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Abstract

Commission Decision of 25 February 2016 setting up a Scientific, Technical and Economic

Committee for Fisheries, C(20  16) 1084, OJ C 74, 26.2.2016, p. 4 1 10. The Commission may consult
the group on any matter relating to marine and fisheries biology, fishing gear technology, fisheries
economics, fisheries governance, ecosystem effects of fisheries, aquaculture or similar d isciplines.

This report explores the effect of different decisions and management options, with regards to the
implementation of a biomass escapement strategy for the Adriatic anchovy and sardine stocks.
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SCIENTIFIC, TECHNICAL AND ECONOMIC COMMITTEE FOR FISHERIES (STECF) - Data
gaps and Biomass Escapement Strategy for Adriatic anchovy and sardine (STECF -18-
01)

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 response

STECF comments

EWG 18 -01 was asked to develop and assess a biomass escapement harvest control rule (HCR)

for anchovy and s ardine in the Adriatic Sea (GSA 17 -18) that would ensure a low probability of
SSB to fall below B .. STECF reviewed the report of EWG 18 -01 and notes that the EWG
adequately addressed the ToRs. STECF acknowledges the extensive work undertaken by the

worki ng group.

STECF notes that information for the Adriatic eco -surveys on sampling design, sampling errors
and abundance estimates uncertainty, was not available to the EWG. Consequently, only limited
quantitative analysis could be carried out during the work ing group to assess the potential use of
the current acoustic survey as a basis for a biomass escapement strategy HCR and to propose
alternative settings. STECF notes that the conclusions on that term of reference (ToR 1.2) are

thus mainly based on expert knowledge. STECF agrees with those conclusions but notes however
that it would have been useful to quantify the impact of alternative survey settings (number of
surveys, seasons) on the catch advice based on a biomass escapement strategy, and that such

ana lysis could be further developed once the information needed is made available.

To address ToR 1.3, EWG 18 -01 opted for a stepwise approach by first selecting from a grid of
potential HCR parameters (biomass escapement, Besc; fishing mortality cap, Fcap), those which
were delivering the objectives of low risk of falling below Blim ( P[SSB< B im] < 0.05 across all
operational models and secondly running management scenarios and robustness test using those

selected parameters. STECF agrees with this stepwise approach which allows focusing the

analysis on the fiarea of interesto and | i mit as much

conducted and interpreted.

STECF notes that the stock dynamics modelled in the simulations are somewhat optimistic due to
the use of stock -recruitment models based on average recruitment, segmented regressions and

geometric means. These model s donodt capture t he
recruitment observed in the data, which shows a decreasing trend in recruitment i n the recent
years. To mitigate this effect the EWG chose the most conservative combinations of B ¢sc and F ¢4

parameters as candidates to parametrize the HCR.

With relation to the analysis of long term effects, carried out without considering stock
assessment uncertainty, STECF notes that large biomass escapement levels lead to more

frequent closures of the fishery or provide very small catches. Conversely, small biomass
escapement levels need to be complemented with low fishing mortality caps to avoid lar ge inter -
annual fluctuations in catches and exploitation levels.

STECF notes however that assessment uncertainty leads to a strong degradation of the
performance of the harvest control rules for both stocks, with an increasing risk of SSB falling
below B j,. In the case of anchovy this risk becomes about 20% to 30%, while for sardine 5% to
10%.

To evaluate short term effects, the EWG tested the requested set of catch options during the
intermediate period of 2017 -2020. Using real reported catches for 2017, assuming status quo
catches in 2018 and catch reductions of 5 -10-20% per year in 2019 and 2020. STECF notes that
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the proposed levels of catch reductions led to the collapse of the stock of anchovy. STECF notes

that these results are associated with the ve ry poor status of the anchovy stock in the Adriatic
(STECF EWG 17 -09), and considers that additional measures are needed in the short -term to
reduce catches and increase biomass above Blim

For ToR 2 (economic analyses), STECF notes that, because of the li mited time available, EWG 18 -
01 used an approach based on short  -term projections. This approach was used for the AER short -
term projections (STECF 2017b) through BEMEF (extension of the EIAA models). EWG 18 -01
explored alternative functions to compute vari able costs to the inverse of the Cobb -Douglas
function (in order to link the estimated catches and biomass resulting from the HCR with
corresponding fishing activity) as well as an alternative approach based on the existence of a
correlation between fuel ¢ onsumption per kilo of landings and the ratio between total catches and

fishing mortality. The low number of observations for Croatian purse -seiners (only 4 years) did
not allow the EWG to conclude with the parameterso

STECF sugg ests that further work should be done on the socio -economic sustainability of the
fishery, exploring e.g. the use of the minimum break -even revenue to set the minimum catches
required from the HCRs and/or the maximum level of risk required to make these fi sheries
profitable. STECF also suggests that such analysis would also need to take into account the

effects of a change in the level of catches on the canning industry and tuna farms, since a

significant part of the catches are allocated to these industrie S.

