared with the Fmsy of the OM.

ToR2 HCRs definition and tuning & TOR 4 Performance Statistics

The setting up of a management strategy evaluation framework (MSE) (TOR 2.1), require d
developing ad hoc R scripts in particular for the full MSE loop for anchovy which included the

yearly update of observed input data (including catches and surveys) and of the assessment

(SAM) in the projection period of simulations. For sardine, the 6shacut 6 ap passed dhe
6t r u e-Gtructugeel dynamics from the O perating Model (OM) and it was only used to assess the
impact of the transitional period measures on the SSB and Rec ruitment. STECF acknowledges the
extensive work for developing these sc ripts carried out by the JRC team.

As requested (TOR 2.2)  Management implementation for the two stocks was simulated via catch
control (TAC) set over for the January i December period

Assessment 1T management time lag



STECF notes that t he prescribed ma nagement procedure (TOR 2.3) follows a standard time lag,

where the TAC s for the management year (Y+1) are set according to an advice (based on the
HCRs) from an assessment carried out in the interim year (Y) on data inputs catches and echo -
surveys (perfor med June -Sept) up to the previous year (Y -1). This implies a two years lag
between the data input (Y  -1) and the management (Y+1). This scheduling of the advice process
is commonly applied by management bodies worldwide, and has recently be en adopted by GFCM
for these two stocks. STECF acknowledges that this represents an improvement over the former

practices which involved athree years time lag.

Nevertheless, STECF emphasises that although this being standard practice, a two years lag for
short lived spec ies still implies that a large fraction of the population used to inform the HCRs
could have already died by the management year, whereby TAC will be obtained from a mostly

renewed population (SSB Y+1 being mostly composed of age 1 entirely unknown and age 2
poorly known from the inputs for the advice). Hence, robust improvements of the management
procedure could be obtained by shortening further the lag between the input data for the

assessment and the management implementation.  Since for short lived speci es the shorter this
lag is the less uncertainties are in the advice, such reduction of the time lag can ultimately lead to

some gains in catch opportunities in the long term. For example, these benefits have been shown
for the Bay of Biscay = anchovy manage ment procedure, which uses the information of the catches

and survey s in the interim year (Y) to provide the advice for the management of the following

year (Y+1) (STECF 2014; Sanchez et al. 201 9).

The performance statistics were those defined in TOR 4, p lus a few new ones: Level of SSB
relative to Bmsy , level of F relative to Fmsy and Prob(Closure) . The Performance  Statistics were
evaluated across 1000 stochastic iterations over three -time horizons of projections after the

intermediate period : short term (2022 -2025), medium term (2022  -2028) and long term (2032 -
2044) . Time series of median values by indicators and box plots for selected periods of time, in
addition to tables, were used to present the results.

The harvest control rules (HCR) applicable to the anchovy stock were as defined in TOR 2.4:

Fixed target fishing mortality (fixedF) , Biomass Escapement (Besc ) a n day df Biscay type 0
(BoB) . The parameters of the three HCRs were sought through a tuning procedure, first by

selecting the best combinatio ns among a range of potential parameters, according to their

performance through a 21 vyears projection  period (2024 -2044) starting just after the
intermediate period (2020 -2023), and complying with keeping risks for the biomass of falling

below Blim in the  long term equal or less than 5% . The best performing rule (s) of every HCR
were subsequently confronted to the r obustness test defined for TOR 1, compar ing their relative
performance under alternative simulations, in order to finally select an optimal HCR where
possible.

STECF notes that the main outcomes of this tuning procedures were:

1 fixedF: A Fixed target fishing mortality is applied every year. The tuning led to select
Fmultiplier at 0.7, i.e., fixed F = 0.7-Fmsy , as higher multipliers  exceeded the maximum
allowable risk. The rule was applied over the survivors of year Y -1 of each iteration.

1 Besc: The Biomass Escapement HCR sets the total allowable catch (TAC) for the next year
so that the level of SSB that is left at sea at the end of the fishing y ear is equal or higher
than a predefined #fescap e rAketmtsame tintertha assodiated Bshisgc )
mortality (F) should be equal or lower than a specified cap value (F_cap) , to avoid risky
situations . The rule was simulated on the assessment yea r (Y) and the results passed to
the advice for the management year. Little sensitivity to Besc led to fix it at Bpa. Fcap
values ranging from 0.6*Fmsy to Fmsy were tested. Fcap at 0.8*Fmsy  was found to be
the maximum Fcap level not exceeding the 5% maximum allowable level of risk of falling
Blim in the long term



1 BoB: The Bay of Biscay type is a n HCR setting directly TACs from the assessment of
spawning biomass (projected at the end of the assessment year), without explicit
definition of the fishing mortali ty. The TACs are bound ed by a minimum and maximum
levels (TACmin and TACmax) which will be allocated at biomasses between B1 and B2 and
at biomass above B3 respectively, while intermediate TAC values will be set proportionally
to intermediate biomass value s between B2 and B3.  For the definition of the rule it suffices
defining TACmin, TACmax, B1 and B2 and the slope of increasing TACs as a function of
biomass. Intuitively several rules with B1=Blim, B2=Bpa and for TACmin at 15000 t or
20000t (around Blim) and with TACmax at 35000 t or 40 000 t (around MSY) were tuned
for slopes ranging between 0.6 to 1. Little contrast between the different tuning runs was
noticed. The preferred formulation was not immediately apparent, as each BoB formulation
passed the requ ired performance statistics (SSB/Blim, F/Fmsy). As such three HCRs were
retained : BoB_1535 (i.e. with TACmin and TACmax at 15000 and 35000 t) and BoB_1540
and BoB_2040 (with TACmin at 15000 and 20000 t respectively, and having both the
TACmax at 40 000t), inall cases with B1=Blim, B2=Bpa and with slopes of 0.8 . The higher
the TACmax the higher is the Catch but also the Interannual variability in catches and the
probability of closures.

The five r etained HCR were considered to encompass most of the potent ial production for  the
anchovy stock. STECF notes that among them the safest in terms of risks to Blim was the
BoB_1535 but at the expense of slightly smaller median catches (around 30000 t, versus

maximum around 33000 t of other rules).

The robustness a nalysis showed only subtle differences in the performance statistics between the
different OMs. The HCRs performed slightly better in the OM with a constant Natural Mortality by

ages than with the reference OM, which indicated that the HCR are able to deal with minor M mis -
specifications. Regarding the remaining robustness tests the only candidate HCR  which perform ed
adequately across the entire range of runs was BoB_1535, closely followed by BoB_1540.

STECF considers that the tuning process and robustness test were comprehensive and run in a
high scientific standard manner with associated good diagnostic graphs and tables.

Finally, the management plan targets of achieving Fmsy through these HCRs by 2025 or 2028

were assessed for anchovy (TOR 2.4). It was found that no rule  achieve d the objective with 95%
certainty by 2025. However , by 2028 such certainty is fully achieved for the BoB_ 1535 (slope

0.8) and almost achieved by the FixedF at 0.7Fmsy (which showed a certainty about 0.949)

Testing the impact of  Introduc ing an inter -annual change limiter (20% down and 10% up ) (TOR
2.4) was only tested for the fixedF rule on anchovy. STECF notes that n o major difference s were
found between the performance of the rule with or without such interannual variability res triction
(with the exception of smaller interannual variability AAV), and that the effect was not tested
further on other HCR. STECF considers that at the current stage of the testing of these HCRs this

exercise was sufficient to capture the potential of t his restriction, noting that it can be further

tested at a later stage in the process if requested.

TOR 3 Evaluation of the Economic Performance

The EWG was requested to evaluate the maximum economic performance of the HCR s if the
economic data were avail able and of adequate quality. The data from the 2020 Annual Economic
Report on the EU Fishing Fleet (STECF 20 -06) , was available but a request to the Italian Ministry
and to the Croatian authorities was made to get  additional detailed data at smaller geogr aphical
scale. Both administrations made their data available to the EWG. The limited time available

during the meeting suggested the use of short -term projections models (versus more complex
models ). Under a short -term approach, the size of the fleets is assumed to be constant along the
simulation period and variables associated with the fleet size, like fixed costs, repair and
maintenance costs and capital costs, are assumed to be constant over time . Therefore, the
economic short -term effects of changes i n TACs are measured only in terms of changes in
revenues and variable costs as a function of the effort required to get the TAC S.



Efforts corresponding to TAC s were those corresponding to the inverse of Cob b-Douglas
production function fitted to the Itali an anchovy fleets, while the estimation of production
functions for the Croatian fleet segments was not carried ou t because the main target stock for
these fleets is assumed to be sardine, and both landings and SSB of sardine are assumed to be

constant ove r time for the purposes of this evaluation of the economic performance. Such

constant sardine catches were set at the median catch at Fmsy.

The economic analysis used median values of TACs resulting from the MSE simulation of the
different HCRs. This impl ied that the individual variability among iterations was not considered
and this leads to overly optimistic performances. As median catch values do not encompass
catastrophic events such as fisheries closures, a separate analysis was conducted based on the
product of the gross profit by the annual probability of shutting down the fisheries. This analysis
showed that the inclusion of risk s of shutdowns led the fixedF HCR to perform less well than the
other two HCR type s.

STECF notices that future assessment s of economic performance of management strategies would
need to better couple (provided that adequate data and models are available) the actual
variability in the projections iterations obtained from the MSE testing with trajectories of fishing

effort and costs associated to them, so that the performance of the rules including variability
could better be assessed.

STECF c onclusions

STECF concludes that the EWG addressed all the ToRs satisfactorily and acknowledges the
comprehensive work performed on deve loping ad hoc R scripts and running numerous
simulations, especially for anchovy.

STECF concludes that the conditioning of the Operating Models for both stocks (anchovy and

sardine) was done correctly according to the TORs, fitted to the current assessme nt models and
to most appropriate stock recruitment relationships, including here the justified decision of

changing of variability around the SRR ( Sigma R ) for the two stocks. Similarly, the OM variants
considered for the Robustness test are state of the art and consistent with recent literature, and
suitable for testing HCRs on short lived species.

STECF supports the tuning procedure used to define the best parameters for the three types of
HCRs tested by the group for the anchovy stock, as well as the Robustness tests for further
assessing the relative performance of the selected rules.

For sardine, the projections over the intermediate period evidenced that for the prescribed catch

reductions in TOR 1.1, the stock will be on average decreasing over t ime and the risks of falling
below Blim increasing. Therefore, STECF endorses the conclusion in the report that for sardine the
next step should be to continue efforts to address the still unresolved issues in the stock
assessment and reach a conclusive be nchmark. STECF concludes also that precautionary
management is needed until these issues are resolved, as already prescribed for the intermediate

period 2020 -2023.

In addition, STECF endorses the suggestions passed to managers (in the Executive summary) to
set up provisions for emergency management actions in the Harvest Control Rules if the
monitoring system detects more severe deteriorations of the stock status of sardine or an chovy
throughout the intermediate period.

STECF concludes that while the ado pted advisory process framework now applies a standard two
years lag between the data input (Y -1) and the management (Y+1), the short life history of
Adriatic anchovy and sardine still induces major sources of uncertainty on future population

dynamic unde r this management framework. STECF concludes that shortening further this lag, as
is currently done for the Bay of Biscay anchovy, would further improve the management system,
reducing uncertainties and potentially leading to higher yield in the long term.



STECF acknowledges that the economic evaluation procedure was simplified as a result of the

limited time, the data available and the need for assuming constant  sardine catches. STECF

notices that future assessments of economic performance of management strategies would need

to better couple the actual variability in the projections obtained from the MSE testing with
trajectories of fishing effort and costs associated to them, so that the performance of the rules,

including variability and mixed -fisheries considerations, could be better assessed.
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Executive Summary of the EWG

The EWG -20-04 was tasked to develop and test alternative harvest control rules (HCR) for

anchovy and sardine in the Adriatic Sea (GSA 17+18) based on the latest GFCM
Benchmark (ended in January 2021), that will ensure a low probability of SSB to fall below

Blim (5% probability). The HCRs should be tested in a Management Strategy Evaluation

for thei r robustness to different assumptions on several biological processes (such as
recruitment, assessment model, misspecification of age 0 maturity, M and age, etc).

As requested (TOR 1.2) conditioning of the operating models for Sardine and Anchovy in

the Adriatic Sea (Gsa 17 -18) were made based on the results of Request for services -
1743 - STECF Ad hoc contract on OAdriatic Small Pel agi
the current GFCM benchmarked stock assessment and adding (fitting) the most suitable

stock -recruitment models and in agreement with literature.

The analysis for the conditioning led to adopt the following settings for the operating

model: For both species the OM was an age structured model (TOR 1.3) (based on age

groups 0 -2+ for anchovy a nd 0 -4+ for sardine) and single area and a calendar year basis
(January to December); Growth following Von Bertalanffy parameters estimated from the

age-l ength keys (GFCM, 2020) , Natur al mortality at a
and maturity knife e  dge at age 1 for both species.

For the recruitment, after examination of Beverton & Holt (SRR -BH), Ricker (SRR -Ri) and
segmented regressions (SRR -SR), the best fitted model were retained: Beverton & Holt
(SRR-BH) for anchovy and segmented regressions (SRR -SR) conditional to Blimfor
sardine. For the two species, as the variance around the S -R relationship was judged to be

too small in comparison with literature, adopted residual variance was set at the mode of
the predictive distribution for oz generated using the hierarchical taxonomic life history

model FishLife (Thorson 2020). On the base case recruitment deviations were considered

to uncorrelated in time.

As for robustness (or sensitivity analysis) alternative configurations were considere d for
anchovy which included: Higher variability around S -R relationship; Occasional failures of
recruitments for three consecutive years The potential for multi -annual cycles of
recruitment was partially included by consideration of autocorrelation of rec ruitment
deviations fromthe S -R relationship (up to a value of 0 = 0 .-4FEhérson etal. 2014).
In addition, Natural mortality constant for all fishes older than 1 year old was also
considered. As for sardine no MSE on HCR was run (see below) no robustness analysis

was required.

Biological Reference points Blim and Bpa and Fmsy were adopted from the GCFM
benchmark for the two stocks. However for anchovy, the Fmsy used for the tunning of the

HCRs was the one deduced from BH - SRR (0.96), which was slightly higher than the GFCM
benchmark defined Fmsy (0.81 with Patterso nés criteria).

