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Improve and integrate SPF knowledge to quantify the impacts
of their change and project future trajectories
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We aimed at ....

* |[dentifying historical changes of small pelagic fish population traits (e.g.
abundance, distribution, body condition, ...);

* Quantifying the ecological and socio-economic consequences of the
changes in SPF populations on fisheries, iconic predator species, and

ecosystem-wide dynamics;

« Analysing future management options to achieve resilient and healthy SPF
populations and a sustainable exploitation under climate change.
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Catch (t) anchovy & sardine

The Western Mediterranean pelagic system is changing

Declines in commercial species

Increases and proliferations

Recoveries

Changes in climate & ecological conditions

Changes in human activities

Small Pelagics GSA06

60000

50000 -

40000 -

30000 -

20000 -

10000 -

0

—— Sardine
——Anchovy

——Round sardinella

S
¥
N

© 9 L S & L o 0§
¥ & 8 © © XN N 3
N )

Year

10000

r 9000

- 8000

F 7000

[ 6000

5000

r 4000

- 3000

r 2000

1000

Catch (t) sardinella

425

July 1983

Official HP
e Real HP

= Real HP & tecnhology increase

T f T T T T T

1910 1930 1950 1970

1990

[ ]
0 = {‘ﬁ%jolm . ,,Mq;‘.’;“f:‘/"’ P
0.5 1 15 2 25 3 35 4'E
22500 — Temperature 35-45N, -5.5-16E (sea) Jan-Dec full CMIP5 ensemble
I 24 : : :
L 20000 = RCP2.6
: 23 - RCP4.5 -
- 17500 = RCP6.0
£ 22 - RCP8.5 —
- 15000 § 21 | historical
I 5 _
12500 3 B 20
- 10000 £ 2 19
g SRE!
- 7500 S
£ 17
- 5000 £
£ 16
L 2500
g 15 (@b L
<
° & 14 ! ! !
2010 1900 1950 2000 2050 2100

Sabates et al. 2006. GCB; Palomera et al. 2007. PiO; Calvo et al. 2012. CR; Coll et al. 2014. PLoSONE; Salat et al. 2019. OD

N 425

July 2004

http://climexp.knmi.nl/plot_atlas_form.py

24

23
22
21
20
19
18
17
16
15

4z

41

No. larvae/iom?

1-50
. 50-100
[ ] 100 — 500

@ 5001000
@ 10002000

. 20005000

2081-2100 mean



The Western Mediterranean pelagic system is changing

Anchovy and sardine catches are low
 Pelagic fish shows small sizes

* Proliferations of jellyfish

* Recent recovery of predators
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What is happening in the pelagic system?

« Several scientific hypothesis

Changes observed in populations of SPF in the
W Mediterranean Sea

Predators
and
competitors

Fishing
impacts

Environmental
changes

Diseases

Changes Pollution

in diet

(plastics)
(plankton)

Palomera et al. 2007. PiO; Saraux et al. 2019. DSR; Coll et al. 2019. MEPS



Stock assessments

Fisheries and stock assessments
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Stock assessments

General Fisheries Commission
for the Mediterranean
Commission générale des péches
pour la Mediterranee

Food and Agriculture
Organization of the

United Mations

Scientific Advisory Committee on Fisheries (SAC)

Working Group on Stock Assessment of Small Pelagic Species (WGSASP)

Benchmark session for the assessment of sardine and anchovy
in GSAs 6 and 7

Ounline, 18-23 January 2021

REPORT

EXECUTIVE SUMMARY

The Working Group on Stock Assessment of Small Pelagic Species (WGSASP) benchmark session for the
assessment of sardine and anchovy in geographical subareas (GSAs) 6 and 7' was held online
Micresoft Teams on 18-23 January 2021, and continued and finalized online on 9 and 10 Febmuary 2021.

The objective of the meeting was to perform full analysis and review the available information and methods
usad to provide advice on the status of the stocks, focusing on the considerations of old and new data sources
as well as old and new (or improved) assessment models and assumptions. The session was attended by a
total of 47 experts, including experts from the region and experts on the species andfor on stock assessment
models discussed, as well as an extemnal reviewer (Dr Alexandra Silva).