Finally, STECF recalls the comments made by PLEN 17 -01 (in ToR 4.2) that, "a common database

with stock assessment results and DCF data will be a relevant development on bio -economic
modelling, given the time require to collate all the data coming from different sources.

Development of calibration methods based on an integrated database gathering main data
needed for bio -economic parametrisation would improve the ability to perform impact
assessments in a short interval". The development of such calibra tion methods would improve the
ability of experts to perform impact assessments more quickly, such that they could be done
effectively within a short EWG.

STECF conclusions
STECF endorses the general conclusions and recommendations from the EWG:

1 STECF considers that the cur  rent acoustic survey settings could potentially be used to set
fishing opportunities based on a biomass escapement strategy. Furthermore, providing the
survey index to the assessment EWG, in the same year the survey is carried out, would
allow a more preci se application of the escapement strategy by removing the need to
project the intermediate year. Having several surveys would also provide better estimates
of recruitment for each stock (in the beginning of the year for anchovy and second half of
the year for sardine), and better indications of spawning stock biomass, (in the summer
for anchovy and winter for sardine).

I Under the condition of perfect knowledge of the stock dynamics (no error in the stock
assessment results), the selected combinations of values of biomass escapement and
fishing mortality caps generally fulfil the condition of a low probability of SSB to fall below
Bim. However, the inclusion of stock assessment uncertainty leads to a very strong
increase in the risk. STECF  thus consider that the framework developed during the EWG
and the results of the simulations can serve as a basis for further discussion. However, the
implementation of an HCR would need to be more conservative than the results presented
here in orderto  account for assessment uncertainty.

1 In the long term, large biomass escapements lead to more closure of the fishery or
provide very small catches, while small biomass escapements need to be complemented
with low fishing mortality caps to avoid large fluct uations in catches and exploitation
levels.

1 The short -term simulations led to stock collapse for anchovy for any level of catch
reductions. This result is the consequence of the current very poor status of the anchovy
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and STECF considers that for that sto ck, additional measures are needed in the short -term
to reduce catches and increase biomass above B lim -

1 The analysis carried out by EWG 18 -01 showed that there is a high percentage of
monospecies catches in the fishing operations analysed for the fisherie s for anchovy and
sardine in the Adriatic Sea (GSA 17 -18), suggesting that potential choke species effects
should be limited.

1 Economic analysis of the different scenarios and HCRs was attempted but the short time
series of available economic data for some fleets did not allow a full analysis of
management options. STECF suggests exploring alternative options of e.g. aggregating
national fleets segments into broader regional groups, which may allow performing further
bio-economic impacts assessments of the management measures in the short - and
medium -term.

Contact details of STECF members

' I nformation on STECF membersdé affiliations is displa
Members of the STECF shall act independently. In the context of the STECF work, the committee
members do not represent the institutions/bodies they are affiliated to in their daily jobs. STECF

members also declare at each meeting of the STECF and of its Expert Working Groups any
specific interest which might be considered prejudicial to their independence in relation to specific

items on the agenda. These declarati ons are displayed on the public meet
explicitly authorized the JRC to do so in accordance with EU legislation on the protection of
personnel data. For more information: http://stecf.jrc.ec.europa.eu/adm -declarations
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1 | NTRODUCTION

1.1 Background

STECF PLEN 17-03, having evaluat ed possible reference points for Adriatic small pelagic stock s
and having examined alternative management strategies , identified a Biomass escapement
strategy as a viable approach that could allow higher catches while maintaining similar risks with

atraditi onal Fysy-based strategy (STECF 2017 a).
An escapement strategy had been already considered by STECF 15 -04 (STECF 2015) .

According to STECF PLEN 17 -03, the MSY B escapement Strategy is u sed by ICES for stocks of
short -lived species that either (a) die afte r spawning, such as capelin, or (b) have very high
natural mortality implying that future SSB is largely independent of survival after spawning, such

as North Sea sprat or anchovy. Sardine and anchovy in GSA 17 -18 have a large M and fall in to
category (b) of the ICES classification.

