FC Ciencias
ULisboa

MARE CSIC,

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS é"o

—PESCA SUSTENTAVEL - °

$
" 4RDINHA-297

%8 192030

Os Fundos Europeus mais proximos de si.

Cofinanciado pela
Uniao Europeia

Incorporating time-varying natural mortality into
MSE framework for the EBFM of the Iberian Sardine |y

* Small PelagicFish
. and Forage Communities:

Inés Martins —  contact: ines.rebolo.martins@ipma.pt n = e s i s

Sustainable Fisheries

Supervisors: José Costa - Dorota Szalaj - Maria Torres B May 48,2006 La Paz, Mexic
i ; : : Lo TR A
Collaborators: Laura Wise - Xavier Corrales - Susana Garrido - Alexandra A. Silva ‘ ew () S R -

ICES/PICES/FAO SPF and Forage Fish Symposium, La Paz, Mexico, May 2026




Overview

01 Introduction & Context 02 Objective

03 Methods 04 Results so far

05 Important take aways - 06 Future Work




Introduction & Context

TROPHIC LEVELS

Iberian sardine (Sardina pilchardus) is a key low-trophic / 1
level species in the NE Atlantic and supports large ‘ @@@
f.lsher.les .in Portugal & Spa.in / 3rdLEVELCARN1VOROUSCONSUMERS

Squid

: :
<::’ 2nd LEVEL CARNIVOROUS CONSUMERS
Larger Fish

<7 st LEVEL CARNIVOROUS CONSUMERS % DECOMEOSERS
Small Fish, Jellyfish, Crustaceans, Sea Star
x’v@

Under Marine Stewardship Council (MSC) / ff%é e
certification since July 2025 / )\,%{% B ﬁ@\
VOGP rncamermonenss (ISR

e

SUN'S ENERGY i

Management must account for ecological
interactions & ecosystem variability
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Objective @

Integrate ecosystem-derived information into a MSE framework to test the robustness
of harvest strategies for the sustainable management of the Iberian sardine fishery
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Methods

Natural Mortality (M):
Initial M estimates
calculated from empirical

equations: Gislason (2010)
& Charnov (2013)

- Gislason M
- Charnov M
- 0.7*Gislason M

- M currently in use
(SS3 original - time
constant & age variant
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Methods

Natural Mortality (M):

Initial M estimates .
calculated from empirical |  Multiple
equations: Gislason (2010) initial M

& Charnov (2013)

Bottlenose dolphin

Ecosystem Model:
Predator-prey interactions
and ecosystem feedbacks

modelled using Ecopath
with Ecosim (EwE)
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Methods

Natural Mortality (M): Ecosystem Model:

Initial M estimates Predator-prey interactions

calculated from empirical f?]?_:]t;?l,\i and ecosystem feedbacks Ecosystem-based and Integration into stock

equations: Gislason (2010) modelled using Ecopath time-varying M synthesis (553)
& Charnov (2013) with Ecosim (EwWE)
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Methods

Natural Mortality (M): Ecosystem Model:

Initial M estimates Predator-prey interactions

calculated from empirical f?]?_:]t;?l,\i and ecosystem feedbacks Ecosystem-based and Integration into stock

equations: Gislason (2010) modelled using Ecopath time-varying M synthesis (553)
& Charnov (2013) with Ecosim (EwWE)

Ob<aivations Monitoring of populations
Ecosystem + ecosystem
and @ | ] f
pOpUIatiOn 1+ yr Assessments and parameter ntegrat]on 0 . eCOSyStem )
dynamics | estimation, including ecological based StOCk ]nformatlon
cycCile relationships . .
(Operating 4 7l - into MSE framework in R
Model) < - (WGHANSA2024)
Implementation Management policies:
multispecies harvest control
I rules, single-species HCRs, .
closed areas, etc.
} . FLBEIA
. by AZTI
Population and 2 ool 00s

ecosystem-level
performance metrics
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Methods

64
Scenarios

Monitoring of populations

Observations
+ ecosystem

Ecosystem
and
population 1+ yr
dynamics
(Operating
Model)

Assessments and parameter
estimation, including ecological

cycle relationships

1000
iterations &
50 years
projections

Management policies:
multispecies harvest control
rules, single-species HCRs,

closed areas, etc.