The session mvestigated all available mput data and camed out an analysis of the performance of three
different stock assessment methods: FLE assessment for all (ada) models, surplus production m confinuous
time (SPICT) models and two-stage biomass model. After detailed expleration of all available data on hife
lustory and fishenes, 1t was decided that the two GSAs should be treated separately as evidences on possible
changes on growth parameters along time senes for both species are lughlighted. Finally, sardine (Sarding
pilchardus) m GSA 6 and anchovy (Engraulis emcrasicolus) m GSAs 6 and 7 were assessed using ada.
Additional assessments were performed on sardine n GSA 6 and anchovy m GSAs 6 and 7 usmg SPiCT.
Sardine mn GSA 7 was assessed using a fwo-stage biomass model. Sardime m GSAs 6 and 7 as well as
anchovy m GSA 7 were benchmarked Anchovy m GSA 6 was assessed providing qualitative adwvice. The
group decided to keep the benchmark open and ongomng in order to assess improvements mn data and finahize
1t within the following year m the presence of an extemal reviewer.

Sardine in GSAs 6 & 7 as well as anchovy in GSA7
were benchmarked
Anchovy in GSA 6 was assessed providing qualitative advice

In 2019

Ecologically

In overexploitation
P unbalanced

ada, SpiCT Two-stage biomass
model, acoustic estimates

Low biomass

In overexploitation

ada, SpiCT Acoustic estimates



Important information gaps

» Species differentiation - Genetics

« Species health - Biology
* Body condition, reproduction, growth and mortality
» Distribution and abundance
« Environmental factors and preferences

« Species roles and drivers - Ecology
 Trophic behaviour
« Contaminants
* Predators and competitors
* Fisheries

A -

Engraulis encrasicolus — European anchovy

-—
=

Sardina pilchardus — European sardine

Sardinella aurita — round sardinella

aO3F
.
1

« Species changes and their consequences — Socio-ecology

« Changes in ecosystem components
« Changes in fisheries
* Projections (fisheries and CC) and management options

Euthynnus alletteratus - little tunny




Population structure

Body conditions, reproduction
Growth, mortality
Environmental factors, distribution & abundance

Fishing dynamics, trade-offs
Catch, effort

2 4

Trophic ecology
Predators, competitors




Body conditions, reproduction
Growth, mortality
Environmental factors, distribution & abundance

Dissections
Laboratory analyses, Calorimeter
SIA, SCA, Metabarcoding
Barcoding

Literature review
Oceanographic campaigns
fishing-dependent data

Trophic ecology

Population structure Predators, competitors

Fishing dynamics, trade-offs Statistical modelling
Integrated analyses Catch, effort Mechanistic modelling



Species differentiation - Genetics

Low differentiation between populations in the Mediterranean Sea
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Population structure:
Genotyping through high-
throughput sequencing
(ddRAD libraries, SNPs)

Seascape genomics:
Genome-environmental
patterns associated with
neutral and adaptive genetic
variation

Coll and Bellido 2019; Antoniou et al. 2021.Submitted. ME.
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Species health

Changes in body condition, reproduction, growth and energy
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Species health

Changes in distributions

A. Mean abundance (N/km2) - Sardina pilchardus A. Mean abundance (N/km2) - Engraulis encrasicolus
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Species health

Changes in distributions & environmental factors and preferences

Boosted Regression Trees
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Species health

Changes in distributions & environmental factors and preferences

Boosted Regression Trees
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Species roles and drivers

Trophic behaviour along a latitudinal gradient
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A latitudinal gradient indicating changes in the trophic ecology of anchovy and sardine

_ _ _ coinciding with described better biological conditions for fish in the south
Bachiller et al. 2020. SR; ; Gimenez et al., in press. CJFAS



Species roles and drivers

Trophic behaviour along a latitudinal gradient (competitors)
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* Predation on relatively large krill is equally important for sardinella, anchovy & sardine;
* Effective use of food resources by sardinella, being able to predate in gelatinous org.;

* An important overlap is found in their isotopic niche, especially with anchovy, using
nitrogen (615N) and carbon (613C) stable isotopes in muscle tissue.