A constant F strategy (F vsy) removes a defined fraction of the stock as long as the stock is above

a given threshold. This works well when the stock maintains a small range of biomass and natural

mortality is low,  so that the fish not caught in one year survive and are available again a year

later. When the stock is more variable, then the required limit biomass (B im) does not correspond
to a fixed fracti on of fishing mortality. In that situation , a more suitable  strategy for highly
variable stocks is to utilize a higher fraction when the stock is high and a smaller fraction when

the stock is low, but always maintain a high probability that the biomass of mature fish (spawning

biomass) in the subsequent year is suf ficient to avoid stock collapse. This approach is described
as a biomass escapement strategy. The strategy requires a projected probability of SSB < B .
This can be combined with  but does not necessarily require an upper limit on F (F cap)-

Catch = Catch (< 5% risk of SSB <=B lim )
and optional (F<F  ¢yp)

This management procedure normally requires simulations to evaluate risk, and the risks may be
acceptable even if F ., is set higher than F  ysy. However, adopting such a procedure, irrespective
of the v alue of F .5,, may also imply closure of the fishery if the spawning stock biomass is close to

BIim .

MSY Bescapement 1S defined by ICES as a deterministic biomass limit below which a stock is
considered to have reduced reproductive capacity. B escapement 1S Often set to B, and the object of
the plan is to have a high probability to keep SSB > B;n. For some other stocks , a fixed MSY
Bescapement  Value is applied in the advice, complemented with an upper limit of F (i.e. F ¢gp). This
ensures that a greater ma  rgin is applied when the stock is large; however, F cap 1S Not directly
analogous to F . or Fyy. The reference points F  ,, and F, are not considered relevant for th ese
stocks of short -lived species where the advice is based on biomass escapement strategies.

Feap is defined to limit exploitation rates when biomass is high. A large stock is usually estimated

with greater uncertainty, i.e. when the catch is taken, the uncertainty in the amount of biomass

that will escape fishing is greater. By capping the F, the escapement biomass is effectively

increased in proportion to stock size, maintaining a high probability of achieving the minimum

amount of biomass left to spawn. The yearly TAC is thus based on a 5% probability of SSB falling
below B i, following fishing , and an overall limit to exploitation rate if the stock is high. B im IS set
based on the observed dynamics of the stock. Overall , it is expected that catches in good years

can be higher under the bio mass escapement strategy. Thus, sardine and anchovy in GSA 17 -18
should be considered for being managed using a MSY B escapement  Strategy sensu ICES (2017).

Requirements fora B escapement  Strategy for Sardine and Anchovy in GSA 17 -18:
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In order to move to management of the fisheries on these two stocks using the B escapement  Strategy
there is a number of steps  needed :

A Identify which information can be obtained from surveys (August and Sept ember ) and
fisheries (quarterly) to give the necessary management d ata quickly.

A Using the available data flow, evaluate the parameters of the harvest rules that can be
implemented to maximize catch while maintain SSB > By with a high probability.

A Put in place the timetable for data collection, data analysis, provision of catch advice, and
decision process to define TAC.

A Implement the required data collection, analysis, decision process.

A Move to management using this approach.

The approach re quires that survey data be evaluated quickly, following , for example , the data
flow for anchovy in Bay of Biscay which is managed in this manner. It is not expected that the

approach will increase the total workload, as surveys and data analysis are needed for both  Fysy

and B escapement  Management. However, this alternative approach does require experts to deliver

results more quickly, but no quicker than the regime already in place for Bay of Biscay anchovy.

It is understood by STECF that current regulations require delivery of data onl y 6 months after
data collection, which would not allow the escapement stra tegy to be followed effectively;
however, managers may wish to deliver data earlier in order to obtain the benefits of the fishery

managed in this way.

Once the data availability h as been agreed , it will then be possible to parameteris e the models to
test different strategies for managers to consider. Then, if a satisfactory approach is found,
management can be moved to this regime. It is anticipated that the development of this pro cess
may take a few (2+) years to complete the ne cessary planning and evaluation

1.2 Overview of the fishery and the fleets
1.2.1 Stock distribution

It is well known that small pelagic species, such as anc hovy and sardine, are migratory
Therefore, these species co nduct their migrations during the year within the entire stock
distribut ion area (i.e. GSAs 17 -18). These migrations are driven by the feeding and spawning
needs/ behaviours of anchovy and sardine and they are largely influenced by environmental
changes,as it has been described for sardine in the northerrt
2000). Usually, the final outputs of acoustic surveys are maps showing spatial distributions of the

stocks within  the studied area during the period of the survey , as required by the MEDIAS
handbook (ME DIAS Handbook 2017) (i.e. Figure 1.2.1 and Figure 1.2.2 i GSA1l7 East, Figure
1.2.3 and Figure 1.2.4 i GSA17 and GSA18 West). These spatial distributions of stocks as
obtained from acoustic surveys, may exhibit large interannual  changes in response to
environmental pro  perties and/or levels of stock abundance.
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Figure 1.2 .1 Spatial distribution of anchovy in September 2016 from MEDIAS echo -survey in
GSA 17 East (TL > 6¢cm)
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Figure 1.2 .2 Spatial distribution  of sardine in September 2016 from MEDIAS echo -survey in GSA
17 East (TL > 6¢cm)
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1.2.2 Overview of fleetsdé performance