The EWG was requested to undertake the MSE simulations commencing in January 2024,

while for intervening period, catches were modelled in accordance with TOR 1.1 This TOR
prescribed to model an intermediate period to manage catches from 2 020 t0 2023,
assuming status quo catches in 2021 and according to different levels of catch reductions

of Sardine (of 5 -10-15% per year) and Anchovy (of 5 -10-15% per year) starting in
January 2022 and ending in December 2023. In addition for 2024, as a sen sitivity run,
sardine catches should be 15% lower and anchovy 5% lower than the level of 2023.

Results for the population and fishery projections over the intermediate period show that:

a) For Anchovy for any of the three prescribed gradual reduction of ca tches until 2023
median biomass would increase above Blim, Bpa or Bmsy by year 2025 after
implementation of any of the tested HCRs in 2024. The same would happen if during 2024
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the complementary catch reduction of 5% or 15% would apply. Nor BoB_ 1535 (slop e
0.8), neither the FixedF at 0.7Fmsy can achieve the objective of setting F at Fmsy by 2025

with 95% certainty (though the former is very close to such certainty). However by 2028

such certainty is fully achieved for the BoB_1535 (slope 0.8) and as well ( roughly) by the
FixedF at 0.7Fmsy. It is clear however that over the intermediate years (2022 and 2023)

risks are higher than 0.05 of falling below Blim. This is due to the inability to adjust catch

levels according to the stock biomass level for the pre scribed reductions, which leads to
occasional sub -optimal catch utilisation over that period or to higher risks of stock
depletion. In cases where the monitoring system would reveal SSB slipping below Blim or

F increasing dramatically despite of catch redu ctions over this intermediate period, then
extraordinary circumstance management actions should be undertaken in order to prevent

the stock from crashing completely.

For sardine and the three scenarios of gradual catch reductions (5%, 10% and 15% ) it

has been shown that the probability of the sardine biomass being above Bmsy would be

low (below 0.5) and it will be actually diminishing over this intermediate period (from

about 0.42 to around 0.22 in all cases). Furthermore, the probability of the sardine

biomass being below Blim would be far higher than 5% for all the intermediate years

(2020 -2023), and actually the probabilities of being above Blim will be decreasing over

this intermediate period (from about 0.54 to around 0.36 in all cases). The ratio of f ishing
mortality over Fmsy would be increasing. A further reduction of catches by 15% in 2024,

would not revert the increasing risk for the SSB to drop below Blim. Given the critical

starting point of the SSB in 2020 so close to Blim and F more than twice Fmsy, the
simulations show that the proposed reductions in catches would not induce a recovery of

the population towards higher biomass levels yet on average but there will be an
increasing risk of falling below Blim as a result of a still too high fishing mortality levels
which can on average be still increasing.

TOR 2 set up the MSE simulation context for the HCRs for anchovy as a Full feedback loop

(Tor 2.1) whilst for sardine, owing to the stock not being benchmarked and survey CVs

being too wide, ju st a shortcut MSE to understand the impact of the transitional period
measures on the SSB and Rec was asked. The Implementation Model, as requested TOR

2.2, was made via catch control based on annual catch limits to be set over for the

January 1 December p eriod. For the observation model the current inputs for the
assessments were simulated (included the two on going surveys Echoeast and Lsurvey)

(TOR 2.3). for the full feedback MSE, annual assessment based on FLSAM was
implemented. And as requested the ass essment and advice was produced every year y
(the interim or assessment year), using data from surveys until year y -1, and for the
management of the fishery in year y+1. The spawning biomass for anchovy was assessed

at mid year in a consistent manner with the S -R relationship and the FLSAM projection
procedure. Actual management based on the tested HCRs started after the intermediate

catch reduction period until 2023 or optionally 2024. Finally interannual catch variation
restrictions were also tested accor ding to TOR 2.4.3 (Imposing an inter -annual change
restriction of 10% downward and 5% upward).

There evaluation was based on performance indicators (TOR 4) and the The objective of

the management decisions was to reach the plan target [Fmsy proxy or SSBta rg] in year :
a) 2025 or b) 2028

The Harvest controls rules tested for anchovy (according to TOR 2.4) were defined after
some initial tunning as follows:
o0 Fixed target fishing mortality (fixedF), which fishes the population according with a
constant fishi ng mortality: This was set at F = 0.7-Fmsy because for 0.8 or higher
multipliers the probability of dropping below Blim was larger than 5% over the
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period 2024 -2044. Imposing an inter  -annual change restriction of 10% downward
and 5% upward did not change the former conclusion.

0 Biomass Escapment (Besc): The Biomass Escapement HCR (Besc) sets the total
allowable catch (TAC) for the next year so that the level of SSB that is left at sea at
the end of the fishing year is equal apemrent hi ghe
bi omasso (B_esc), while simultaneously keeping e
or lower than a specified cap (F_cap). The rule swas actually implemented on the
assessment year and the results passed to the advice for the management year.

B_esc between 1 and 2 Blim was shown to have little impact on the performance of
the rule and as such B_esc at Bpa was fixed (i.e. at 1.6 Blim). for Fcap ranging
from 0.6*xFmsy to 1*xFmsy, it was found that If Fcap was increased beyond
0.8*xFmsy, the HCR starte  d failing the requirement that p(SSB < Blim) < 0.05 and
thus Fcap at 0.8*xFmsy was retained for subsequent analysis.

0 Bay of Biscay type (BoB) is a HCR setting directly TACs from the assessment of
spawning biomass (projected at the end of the assessment yea r), without explicit
definition of the fishing mortality. The TACs are bound by a minimum and
maximum levels (TACmin and TACmax) which will be allocated at biomasses
between B1 and B2 and at biomass above B3 respectively, while intermediate TAC
values will be set at (and proportionally to) intermediate biomass values between
B2 and B3. Actually B3 is defined as dependent on the B2 and the slope of
increasing allowable catches as a function of biomas. Therefore the rules are
defined by TACmin, TACmax, B1, B2 and the slope. Several rules were with TACmin
either at 15000 t or 20000t and with TACmax at 35000 t or 4000 t, B1=Blim,

B2=Bpa were tunned for slopes ranging between 0.6 to 1. The TAC max respond
with the maximum expected catch for the equilibrium produc tion curve for this
stock. The minimum TACs are around or below the Blim values. Little contrast
between the different tuning runs was noticed. The preferred formulation to take
forward to robustness testing was not immediately apparent, as each BoB
formu lation passed the required performance statistics (SSB/Blim, F/Fmsy). As
such three HCRs were retained BoB_1535 (i.e. with TACmin and TACmax at 15000
and 35000 t) and BoB_1540 and BoB_2040, with B1=Blim, B2=Bpa , with slopes
of 0.8. Average catches are hi ghest for BoB_2040 and lowest for BoB_1535;
increasing the slopes does increase the catches, but to a lesser extend than
changing TACmin/max. Therefore retained rules were judged to comprise most of
the potential production for this stock.
In summary the five retained rules all passed in principle the criteria of keeping risks of
falling below Blim at or below 0.05 while maximizing catches as much as possible. They
were passed to the robustness analysis.

I The robustness analysis results showed: The perfo rmance statistics reveal just subtle
differences between the different OMs. The differences between the fixedF and Besc HCR
were very small, whereas the differences were a little more marked for the BoB HCRs. The
HCRs performed slightly better in the OM wi th a constant Natural Mortality by ages than
with the reference OM, which indicated that the HCR are able to deal with minor M mis -
specifications. Regarding the robustness to alternative dynamics of recruitment, apart
from BoB_1535 nearly all HCRs failed t he robustness tests. The BoB_1540 formulation
passed the lowRec robustness test, but none of the others (apart from the reference
runs). In terms of risks of closures BoB_2040 is the riskiest one in the short term
(reaching a probability of about 0.1). The aggregated performance statistics clearly show
that the only candidate HCR perform adequately across the entire range of runs is
BoB_1535 (Figure 34), closely followed by BoB_1540.
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The levels of intermediate catch reductions did not affect the long -term b ehaviour of the
HCRs for the anchovy stock.

Economic analysis of the performance of the different retained HCRs, as required by TOR

3, was based on the median catches by years resulting from the former simulations ( o)
individual variability among iteration s were not considered ). As the different
scenarios on the HCR for small pelagic in the Adriatic are defined in terms of changes in

total catches through the setting of TAC for both sardine and anchovy, only the economic

variables directly affected by varia tions in landings and fishing effort are supposed to
change over time. Under a short -term approach, the size of the fleets is assumed to be
constant along the simulation period and variables associated with the fleet size, like fixed

costs, repair and main  tenance costs and capital costs, are assumed to be constant over

time. Therefore, the economic short -term effects of changes in TACs are measured only in
terms of changes in revenues and variable costs. Efforts corresponding to TACS were

those correspondin g to the inverse of Cob  -Douglas production function fitted to the Italian
anchovy fleets, while the estimation of production functions for the Croatian fleet
segments was not carried out because the main target stocks for these fleets is assumed

to be sard ine, and both landings and SSB of sardine are assumed to be constant over time

for the purposes of this evaluation of the economic performance. Such constant sardine

catches were set at the median catch at Fmsy.

An analysis of risk of fisheries closure on the gross profit was carried out. The analysis was

at fisheries level, all the fleets were amalgamated. This analysis is a simple tool to assess

the risks to the gross profits if all other aspects remain the same. The shutdown risk was

only applied to the  anchovy fisheries, as no data for sardines was available. The risk of

shut down was taken from section 3. As can be seen in Figure 5.9 the increased risk of
shutdowns leads the fixedF HCR to perform less well than the other two HCRs.
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1 | NTRODUCTION

Background

Natural resource management presents the challenge of linking t he interactive processes of
population dynamics, management targets, decision -making, strategy implementation and
stakeholder behavior, where each process is associated with uncertainties that translate into

risks. Because of the inevitable uncertainties, scientific advice can be open to challenges from

divergent stakeholder interests. The form of scientific advice is therefore changing in many of the

world; decision rules for resource management cannot be based on expert advice alone but also
requires stak eholder involvement (Smith et al. 1999). As a result there is an increasing need to
base management decisions and corresponding strategies on scientific evidence from quantitative

resource assessments (Butterworth et al. 2010; Punt et al. 2014; Sharma et a [. 2020). A

framework that has been put forward to address these
Strategy Evalwuationé ( MSE; Smith et al. 1999) , el sewhel
Proceduresbd ( OMP; Butterworth and Ruses simulat@rd 9tgsting Whi s  f

evaluate alternative management procedures (MP) in terms of risk to both the stock under
assessment and stakeholder interests (Smith et al. 1999; Punt et al. 2014). MSE originates from

the management procedure approach of the Sci entific Committee of the International Whaling
Commission, which aimed to apply scientific principles in support of the moratorium on
commercial whaling in 1982 (Butterworth et al. 2010). To date, MSE is widely considered to be
O6best pr act i c ananagementf (Pustleteak 20845 As such, MSE provides powerful tools
to evaluate the trade -offs among management strategies and to assess the consequences of
uncertainty for achieving management objectives (Punt et al. 2014).

The MSE approach: An Overvi ew
The principle steps of the MSE process can be summarized as follows:

1. Identification and specification of the management objectives. A key aspect is to then
translate the objectives into quantifiable management targets against which the management
procedures can be evaluated. Here it is considered critical that the management objectives are
pre-agreed and tangible in terms of target quantity and time horizon. Targets can include

combinations of maintaining the stock above a limit biomass with high pr obability (e.g. 95%),
attaining a target biomass with a probability of, while minimizing inter -annual variation in quota
and maximizing long  -term yield.

2. Identification of major sources of uncertainty (e.g. population parameters, environmental

variation, observation and reporting error and compliance) to which the MP must be robust to.

The available data sources and suitable modeling platforms are reviewed and agreed upon.

3. Devel opment of simulation models, referredrotideaas 00
mathematical representation of the population dynamics based on the best knowledge about the

population dynamics and the key processes of management strategy, including monitoring, lags

between data and assessment and the availability of future d ata. It is common practice that the

OMs are conditioned fitting a range of alternatively parameterised assessment models to the

actual data from the fishery under assessment. The OM simulates the response of the population

to a management strategy and trac ks the desired metrics of 60trued po
age-structured, sex -r ati o etc. ). It al so gener ates t he 6observ
information available from monitoring and reporting, including reporting errors, observation and

proces s noise.

4, The simulated observation data are then passed on to observation model, which can be a

full assessment model that updates the stock status based on the new data, a simpler model, or

an empirical rule (e.g., based on the recent trend in the abun dance index or even length
indicators). The ot calMS&d apphomatch (often i mplemented
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estimati on model . I nstead, the Atrued stock dynamics

step assuming perfect estimation of stock a bundance, albeit after admitting at least some
additional implementation error (e.g. by adding random noise).

5. The outputs of the estimation model are then passed on to the harvest control rule (HCR),
which translates the outputs into the management acti on (e.g. setting of a quota or effort limits)
for the next time step.

6. The last step of an MSE involves the performance evaluation of management strategy
simulations against the agreed performance metrics and targets. This process can assist to
identify a range of suitable management strategies for a particular species, refine existing
strategies and identify management strategies that will not work a priori (Butterworth et al.

2010; Punt et al. 2014). Ideally, the performance for a range of adequately p erforming
(conditioned) candidate MPs are presented to the decision making body for choosing the MP with
the desired trade -offs with regards to key performance metrics, such as short -term and medium
term yield, annual stability in effort/quota and risk of not meeting biological and limit reference
points.

1.1 Terms of Reference for EWG-21-04

STECF EWG 21 -04

TORs for EXPERT WORKING GROUP on Management Strategy Evaluation of alternative
approaches for the anchovy and sardine stocks in the Adriatic Sea.

Venue: V irtual

Dates: 12 -16 July 2021

DG MARE Focal point: Chato Osio (D1)
Chair: Konrad Christoph

Background

Table 1 .1 Advice and reference points from the 2020 GFCM Adriatic small pelagic benchmark
meeting

F
Species Method Fba " SSB  sSBiir ssep oBMS 201 giis 2019
(quantitative)
(E =0.4)
FIF =4.43
MSY
. 198 178 294 Overexploited and
e R 04 600 200 300 overexploitation

SSB/SSBIlim =1.11

SSB/SSBpa = 0.6
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F/F =151

16 21 Overexploited  and
1708¢ 200 400 overexploitation

SSB/SSBIlim = 1.0

Anchoww SAM 1.2z 0.8
1

SSB/SSBpa = 0.8(

TORs Biomass ESCAPEMENT STRATEGY

For anchovy and sardine in the Adriatic Sea (GSA 17+18) based on the lates t GFCM Benchmark
meeting ended in January 2021 (Table 1.1) , develop and test alternative harvest control rules
(HCR) that will ensure a low probability of SSB to fall below Blim (5% probability). The HCRs

should be tested in a Management Strategy Evaluatio n and the HCR need to be robust to different
assumptions on recruitment, assessment model, to misspecification of age 0 maturity, M and age.