Implementation

Population and
ecosystem-level
performance metrics
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Assessment more caution .
» needed | nsy
. : below B, \ Blim
cenarios None ICES Advice
Rule (ICES)
N i
SSB
No Fishing

(No F) 0.125- : : :
: 10.00 Current + 0.100- /
iterations & 50,000t cap | : :
50 years (50,000) 0.075- | y, |

projections E | 5 .

L I £ I O

Current + No s : : : ?
cap (No cap) | : : :
0.025- E E E
0.000- 4 : .

1 12I943 252I523 ddﬁIEEl
Biomass (tonnes)
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Implementation/

Observation Mortality (M)

Assessment

errors

64
SeeliEes \—{ None ICES Advice Low SS3 (currently in
Rule (ICES) _ ‘ None (OERnone) use - time

constant)

(No F) ‘ ‘ multiplicative Gislason (time-
/ lognormal errors in varying)

catch n-at-age and
Current + ] _ stock n-at-age)

1000
iterations &

/

50,000t cap
50 000)

Matural Mortality at Age from final year by Model (2024)

50 years
projections

0.7*Gislason (time-
varying)

cap (No cap)

{ No Fishing S " Landings (OERland - | | ¢ 1.

Current + No ]

MNatural Maortality {hd)
o -

Charnov (time-
varying)
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Results

OERIand OERIland OERnNoNne OERNoNe

RECIlow REClow RECmed
all4 413 411 407 384 392 360
last<4 409 407 402 379 386 353
med <4 411 408 403 380 386 355
short- 424 424 420 397 414 386
initial = 434 435 432 412 430 410

Uose|sI/ 0

all 1 445 401 444 382
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med - 400 379 3
short - 406 435 396 S
3 initial - 408 428 404
e
O all{378 369 365 | | 441 444 434 | | 357 345 323 | | 392 419 358
last4 372 361 359 | | 437 439 430 | | 352 335 315 | | 386 409 345 | &
med 4 374 362 359 | | 437 440 354 336 316 | | 387 412 347 | o
short4 397 395 392 373 383 357 | | 414 404 | S
initial 4 418 419 416 395 414 391 | | 436 435
all4 358 345 420 344 344 319 420 307 || 421 400
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short4 364 355 409 355 350 339 409 327 || 428 418
initial 1 369 366 399 365 357 355 399 346 | | 431 445 426
I 1 1 I 1 1 i 1 1 I L 1
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5 S8 ¢ 8 Y 8§ g 8 B 8 e 8§ Y& o 8
- B e - B & B e - 3 &
Rule
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B1+ trajectories — RECmed | OERnone
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Results

Medium productivity regime OERIland OERnNone
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Medium productivity regime
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Results

Trade-off; Catch vs Risk 3 — RECmed
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Results
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Important take aways

M scenarios (mostly at age 0) influence stock’s biomass along HCR and time — importance of recruits

B1+: No F > 50,000 > ICES > No cap
Trade-off with risk3, catch, 75%B0: 50,000 > ICES > No F/No cap

50,000t cap

provides the
best catch-
risk trade-off
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Future work

Refine and unizef:idnt
update EwE , y Test our
scenarios & add framework under

parameterisation l £ : :
€arly assessmen climate-driven

with updated .
diet, stanzas and into MSE ecosystem
change

biomass data and
for all the stock’s
distribution

Engage
stakeholders in
co-designing
performance
statistics

Include reference
points based on
ecosystem
information from
EwWE model into
MSE
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