Three EU Member States are involved in small pelagic fisheries in the Adriat ic: Croatia, Italy and
Slovenia; although the Slovenian contribution to total catches is negligible. Small pelagic s are the
main fisheries resources of the Adriatic Sea, accounting for a large share of the total catches. In

the eastern part of GSA 17 , Croatian vessels have been targeting mostly sardines, while in the
western part of GSAs 17 and 18, the Italian fleet has focused on anchovies.

According to the 2017 Annual Economic Report on the EU Fishing Fleet (STECF 2017b ), in 2015
the fleet s were composed of 368 vessels, of which 250 were purse seiners and 118 mid -water
trawlers, with a co mbined gross tonnage (GT) of 27 720 tonnes (5% less tha  nin 2014). The main
gear used by the Croatian and Slovenian fleets was the purse seine , while most of the Italian fleet
used t he nv o-waer pag otrawli(taved by two vessels). ltalian fleets operated most of

the time in the northern and central ar ea of the Adriatic, while the Croatian purse seine fleet
operate d mainly in the central Adriatic.

Landings of small pelagic s in GSAs 17 and 18 amounted to 121 047 tonnes in 2015, of which
about 90% were sardine and anchovy, with a val u46millon.There were 2338 |
fishers employed (~1900 FTE) , a small decrease from 2014 (2543 employees and ~2000 FTES).

Prices for sardines and anchovies exhibit a high variability between countries. In Croatia the
average prices in 2015 swerde n@s3&nd/ g 8bomi/ kg for

of

anchoc

they were O0.78 0/ kg and 1.68 U/ kg, respectively. These pr

the markets in each Member State. In Croatia , small pelagic s are used by the processing, salting
and mari nating industries, as well as for fish feed in tuna farms. In Italy fish are mainly sold fresh
for local consumption and  , in minor quantities , exported to Spain for processing.
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The revenues generated by the Adriatic pelagic fleet in 2015 were estimated at
ncrease

of

10% wi th

regards

t o

2014.

a97.7 mil
Gross profit

The d ependenc ies of the Croatian and ltalian fleets on sardine and anchovy are presented in
Table 1.2.1, by fleet segment and GSA.

Table 1.2 .1 Percentage of sardine (PIL), anchovy (ANE) and other species (OTH) in the landings

of Croatian purse seiners (HR

(ITA-PS) in GSAs 17 -18in 2015.

-PS), ltalian

mid -water trawlers (IT

-TM) and lItalian purse seiners

Country, gear and area Vessel length 2015 landings (kg) Species  Percentage per fleet segment
HR-PS in GSA 17 VL0612 141720 PIL 45%
HR-PS in GSA 17 VL0612 51758 ANE 16%
HR-PS in GSA 17 VL0612 124688 OTHER 39%
HR-PS in GSA 17 VL1218 3925877 PIL 76%
HR-PS in GSA 17 VL1218 1062475 ANE 21%
HR-PS in GSA 17 VL1218 192947 OTHER 4%
HR-PS in GSA 17 VL1824 14441877 PIL 75%
HR-PS in GSA 17 VL1824 4225364 ANE 22%
HR-PS in GSA 17 VL1824 651786 OTHER 3%
HR-PS in GSA 17 VL2440 32533317 PIL 80%
HR-PS in GSA 17 VL2440 7252490 ANE 18%
HR-PS in GSA 17 VL2440 1003432 OTHER 2%
IT-TMin GSA 17 21772258 PIL 53%
IT-TM in GSA 17 17282724 ANE 42%
IT-TMin GSA 17 1696282 OTHER 4%
IT-TMin GSA 18 2462331 PIL 32%
IT-TMin GSA 18 4371094 ANE 57%
IT-TMin GSA 18 864268 OTHER 11%
IT-PSin GSA 17 850957 PIL 16%
IT-PSin GSA 17 3899240 ANE 75%
IT-PSin GSA 17 481507 OTHER 9%
IT-PSin GSA 18 164642 PIL 10%
IT-PSin GSA 18 1312492 ANE 78%
IT-PSin GSA 18 199682 OTHER 12%
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In terms of capacity by M ember State, according to  the 2015 data presented in Table 1.2.2, the
Croatian purse seine fleet has 201 vessels with total gross tonnage of 16498 GT. The | talian
mid - water trawl and purse seine fleets account for 162 vessels with a gross tonnage of 12069 GT.
The Slovenia n fleet has only 2 vessels of 24 GT in total.