The EWG is requested to undertake MSE simulations commencing in January 2024. For the
intervening period, catches should be modelled in accordance with TOR 1 below.

TOR 1)
Conditioning / background for simulation testing

1.1 Model an intermediate period 2020 -23 in line with the work performed for STECF 1802
(Request for Services 1744 - STECF Ad hoc contract on A driatic Small Pelagic Stocks) and in
detail as follow:

Using anchovy and sardine reported catches from 2020, assuming status quo catches in 2021 (in

line with the Council Fishing Opportunities Regulation 2021) and according to different levels of

catch re ductions of Sardine (of 5  -10-15% per year) and Anchovy (of 5 -10-15% per year) starting
in January 2022 and ending in December 2023.

As a sensitivity run, for year 2024, sardine catches should be 15% lower and anchovy 5% lower
than the level of 2023.

1.2 Condition operating models for Sardine and Anchovy in the Adriatic Sea (Gsa 17 -18) with the

results of Request for services -1743 -STECF Ad hoc contract on &6Adriatic
taking into account the current GFCM benchmarked stock assessmen t and adding stock -

recruitment models that consider multi -annual cycles of recruitment, which can consider both

biomass or non biomass related drivers for recruitment in the past. Specifically for the sardine

stock, due account should be given to the uncer tainty in the growth in recent years. Additionally

model recruitment:

In line with S/R in model conditioning or segmented -regression, S/R variance set in accordance
with literature

20



Persistent low

Other deemed appropriate

1.3 Use an age structured pop ulation model based on a single area and a calendar year basis
(January to December)

TOR 2)

In the MSE follow the specifications below:

2.1 Full feedback loop or shortcut MSE:

For Anchovy stock run MSE with full feedback loop

For Sardine stock, owi  ng to the stock not being benchmarked and survey CVs being too wide, run
only a shortcut MSE to understand the impact of the transitional period measures on the SSB and
Rec.

2.2 Implementation Model
Annual catch limits to be set over for the January 1 December period

Management implementation via catch control

2.3 Observation Model

The MSE testing should simulate the provision of scientific advice where the data delivery of
echo -survey (performed June - Sept) and landings from Year N in April of year N +1, stock
assessment performed in June (N+1) and catch quota implementation from January N+2 2,

2.4 Management Decisions

2.4.1. The objective of the management decisions is to reach the plan target [Fmsy proxy or
SSBtarg] in year : a) 2025

2028

2 Note that in the report the notation o f years is not the one in the TOR but the following: The
assessment and advice is produced inyeary (the interim or assessment year), using data from
surveys until yeary -1, and for the management of year y+1 .

21



2.4.2. From January 2024 annual catch limits/TACs should be set on the basis of HCRs outlined
below. Additionally, as a sensitivity run, simulate the HCR implementation starting in January
2025 after catch levels established in point

1.b.

(HCR1) Testa level of fixed level F proxy (e.g. through catches)

(HCR2) Test a fixed biomass HCR in line with the Bay of Biscay anchovy or in an ICES like HCR
(Figure 1.1)
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Figure 1 .1 Bay of Biscay Anchovy HCR 20186, based on Sanchez -Marofio et al. 2016

(HCR3) In line with the work of STECF EWG 18 -01, update the biomass escapement HCR that will
ensure a low probability of SSB to fall below Blim (5% probability) for Anchovy and Sardine.

For the HCRA4, define:
an optimal level of the Bescapement

confirm the ne ed of an Fcap and in case the appropriate level.

2.4.3. In combination of the HCR 1 -4 test the effect of a TAC stability mechanism that allows TAC
inter -annual change of 10% downward and 5% upward. Advise if such mechanism in compatible
with achievingt he plan target according to point 2.4.1.b

TOR 3) Economic Performance

If economic data are available and of adequate quality, evaluate the maximum economic
performance of the HCR.
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TOR 4) Performance Statistics

Evaluate performance of alternate s cenarios (at least 250 iterations) on 10 -20 year time scale
using standard MSE diagnostic tools, in line with those developed for STECF EWG 1801, focusing
in particular on the following in relation to Harvest Rate:

Probability of SSB falling below Blim.

Risk of SSB falling below Blim vs Catch level
Catch variability

Average catch

Level of SSB

Any other deemed useful and of simple interpretation

TOR 5)

Consider possible additional scenarios stemming from GFCM SAC discussion.
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2 MSE FRAMEWORK
The full feedback approach used for Anchovy (ToR 2.1 a)

The full feedback approach refers, here, to including the observation model
(assessment) into a feedback loop between the operating model and the HCR

.The simulated observation data are therefore first passed to the estimator,
which is in this case the SAM model base -case as specified during the GFCM
benchmark assessment. During each year and iteration, the SAM model is re -
fitted to simulated observation data in the form of catch -at-age and survey
indices, both with associated observation error. The SAM model estimates for the

stock are then passed to HCR and this way translated via the implementation

system into the Total Allowable Catch (TAC) advice for the next fishing season

(Figure 2.1).

FLEET
DYNAMICS : IMPLEMENTATION
A IMPLEMENTATION ERROR .
©)
6‘96‘
A,
4)70
W, TECHNICAL
%y HER MEASURES
%
PARAMETERIZATION
\ OBSERVATION ERROR ,
POPULATION > ESTIMATOR
DYNAMICS
Figure 2.1 Schematic illustration of a classical Management Strategy Evaluation system with full -feedback

control including the Estimator (i.e. Stock Assessment Model).

The short -cut approach Sardine (ToR 2.1 b)
I n a ochtoGtapproach ( Sec t2018)hanndal dpdading bfGhe S

estimation model (assessment) i s omi-stiuctuckd and,
dynamics from the OM are passed directly to the HCR (Figure 2.2). Within the

FLR mse framework, this approach t heatienfewor e der
model 6 and el sewhere as also O0simul ated asses:
2021). The advantages of a short -cut MSE lie in the easy implementation and

reduced calculation requirements. However, the short -cut approach to MSE

ignores uncerta inty resulting from imperfect sampling of the full age - structure,
observation error, model estimation error and structural model error. Short -cut

approaches are increasingly used to test HCR performances, while the
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implementation of such an HCR ultimately relies on a well performing assessment
model as a prerequisite.

FLEET
DYNAMICS : IMPLEMENTATION

IMPLEMENTATION ERROR

HCR
L7
POPULATION
DYNAMICS
Figure 1.2 Schematic illustrauti ®nappr aadls hoot Management Strategy
6t r u e éstruetigedl dynamics are passed directly to th e HCR by omitting the Estimator (i.e. Stock

Assessment Model).

Implementation system (ToR 1.3, 2.2 & 2.3)

The management system is implemented via catch control (ToR 2.2), which is

derived through the HCR. This system requires making assumptions about cat ch
and population processes during the intermediate assessment year y required to

perform a short -term forecast and predict the catch in the management year

y+lag (Mildenberg et al., 2021). To do this, it is assumed that total catch in the
assessment year Yy equals to the TAC of the previous year, while recruitment in

year y was set geometric mean of the previous three years. One of the main
motivations of implementing a tested and pre -agreed management procedure is
that the lag between assessment and implem entation can be kept to a minimum.
Therefore, lags of more than a year are rarely considered in MSE. Here, the
implementation system of the HCRs was agreed to be based on the assumption

that advice is given for year y+1 based on an assessment in the year y using
data up until year y -1. The management year was set over the period January |
December (ToR 2.2).

Initializing MSEs often requires a number of intermediate catch years to bridge

the period between the last assessment used to condition the OM and the full
implementation of the HCR. In the case of anchovy and sardine in GSA 17 -18,
the last assessment year is 2019, while the implementation of a HCR rule is
considered only feasible after 2024. For the here considered reference case, the

average catches i n 2020 and 2021 were set to the 2019 catch levels for all
scenarios, while the years 2023 and 2024 represent a sequential reduction in
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catches by either 5%, 10% or 15% (ToR 2.3, Table 2.1). In addition, the

scenarios were explored for Anchovy that included extension of the intermediate
period to 2024 at the same rate of reduction (Table 2. 1, Figure 2.3 )
‘ Data year }—" Assessment year ‘ ‘ Management year

1

4{ Fya & SSBy4 & Cya }—

TAC, .4
Besc HCR —| fixedF HCR BoB HCR
Projection to Prejection to
obtain: f@; obtain: .@;
F‘ .| Implementation
= system
Figure 2.3 Schematic of workflow within our full -feedback MSE including implementation system.
Table 2.1 1 Scenarios for intermed  iate catch reduction levels (by rows) over the period 2020 -2023, based
on the reference catch levels in 2019. Sensitivity runs also include a further fixed catch reduction in 2024.
The * denotes those catches in the year 2024, which only pertain in the sen sitivity runs.
Reductions 2019 2020 2021 2022 2023 2024*
- 5% 27871 27871 27871 26477 25254 23991
>
o
S 10% 27871 27871 27871 25084 22576 21447
c
<
15% 27871 27871 27871 23690 20137 19130
o 5% 64961 64961 64961 61713 58627 49833
c
'% 10% 64961 64961 64961 58465 52618 44725
wn
15% 64961 64961 64961 55217 46934 39894
Harvest Control Rules (ToR 2.4 i methods)

Three Harvest Control Rules (HCRs) were evaluated:

1 Fixed target fishing mortality (fixedF)
1 Biomass Escapment (Besc)
1 Bay of Biscay type (BoB)
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These candidate HCRs are specified in details in the following subsections.

1 fixedF HCR

The fixedF HCR is the simplest, as  itis the only rule which sets the TAC,., inthe
next year y+1 correspond ing to the fixed F g value (Figure 2. 4), such that:

THC}'+1 =g [F;';-'g )

where g() denotes the Baranov catch equation that allows solve for catch C (y+1)
for any given F «g. Note that the fixedF HCR has no mechanism to evoke a closure

of the fishery (i.e. F=0), unless the stock is extinct. The SSB level used to
calculate th e TAC is taken from the forward projection within the implementation

model, meaning it is the SSB at the end of the assessment year (SSB y); in
contradiction to the following HCRs, no forward projection within the HCR is
performed as F is already known.

FT"EI FMS‘\"

I I I
Eslim BPE SSBMS‘Y’ SSEU

Figure 2.4 Graphical illustration of the fixedF Harvest Control Rule.

f Besc HCR

The Biomass Escapement HCR (B esc) Sets the total allowable catch (TAC) for the
next year so that the level of SSB that is left at sea at the end of the fishing year
is equal or hi gher t han a predefined N esc; avpile me n t
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simultaneously keeping estimated fishing mortality F equal or lower than a
specified cap (F cap). This can be described mathematically in the form of

0 if s$B, < B,
TAC,., = g(B+1) if 5$B, = B, &FE,, <F.,,
EEF_";+1 Eﬁi‘}) ”C SSB_)' = B & 'F_:,+J. - cnp
where g()denot es Bar ameguatis Inthia tase, finding TAC,:y = 9(F,+,)
requires an additional forecast step of the stock dynamics to predict the S5B that
Is left at sea after fishing season (Figure 2. 5) which is essentially a function of
the expected average surplus pr oduction minus the catch  ; this means that the

TAC is based on the SSB of the forecast at the end of the assessment year

- E—— - | |
u’g N L LN SO S —
L /o : :
[ : :

SSBHET i SSB. g i i

;oo | i

o a |

t ! : !

— i i

EElim Besc BM S E;IZI

Figure 2.5 Graphical illustration of the Besc Harvest Control Rule, highlighting the lag between SSBy based
on the final data year an  d the forecast of SSBy+1 after applying the Fy+1 HCR response along y - axis.

1 BoB HCR

The BoB HCR differs from the  fixedF and Besc in that TAC (not F) is a direct

output of the HCR. To implement BoB therefore requires integrating the
implementation system into the HCR. This is because the short -term projection of
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stock dynamics over the assessment year y for Fi ac,) is conducted first to derive

55B,, atthe end of assessmen  tyear as input for the BoB HCR.

The BoB candidate HCR is based on a generic HCR parameterisation of the HCR

considered in the MSE for the Bay of Biscay sardine (Sanchez et al. 2014). The
BoB rule introduces up to three discon tinuity breaks for the output TAC, which
requires the input of five tuning parameters. These are: (1) the minimum viable
TAC,,;, that can be caught if = S5B, falls between the first biomass trigger (2) B,
and second biomas s trigger (3) B,,.;,; and the maximum possible (4) TAC,,,., for
which a third  B,,;; is computed as a function of the (5) tuning parameter &, which
determines the slope between TAC,,, and TAC,,.. (Figure 2. 6), s uch that:
Br:l'z'E = Br:'if + [Tﬂsmnx - Tﬂsmiujfﬁ
The BoB rule can then be described mathematically in the form of:
0 if SSB, < B,y
T‘qcmin lf Bh'z'l = SSB_} = Bh'iﬂ
TAC,., = .
TAC,y, + (SSB, —B,,;)8 if B,y < SSB, < B,
TAC,, .. if S5B, = B,
The biomass trigger point B,,.;,» Which evokes a fishery closure was set to Blim;

and B,,., which evokes TAC,,, was setto B,, (Figure 2.3). Alternative settings

were tested for remaining three tuning parameters TAC TAC and the slope

min? M

4. The TAC is based on the SSB of the forecast at the end of the assessment
year.
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TAChayx

TACin

— e ]

By

Figure 2.6  Graphical illu stration of the BoB Harvest Control Rule, where three biomass trigger points where
chosen suchthat Bz =Bim  and By = Bypa, While Byiz is computing a function of the slope a, f(u).

