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Request to the STECF

STECF iequested to review the report on Small Pelagic Stocks in the Adriatic (FbRs0® the
STECF Expert Working Group meetingl1l5 evaluate the findings and make any appropriate
comments and recommendations.

Observations of the STECF

ToR 6- Summarizeand concisely describe all data quality deficiencies, including possible
limitations with the surveys, of relevance for the assessment of stocks and fisheries. Such review and
description are to be based on the data format of the official DCF dataaallefMediterranean Sea
issued on April 2015.
STECF notes that the age reading protocol for sardine was revised in 2015, but it is unclear how these
revisions were applied in practice i.e. to the entire time series or only applied to the 2014 data. For
this reason, the EWG 1Bl were unable to use théata obtained from the 2015 data call and instead
reverted to using the data used previously (i.e. EW&4y meaning that no estimates of fishing
mortality, spawning stock biomass or recruitment are available for the most recent year. STECF
endorses theapproach taken.
The maindata issue identified was the lack of Croatian data prior to 2013. Croatia has been a
member of the EU since 2013 so there is no legal obligation for submitting data before this year.
Catch at age data for anchowyr sardineare not fully available. This is due to the fact that discard
data are available only sporadically for a limited proportion of Italian and Slovenian fleets, and
completely absent for the Croatian fleet.
ToR 7. Taking the outcomes of an dwc contract into account, reevaluate thetiming of

spawning, recruitment and maturation with respect to the fishery and the assessment for the stocks
of anchovy and sardine in GSAs1B/

STECF notes the considerable recent advances made in the assessment anduderivaierence

points of anchovy and sardine stocks in the Adriatic. The EWIA psesents updated assessments

for both stocks where the FLSAM model setting were revised so as to better reflect the ecology of the
species. Given that anchovy spawn in suenand the data is provided by split year, the proportion

of mortality occurring prior to spawning was set at zero whereas previously this had been set at 0.5.
Sardine spawn during the winter and given that the data are provided by calendar year, the
proportion of mortality occurring before spawning was set at zero, whereas previously this had been
set at 0.5. STECF endorses this approach. STECF notes that this has resulted in revisions in to th
estimates of SSB. For anchovy, the assumption that zeroidodig are mature at the time of
spawning has resulted in a substantial downward revision in SSB. For Sardine, setting the proportion
of mortality occurring prior to spawning to zero foigp individuals results in a considerable increase

in SSB compare the previous assessment.

ToR 9. Assess trends in historic and recent stock parameters for the longest time series possible
available up to and including 2014, for the stocks of anchovy and sardine across GSA 17 and 18. Thi
shall cover the evaluationf ¢he level offishing mortality exerted by different fleet segmerfishing

! CommitmentNo. SI2.699958 Multiannual planon the small pelagic stocks in the Adrisiea: ecessary elements from
the STECR4 July 2015).



mortality at age, spawning stock biomass, stock biomass, and recruits at age. Different assessment
models should be applied as appropriate, including analyses of retrospettivs.ef

STECF notes that a number of alternative assessments were tested durindEWGparticularly
alternative fits using ad4a (Jardim et al., 2015).

For anchovy, strong retrospective patterns persisted in all assessment models fit with fishing
mortality consistently underestimated and SSB overestimated-peayear.

It remains difficult to replicate the sardine assessment outside the FLSAM fit. In contrast to the
difficulty replicating elsewhere, good retrospective patterns were observed for thANFLsArdine
assessment.

ToR 8. Review the catclat-age dataof the acoustic survey for sardine and anchovy with a view to
improve theirlow internal consistency

ToR 8 was not addressed owing torta@vasno MEDIAS Survey expert present at EV8A1.

ToR 10. Propose and evaluate candidate MSY value or range of values and safeguard points in
terms of fishing mortality and stock biomass. The proposed values shall be related-terfariggh

yields and low risk of stock/fishery collapse and ensure thatexploitation levels restore and
maintain marine biological resources at least at levels which can produce the maximum sustainable
yield.