Table 1.2 .2 Number of vessels involved in the Adriatic small pelagic fisheries and their
cumulative gross tonnage (GT), horse power (k W) and employees by fleet segmentin 2015.

Fleet segment N of vessels GT kw Days atsea  Employed

HRV 17 PS0612 40 259 3535 3737 88

HRV 17 PS1218 38 795 6615 5053 189

HRV 17 PS1824 52 4148 17966 8033 395

HRV 17 PS2440 71 11295 39901 12072 659

SVN 17 PS1218 2 24 214 225 10

ITA 17 PS1218 12 120 1448 1289 78

ITA 17 PS2440 17 1635 6407 2108 180

ITA 17 TM1218 37 1108 7010 4726 121

ITA 17 TM1824 38 3558 16652 5201 213

ITA 17 TM2440 26 2787 12475 4082 156

ITA 18 PS2440 7 799 3368 850 115

ITA 18 TM2440 25 2062 10680 2586 120

Total 365 28591 126269 49961 2324

1.3 Terms of Reference

For anchovy and sard ine in the Adriatic Sea (GSA 17 -18) , develop a biomass escapement harvest
control rule (HCR) that will ensure a low probability of SSB to fall below B im (5% probability). The
HCR should be tested in a Management Strategy Evaluation (MSE) and the HCR needs to be
robust to different assumptions on recruitment, assessment model, to misspecification of age 0

maturity, M and age. The EWG will also need to defi ne whether an F ., is needed to set a ceiling
on the high biomass removals.

The EWG is requested to undertake MSE simulations commencing in January 2021. For the
intervening period, catches should be modelled in accordance with point 1 below.

Conditioning / background for simulation testing

1. Model an intermediate period 2017 -2018 -2019 -2020 in line with the work performed for
STECF 18-02 (Request for Services 1744 -STECF Ad hoc contract on Adriatic Small Pelagic
Stocks 1 STECF 201 8):

1 Using real reported catches from 2017, assuming status quo catches in 2018
and according to different levels of catch reductions for sardine [of 5 -10-20%
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per year] and anchovy [of 5 -10-20% per year] starting in January 2019 and
ending in December 2020.

2. Condition operating models (OM) for sardine and anchovy in the Adriatic Sea (GSA 17 -18)
with the results of Request for services - 1743 - STECF Ad hoc contract on Adriatic Small
Pelagic stocks (STECF 201 8), taking into account the current 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.
Additionally , model recrui tment:

In line with S/R in model conditioning
Segmented -regression .
Persistent low .

Other deemed appropriate

E I E

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

TOR 1 :
In the MSE follow the speci  fications below:
1. Implementation Model

1 Annual catch limits to be set for the period January i December.

2. Observation Model
The MSE testing should address the following questions:

a) |Is the current eco -survey set up (covering Italy, Albania and Montenegro in May - June,
Croatia in Sept -Oct, with data delivery in March of Y+1) viable for implementing a
robust Biomass escapement strategy for both stocks of anchovy and sardine?

b) Would data delivery of current echo -survey setting in November/December of the
same year allow a better escapement strategy?

c) Test if two surveys are needed and/or if better performance of the HCR would be
achieved.

d) What would be the best timing for deployment of 2 echo -surveys and timing for data
provision?

3. Management Decision

Develop a biomass escapement HCR that will ensure a low probability of SSB to fall below B lim
(5% probability) for anchovy and sardine. The HCR should start operating in January 2021.

For the HCR, define:

1. an optimal level of the Bescapement
2. the need of an Fcap

TOR 2 :
Economic Performance

If economic data are available and of adequate quality, evaluate the maximum economic
performance of the HCR.
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TOR 3 :
Performance Statistics

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

Probability of SSB falling below B lim -
Risk vs catch level

Catch variability

Average catch

Level of SSB .

E I

1.4  Addressing the ToRs

The ToRs were addressed using a mix of quantitative analysis based on MSEs and expert
knowledge.

In particular ToR 1.2 ( section 3) was mostly based on expe rt discussions , supported by partial
gquantitative analysis. The EWG notes that information about sampling design, sampling errors , or
abundance estimates uncertainty were not available, which severely limited the analysis carried

out during the EWG.