Management Objectives

The objectives of the management plans are twofold: 1) to estimate the fishing

pressure that will keep SSB above Bim and 2) to not exceed Fvsy with a
pre ference to maintain a biomass above Bpa. The objectives should be achieved in
either 2024 or 2025 with either date to be tested during the MSE a simple test of

achieving Fwmsy by 2028 through gradual reduction of fishing mortality is to be
conducted as well . Using adequate performance statistics, the achievement of the
objectives were evaluated . The required reference points for the performance
statistics were taken from the report of the benchmark exercise for both stocks

(GFCM, 2021).

In the process of run  ning the MSE, the tuning process is responsible to ensure
that the management objectives are achieved. To this goal, the parameter space

of the management plan (intermediate years and HCR) was and will be explored.
This preliminary report contains some of the required tuning process.

Performance  statistics (ToR 4)

In MSE, performance statistics are used to represent management objectives and
to evaluate the ability of MPs to achieve them.

In this report, the following performance statistics calculated for each of the
HCRs:
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Probability of 55B remaining above B, foriteration i acrossyears v

1
P(55B = Byym); = ;Z 5[5553.-;' = B!:’m)
¥ 5

Probability of 558 remaining above SB,., for iteration i acrossyears ¥

1
P(SSB > SSBysy); = _Z I('SSB;.—,E < 55Byysy)
n

}_‘f

Avera ge F/F,., foriteration i acrossyears vy

1
mean(F[Fyey ); = - E F, i/ Fusy
y =
¥

Average catch (in tonnes) for iteration [ across years vy

1
mean(C), = —Z Cyi
ny £

Average SSB/5S B, foriteration i acrossyears y

1
mean(S5B /558y ¢ ); = ;Z 55B, ;/55Bysy

}}.

Average annual v ariability in catches (AAV) across years and iterations

1
AAV, = — C..—C _,.V
i Wb ¥—Li
My & Cy—14

Annual p robability of fishing closure for years y across iteration i

1
P(closure), = - I[SSB}.JE < B:im)
3 .
3

where B,,was chosen as criteria to be applicable
closure. Note hwoever thatthe fixedF does not trigger a fishing closure

mechanically.
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The performance statistics were evaluated across 1000 iterations each over three
time horizons of projections: short term, from years 2022 to 2025, medium term
(2022 -2028) and lo ngterm (2032 -2044) ; the results presented in this report are

over the entire time period for ease of reading . The 6 har ddé tuning
agreed to achieve less 5% probability in terms of long  risk that SSB falls below
Bim in accordance with the TORs. Note that for plotting purpose, we chose to

illustrate the equivalent risk statistic that of SSB being larger than Blim with 95%

pro bability. Only i f these criteria was met in the first instance additional short -
term and long -term trade -offs of the above  performance statistics were
evaluated, including the average catch performance, AAV , the probability of
fishing closures and attaining SSB levels at MSY
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1 MSE ANCHOVY GSA 17 & 18

Anchovy Operating Model (OM) Conditioning

For the purpose of this repor t, the anchovy SAM base -case model, as accepted by
GFCM as benchmark assessment in 2020 (GFCM, 2021), was used to condition

the reference OM. This model is based on the SAM model settings that have been
adopted in previous GFCM assessments for this stock. After extensive

discussions, the experts evaluated that data prior to 2000 were unreliable due to

gaps in the series and agreed to short the time series of input data to the period

2000 1T 2019 (GFCM 2021). A SAM model fit to the historical time series 1975 -
2019 was kept for reference point estimation purposes.

The final SAM base -case model specifications were:

I Three age groups 0 -2, where age -2 was treated as plus group

1 Natural Mortality: Gislason estimate of M_ (Table 3.1), derived using von
Bert alanffy parameters

1 Maturation assumed to knife  -edge atage -1inJanuary (Table 3.1)
1 Commercial catch -at-age data 2000 i 2019 (Figure 3.1)

1 4 survey indices for tuning (Figure 3.2)

1. EU-MEDIAS (EchoEast) in GSA 17; Age 0 T 2;2013 1 2019

2. GSA1l7West;Age 0 1 2; 2004 i 2014

3. GSA 18 West and East; Age 1 i 2,2004 71 2014

4, Lsurvey; Agel -2;2015 71 2019
Table 3.1 Biological input data for anchovy SAM base -case model. The length -at-age ( L) estimates are
based on Von Bertalanffy parameters Lint =18.61, k=0.62 and to= -0.849 estimated from the age -length key

(GFCM, 2020) . La length at age; Ma Natural mortality at age; P(Mature) fraction of fishes which are mature
by age.

L, M,
Age (cm) (¥%) P(Mature)
0 7.6 2.76 0
1 12.7 1.21 1
2 15.4 0.89 1
3 16.9 0.76 1

Reference points were also updated during the benchmark process (Table 2.2).
The reference point F,,. based on Patter s B/ &8.4),ahichtcanbe o n
calculated as
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o 0.4 ZM
MSY — G'E'H’RF a

“F
where az are the age classes us ed to compute the average fishing mortality

mortality ~F, which were specified as age -1 for anchovy. For  Blim the second
lowest S5SB estimate BElim = B,q, based on the alternative SAM model run that
was fitted to historical time series (1975 -2019). The lowest  55B corresponded to
15,922 tons in 2016. That 55B was not used as there was evidence that
recruitment may not be already impaired at this SSB level. The precautionary

biomass ( B,,) was estimated as a function of B,,, using the same emprical
equation as ICES:

By =B

lim e~ 164575

where ..z = 0.17 is the estimated standard error of log(55B) from the SAM model.

Table 3.2 Reference points provided by GFCM, GFCM bioma ss reference points relative to SSB o =119,780
(t) derived from the Beverton & Holt SSR (SSR -BH) and the MSY -based reference Fusy and Bmsy associated
with SSR -BH. * Estimate of  Bwmsy via forward projection (100 years) given the GFCM Fumsy = 0.81 and the B&H
SRR. ** isthe Bwmsy estimate thatisi mplicit to the B&H SRR

Ratio
GFCM SSBO SSR-BH

Fysy 0.81 - 0.96
B.. 16200 0.14 ]
Bpa 21400 0.18 )
B, 401254* 033 33366 **

Total landings comprise reported catches from Albania, Slovenia, Croatia,
Montenegro, Italy with d iscards assumed to be negotiable. Catch -at-length for
each country and year were transformed into catch -at-age by applying the
corresponding Age -Length Keys (ALKs). The catch  -at-age matrices were merged
into a single catch -at-age matrix and raised by SOP  -correction to the total catch.
Catches -at-age are dominated by age -1 (Figure 2.1), while age -2+ fish were
assigned to age -2 plus group as they represented less than 1% in numbers.
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Anchovy: Catch-at-age matrix
] 1

3e+06 -
2e+06-

1e+06-

A AN

DB+DD_ 1 1 1 1 1 1 1 1 1 1 1 1
2000 2005 2010 2015 2000 2005 2010 2015 2000 2005 2010 2015
Figure 3.1 Inputcatch -at-age matrix for the anchovy SAM base -case model.
EchoEast I
Lsurvey —
e
o
c
-]
w
GSA18 East&\West |
GSA17 West ]
1995 2000 2005 2010 2015 2020
Years
Figure 3.2 Time series of survey abundance indices used for tuning of the anchovy SAM base -case model.
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To propagate model estimation error into the MSE framework, a customized
bootstrap procedure with 1000 iterations was run for the SAM base -case model.
The bootstrap iterations were checked for convergence and the first 500
converged iterations were retained to condition the anchovy reference OM. The

median, 10 ", 25" 75% and 90 " percentiles from the bootstrap are shown for the

estimated trajectories of recruitment (Rec), SSB, catch () and F in Figure 3 .2.
Recruitment and  SSB show a pronounced decline since 2005 to the current low

levels. From 2000 to 2006, catches increased from 38,000 t to 71,000 t. That

was followed by a decrease to 28 ,000 t observed in 2019. Fishing mortality has
consistently increased between 2000 and 2015, after which it remained more

than 50% higher than in the early 2000s (Figure 2.3).

Anchovy: Reference Model

Rec S5B
1.5e+08
60000 -
1.0e+03 - 40000
5.0e+07 - 20000 -
0.0e+00- 0-
2000 2005 2010 2015 2000 2005 2010 2015
Catch F
15
60000 -
1.0-
40000 - S

20000-

0- 0.0-
2000 2005 2010 2015 2000 2005 2010 2015

Figure 3.3 SAM base -case model for anchovy run with 1000 bootrap iterations to depict estimation error
uncertainty shown as 10th, 25th, 75th and 90th percentiles around the median.

As an important component of the OM conditioning, an implicit assumption about

the stock recruitment relationship (SRR) is required to project the st ock dynamics
into the future. Initially, alternative SRRs were explored. These included the

Beverton & Holt (SRR -BH), Ricker (SRR -Ri) and segmented regressions (SRR -

SR), where SRR -SR were fitted unconditioned and by fixing break -point at B
(Figure 3.4).

lim
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The results suggested that the SSR -BH (AIC = -91.1) provided the best fit to the

SAM model estimates of SSB and recruitment R (Figure 3.5), followed by the
SRR-Ri (AIC = -89.3). The unconditioned SSR  -SR also provided a reas onable fit
to the data (AIC = -77.4) and, together with the SRR -Ri, may therefore
represent an good candidate SRR for alternative OM conditioning. The SSR -SR

fitted by fixing its break  -point to B,,, (AIC = -57.9) performed poorest in
describing th e estimated S5SE and recruitment R pattern (Figure 3.4).

1e+08-

oh

Recruitment

5a+07 - sr.olim

Oe+00-

0 20000 40000 60000
SSB

Figure 3.5 Stock -recruitment model fits to the anchovy SAM base -case model estimates of  $5B and
recruitment, shown for the Beverton & Holt model (bh), an uncondition ed segmented regression (sr) and a

segmented regression where the break point was fixed to B, reference point (dashed vertical line)

The recruitment residuals were narrowly distributed around expected BH -SRR,

which results in a very small estim ate of recruitment variation gz = 0.08. This
low estimate is inconsistent with results from comprehensive meta -analysis for
small pelagic species, including anchovy (Thorson et al. 2014), and was
therefore deemed to be likely an artefact of us ing a static age -length key and
smoothing by the SAM model resulting in imperfect model estimation of
recruitment strength. To obtain an objective and biologically more plausible OM

input for @, a predictive distribution for oz (Figure 3.6) was generated using the
hierarchical taxonomic life history model FishLife (Thorson 2020). For the

anchovy reference OM, the mode of gz = 0.34 of the predictive distribution was
selected to represent a compromise between low SAM model based estimate of

g, = 0.08 and the expected median from FishLife of gz = 0.45 (Figure  3.5). For
this initial analysis, recruitment deviations were assumed to be randomly
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distributed, but further should explore the effect recruit au tocorrelation, e.g.

based on the estimate of p =0.456 by Thorson et al. (2014).
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Figure 3.6 Fit of the Beverton & Holt stock recruitment model to SAM base -case model estimates of SSB

and recruitment, including basic residual diagnostics.

38



Figure 3.6 Probability density distribution (pdf) of the expected recruitment variation ag predicted from
hierarchical multivariate model FishLife (Thorson, 2020). The plot also highlights the SSR estimate of

ag = 0.08 (dotted line), the mode ag = 0.36 (solid line) and median  @g = 0.45 (dashed line).

Compared to the GFCM benchmark reference points, the BH -SRR based estimate of  Fusy (0.96)
and Bwsy (33366) were slightly higher and lower, respectively (Figure. 3.7, Table 3.2). This
confirms that Patterson estimator of Fmsy is precautionary with respect to the conditioned
reference OM for anchovy. The very high Fo. > 2 indicates that the stock is highly resilient to
growth overfishing and the main source of vulnerability is associated wi th recruitment overfishing.
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Figure 3.7 Estimated biological reference points based, indicating the benchmark estimate for Fumsy = 0.81.
The stock status relative to the GFCM benchmarks shows that the current SSB2o19
falls between Bim and Bpa correspon ding to 14.3 % of the unfished SSBo, whereas
current fishing mortality Fo019 exceeds sustainable levels at Fmsy by more than
50%. Bim corresponds to just 14% of SSBo and Bwmsy at 33% of SSBo (Table 2.2).
An emergent property of the low Bim is a small mar gin between Bim and Bypa
relative to an unfished stock (Figure 3.8).
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Figure 3.8 Anchovy stock status based on the SAM base -case model relative to estimated benchmarks for

Bim (red), Bpa (orange) and Busy (green)and Fusy (dotted).
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Tuning of harvest control rules (ToR 2.4.2 - results)

For Anchovy, tuning of the selected candidate HCRs was conducted with full

feedback control loop simulations, which there entailed an updat e of the SAM
estimation model at each time step. The O&éhar
achieve a 5% probability that SSB falls below Bim over the period 2024 -2044 . If

this criteria was met additional short -term and long -term trade -offs were
evaluated, including the average catch performance, AAV and the probability of

fishing closures.

1.1.1 Fixed target fishing mortality (fixedF)

Different fixed fishing mortalities were simulated over the period 2024 -2044
The catch ( C) was estimated from the fishing mort ality ( F) using the Baranov
catch equation and the projected SSB for the assessment year (see Methods
section). Fmsy multipliers were used to tune the target fishing mortality, with
multipliers ranging from 0.6 to 1 in steps of 0.1 (i.e. denoted as 0.6Fmsy i
1Fmsy hereafter) . The Fmsy of reference for the tuning of the HCRs was the BH -
SRR based estimate of  Fusy shown in the previous section (Figure 3.7), which was

slightly higher than the GFCM benchmark defined Fmsy. The HCR initiated in
2024, just after in itial scenarios corresponding to the intermediate years catch
reductions being: 5%, 10% or 15% in 2022 and 2023 (Figure 3.9). The long -

term effects of the reductions are minimal. See the section on intermediate year
catch reductions for more details

Althou gh fishing at 0.8Fmsy to 1Fmsy leads to the slightly larger catches on
average, such strategies would fail to mee t the risk criteria of SSB decreasing
below Bim by the 5% probability and are also associated with increasingly higher

AAV and probabilities of closure of the fishery in the short term as well as at
equilibrium (Figure  3.10 ). Acceptable risk levels could only be achieved by fishing

at 0.7 Fusy or lower. , while F target levels of 0.8Fmsy resulted in probabilit ies of
dropping below Blim  exceeding 5% (Figure 3.11). As the target fishing mortality

is translated and implemented via a TAC, fishing at the limit of Fumsy leads to
overshooting the target as the implementation of the TAC is based on the
previous year 6s SSB and Fushnregul aly. THiois garticalarly e e d
evident when the target fishing mortality is equal or greater than 0.8Fmsy.
Furthermore, the probability of shutting down the fishery due to the SSB falling

below Blim increases once the target F is 0.8 or larger (Figure 3.11).