For anchovy, STECF notes that the changes in assessment timing settings has also altered the stock
recruit estimates, moving from a strongly linear relationship to one that has a greater spread. Lack of
densitydependence in the stoetecruit relationship necessitated the use of using mean SSB to
define the breakpoint of a hockestick fit to the stockrecruit relatiorship following the approach
recommended by FMSYREF3 (ICES, 2015).

Egsim (ICES 2015) was used to estimate andRgywyeference point on the basis of an Hocksatick
recruitment model with fixed breakpoint at the mean SSB (139,000 ton@eshhe basis bmedian
simulated catcheshe estimated reference points wer@&usy= 0.3; Fower = 0.23, Fpper = 0.36 The
estimated Iysyis close to the centre of the range of estimates géfrom EWG14-19 (0.2250.429).

Egsim (ICES 2015) was used to estimateirsangference fsypoint on the basis of an Hockayick
recruitment model with fixed breakpointtahe mean SSB (446,000 tonne®n the basis of median
simulated catcheshe estimated reference points wer&sy= 0.08; Bwer = 0.065, Fpper = 0.11. The
estimated Iysyis close to the centre of the range of estimates g§from EWG14-19 (0.0570.198).

The same approach used for defining biological for anchovy was applied to sardine resulting in
candidate B, = 223,000 and B = 446,000 tonnes. These were used in subsequent management
strategy evaluations.

ToR 11. Update the available simulations with more recent data from 2014 and test further
management strategy evaluations to safeguard SSB of falling belgwiBy 5% prolabilities (e.g.,
shorter advice to implementation cycles, escapement strategies with a capped F)



Given the data issues identified above (ToR 6), it was not possible to include data collected during
2014 for the purpose of the MSE.

Two management strategs were evaluated by EWG-1% (a) A harvest control rule defined by the
points in (SSB,F) of (0,0)ik®), (BaRarged, (INf, Rarger). Farget WaS given by jsyand the wsylower
and upper bounds given above (ToR 10). The target was set for thgefaisof the simulation, 2018
and 2020 and (b); a fixed escapement strategy with fishing mortality cappegat F

Conclusions of the STECF

STECF endorses the findings presented in the report of the EWIA aBd draws the
following conclusions.

1 With regard to the estimation of single pointdy and Fsyranges:

For sardine the single point anghd;ranges were estimated as followsinsy = 0.08; Bwer = 0.065,
Fupper: 011

For anchovy, the single pointdand ranges were estimated as falle: Fusy= 0.3; Bwer = 0.23, Fpper
=0.364

1 With regard to theManagement Strategy Evaluation:

For sardine:

1. Moving to MSY will result in considerable decrease in catches.

2. The catches are variable (high CVs) throughout reflecting the variable, awated nature
of recruitment in the stock.

3. The probability of being below;Bis relatively high throughout.

4. Similar to anchovy, the escapement strategy does not appear to offer more benefit over the
HCR in terms of the probability of SSB;s Bhis eflects the choice of &capemen= Bim, as the
HCR adjusts up to,£but the escapement strategy implemented sets fishing mortality at the
target when SSB B

For anchovy:

1. Moving to MSY will result in considerable decrease in catches in the-tghortthough they
increase and stabilise over the longerm.

2. The catches are variable (high CVs) throughout reflecting the variable, autocorrelated nature
of recruitment in the stock.

3. The probability of being below;B is initially very high but decreases/er the time of
management.

4. The escapement strategy does not appear to offer more benefit over the HCR in terms of the
probability of SSB < Blim. This reflects the choice:QfBnen= Bim, as the HCR adjusts up to
Boa but the escapement strategy implemented sets fishing mortality at the target when SSB >
B|im-
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1. Executive summary

In response to the TaR7 to 11the STECF EWG-11 on MediterraneanSea stock assessmernart

1 has endeavoured t@ssess the status of sardine and anchovy in the Adriatic FBdavant data
were compiled and reviewed, including those called officially by DG Mare through tbeDZLA data
call for thre Mediterranean and Black Seserviced by JRCExpert knowledge completed the data,
which were analyzed using a variety of staslsessment approaches. The data and methods applied
are documented in sectioh of the present reportAs requested by the TORSTECF EWG-11 has
conducted an assessmeot anchovy and sardine in GSA 17 andth8 estimation of MSY reference
pointsanda management strategy evaluati¢MSEYor both stocks