To address ToR 1.3 ( sections 2 and 4) the following analysis was carried out:

1. Condition ing operating models
a. Add uncertainty to stock assessment based on the official SAM fit using a ada

model fit.
b. Set up stock -recruitment models to be tested.
2. Run a grid of HCR parameters to test which parametrizat ions deliver the required objective

of P[SSB<B ] < 0.05 for each OM in the long term
3. Run management scenarios using candidate HCR parameters and intermediate year
scenarios.

The economic analysis ( section 0) was built following the attempts carried out in STECF 16 -21
(STECF 2016).

The full set of indicators is available for download in the EWG webpage
(https://stecf.jrc.ec.europa.eu/ewg1801 ). The code and data used in the analysis is available
upon request.

2 MSE
2.1  Operating models

The OMs set for the present study are summarized in

Table 2.1 .1 and Table 2.1.2. For these stocks , natural mortality, maturity and recruitment were

considered to be the most important processes in relation to potential impacts in the results. OM s
A for each species were taken as the base case s since these were the most similar with the
official stock assessments. The EWG decided to keep OMs A -D, which deal with recruitment

options, as alternative representations of stock dynamics, and the other OMs as robustness tests.
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Table 2.1 .1 Operating models for anchovy

OM R M maturity Blim
A segreg gislason mat age0=0 20155
B geomean low gislason matage 0=0 20155
C segreg cyclic gislason matage 0=0 20155
D geomean low cyclic gislason matage 0=0 20155
E segreg gislason mat age 0 = 0.5 32177
F segreg constant (0.65) matage 0=0 15972
G segreg constant (0.65) mat age 0=0.5 17826
Table 2.1 .2 Operating models for sardine

OM R M maturity Blim

A segreg gislason matage 0=0 112922
B geomean low gislason matage 0=0 112922
C segreg cyclic gislason matage 0=0 112922
D geomean low cyclic gislason matage 0=0 112922
E segreg constant (0.55) matage 0=0 104448

2.2 Conditioning

The OMs were conditioned using a4a model fits, which replicated as close as possible the official
assessment carried out with SAM (STECF

whi ch was

kept as

S i

2017 c). For OMs w ith changed M a new fit was required,
base

mil ar

recruitment models were based on Plenary fits (STECF

SSB levels due to alternative se

ttings of M and maturity.

as possible
2017a ), adjusted whe

to the

re needed to shifts in

Figure 2.2 .1 shows the official stock assessment fit for anchovy and the OMs obtained. There are

no major changes in catch.

For F, the ad4a m odel is smoother than SAM;

nevertheless

confidence intervals cover the SAM assessment. OM E considers individuals of age 0 to be 50%

mature and, as such, show
presents a lower level of

a higher level of SSB, while OM,
recruitment. OM G is a mixture of OMs E and F.
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Figure 2.2 .1 Anchovy operating models . BC=Base case, sam=official assessment, E= alternative
matur ity, F= constantM , G= mix of OMs E and F.

Figure 22.2 shows the F surface at age and year of the
The main differences exist in the beginning of the time s eries, which is not expected to influence

the final results of the analysis, and the older ages in recent periods, which has a reduced impact

in the stock dynamics, since most of the catches are concentrated in ages 0 and 1.
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Figure 2.2 .2 Anchovy fishing mortality at age by year. Comparison between the official
assessment ( sam) and the ada replication (BC)

Figure 2.2 .3 shows the models and levels of recruitment used in the forecast for each OM. The
models fitted were segmented regressions and geometric means (for low recruitment options).

OMs C and D were a dded a cyclic term  (see annex 2), which introduces time auto -correlation
although without affecting the average level of recruitment.
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Figure 2.2 .3 Anchovy stock -recruitment relationships. Black line is the media n model estimate

dashed lines and gr ey region shows the 90% confidence interval.

For sardine , a similar pattern was obtained although less pronounced than for anchovy ( Figure
2.2.4). There are no major changes in catch es. F estimates by the ad4a model are slightly
smoother than SAM. OM E, which uses a constant lower M , exhibits a lower level of recruitment.
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Figure 2.2 .4 Sardine operating models . BC=Base case, sam=official assessment, E=constant M.

Figure 2.2.5 shows the F surfaceat age and year of the base case (OM A
Both estimates are very similar, with the ad4a esti mate
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Figure 2.2 .5 Sardine fishing mortality at age by year. Com parison between the official
assessment (sam) and the a4a replication (BC)

Figure 2.2.6 shows the models and levels of recruitment used in the forecast for each OM. The

models fitted were segmented regressions and geometric means (for low recruitment options).