Due to failure of meeting the Bim risk criterium  as the management goal for fixed
fishing mortality targets greater than 0.7Fmsy, F = 0.7Fmsy was retained for the
robustness tests.
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Anchovy: fixed F, int 5%
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Figure 3.9 Summary of the MSE tuning runs for different levels of fixed fishing mortalities and the three
intermediate period catch reductions (of 5% --int 5% -. 10% -int-10% - and 15% -int 15%) . The uncertainty

envelops are 95%.
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Annual probability of shutting down (SSB < Blim), 1000 iter
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Figure 3.10 Annual probability of closure for all the tuning runs for the fixedF HCR. It becomes e vident that
the level s of intermediate catch reductions are having an effect in the long term. The shutdown probability is

affected by the intermediate catch reduction levels in the short to medium term (prior to 2029). However,

for F levels equal orless  than 0.7F sy the differences are negligible.
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Figure 3.11 Performance statistics for entire (2024 -2044) tuning runs for fixedF HCR.

1.1.2 Fixed target fishing mortality (fixedF) with annual catch variation
limits

This variation of the fixedF HCR implements the addition of interannual catch

variation limits  (TOR 2.4.3 ). These limits are intended to achieve high catch
stability for the fishing industry and have the effect of avoiding overshoots when

good recruitment is incoming. The level of maximum annual catc h variation were
set to 20% reduction and 10% increase. This dampening effect can be found in

the reduced average catches and the reduced probability of closures (Figs 3.12,
3.13 and 3.14).

The fixedF HCR with annual catch variation limits effectively red uced the AAV by

about half. However, s imilar to the fixedF HCR, target Fs of higher than 0.7Fmsy

are exceeding the 5% threshold of probability of falling below Blim. As no major

difference between the two HCRs was found with the exception of smaller AAV, i t
was decided to not continue with this version of the HCR for the robustness runs.
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Anchovy: fixed F, mod, int 5%
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Figure 3.12 Summary of the MSE tuning runs for different levels of fixed fishing mortalities with limits for
three intermediate period catch reductions.

interannual catch variations (20% down and 10% up) and the
The uncertainty envelops are 95%.
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Annual probability of shutting down (SSB < Blim), 1000 iter

run
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Figure 2: Annual probability of closure for all the tuning runs for the fixedF HCR with limits for interannual

catch variations (20% down and 10% up). It becomes evident that the level s of intermediate catch
reductions are having an effect in the long term. The shutdown probability is affected by the intermediate
catch reduction levels in the short to medium turn (prior to 2029). However, for F levels eq ual or less than

0.7Fmsy the differences are negligible
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Figure 3.14 Performance statistics for entire (2024 -2044) tuning runs for fixedF HCR with limits for

interannual catch variations (20% down and 10% up).

1.13

Bay of Biscay style (BoB)

The tuning runs

for the Bay of Biscay

(BoB) s type

HCR explored three

parameters: the two levels of TAC

(TACmin and TAC max) and the slope

. Three

combinations for TAC

min and TAC max Were chosen ( Table 3.3 ), each one being

tuned with slopes

ranging from 0.6 to 1. Little co

ntrast between the different

tuning runs can be noticed (

Figure 3.15). The lack of contrast continuous

throughout the annual probabilities of shutting down the fisheries (Figure

3.16).

Differences between the tuning runs become apparent when examining the

performance statistics

(Figure 3.17).

Average catches are highest for BoB2040 and lowest for BoB_1535; increasing

the slopes does increase the catches, but to a lesser
TAC}mmmw(-

The fishing mortality remains below

extent
Fusy for all tunin g

Interestingly, the probability of SSB falling below Blim is very low for all tuning
runs, which is, in fact, reflecting the low probability of shutting down (Fig

than changing

runs.

ure
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3.17 ) as this is measured using SSB<BIim as a proxy. The AAV for BoB2040 is
lower t han BoB_1540 in Figure  3.17 , however this is an artifact, as the AAV plots
eliminate all values larger than 1. It can be seen in Table 3.4 that BoB_2040 has
a rather large number of NAs in the AAV statistics. These NAs were generated by
the AAV calculation s when a catch was set to Ot one year and followed by a
reopening of the fisheries.

The preferred formulation to take forward to robustness testing was not
immediately apparent, as each BoB formulation passed the required performance
statistics ( SSB/Bim, F/Fusy). It was decided to take all three formulations
forward: BoB_1535 with slope 0.8, BoB_1545 with slope 0.8 and BoB_2040 with
slope 0.8.

Table 3.3 :Pairs of TAC min and TAC max used for the tuning of the HCR slopes.

BoB_1535 BoB_1540 BoB_2040
TACnin 15000t 15000t 20000t
TACmax 35000t 40000t 40000t
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Anchovy: bobC_1535
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Figure 3.15 : Summary of the MSE tuning runs of the BoB HCRs for three sets of TACs. The tuning
parameter was the slope ranging from 0.6 to 1. The intermediate years catch reduction was 10%. The
uncert ainty envelops are 95%. Note the change in scales of the SSB plot for the BoB_2040 HCR



Annual probability of shutting down (SSB < Blim), 1000 iter
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Figure 3.16 Annual probability of shut down of the fisheries, measured by proxy in the case of SSB > Blim.
annual probability remained very low (p <0.05).
An exception was the starting year (2024), where p >0.1, however, the HCR has little influence on this as

the level of SSB used to determine the TAC is set by the deterministic reduction of catches during the

The slope seems to have a large influence, but overall the

intermediate years.

2044

run
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Figure 3.17 Performance statistics for entire (2024 -2044) tuning runs for BoB HCR. It should be noted that
all HCR tuning runs pass the p(F/Fmsy < 1) > .95 and p(SSB/Blim > 1) > .95 criteria. The averages catch

levels are driven by the TAC nin and TAC max combinations, with 2040 producing the highest catch levels. An
interesting phenomenon is that for the average annual catch variations (AAV) the 2040 formulation seems to

have the lowest values, however, this is due to the nature tha t the AAV is calculated: any values above 1
were set to NA, as they had an overly large influence. These large values were generated when the TAC was

set to 0 due to the SSB dropping below the Btrigl with the TAC of following year being over 20kt. As can b

seenin Table ( 3.4) this happened quite often for the BoB_2040 HCR.

Table 3.4: Total n umber of NAs produced by the AAV performance statistic
indicating the number of times the fishery was reopend after a0 TAC allocat ion .
In contradiction to Figure 3.16, the statistics given in this table are calculated
as a sum across all years and iterations, rather than across iterations per year.

Thus, the numbers presented can only be compared within this table.

Time period
24-28 30-35 38-43 24-44

Slope

To) 0.6
0

Lo 0.7
' 0.8
3 0.9
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0.6
S 0.7
T}
= 0.8
g 0.9
1
0.6
S 0.7
o
S 0.8
1 0.9
m
1

Table 3.5 : Probability of shutting down the fishery as measured by the proxy
SSB < Blim. This probability was calculated across the entire run and all
iterations.

Slope 15-35 15-40 20-40
0.6 0.011 0.014 0.023
0.7 0.013 0.017 0.028
0.8 0.015 0.020 0.032
0.9 0.016 0.023 0.037
1 0.017 0.026 0.042
1.14 Biomass escapement (  Besc)

The biomass escapement HCR has up to two parameters: escapement biomass

and the maximum fishing mortality (Fcap). We tuned both by keeping the
respective other parameter steady. In the case of tuning the Fcap, the Besc was

set to Bpa. Whereas for the Besc tuning we used 2 levels for Fcap: Fmsy and 0.7

Fmsy. The choice of Fcap was driven by the fact that fishing at Fmsy leads to
unstable stock dynamics as shown during the tuning of the fixedF HCR. Using the

insights gained during fixedF HCR tuning, we also chose a level of Fcap that we

knew should pass the management goals.

The Besc HCR was tuned under all three intermediate years c atch reduction
levels (5%,10%, 15%).

1.15 Tuning for Bpa, with different Fcaps.
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Tuning runs were performed for Fcap ranging from 0.6Fmsy to 1Fmsy. The effect
of the intermediate year catch reduction levels was minimal. As Fcap was
increased, the levels of av  erage catch increased as well, although the catch

increasesd after Fcap = 0.8Fmsy were relatively small (Figure 3.18 -3.20). If Fcap
was increased beyond 0.8*xFmsy, the HCR started failing the requirement that

pP(SSB < Blim) < 0.05 and thus were discarded fr om further analysis (Figure
3.20) .
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Anchovy: Besc, int 5%
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Annual probability of shutting down (SSB < Blim), 1000 iter
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Figure 3.19 Annual probability of closure for all the tuning runs for the Besc HCRs. It becomes evident that

the level of intermediate catch reduc

tions are not having an effect in the long term. The shutdown

probability is affected by the intermediate catch reduction levels in the short to medium turn (prior to 2029).

The bigger effect on the shutdown probability are the level of F

two F cqps resulting in probabilities below 5% in the long term are 0.6F

cap (expressed as fractions of F msy). The only
msy and 0.7F sy .
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biomass | evel (Bpa). Fcap up to 0.8Fmsy were deemed to pass the required performance statistics.

1.1.6 Tuning Besc, with

The Tuning runs

tuned for two

biomass ranging from 1Blim to 2Blim in increments of 0.2

fixed Fcap
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3 Performance statistics for the Besc HCR tuning runs. The fixed parameter was the escapement

conducted were first performed using the shortcut approach as
laid out in the preliminary report (STECF 2021). The escape
fixed Fcap values (0.7Fmsy and Fmsy) with the escapement

(notice that adopted

ment biomass was

Bpa is ~1. 4xBlim ). The effect of the different levels of Besc were relatively small

and ar e indistinguishable on

Figure 3.21. Contrast could be found in the different

levels of Fcap with Fcap = Fmsy performing much poorer as expected. In
particular the annual probability of shutting down the fisheries and p(SSB < Blim)

show that passing or fall

ing depends on Fcap and not on the escapement biomass

level (Figure 3.22). In view of the absence of differences between the biomass

levels, these tuning runs were not considered any further.
that the absence of contrast for differe

each Fcap also meant that no full

the average catch of 35kt for Fcap cannot be compare

It is important to note
nt levels of escapement biomass within

-feedback runs were performed. This means
that the results are quantitatively not comparable to the previous section,

e.g.

d to the 30kt average

catches of the Fcap tuning runs. The quantitative differences are due to the
short -cut method rather a result in itself

- in STECF 2021 the average catch
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levels for Besc tuning runs were around 35kt for Fcap=0.7Fmsy and Besc = Bpa
(Figure 2.14 , p50 STECF 2021)

Anchovy: Besc, Fcap = .7Fmsy
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Figure 3.21 Tuning runs for different levels of escapement biomass. In contradiction to the previous tuning
runs for the Besc HCR, the levels of Fcap were kept constant at 2 levels (0.7xFmsy, Fmsy) with the
escapement biomass leve | varying from 1xBlim to 2xBlim, with Bpa ~1.6xBlim. It can be seen that at Fcap =
Fmsy, the confidence intervals cut across the Blim threshold not only during the initial phase, but also during



the equilibrium phase late in the runs. This is reflected in the performance statistics below. The confidence
intervals are 95%.
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Figure 3.22 Annual probability of shutdown of the biomass escapement tuning runs. The probability of
shutting down was measured by the proxy of SSB < Blim. A clearly binary behaviour ca n be detected,
grouping the different levels of Fcap.
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Figure 3.23 Performance of the biomass escapement tuning runs. The binary behviour noticed before,

continues throughout the performance statistics, with the levels of Fcap dominating the behaviour of the
runs. Fcap = Fmsy performs clearly less well, than Fcap = 0.7Fmsy. The level of Besc has a larger effect at

the higher Fcap, especially in the p(SSB>BIlim), p(SSB>Bmsy) and AAYV indicators.

60



mean(C) F/F[MSY] P(SB>BI[limit])

35000 - L
0.97-
30000 - ** ==
0.96 -
25000 - ER Besc
0.9 e T T Sl - bob_1535
P(SB>=SB[MSY]) AAV ‘ bob_1540
0.8+ == 2l 05- BS bob_2040
— e 04-
_ B3 fixedF
0:34
0.6- — *
0.5 == ==—==m=.m=—— 01- 1 ! ' )
2.0e+08 -
1.5e+08 - — = — 2
1.0e+08 - 2
5.0e+07 -
0.0e+00 -
90000 - o —— Besc
60000~  pm— —_— —— 0
30000 - w —— bob_1535
O-

— bob_1540
40000~ §  — bob_2040
20000 - g

0- — fixedF
1.5+ =
1.0- -
0.5- P — 1
00- : i i i =
2025 2030 2035 2040 2045
Figure 3.24  Comparison of the different HCRs taken forward to the robustness test. The intermediate year's
annual reduction is 10%. As the Besc HCR with Fcap = 0.8Fmsy passes and fails the risk check for the
bi omass | evel (Figure 3.20) depending on the |l evel of interm

to use 0.8Fmsy rather than 0.7Fmsy as Fcap in the robustness tests.

Robustness Tests of HCRs

From the three HCRs we submitted one parameterisation of each fixedF and Besc
as well three parameterisations of the BoB HCR. For fixedF and Besc the
parameteri sations chosen were the ones maximising catch, whilst passing the
required checks.

As all BoB tuning runs passed the checks, we chose formulations that had a good

trade -off between NAs produced within the ~ AAV calculation, as well as maximised
catches (kee ping in mind that an NA in the AAV calculation means a closure and

re -opening of the fishery). The following are the parameterisations chosen:

1 fixedF with Ftar = 0.7Fmsy

Besc relative to Bpa  with Fcap = 0.8Fmsy
BoB_1535 with slope = 0.8

BoB_1540 with slope =0.8

BoB_2040 with slope = 0.8

= =4 —a -
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Robustness tests are realisations of SO
recruitment failed for a while? They are designed to see if the HCRs are robust

against extreme conditions and to see whether stock managemen t would still be
safe following their catch recommendations.