Anchovy

STECF EWG-1% was aware that the ageeading protocol for anchovy in the Adriatiea(GSA 17

and 18) was revised in 2015, but there was no information provided by the countries on leow th
revised ageeading was applied (e.g. only to 2014 data or to the whole DCF series). Thus, it was
concluded that a reliable stock assessment for anchovy in G&A8vas not possible on a limited
dataset from DCF 2015, so alternatives have been sdoghSince data from the STECF EWG44
were available, a comparison with the latest I@FL5) data was madeéOn the basis of this analysis

it was decided to use the STECF EW@G4ldata (which includes merged catakage dataup to

2013 compiled from bth the DCF and national experts).

Although the data used were the same as for the assessemmucted duringcWG 1414, changes
were made to the assessmentodel settings in order to account for the ecology of the species. The
changes made were:

1. Given that anchovy spawns in summer and the data are provided by split year (starting in the
summer), the proportion of mortality (natural and fishing) occurring prior to spawning was changed
from 0.5 to O;

2. Given the split year and summer spawning, fireportion mature at age zero was changed
from 0.75 to 0, as thage zerdish are immature at spawning.

All other assessment settings (FLSAM settings) remained the same as those usedlit EANG

The revision of the stock assessment model settipgs/ided a very similar trend of th@anchovy
stockin GSA 1tompared to previous assessmengdthough the assumptiothat 0 fish indiviluals

are immatureat spawning lowered the level of the SSB substantially. Moreover, the changes in the
assessment tinmg settings altered the stoelecruit estimates, moving from a strongly linear
relationship to one witta more spreadpattern.

To address the possibility of changes in productiahd decide which time series of stock and
recruitment to use for the MSYmsulations Peterman's productivity method (Peterman et al., 2003)
was applied to the anchovy data to estimate thwarying recruitment productivity (slope at the
origin of the stockrecruit curve). A Kalman filter was used to estimate the AR(1)wanging slope at

the origin of a linearised Ricker formulation (Peterman et al., 2003, Minto et al., 2015). While it is
clear that the productivity of the estimated stock has varied over time, the current level is close to
the average of the entire time seriesi@ justifies the use of the entire time period to estimate the
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MSYreference poins. On these basis, Hockeystick with a fixed breakpoinat the mean SSB was
used to estimate frsyusingthe entire time serie®f stock and recruitment data

Egsim (ICE25) was used to estimate anchoMysyreference point on the basis of an Hockstick
recruitment model with fixed breakpoint at the mean SSB (139,000 tonmaes) first-order
autocorrelated recruitment residuals to account for the observed variations @oruitment
productivity. Assigning B = 1.4 X By, results in a B lower than the breakpoint, the breakpoint is
therefore used as a candidate,B(139,000 tonnes) in theMSE simulation sectiodCES (2015)
recommends that where the catches are skewdd median provides a more robust estimate of the
reference pointscompared to the meanThus, @ the basis of median simulated catchdse
estimated reference points wer&ysy= 0.3; Fower = 0.23, Fpper = 0.36 The estimated frsyis close to
the cente of the range of estimates of;5vfrom EWG14-19 (0.2250.429).

Themainresults ofthe MSBEwvere:

1. Moving to MSY will result ia considerable decrease in catches in the shertn though
catchesncrease and stabilise over the longerm.

2. The catches r@ variable i(e. high CVs) throughout reflecting the variable, autocorrelated
nature of recruitment in the stock.

3. The probability othe SSBeing below B, is initially very high but decreases over the time of
managemenperiod.

4. The escapemergtrategy does not appear to offer more benefit over the HCR in terms of the
probability of SSB Bim. This reflects the choice otpeent = Bim, as the HCR adjusts up to
Bya but the escapement strategy implemented sets fishing mortality at the tangetn SSB

BIim-

Sardine

For sardine, given the issues with the updatadch at agelata, it was concluded by the EWG that a
reliable stock assessment for sardine in GSA 18 was not possible on a limited dataset from DCF
2015, so alternatives havgeen sought for. Since data from the STECF EWI3 Wvkre available, a
comparison with the latest DGE015) data was madén the basis of this analysis it was decided to
use the STECF EWG1¥data (which includes merged catahage data to 2013 comigd from
both the DCF and national experts).