OMs C and D includ ed a cyclic term (see annex 2 ), which introduce d time auto -correlation
although without affecting the average level of recruitment.
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Figure 2.2 .6 Sardine stock -recruitment relationships. Black line is the median model estimate
dashed lines and gr ey region shows the 90% confidence interval.

2.3 Escapement HCR

The escapement HCR tested in this study sets fishing opportunities in total allowable catches
(TAC) for year ¥ + 1 which are estimated to leave a t sea a level of biomass similar or higher than

a predefined fescap &mng whie dnultaneauslg keeping fishing mortality equal

or lower than a specified cap ( F;E?,).

This can be described mathematically as follow ing:

quE_j;+1 = ¥+l |555}'+1 = Basc’ 'F_r}'+1 = 'F::rz*p
Where TAC is the total allowable catch, C is catch weight, S55F is spawning stock biomass  at the
moment of spawning, F is fishing mortality, E_.. is the biomass to be left at sea (hence

escapement), F'mp is the maximum fishing mortality allowed, ¥ indexes years, identifies

estimates and | represents "conditional”. For the sake of simplicity variables that are fixed along
the peri od of forecasting (e.g. maturity)  were not included in the notation.

To find f}.ﬂ one needs to project the stock into ¥ + 1, which requires estimates of the population
structure at age (N, +4), selection pattern ( F ,.+1) and recruitment ( H,4;). Neve rtheless, since

stock assessment provides estimates until year y—1, i tos al so necessary t o

o

intermediate year, ¥, requiring at least two more parameters, C, or F; and ﬁ}.. The input data to
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apply the HCR is N, which is taken directly from assessment , estimates foryear ¥ —1, F, and R,
which are computed as the average of the last 3 years in the assessment, yv—1, vy—2 and
¥ — 3, and kept constantover v and ¥ + 1.

Note that:

if 55B,s; < B,,.: TAC,,; =0
and

if j:i:,-+1 > Fop: TAC ., = g(Fogp)
where g isthe Baranov equation.

2.4  Management scenarios

Table 2.4 .1 and

Table 2.4 .2 describe the management scenarios examined in this study. The scenarios were set
to reply to the ToRs (1  -3) and run robustness tests (4 -6 in anchovy, 4 -5 in sardine). An attempt
to include a robustness test for the alternative of having age 0 individuals with 50% maturity for

sardine was carried out. However, a new set of reference points would be needed to evaluate this

option properly, which the EWG could not compute due to time constraints.
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Table 2.4 .1 Scenarios for anchovy . OM: operating models, letters refer to Table 2.1.1; OEM: observati onsrveyr-fdo rr enfoedres ,t «

survey data being available in year y-1, Asrv=yo refers to survey data bei ng savalahistdidale Oreferstoh e a s s
error being introduced in survey catchability and catch at age beferethperfect hi st or
i nformation being used in the HCR without taking ad4amgeps (poc croaifndr ssttoco ka as4a& s s mpa
assessment model; HCR: harvest control rule as described in previous section; IMP: implementation model, only for options wit h a transition

period as described in the ToRs; IEM: Implementation error model, considered per fect implementation for all scenarios; ToR: term of reference

the scenario was used for.

MP

Scenarios OoM OEM IEM ToR
SA HCR IMP
1 Parameters A-H perfect srv=y -1 perfect Besc (Fcap=0.5 -2, B =20 -90)* perfect 1.3
Management 2 Intermediate path AB,C perfectsrv=y -1 perfect Besc transition period** perfect  conditioning
3 Surveyti ming A perfect srv=y perfect Besc perfect 1.2.b
4 M AF,G perfectsrv=y -1 perfect Besc perfect  conditioning
Robustness Maturity AE,G perfectsrv=y -1 perfect Besc perfect  conditioning
6 stock assessment A srv g, Ca historical ada sep s() Besc perfect 1.3
7 Alternative S/IR | perfect srv=y -1 perfect Besc perfect 1.3
*these vectors were adjusted between OMs with mat0=0 and mat0=0.5
** 2016 and 2017 catches provided by MARE from FIDES and assessment inputs . Adjustments were done by the EWG to the 2017 Italian landings to account
for the discrepancy between FIDES reports and a ssessment data. Total landings in 2017 estimated to 33300t.
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Table 2.4 .2 Scenarios for sardine . OM: operating models, letters refer to Table 2.1.2; OEM: observation er-ad0r rmbdeb, t

survey data being available in year y -1, Asrv=yo refers to survey data being availabl e inrstohe ass
error being introduced in survey catchability and catch at age beferethperfect hi st or
i nformation being used in the HCR without taking i nto acrefosutndadsdepaaie sidocks e s s men
assessment model; HCR: harvest control rule as described in previous section; IMP: implementation model, only for options wit h a transition

period as described in the ToRs; IEM: Implementation error model, considered perfect implementation for all scenarios; ToR: term of reference

the scenario was used for.