We also decided to include our only other tuned operating model in this section,

as it functions in our case as a robustness test. Th is second operating model
changes one assumption from the bas e case: Instead of having a natural
mortality at age vector (Table 3.1) , it assumes the same natural mortality for all

age classes (constant at 0.9) . As the operating models are all tested against all

the robustness tests, also the second operating model w as used to run these
using the same HCR formulations as the base case.

Besides this, there  were three robustness tests: recruitment failure (LowRec),
increased recruitment variation (hivVar), and autocorrelation within recruitment
(arlRec); all were run for both OMs. (Fig 16 -17). These robustness tests were
set up as follows:

1 recruitment failure (LowRec) corresponds to a forcing for three consecutive
years (from 2028 to 2030) of a 35% reduction of the expected recruitment
from the BH -SR relationship (by aap plication of 0.65 multiplier).

1 Increased recruitment variation (hiVar), passing from the modal to the
mean variability of recruitment ( o, ) around expectations according to the

BH-SRR, i.e. adopting the mean or=0.49 i value arising fro m the

hierarchical multivariate model FishLife (Thorson, 2020).
1 autocorrelation within recruitment (arlRec); such value was set to 0.456
based on the estimate of 0 = 0.456 by Thorson et al. (2014).

The performance statistics reveal the subtle differences between the different

OMs. The differences between the fixedF and besc HCR are very small (Fig ure
3.25 ), where as the differences are a little more marked for the BoB HCRs
(Figure 3.25). The HCRs performed slightly better in the OM 2 reference runs,

which indicates that the HCR are able to deal with minor M mis - specifications
(Figure 3 .26).

Apart from BoB_1535 nearly all HCRs failed the robustness tests (Fig 3 .27,3.28).
The BoB_1540 formulation passed the lowRec robustness test, but none of the

others (apart from the reference runs). In terms of risks of closures BoB_2040 is

the riskiest one in the short term (reaching a probability of about 0.1) (Figure

3.30). The aggregated performance statistics clearly show that the only
candidate HCR perform adequately across the entire range of runs is BoB_1535

(Figure 3.29), closely followed by BoB_1540.
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Anchovy:Reference Runs (Base case)
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Figure 4 Robustness and reference runs for the base case operating model. In the first row
reference runs, second row the low -recruitment test, third row contains the higher autocorrelation runs,
in the fourth row the high recruitment variation runs are found.
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Anchovy: Reference Runs (OM2: M = 0.9)
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Anchovy: Low Recruitment Period (OM2: M = 0.9)
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Anchovy: Recruitment Autocorrelation (OM2: M = 0.9)
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Anchovy: High Recruitment Variation (OM2: M = 0.9)
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Figure 3.26 Robustness an d reference runs for the constant natural mortality (M= 0.9) operating model.
The tuned operating model assumes a constant natural mortality across all age classes. In the first row are
the reference runs, second row the low -recruitment test, third row con tains the higher autocorrelation runs,

and in the fourth row the high recruitment variation runs are found. The uncertainty envelopes are 95%.
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Performance Statistics: Base Case
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Figure 3.27 Performance statistics for fixedF and Besc HCR and OM for robustness tests.
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Figu re 3.28 Performance statistics for BoB HCRs and both OMs for the robustness tests.
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Figure 3.29 Aggregated performance statistics of the robustness runs. As the robustness runs across both
OMs were balanced, ie three robustness runs and one reference run
aggregate the results by HCR. This allows the assessment of the overall performance of each HCR. The only
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HCR that passed the risk criteria of p(SSB > Blim) > 0.95 was the BoB_1535 with a slope 0.8
arguments canb e made ) that the BoB_1540 is an acceptable candidate albeit with a little greater risk.

for each OM, it was possible to

, although
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Table 3.6 Median performance statistics of all robustness and reference runs.
Grey areas indicate OM 2 (M = 0.9)

Run Catch F/IFMSY P(SSBBIim) P(SSBBmsy) SSB/Bmsy AAV
besc_ref 31738 0.66 0.96 0.76 1.45 0.22
besc_arlRec 28965 0.72 0.88 0.63 1.34 0.24
o besc_hiVar 29399 0.7 0.9 0.65 1.42 0.32
< besc_lowRec 28497 0.69 0.92 0.69 1.35 0.24
§ besc_refM09 31665 0.65 0.97 0.77 1.46 0.24
besc_arlRecM09 29393 0.7 0.92 0.66 1.37 0.26
besc_hivVarM09 29636 0.68 0.92 0.67 1.43 0.33
besc_lowRecMO09 28734 0.68 0.94 0.7 1.37 0.26
fixedF_ref 29718 0.58 0.96 0.81 1.57 0.21
. fixedF_arlRec 26878 0.66 0.85 0.63 1.39 0.24
G fixedF_hivar 27440 0.64 0.88 0.66 1.48 0.29
m fixedF_lowRec 26870 0.6 0.92 0.72 1.43 0.22
§ fixedF_refM09 29666 0.58 0.97 0.82 1.57 0.22
= fixedF_arlRecM09 27485 0.63 0.9 0.67 1.41 0.24
fixedF_hivarM09 27636 0.6 0.92 0.7 1.5 0.3
fixedF_lowRecM09 27189 0.59 0.95 0.75 1.45 0.24
BoB_ref 1535 29518 0.54 0.98 0.84 1.61 0.2
o BoB_arlRec_1535 27004 0.57 0.94 0.71 1.48 0.21
E BoB_hiVar_1535 27166 0.54 0.95 0.73 1.56 0.25
@ BoB_lowRec_1535 27443 0.58 0.96 0.75 1.46 0.23
;H BoB_refM09_1535 29749 0.54 0.99 0.84 1.59 0.22
2 BoB_arlRecMQ4535 27431 0.57 0.95 0.72 1.49 0.22
BoB_hivarM09 1535 27559 0.55 0.96 0.74 1.56 0.26
BoB_lowRecM09 153 27788 0.58 0.97 0.75 1.45 0.24
BoB_ref 1540 30675 0.59 0.98 0.81 1.54 0.24
o BoB_arlRec_1540 28116 0.61 0.93 0.68 1.44 0.24
Z BoB_hivar_1540 28203 0.58 0.94 0.71 1.51 0.29
3 BoB_lowRec_1540 28136 0.63 0.95 0.72 1.4 0.26
7 BoB_refM09_1540 31083 0.6 0.98 0.8 1.51 0.26
§ BoB_arlRecM09 154 28596 0.62 0.94 0.69 1.43 0.25
BoB_hivarM09 1540 28867 0.59 0.95 0.71 1.49 0.31
BoB_lowRecM09 1% 28818 0.63 0.96 0.72 1.39 0.28
BoB_ref 2040 32309 0.67 0.96 0.74 1.43 0.2
o BoB_arlRec_2040 28995 0.71 0.9 0.62 1.32 0.19
T BoB_hiVar_2040 29422 0.69 0.91 0.65 1.41 0.23
4 BoB_lowRec_2040 29483 0.74 0.92 0.64 1.28 0.21
;‘l BoB_refM09_2040 32649 0.68 0.97 0.74 1.4 0.22
o BoB_arlRecM09 204 29687 0.72 0.92 0.63 1.31 0.2
BoB_hivarM09 2040 29897 0.68 0.93 0.66 1.39 0.24
BoB_lowRecM09 204 30008 0.73 0.93 0.65 1.28 0.23
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Figure 3.29 The median probability of shutting down aggregated by HCR ( left) with uncertainty envelopes
(right). The spike of the starting in 2029 is a result from the low -recruitment run. The uncertainty envelopes
are 95%.

Il ntermedi ate yearsd catch reductions

The levels of intermediate catch reductions do not affect the lo ng -term behaviour
of the anchovy stock. As can be seen in the description of the results of the

tuning runs, the effects of the catch reductions in the long term are negligeable

(see for instance Fig ure 3.14 for the constant fishing mortality HCR or Fig ure
3.20 for the Besc HCR) ). No preference can be given to any of the reduction

levels, although some caution needs to be taken as the reductions do have an

effect in the short term, especially in the first two -three years of the HCR kicking

in (Figure 3 .30).

The main issues arising from the prescribed catch reductions are the inability to

adjust catch levels according to the stock biomass level, this does lead to
occasional sub-optimal catch utilisation over that period or to higher risks of
stock depletion.  The latter will be the case when the stock is on a trajectory that

would require more drastic catch reductions than prescribed in the first three
years . The iterations that are on such unfortunate trajectory do end up in
fisheries closure in the early sta ges of the HCR implementation T regardless of
the HCR (Figure 3 .31). These trajectories need to be covered by extra -ordinary
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circumstance management action s in order to prevent the stock from closing for
the fisheries or  in extremis crashing completely.

A further complication is that the 2 year lag of the HCR (1 year data, 1 year
management) means that the HCR will initialise with data from 2022 to fix the

TAC for 2024. This means that the iterations where the SSB is sub -optimal
initialise with a fisheries closure. It should be recommended that such kind of
extra -ordinary circumstances should be monitored throughout the intermediate

years. Signs that urgent management action is required would be SSB slipping
below Blim or F increasing dramatically despite o f catch reductions.
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Figure 3.30 Short term effects of intermediate catch reduction levels. It can be seen that in all three cases
the uncertainty envelopes drop below Blim, resulting in Ot catches.
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BoB_1535 HCR, 5% catch reduction fixedF HCR, 5% catch reduction
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Figure 3.31 Median trajectories  of iterations split  into two groups due to the intermediate years' catch

reduction. Success denotes an iteration which never dipped below Blim during the intermediate period 2022 -
2023, , failure shows iterations that did. Only catch and SSB are shown as the catch is a direct r esult of the
level of SSB, designated via the HCR . The uncertainty envelopes are 95%.
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1.1.7 Sensitivity run extending catch reductions into 2024

A sensitivity run was performed testing a continued descriptive catch reduction

into the year 2025. This run shows t hat in 2024 some iterations facing a serious
(risky) situation appear as some of the iterations struggle to recover. This can be

seen in the explosion of F and the number of iterations where the SSB is
dropping lower than Blim (Figure 3 32).

Comparing the performance of the rules for a 5% or 15% continuous decreasing
of catches over the intermediate period, it can be seen that for the reduction of
15% the Besc and BoB HCRs keeps risks to Blim below 0.05 wilst fixedF fails.

However the BoB is the only HCR th at can successfully perform also under the

5% reduction regime (Figure 3 .33).

Anchovy Short-Term: Catch Reduction through 2024

Catch F
8_
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S E
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0 0- — oM
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1.5e+08 - 75000 -
1.0e+08 - / 50000 - ///
5.0e+07 - 25000 - :
— Blim
0.0e+00- 0-
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Figure 3.32 Levels of proposed catch reduction in 2022 to 2024 with the HCR initialising in 2025. Although
the catch reductions are deterministic, their effects are no the s ame for all iterations. This stems from the

state of the stock biomass: if the stock is too small to support the levels of catches, F will increase
dramatically, SSB could dip under.
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Anchovy: 5% reduction until 2024
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Figure 3.33 Short term performance statistics (only data between 2025
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sensitivity run which extends the intermediate years catch reduction to 2024 and initialises the HCR in 2025.
Only two levels of reduction are shown (5% and 15%) as the 10% lies somewhere between the two. Both
the sensitivity runs are shown (denoted by the appendi x fA_250)

The reduction of 15% shows to work throughout the Besc and BoB HCRs,
reduction levels in the short term. BoB is the only HCR that can s

regimes. The HCR formulations are the preferred versions resulting from the tuning runs.

Timing of achieving management target (ToR 2.4.1)

Likelihood to achieve management target by 2025 & 2028

The probability to

achieve the management target of setting F at Fmsy by 2025

or 2028 are seen in Figure 40. Nor BoB_1535 (slope 0.8), neither the FixedF at
0.7Fmsy can achieve such objective with 95% certainty by 2025 (though the
former is very close to such certainty). Ho

achieved for the BoB_1535 (slope 0.8) and as well (roughly) by

0.7Fmsy.

and 2030 is considered) of the

whereas fixedF fails in both
uccessfully perform under both reduction

wever by 2028 such certainty is fully

Due to the potentially high productivity, the stock can swiftly rebound and fulfil
the management targets. The potential

of

recovery and achieving

the
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management targets is increased if the HCRs are implemented earlier rather than
later 1 this is especially true in the case of stock trajectories that are behaving
worse than the median in the initial reduction phase.

Anchovy: Performance statistics for year 2025
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Anchovy Performance statistics for year 2028
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Figure 3.34 Performance statistics for the years 2025 and 2028 for the preferred HCR (BoB_1535) and best
performing fixedF (Ftar = 0.7 Fmsy) for contrast. This shows that BoB_1535 does not pass the
p(SSB>BIlim)>95% check in 2025 but in 2028. Both pass the check to reduce F below Fmsy.

2 MSE SARDINE GSA 17 & 18

Introduction: Sardine Operating Model (OM) Conditioning

During the benchmark session for the assessment of sardines in GSAs 17 -18, it
was agreed that the stock was not benchmarked due to the difficulties in

achievi ng a successful convergence of the model, probably linked to the issues in

the age structure of both the commercial catches and in the surveys. These

resulted in low cohort signals being identified in the assessment. Finally, a
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Apreferred mode #aowasxchosee;dhe rasoniag can be found in the
respective GECM report (GFCM, 2021). This preferred model will be considered as
the baseline OM.

The TOR for sardine stock, owing to the stock not being benchmarked and due to
the high survey CVs (as estimat ed from the model), makes the simulation of

management very uncertain, and for that reason only a short -cut MSE was
carried out just to understand the impact of the transitional period measures on
the SSB and Recruitment (Rec), and some projection just for feeding the

economic modelling of the fishery which needs to be taken into account the two

main species | the area (sardine and anchovy). So, the following sections will

analyse in the simulation short -cut -MSE approach and the implication on SSB,
Rec and Fishing mortality (F) of the sardine stock obeying the reduction of

catches for the period 2022  -2024 according to the TOR 1.1, and the

implementation of the fixed F HCR, the latter as a baseline for the economic

simulations.

A set of different levels of ¢ atch reductions either of 5%, 10% and 15% per year
starting in January 2022 and ending in December 2023 was applied. In addition,

as a sensitivity run, for year 2024, sardine catches should be reduced by 15%
lower than the level of 2023.