Although the data used were the same as for the assessewmducted duringEWG 1414, changes
were made to the assessmentodel settings in order to account for the ecology of the species. The
changes madwvere:

- Given that sardine spawns in the winter and the data are provided in calendar year (starting in
January 1), the proportion of mortality (natural and fishing) occurring prior to spawning was
changed from 0.5 to O.

All other assessment settingd FAM settings) remained the same as those used in-EFAAIG.

The revision of the stock assessment model settings provadeery similar trend of the sardine stock
compared to previous assessments. However, setting the proportion of mortality raagrior to

11



spawning to zermf age 0 individuals shows a considerably increaas8SBcompared toprevious
FaaSaaySyida ola GKSe& INB y28 RA&AO2dzyiSR o8& |

To address the possibility of changes in productiabd decide which tim series of stock and
recruitmentdatato use for the MSY simulationBeterman's productivity method was applied to the
sardine data to estimate timearying recruitment productivity (slope at the origin of the stock
recruit curve). A Kalman filter wased to estimate a random walk (heavily autocorrelated) time
varying slope at the origin. While it is clear that the productivity of the estimated stock has varied
over time with a marked dip in productivity in the late 1990s, the current level is clabe taverage

of the entire time series and justifies the use of the entire time period to estimatéi&reference
points.

On that basis, &lockeystick with a fixed breakpoint of the mean S&B6,000 tonneg was used to
estimate Fysyfrom the entire tme series, similar to anchovy.

Egsim (ICES 2015) was used to estimate sardine refergiggpdint on the basis of an Hockeayick
recruitment model with fixed breakpoint at the mean SSB (446,000 tonnes).-ofdst
autocorrelated recruitment residuals taccount for the observed variations in recruitment
productivity. ICES (2015) recommends that where the catches are skéweedhedian provides a
more robust estimate of the reference pointean the mean On the basis of median simulated
catchesthe estimated reference points werehusy= 0.08; Bwer = 0.065, Fpper = 0.11. The estimated
Fusyis close to the centre of the range of estimates g§\From EWG14-19 (0.0570.198). The same
approach used for defining biological for anchovy was applied to sardine resulting in candiglate B
223,000 and B = 446,000 tonnes. These were used in subsequent management strategy
evaluations.

Themainresults ofthe MSBEwvere:

=

Moving to MSY will result in considerable decrease in catches.

2. The catches are variable (high CVs) throughout reflecting the variable, autocorrelated nature
of recruitment in the stock.

3. The probability ofthe SSBoeing below B, is relatively high throughouthe management
period.

4. Similar to anchovy, the escapement strategy does not appear to offer more benefit over the

HCR in terms of the probability of S&B;m. This reflects the choice otdZipenent = Bim, as the

HCR adjsts up to B, but the escapement strategy implemented sets fishing mortality at the

target when SSB Bjm.

12



2. Introduction

The expert working group on Mediterranean stock and fisheries assessment part 1 STECFIHWG 15
held its first meeting plannetbr 2015 in Palma de Mallorca (Spain), 31-8ddsep 2015.

The chairman opened the meeting at 09:00 on Monday, 31 Aug 2015, and adjourned the meeting by
16:00 on Friday, 04 Sep 2015. The meeting was attende® l@xf#erts in total, including 4 STECF
membe's and an additional 2 JRC experts.

The structure of the present report is in accordance with the terms of reference to STECF, as defined
in the following chapter.

3. TERMS OF REFERENCE FOR IBWG SMALL PELAGIC STOCKS IN THE
ADRIATIC SEA

The STEGEWG 5-11 was requested to:

ToR 6- Summarize and concisely describe all data quality deficienaesduding possible limitations

with the surveys, of relevance for the assessment of stocks and fisheries. Such review and description
are to be base@n the data format of the official DCF data calls for the Mediterranean Sea issued on
April 2015.