MP

Scenarios oM OEM IEM ToR
SA HCR IMP
- — - Besc

1 Parameters A-E perfect srv=y -1 perfect (Foup=0.4 -2, B oe,=100 -500) perfect 1.3
Management 2 Intermediate path AB,C perfect srv=y -1 perfect Besc transition period* perfect  conditioning

3 Survey timing A perfect srv=y perfect Besc perfect 1.2.b

4 M AE perfect srv=y -1 perfect Besc perfect  conditioning
Robustness 5 stock assessment A srv ¢, Ca historical ada sep s() Besc perfect 1.3

. A, -

6  Maturity Atmat=0.5 perfect srv=y -1 perfect Besc perfect 1.3

* 2016 and 2017 catches provided by MARE from FIDES and assessment inputs. Adjustments were done by the EWG to the 2017 Italian landings to account for

the discrepancy between FIDES reports and assessment data. Total landings in 2017 estimated to 711409t.
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3 ToR 1.2: DATA PROVISION AND SU RVEY TIMING

The EWG notes that there are a number of issues that can benefit from better coordination of
these surveys, namely synchronized timings, similar gears, age reading calibration, coordination

of sampling protocols, sampling design, methods to estimate sampling error and estimation

uncertainty. For more detailed information, referto STECF (2017d), FAO AdriaMed (2017), ICES
(2017b) and GFCM (2017).

3.1 Is the current eco -survey set up (covering Italy , Albania and Montenegro in
May -June, Croatia in Sept -Oct, with data delivery in March of Y+1) viable for
implementing a robust Biomass escapement strategy for both stocks of anchovy

and sardine?

The current acoustic survey settings, constitut ing of direct observations of stock biomass and
abundance of recruits, can be used to set fishing opportunities based on a biomass escapement
strategy.

However, due to the gap between the end of the survey and data provision ! the application of
the HCR will require the projection of popul ation abundance for 2 years ( Figure 3.1.1).
| 1 1 [
an LT T Tl el TT T AT TTTTTTTTIT TG TTTTTTTTTTT
Y-1 Y Y+1
echo-survey assessment B, F,R advice
HCR procedure TAC
CURRENT
Figure 3.1.1 Current timeline of data collection, assessment and advisory process in GSA 17-18

for sardine and anchovy . Note the ToR refers to year y+1, which in the figure maps to year y

3.2  Would data delivery of current echo -survey setting in November/December of the
same year allow a better escapement strategy?

EWG 18-01 is of the opinion that setting the data delivery of current echo -surveys in
November/December would allow a more precise application of the escapement strategy, by
removing the need to project the intermediate year.

Referring to the HCR procedure ( Figure 3.2.1), the EWG notes that having the full assessment
information of year y, even if preliminary, available for the assessment EWG of the same year,
removes the intermedia te year projection. This case would reduce the projection from 2 to 1

year, which would improve the precision of TAC 6 ®stimate.
! Currently survey data becomes available for assessment purposes in the end of March, in agreement with
DGMAREG6s data call deadlines and MEDI AS6 Steering Commit 1

by the RCG Med&BS (DCF - Regional Coordination Group meeting 2017, Larnaca).
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Figure 3.2 .1 Procedure for the evaluation of the current harvest control rule (HCR, January to
December advice). TAC = total allowable catch, C = catch weight, B = stock biomass, F=fishing
mortality, R = recruitment, S=survey, Y= indexes years, * = estimates.

As an example , EWG 18 -01 performed a simulation of anchovy for GSAs 17 -18 with and without
the survey data gap (i.e. with or without an intermediate year in the modelling process). B esc Was
set to 30000t, F ., to 0.65 and everything else was set equal to the base case ( OM A). Figure
3.2 .2 shows the comparison between the two options. Although no stock assessment feedback

was used in these simulations, the scenarios resemble an option of setting the TAC using data
until y -1 (data gap 1) or y (data gap 0). There is a clear improvement of the fishing mortality
confidence intervals when the survey data gap is shorter (data gap 0). In the long term
(equilibrium) , no other benefits seem to exist . In the short term , catches would be more aligned
with recruitment, due to faster reaction t 0 its changes, which the 2 -year management gap
between assessment and catches (data gap 1) does not allow. If the stock is not close to
equilibrium, or stable , having a shorter period for reacting to changes in recruitment may be an

important advantage to manag e these stocks and fisheries.
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