2.11 The Data inputfo r the MSE:

The fishery consists of ~ midwater trawlers and purse seine fleets from Albania,
Croatia, Italy, Slovenia, and Montenegro . For all the countries involved in this
fishery, the discards were declared to be either inexistent or negligible. Gaps in

the time series were filled by reconstructed data. After extensive discussion,
benchmark experts decided to shorten the time series of commercial data and

start it in 2000. Data prior to 2000 were considered unreliable due to data gaps,
changes in the catc  h statistics for some countries and unreliable reconstruction of
the missing data. Experts considered data prior to 2000 too uncertain to be

included in the assessment. Over the years 2000 -2006 catches decreased from
25,900 t to 20,400 t (Figure 3.4). That period was followed by a significant
increase of the catches that reached 83,500 t in 2014. Over the years 2015 -2019
catches decreased to 64,700 t.

The reference -case a4a model run specifications were:

A Five age groups 0 -4+, where age -4 is treated as plus  group

A Natural Mortality: Gislason estimate of M, (Table 3.1) derived using von
Bertalanfy parameters (fitted to 2014 data)

A Maturation assumed to knife ~ -edge at age -1 in January (Table 3.1)
A Commercial catch -at-age data 2000 i 2019 (Figure 3.1)

A Weights -at-age in the catch and in the stock were assumed to be identical.
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The bulk of the stock is made by age classes 0 -2 in the catch -at-age matrix
(Figure 3.1). These age classes followed first a period of stagnation during the

first decade of the data. That period was followed by a period of steep increase.

In the last years, a decreasing trend was observed for age 2 and to a lesser

extent for age 0. Age 3 did not exhibit any positive or negative trend while age 4

slightly decreased over the years 2000 -2019. There was little internal
consistency in the catch  -at-age matrix

Five survey indices were used to tune the assessment (Figure 3.2), one of which
Is an amalgamated biomass survey (Echo East Biomass Survey)

1. surveysin GSA 17 west: ages O -4,2004 12014
2. surveysin GSA 18 west: ages 0 -3,2004 12014

3. surveysin GSA 17 west and GSA 18 east and west: ages 0 -3,2015 i
2019;
4. surveysin GSA 17 east: ages 1 -4,2013 72019
5. surveys in GSA 17 east: biomass: total, 2003 1 2010.
As in the catch -at-age matrix there was little i nternal cohort consistency.

The only two surveys continued nowadays are the Italian and Croatian MEDIAS
(surveys 3 and 4 in the list above).

2.1.2 Stock assessment

Historically, the State space Assessment Model encapsulated in FLR (FLSAM) was
used to assess Sar dines. However, in this benchmark, difficulties were
encountered to obtain a convergence. Various model parameters were tested but
none of them could solve the convergence issue.

As a result, ada was also considered as a model to assess sardines. The
para meters of the a4a model were specified as follow:

1 The fishing mortality was dependent on age and year (3 and 10 knots
respectively)

Initial numbers -at-age were modelled using a smoother (3 knots)
Recruitment was an annual fixed factor

Observation variance  of catch -at-age and indices were constant through
ages

The goodness of the fit was evaluated by investigating residuals. Although the
stock was not considered benchmarked, the a4a model was considered good

enough to provide advice but not to perform short term forecast.

Over the years 2000 -2005, F is decreasing from 0.31 to 0.15 (Figure 3.4). This is
followed by an increasing trend to 1.79 that is reached in 2019. The F -at-age
shows that the increase is significantly higher than for younger age groups
(Figure 3.3). The SSB exhibited two periods of increase (2000 -2003 and 2009 -
2013) and two periods of decrease (Figure 3.4). Over the modelled period the
recruitment does not show any significant positive or negative trend (Figure 3.4).
A segmented regression with a break point at Blim was fitted to the pairs of

spawning stock and recruitment estimates from the model (Figure 3.5).
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In conclusion, based on 2019 data, the stock was assessed to be overexploited
and in overexploitation , though the uncer tainties of both input and output of
assessment are considered as high.

TABLE 4.1. BIOLOGICAL INPUT DATA FOR A 4 AREFERENCE RUN . THE LENGTH -AT-AGE (L)
ESTIMATES ARE BASED ON VON BERTALANFFY PARAMETER S Linf =19.8, =10.38 AND

ty; = —1.785 ESTIMATED FROMACO MBINED AGE -LENGTHKEY FOR 2014 (GFCM, 2020)

Age L,(cm) M, (y*) P(Mature)

0 9.8 1.06 0

1 12.9 0.83 1

2 15.1 0.69 1

3 16.6 0.61 1

4 17.6 0.48 1
The reference points estimated for sardine in GSAs 17-18 (GFCM 2021) were not
considered benchmarked and therefore not considered for short -term forecasts.

The reference points in Table 3.2 are therefore treated as preliminary.

The reference point Fy,,based on Patter sp/asdad) whichtaelbei on (
calculated as

L o4 ZM
MEY ':I.EIT.EF a

OF
where az are the age classes used to compute the average fishing mortality F,
which were specified as age 1 to age 3 for sardine. For B, = B,,.., the second
lowest SSB estimate Blim = 55B,,,, was selected instead of the lowest 55B,pg, 10

avoid choosing B,;,, from one of the most recent years where uncertainty is

higher. The precautionary biomass reference point ( B,,), was estimated us  ing the
same equation as ICES, as a function of B,;,,, such that:

B;m = ’E'!‘!z':'n'E?_lIE"!-E:73SB

where g,z = 0.3 is the estimated standard error of log(SSE) from the last

assessment year.
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TABLE 4.2. PRELIMINARY REFERENCE  POINTS ESTIMATED FO R SARDINEBY GFCM AND
BIOMASS REFERENCE PO INTSRELATIVETO  §§By= 178,200 (T) BASED ON THE SEGEME NTED
REGRESSION SRR (SSR -SR). * ESTIMATE OF SB sy VIAFORWARD PROJECT ION (100
YEARS ) GIVEN THE GFCM F ey = 0.47.

GFCM Ratio SSB(

Fyow 047 -

By, 178200  0.57
B,. 294300  0.94
B, 213577*  0.68

Sardine: Catch-at-age matrix

0 1 2
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1000000 -
500000 -
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Figure 4.1 Inputcatch -at-age matrix for the sardine ada reference run
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Figure 4.2 Time series of survey abundance indices used for tuning of the sardine ada reference model

The estimated fishing mortality at age ( Fay) portr ays an unusually selectivity
pattern for a small pelagic target fishery in that only the largest and oldest fishes

of age -3 and age -4+ would fully vulnerable the fishery (Fig. 4.3) although age

groups 0 -2 represent the bulk of the catch (Fig. 4.1). This a Iso would imply that
sardine could spawn up two times before becoming fully vulnerable to fishing and

the yield -per-recruit is vastly underutilized considering the natural mortality rate

(i.e. fish die faster than they can caught). However, the fishery me chanics that
could lead to such selectivity pattern in practice remain unclear.
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Figure 4.3 Changes in the fishery exploitation pattern ( F, ) estimated by the a4a sardine reference model

To propagate model estimation error, a Monte -Carlo Marko v Chain (MCMC)
procedure was run with 1000 iterations for the ada reference model. The MCMC

iterations were checked for convergence and the first 500 converged iterations

were retained to condition the sardine reference OM. The median, 10 1, 25" 751
and 90" percentiles from the bootstrap are shown for the estimated trajectories

of recruitment (Rec), SSB, catch (t) and F in Figure 3.4. Although catches

showed a steep increase between 2000 and 2013 and fishing mortality ramped

up throughout th e time series from  Fzo00 =0.32t0 F 2019 = 2.09 , recruitment
showed SSB showed no clear response to the increase in fishing mortality, with

SSB 2019 = 198,646 being even slightly higher SSB 2000 = 178,214, while total
biomass even _increased by 180% from B2ooo = to Bopig = 548,485 despite the
more than 6 times increase in fishing mortality . The results from the

adareference model therefore contrary to expectations from population dynamics

theory
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Sardine: Reference Model
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Figure 4.4 .ada reference model for sardine run with 1000 Monte - Carlo Markov Chain (MCMC) iterations to

depict estimation error uncertainty.

As an important component of the OM conditioning, an implicit assumption about

the stock recruitment relationship (SRR) is required to project the stock dynamics

into the future. In the absence of a clear spawner recruitment relationship (as

also noted in GFCM 2021), a simple segmented regression (SRR -SR) was fitted
by fixing the breakpoint to the provided B im reference point (Table  3.2). The
segmented regression provided a reasonable fit to the available SSB and
recruitment estimates from the a4a reference model (Figure 3.5)

The recruitment residuals were approximately randomly distributed around

expected SRR -SR, which results in a very small estimate of recruitment variat ion
g, = 0.25. Similar to anchovy, there were, however, some concerns that this

relative low estimate could be partially explained by using a static age -length key
and because smoothing by the a4a model. Therefore, gz = 0.34 was adop ted for
conditioning the sardine reference OM, which is consistent with the mode of the

predictive distribution for g, for this species as derived from the hierarchical

taxonomic life history model FishLife (Thorson 2020; c.f. anchovy in Figure 3.5).
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Figure 4.5. Fit of the segmented regression fitted to a4a reference model estimates of 558 and recruitment,

including basic residual diagnostics

The expected stock response to fishing pressure at equilibrium is shown in Figure
3.6. Yie Id over F increases steeply untii  SSB decrease below Bjm atabout F= 1
and yield decreases to almost zero. Notable is the high estimate of F.,ra0 » Which

suggests that it requires F > 6 to reduce to spawning ratio potential per recruit to
less 30 % .
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Figure 4.6 . Estimated biological reference points for sardine based on the reference B jim

The stock status relative to the GFCM reference point estimates shows that the

current SSB2o19 IS Bim , which would correspond to still 63.1% o f the unfished
spawning biomass SSBo. The reference points  Bjm and Bwmsy correspond to 56%
and 64% of SSBo (Table 3.2), while  Bypa falls above Bwmsy at 94% SSBo. Fishing
mortality exceeds the Patterson estimator of Fumsy by more than 200% in 2019,
indicating unsustainable current fishing pressure on the stock (GFCM 2021).
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Figure 4.7. Stock status based on sardine reference model relative to esimated benchmarks for By (red),

Byps (Orange) and  S5Bpygy (green) and  Fypsy (dott ed)

2.1.3 OM Projections

The dynamics were simulated primarily only for the intermediate period 2022 -2023 as established
by the TOR 1.1 ( and run for 500 iterations ); and next reaching year 2024 with a 15% reduction

relative to the catch in 2023 (TOR 1.1b). Secondarily, and just as examples of projection under

two contrasting scenarios the fixed F rule was applied over 20 management years (2024 1 2044)

and run for 1000 iterations conditioned to two Ftarget: First to F=Fmsy

The years 2020 -2024 are implemented as the intermediate catch years, with annual catches in
2020 and 2021 set  equal to the 2019 catch levels, follow ed by a sequential optional 5%, 10%
and 15% decrease s in TAC for 2022 through 2023 (Table 3.3) according to TOR 1.1a, and further
followe d by an optional decrease in 2024 equal to 15% as indicated in the TOR 1.1 b . The no
reduction option in 2024 is left out from simulations because the assessment suggest reduction

should major and as soon as possible (as latest F/Fmsy is assessed to be 4.4 3).

Table 4.3. Reference scenarios for intermediate catches of sardine over the period 2020 -2024,

based on the 2019 catch (Tons) and on TOR 1.1 aand b

5% 2019 2020 2021 2022 2023 2024
Sardine 64961 64961 64961 61713 58627.3 49833.2

Yearly
reduction

0O O 0 5% 5% 15%

84



10% 2019 2020 2021 2022 2023 2024
Sardine 64961 64961 64961 58464.9 52618.4 44725.6

Yearly

) 0O O 0 10% 10% 15%
reduction

15% 2019 2020 2021 2022 2023 2024
Sardine 64961 64961 64961 55216.9 46934.3 39894.2

Yearly

: 0 O 0 15% 15% 15%
reduction
Uncertainty in the projection and in the intermediate period was introduced
through (i) model estimation error in the form of bootstrap iteration (Figure 3.4),
(ii) a lognormal recruitment variation of gr = 0.34, (iii) alognormal ¢ atch

observation error of g = 0.1 (iv) a lognormal survey observation error for the
abundance index -at-age ( g; ) estimated by the  ad4a model (Table 3.5)and (v) a

random lognormal implementation error of the TAC Orac = 0.1

Table 4.4. Age-independent survey index observation error estimates from the sardine reference
model

Echo West 17 Echo West 18 Echo L Echo East Echo East Biomas

0.867 1.148 1.013  1.015 1.015
Results for the Intermediate years 2020 -2023 and sensitivity on yea r
2024
The runs were subject to the fixed catch implementation of Table 3. 3 asthe

i ntermedi ate yearso6 catch médTORS | Tables®m s3.7pr escr
below show the performance statistics obtained by year over the intermediate

period 2020 -202 3 (plus 2024) for the three levels of annual catch (TAC)

reduction in 2022 and 2023, i.e., for the 5%, 10% and 15% respectively and the

further reduction of a 15% of catches in 2024 . Additionally, the performance

indicators over this period are shown in fi gure 3.8.

The three scenarios of gradual catch reductions (5%, 10% and 15% ) allow
concluding:

a) the probability of the sardine biomass being below Blim would be far higher
than 5% for all the intermediate years (2020 -2023), and actually the
probabilities of being above Blim will be decreasing over this intermediate
period (from about 0.54 to around 0.36 in all cases).
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b) the probabilityof the sardine biomadseing above Bmsy would be low (below 0.5) and it will be

actually diminishing over this intermediatemod (from about ®2to around 023in all cases)The
mean of the median values of SSB/SSBmsy would be around 0.77 over the entire period.

c) The median fishing mortality over Fmsy would be increasing from values
around 2.21 in 2020 to values of 3.65, 3.0 1 and 2.41 in 2023 for the
gradual catch reductions of 5%, 10% and 15%, respectively.

d) A further reduction of catches by 15% in 2024, would not revert the
increasing risk for the SSB to drop below Blim for all options of gradual
reduction of catches in 202 2 and 2023. This possibly means that a more
substantial reductions than the ones so far foreseen for this intermediate
period until 2024 should be applied in order to revert this trend. However,

with respect to the probability of SSB being above BMSY, suc h a catch

reduction in 2024 would stabilize for the scenarios of 10 and 15% in years
2022 and 2023.