ToR 7. Taking the outcomes of an dwc contract into account, reevaluate thetiming of
spawning, recruitment and maturationith respect to the fisheryand the assessment for the stocks
of anchovy and sardine GSAs 118.

ToR 8. Review the catclat-age dateof the acoustic survey for sardine and anchovy with a view to
improve theirlow internal consistency

- ToR 8was not addressed owing to the no MEBIBurvey expert being present at EAAVEL 1.

ToR 9. Assess trends in historic and recent stock parameters for the longest time series possible
available up to and including 201#r the stocks of anchovy and sardine across GSA 17 and 18. This
shall covetthe evaluation of the level dishing mortality exerted by different fleet segmentshing
mortality at age, spawning stock biomasspck biomass, and recruits at ageifferentassessment
models should be applied as appropriate, including analysestrafspective effects

ToR10. Propose and evaluate candidat®SY value or range of values and safeguard points in
terms offishing mortalityand stock biomass heproposed valueshall be related to longerm high

yields and low risk of stock/fishery collapse and ensure that the exploitdévels restoreand
maintain marine biological resources at least at levels which can produce the maximum sustainable
yield.

2 Commitment No. SI2.6999%0Multiannual plarnon the small pelagic stocks in the Adrigdiea: ecessary elements from
the STECR4 July 2015).

13



ToR11. Update he available simulations with more recent data from 2014 and festher
management strateg evaluations tosafeguard SSB of falling beloyy,Bvith 5% probabilities (e.g.,
shorter advice to implementation cycles, escapement strategies with a capped F)

The ToRswere addressed by species.

14



4 SMALL PELAGIC STOCKS IN THE ADRIATIC SEA

4.1 ANCHOVY IN GSA-18

4.1.1 Stock Identification

Many studies have been carried out regarding the presence of a unique stock prebence of
different sub populations of anchown the Adriatic Sea (GSA 17 and GSA 1B has several
implications for the management, i.e. differences in the growth featuresveen subpopulations
imply the necessity ofad hoc strategies in the management. Theypothesis of two distinct
populations claims the evidence of morphometric differencégtween northern and southern
Adriatic anchovy, such as colcamd length, and somvariability in their genetic structure (Bemlsd

al., 1996). Nevertheless, many authors wagainst the use of morphologt data in studies on
population structure (Tudela, 1999) andecent study from Magoulast al. (2006), revealed the
presence of two different clades ithe Mediterranean, one of those is characterized by a high
frequency in the Adriatic Seénigher than85%) with a low nucleotide diversity (around 1%).
Therefore, in this yeaassessment, and according to the fact tmabst of theregisteredvesselsn
GSA 18ish anchovyin GSAL7 but land in GSA 18t was decided to merge the two GSAs and thus
carry outan assessment for anchovy@8SA 1718. (Figurel).
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Figurel: Geographical location of GSAs 17 and 18.

4.1.2 Data revisionto 2014
The DCRO015data revision for anchovipn GSA 17 18revealed a series of gaps anadtamsistencies
(Tablel).

Tablel: GSA 1% 18 anchovy: a overview of DCEO15data and the gaps identified.
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Source | Year Data available for years GSA
reported
MEDIAS DCF 2015 2004¢ 2014 Separate 17
& 18
landings@age | DCF 2015 2013¢ 2014/per year Only 17
HRV
landings@age | DCF 2015 2006 ¢ 2008 and 2010c 2014/per| Only 17
SVN quarter
landings@age | DCF 2015 2005¢ 2014for GSA 17; 2006 2014 | Separate 17
ITA for GSA 18/ per year & 18
length freq| DCF 2015 2013¢ 2014 Only 17
HRV
length freq ITA| DCF 2015 20062009 and 201R014 for GSA Sparate 17
18; & 18
2005¢ 2014 for GSA 17 /per year
length freq| DCF 2015 2007-2014 17
SVN

First, there is no catch at age ddta anchovyavailable. The landings at age data is available, but the
discards data necessary to reliably estimate catch at age are only available sptyaahcafor a
limited proportion of Italian fleet [Figure2). There is no discards at age data available for Croatian or

Slovenian fleetFigure2).

162754.7914 -

22026.4658 -

2980.9580 -

403.4288 -

Anchovy GSA 17 & 18 DCF discards-at-age

HRV PS 14D16

SVN GND 20D40

SVN GNS 16D20

ITA OTB NA ITA PS NA

_______________

SVN GTR 50D100

______

SVN OTB 40D50

ITA PTM NA

factor(age)

+162754.7914 -

22026.4658 -

2980.9580 -

403.4288 -

In(discards numbe

162754.7914 -

22026.4658 -

2980.9580 -

403.4288 -

SVN OTM 20D40

SVN PS 14D16

SVN PTM 20D40

T LI T T L L L L L L L L T
2005 2007 2009 2011 2013 2005 2007 2009 2011 2013 2005 2007 2009 2011 2013

Year

Figure2: GSAL7 ¢ 18 anchovyavailableDCF 2015 data on discards at age for anchovy in gsa 17 (red
line) and 18 (blue line) by country and fleet.
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Second, based on the DCF 2015 data there is only a short time series of landings at &ge data
anchovyavailable from all countriesigure3). The @atian landings at age data is available only for
GSA 17 for the years 2013 and 2014. The longest time series of landings at age data for Italian fleet
goes back to 2005 for GSA 17 and to 2006 for GSA 18. The low absolute values of landings at age dat
for Slovenian fleet suggest an unidentified error in the data sut@difThe 2009 landings at age data
is also missing for the Slovenian fleEhere is no historical (pre 2005) data available from the DCF for
any of the countries.
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Figure3: GSA 1% 18 anchovyavailable DCF 2015 landings at age data for anchovy in GSA 17 (red
line) and 18 (blue line) by fleet and country.

Finally, the EWG was aware that thge-reading protocol fomnchovy in the Adriatic (GSA 17 and 18)
was revised in 2015, btihere was no information provided by the countries on how the revised age
reading was applied (e.g. only to 2014 data or to the whole DCF sdBiggn the issues with the
updateddata, t was concluded that a reliable stock assaent for anchovy in GSA 718 was not
possible onma limited dataset from DCF 2015s0 alternatives have been sought for. Since data from
the STECF EWG-14 were available, a comparison with the latest DCF (2015) data was maade (
4). On the basis of this analysis it was decided to use the STECF EWGId# (which includes
merged catckhat-agedataup to 2013compiled from both the DCF and national expgrts
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Figure4: GSA 1% 18 anchovya comparison of merged total catch at age data available from DCF
2015 and EWG 124,

¢CKS KAAG2NAOIf 3INRBGGK LI N2000pbasedNGn Veh Berthlahfty lrgalgsts ¥ |
have been usd in the stock assessments preformiais far in the Adriatic Sea (GSA 17 and 18). A
more recent natural mortality vector by age for anchovy has been used from Gislason et al. (2010)

4.1.3 Stock assessmen
Although the data used were the same as for the assessemmducted duringEWG 1414, changes

were made to the assessment settings in order to account for the ecology of the spdaeshanges
made were:

1. Given thatanchovy spawns isummer andhe data ae provided bysplit year(starting in the
summer) the proportion of mortality (naturaind fishing occurring prior to spawning/as
changed from 0.5 to 0;

2. Given the split year and summer spawning, the proportion mature at age zero was changed
from 0.75 to 0, as the fish are immature at spawning.

All other baseline assessment settings (FLSAM settings) remained the same as those used4n EWG
14.
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4.1.3.1 Growth

The growth of anchovy in Adriatic Sea was assessed using the historical growth paramietérgy Z @ 6 A
2000). Agdength and ageveight keys were produced using the otolith reademgd actual length

weight parameters. The growth parameters used during the EWGL1%ere:

Table2: Von Bertalanffgrowth parameters for anchovy in G3A18.

Growth Linf k t0
parameters
Both sexes 19.4 0.57 -0.5

Note that given the absence of historical lengtbquency data, and the issues identified with the
recent data above, no attempt was madediice the length frequencies to produce catatage.