Given the critical starting point of the SSB in 2020 so close to Blim and the
insufficient reduction of catches and fishing mortality to drive F to Fmsy qui

the overall effect on the population over this intermediate period is summarized

in Figure 3.9, whereby SSB tend to decrease slightly and hence the recruitment
as well. Overall, these results show that the proposed reductions in catches

would not ind uce a recovery of the population towards higher biomass levels yet
(see also tables 3.5 -7).

Table 4.5: Performance statistics over the intermediate period for prescribed catches (see table
3.3) implying reduction on 5% in years 2022 and 2023 (over the ca thes in 2021 and 2022

respectively) and of 15% in year 2024

Indicators \ Years 2020 2021 2022 2023 | 2024 Mean
2020 -2024

AAV (Interannual 0.06
Variability)

Catch 64961 | 64961 | 61713 | 58627 | 49833 | 60019
Median( F/Fmsy ) 2.25 2.56 3.36 3.98 4.48 3.32
P(SSB>BIim) 0.54 0.49 0.41 0.36 0.30 0.42
P(SSB>BMSY) 0.42 0.37 0.28 0.21 0.16 0.29
Median(SSB/BM SY) | 0.87 0.82 0.71 0.61 0.51 0.70

Table 4.6: Performance statistics over the intermediate period for prescribed
catches (see table 3.3) implying reduction on 10% in years 2022 and 2023 (over
the cathes in 2021 and 2022 respectively) and of 15% in year 2024.

ckly,
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Indicators \ Years 2020 2021 2022 2023 2024 Mean
2020 -2024

AAV (Interannual 0.09
Variability)

Catch 64961 | 64961 | 58465 | 52618 | 44725 | 57146
Median( F/Fmsy ) 2.25 2.56 3.11 3.31 3.28 2.90
P(SSB>BIlim) 0.54 0.49 0.41 0.37 0.32 0.42
P(SSB>BMSY) 0.42 0.37 0.28 0.22 0.22 0.30
Median(SSB/BMSY) 0.87 0.82 0.71 0.61 0.55 0.71

Table 4.7 Perform ance statistics over the intermediate period for prescribed catches (see table 3.3)
implying reduction on 15% in years 2022 and 2023 (over the cathes in 2021 and 2022 respectively) and of

15% in year 2024.

Indicators \ Years 2020 2021 2022 2023 2024 Mean
2020 -2024

AAV (Interannual 0.11
Variability)

Catch 64961 | 64961 | 55217 | 46934 | 39894 | 54393
Median( F/Fmsy ) 2.25 2.56 2.86 2.60 2.42 2.54
P(SSB>BIim) 054 [049 |041 [037 [0.34 043
P(SSB>BMSY) 0.42 0.37 0.28 0.23 0.24 0.31
Median(SSB/BMSY) 0.87 0.82 0.71 0.63 0.58 0.72
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Figure 4.8 : Box plots (with 25 and 75% squares and 5% and 95% lines) of the performance statistics on
average over the intermediate period 2020 -2023 and 2024 for the Sardine (GSA 17 -18), according to the
three scenarios of gradual catch reductions in table 3.3, plus the further 15% reduction of catches in 2024.
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Figur e 4.9 Median confidence intervals for the Recruitment, SSB, Catch and Fbar (1 -3) for the intermediate
period 2020 -2023 and 2024 for the Sardine (GSA 17 -18), according to the three scenarios of gradual catch
reductions in table 3.3, plus the further 15% red uction of catches in 2024.
2.1.4 Sardine HCR tuning

The HCRs which were defined for anchovy, have not been tested in the EWG for

sardine, because of the problems detected during the preliminary testing runs

carried out in STECF-Adhoc-21-02. In those runs it  become clear that given the
difficulties in having precise enough assessments, owing to the stock not being
benchmarked , and the fact the Bmsy was below Bpa, these harvest control rules

tested in the short cut approach resulted in high likelihoods on closu res or very
poor levels of catches. Therefore, and according to TOR 2.1B the group decided

to restrict the analysis to run only a shortcut MSE to understand the impact of

the transitional period measures on the evolution of the population (as shown in

the previous section).

2.15 Conclusions for the sardine stock
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Overall, these results show that the proposed reductions in catches would not
induce a recovery of the population towards higher biomass levels yet (see also
tables 3.5 -7) and the P(SSB<BIim) will s till be increasing.

Therefore the next step should be to go for a benchmark ASP in order to
achieved a safe management of the stock, though a proper MSE for this sardine
stock.

The projection method used was the short -cut method . The main difference
betwe en this short -cut implementation and the full -feedback method liesin the
omission of the simulated stock assessment. The population data is directly fed

into the HCR (no surveys were simulated) implying perfect knowledge of the

stock by the HCR. The deci  sion to only use the short  -cut methodology was based

on the infeasibility of the full feedback method due to the shortcomings of the
benchmark model.

Following the tuning exercise perfo rmed by STECF-Adhoc-21-02, it became clear
that the debate to use or no t use a full feedback approach was academical as the
results under perfect knowledge already showed that in their current form the

HCRs cannot be parameterised in a favourable way.
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3 ECONOMIC PERFORMANCE  ASSESSMENT (T OR 3)

An MSE tool is used to assess t he biological implications of several HCRs
specifically defined for the Adriatic small pelagic fisheries. Under the ToR 3, the

EWG was requested to evaluate the maximum economic performance of the HCR

if the economic data are available and of adequate qual ity. The preliminary steps

to evaluate the economic performance of the HCRs consisted in verifying the
availability of economic data, collecting transversal and economic data for the

fisheries under investigation, identifying the fleet segments involved in those
fisheries, and defining a bio  -economic modelling approach to be used.

Data collection and fleet segments identification

The fleets potentially involved in the Adriatic pelagic fisheries include three EU
Member States, Croatia, Italy and Slovenia, an d Albania and Montenegro.
However, most of the landings of anchovy and sardine come from Italian and
Croatian fleets. Considering also the availability of data, the EWG decided to

carry out the economic analysis only for the Italian and Croatian fleets.

Transversal and economic data for the Italian and Croatian fleet segments
involved in the small pelagic fisheries is available at country level from the 2020

Annual Economic Report on the EU Fishing Fleet (STECF 20 -06). However, data
published by STECF 20 -06 does not include year 2019. Furthermore, as DCF data

are collected at country level, data on the Italian fleet segments does not
differentiate between Adriatic and the other small pelagic Italian fisheries. To
overcome these limitations and focus on the A driatic fisheries, it was requested
to the Italian Ministry the authorization to use additional and geographical more

detailed data. A similar request was sent to the Croatian authorities to have
available also 2019 data. Both administrations made availabl e their data to the
EWG.

Based on the available data, five Italian fleet segments and four Croatian fleet
segments were identified as active in the Adriatic (GSAs 17 and 18) small pelagic

fisheries. As reported in the Table 5.1, the Italian fleets include purse seiners and
pelagic trawlers, while the Croatian ones include only purse seiners. The time

series available for the lItalian fleet segments cover the period 2004 -2019 (16
years) except for the pelagic trawlers 12 -18m, where the time series starts in
2008 (12 years). The data available for the Croatian fleets covers the period

2012 -2019 (8 years). The number of available data is relevant for the estimation

of economic parameters and the quality of the economic projections.

Table 5.1 i Data availabilit y by fleet segment

Fleet 200 200 200 200 200 200 201 201 =201 201 201 201 201 201 201 201
Segment 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

ITA_PS_VL1

218 X X X X X X X X X X X X X X X X
ITA_PS_VL2

440 X X X X X X X X X X X X X X X X
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ITA_ TM_VL1
218 X X X X X X X X X X X X X X x X
ITA_ TM_VL1
824 X X X X X X X X X X X X
ITA_ TM_VL2
440 X X X X X X X X X X X X X X x X
HRV_PS_VLO
012 X X X X X X X X
HRV_PS_VL1
218 X X X X X X X X
HRV_PS_VL1
824 X X X X X X X X
HRV_PS_VL2
440 X X X X X X X X

Bio -economic modelling approach

As reported by STECF -17-05 on bio -economic methodology, the available
approaches to assess economic and social impacts on fleets of TAC and quota
allocations are short -term projections models, integ rated bio -economic models,
and economic general dynamic equilibrium models. Even though the last two
approaches are considered more feasible than short -term projections to provide
advice on TACs and quotas, also including an evaluation of long -term effects on
the fleets, their complexity requires the availability of specific software tools and
computational time to be run.

The limited time available during the meeting suggested the use of short -term
projections models. For many years, this approach was used to carry out short -
term projections for the Annual Economic Report (AER) of the EU fisheries

through the BEMEF model, which is an extension of the EIAA model (see, for

instance, STECF -17-12). Both EIAA and BEMEF simulated the future variations in

the econ omic variables by using the changes in TAC or catch quotas under
specific HCR as main driver.

Variations in catch quota (TAC) and the size of stock biomass or spawning stock
biomass (SSB), which are provided by the MSE tool, determine the amount of
fishin g effort needed to achieve the quota assigned to each fleet segment. The
relationship of fishing effort with TAC and SSB, which allows to connect the
biological and the economic model dimensions, is based on the inverse of a
Cobb-Douglas production functio n. The fishing effort of each fleet segment,
expressed in terms of days at sea, can be linked to the TAC and the SSB of the
main target stock or a combination of those stocks. Changes in fishing effort are

then converted into changes in variable costs. Var iations in TACs impact also on
prices and revenues by applying a price flexibility function per stock and fleet
segment.

As the different scenarios on the HCR for small pelagic in the Adriatic are defined

in terms of changes in total catches through the s etting of TAC for both sardine
and anchovy, only the economic variables directly affected by variations in

landings and fishing effort are supposed to change over time. Under a short -term
approach, the size of the fleets is assumed to be constant along the simulation
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period and variables associated with the fleet size, like fixed costs, repair and
maintenance costs and capital costs, are assumed to be constant over time.
Therefore, the economic short -term effects of changes in TACs are measured
only in term s of changes in revenues and variable costs. Even the number of
people employed on board can be assumed constant over time.

More details on the economic model adopted are reported in the Annex 1 .

Estimation of the Cobb  -Douglas production function coefficie nts

The Cobb -Douglas is a classical production function where the production is the
result of a multiplicative function of the production factors, generally capital and
labour. In the fishing sector, assuming SSB and days at sea (DD) as production
factors, the function can be reported as follows:

L=a=*55B%«DD¥,

(eq.1)
where the production L is expressed in terms of landings of a specific stock. This
equation, with the appropriate logarithmic transformation, was estimated for
each Italian fleet segm  ent assuming anchovy (ANE) as the main target stock. The
estimation of production functions for the Croatian fleet segments was not
carried out because the main target stocks for these fleets is assumed to be
sardine, and both landings and SSB of sardine a re assumed to be constant over
time.

From the classical Cobb -Douglas in eq.1, it is possible to derive the inverse Codd
Douglas in eq.2, where DD is the dependent variable and landings becomes one
of the independent variables:

o

DD =a F=5SB F=LE (€q.2)

which can be rewritten as:
DD =b = SSBY = L?, (eq.3)

assuming b=a #, y = —%, and @ =%.

Once the coefficients a, @ and £ in eq.l are estimated, also the coefficients of
eq.3 are estimated an d DD simulated as a function of SSB and the landings L,
which are proportional to the catch quota established under the HCR. Results of

the regression models applied to the logarithmic transformation of eq.1 and the
comparison of real and fitted data for D D based on eq.3 are reported for each of
the Italian fleet segment in Figs. 5.1-5.5.

The coefficients b, y and & in eq.3 are reported in Table 5.2. As the level of fishing
effort (days at sea, DD) allowing to achieve the guota is expected to be positively
correlated to the TAC (landings) and negatively correlated to the SSB, coefficients

g and g are expected to be positive and negative, respectively. Results reported in
Table 5.2 show that coefficients have the correct si gns.
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Table 5.2 i Coefficients of the inverse Cobb -Douglas function

Fleet

Segment b [ —

ITA_PS_VL121

8 30.30 -0.59 0.79

ITA_PS_VL244

0 0.42 -0.51 0.90

ITA_TM_VL121

8 10.07 -0.64 0.83

ITA_TM_VL182

4 208.25 -0.47 0.50

ITA_TM_VL244

0 0.00 -0.62 1.36

The regression models reported in Figs. 5.1-5.5 show a good fitting with an
adjusted R -squared higher than 0.9 for the pelagic trawlers 12 -18m and 24 -40m,
and higher than 0.8 for the purse seiners 24 -40m. Both the coefficients

associated to the days at sea and those to the SSB are statistically different from
zero for all fleet segments, excep t for the coefficient related to the SSB for the
purse seiners 12 -18m where the p -value is just higher than 5%. The good fitting
of the regression models is highlighted also by the graphs comparing real and

fitted data for the days at sea in the period 200 4-20109.
ITAPS VL1218 ITAPS VL1218
. regress L ANE_PS1218 L_SSB_ANE L _DD_PsS1218 4000
3500
Source Ss df MS Number of obs = 16
F(2, 13) = 22.09 3000
Model 10.6475201 2 5.32376004 Prob > F = 0.0001 2500
Residual 3.13337769 13 .241029053 R-squared = 0.7726
Adj R-squared = 0.7376 2000
1 13.7808978 15 .918726519 = .49095
Tota Root MSE 1500 \’\ /\
1000
L_ANE PS1218 Coef. Std. Err. t P>\t [95% Conf. Interval] \/\ \
500
L_SSB_ANE .7441858 .3833315 1.94 0.074 -.0839515 1.572323 0
L_DD_PSlZlG 1.262216 .2963369 4.26 0.001 .6220189 1.902413 2004200520062007200820092010201120122013201420152016201720182018
_cons -4.30572 3.300203 -1.30 0.215 -11.43537 2.823935 ——REAL ESTIMATES
Fig. 5.1a T Regression of ANE landings on SSB and Fig. 5.1b i Days at sea: real vs. fitted
days
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Fig. 5.2a i Regression of ANE landings on SSB and

days

Fig. 5.3a i Regression of ANE landings on SSB and

days

Fig. 5.4a 7 Regression of ANE landings on SSB and

days

ITA PS VL2440

ITATM VL1218

ITATM VL1824

ITATM VL2440

ITA PS VL2440

Fig. 5.2b 7 Days at sea: real vs. fitted

ITATM VL1218

Fig. 5.3b 7 Days at sea: real vs. fitted

ITATM VL1824

Fig. 5.4b 1 Days at sea: real vs. fitted

ITATM VL2440
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