4.1.3.2 Maturity
The updated maturity at age sets the age 0 maturity to O (Table 3).
Table3: Proportion of mature specimens at age for anchovy in GSE817

Period Age 0 1 2 3 4 5+
19752013 | Prop.Matures| 0.00 1.00 1.00 1.00 1.00 1.00

4.1.3.3 Natural mortality

Table4: Natural mortality vector by age from Gislason et al. (2010) for anchovy in GEA 17
Period Age 0 1 2 3 4 5+
19752013 | M 2.36 1.10 0.81 0.69 0.64 0.61

The changes tal K A & a8s8dsr&l Settingsnly reflectin the SSB time series, the rest of the
estimated parameters remain the sameigure5). The exclusion of age 0 (zero) individuals shows a
considerablyreduced(caused by the omittence of age O fisbm the SSBand smoother SSB time
series than seen in previous assessméhtgure 5)
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Figureb: GSA 1¢ 18 anchovy: a&omparison of S¥ resultsfrom EWG 15811 and 1414.

4.1.3.4 Alternative assessment settings

A number of alternative assessments weested during EWG@EL5-11, particularly alternative fits
using ada(Jardim et al., 2015)Given the lack of internal consistency (cohort tracking) in the survey,
the FLSAM fit downweights the survey indices considerably, relying mostly on theat@igé data.
ada assessments with catchability models th#ectively ignoremuch of thesurvey structure (e.g.,
gmodel = list(~1, ~1, ~1pingle noragespecific catchability per survegasily replicated the FLSAM
fit (Figure 6). Strong retospective patterns persisted in all assessment modelsniibh fishing
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mortality consistently underestimated and SSB overestimated-gaarear, as discussed in the -ad
hoc contract. The most recent year dropped had, however, a smaller retrospective dffantthe
previous 4 years dropped.

4.1.4 Updated stockrecruit estimates
The changes in the assessment timing settings altered the -séatkit estimates, moving from a
strongly linear relationship to one with more spredigure?).

There arewo keypresentissues with the estimation of Fmsy reference points for anchovy:

1. As identified INREWG14-19 (2015) anchovyrecruitment appeardo continually increase
with increasing SS@igure?7). The diffculty, as identified in ICES (2015), is that with-ever
increasimg recruitment the resultant sy reference points can often be very lowlrhe
reason is that allowing the stock to continually increase by low fishing pressure, results in
continually increasing recruitment and large yields at those low fishing mortalities.
Essentially, if the population grows continually so will the yields. This relates to a lack of
density dependence inbservedstockrecruit data. Though densityfdependence may not
be apparent given the range of historical SSBecammendedoracticalapproach in such
cases is to use the mean SSB to define the breakpoint of a hetikkyfit to the stock
recruit data (ICES, 20153)his was theolutiontaken during EW@G5-11.

2. EWG14-19 noted the possibility of alternative environmental regimes affecting t
recruitment of anchovy and addressed thig a sensitivity of the reference points to a
suitably chosen subset or the entire time peridth address the possibility of changes in
productivity, Peterman’'s productivity methoPeterman et al., 2003) wagpplied b the
anchovy data to estimatdime-varyingrecruitment productivity lope at the origin of the
stockrecruit curveg. A Kalman filter was used to estimate the AR(1) twaeying slope at
the origin of a linearisg Ricker formulation RPeterman etal., 2003 Minto et al., 2015).
While it is clear that the productivity of the estimated stock has varied over Eiga(e8),
the current level is dse to the average of the entire time series and justifies the use of
the entire time period to estimate thEmsy reference point

On the basis of (1) and (2) aboveilackeystick with a fixed breakpoint of the mean SSB was used to
estimate Fmsy from thentire time series.

¥ Commitment No. SI2.6999%0Multiannual plarnon the small pelagic stocks in the Adrigdiea: ecessary elements from
the STECR4 July 2015).
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Figure6: GSA 1% 18 anchovyA comparison of stock assessmeasultsusingFLSAM and SCAn
ada)
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