Albo-Puigserver et al. 2019. MEPS; Bachiller et al. 2021. EE



Species roles and drivers

Contaminants (microplastics, plasticizers) and parasites
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Sardinella showed larger concentrations of parasites and plastics

Pennino et al. 2020. MPB; Bachiller et al. 2021. EE; Sala et al. 2022. EP



Species roles and drivers
Trophic ecology of predators
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Species roles and drivers

Fisheries and environmental factors and preferences
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Species roles and drivers

iIronmental factors and preferences
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Species changes and their consequences

Changes in ecosystem components (target species, predators) & fisheries
Projections (fisheries and CC) and management options

Sectorial studies Spatial-temporal MEM Spatial-temporal management scenarios

Re-parameterized with input variables

Ecospace-HFCM

3 bmm 35
f\ - Fishing effort .
- o
a—— - F;hange for
o juveniles & , s
B adults
- = 15
V— : . -
= 0s ——
Fitted and driven with historical fisheries data ) -
ook own - own < ows o omia - os * 59 f 2000 2005 2010 2015 2020 2025 2030 2035
o H 9 MPAs in coastal areas

MPAs in “Climate Refuge”

H anchovy adult biomass adult anchovy calches sardine adult biomass
° B P -
o "

T L

sardine adult cajch Mullets . Juyenil hake
ﬂlR : e
T e T
T \,uJ (N e

Bentopelagic fishes | Mesopelagic fishes | Round sardinella .

European sprat Horse mackerel Mackerel
CV L PP
R s e e

f 2000-2020

Temperature 35-45N, -5.5-16E (sea) Jan-Dec full CMIP5 ensemble

24 24
23 23
22 22
21 historical =— 21
& 20 20
=2
2 19 19
8
S 18 18
17 17
16 16
15 15
14 - . 14
1900 1950 2000 2050 2100 2081-2100 mean

Under climate change projections

45547 km2, 0.0833 dd

* Modified from Corrales et al. 2015. JMS; Biogeochemical GETM-MedERGOM model (JRC, D. Macias)



Species changes and their consequences

Impacted group

Changes in ecosystem components
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Species changes and their consequences

Changes in ecosystem components Relative biomass (2020/2000) under RCP4.5
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Species changes and their consequences

Changes in ecosystem components

All area RCP4.5
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Changes in ecosystem components

All area RCP4.5
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Species changes and their consequences

Changes in fisheries

Coll et al.,
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Changes in ecosystem components

All area RCP4.5
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Species changes and their consequences

|dentify winners and losers under fishing and different climate conditions (2020/2000)
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Species changes and their consequences

Alternative management options Biomass change (%) - RCP4.5 203012000
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We observe a latitudinal gradient in key traits with worse status in the north linked to
cumulative impacts of environment and fishing



What have we learned?

» Key biological and ecological new data
« Low population dissimilarity, high trophic plasticity, high importance for predators

 Status of sardine and anchovy further characterised
» Biomass and catch are low (sardine), less so for anchovy
« Body conditions declined for both species

Large sizes not found in population and landings

Fishing mortality is high

Environmental factors are mostly constraining sardine

We observe a latitudinal gradient in key traits with worse status in the north linked to
cumulative impacts of environment and fishing

* Winners and losers of observed changes

 Management alternatives need to be strong to curve the trends around
(MEM prototype to use)

* New gquestions emerged (role of pollution, adaptation, induced evolution)
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Species roles and drivers

tudy of small pelagics fishenes

Box 1. Acases
In tha MNorth-weslam Maditamanaan, small palagics such as sardinas (Sarding pichamius) and anchovies (Egrauls encrasicobis) support puse saing fishanes (Fous ).
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Arecdotl evidanos by fishars suggests that the drop in captuss of gmal palaios may be relaed tochanges n har bahaviour. In particularn, fishars ane sporing that smal

paBgcs do no longar form as laga and cohasie groups as in the padt, and ara ganaraly lass accassibla b fishing. Rshars assocats thase bahavours 1o tha
2 nomasng prasancs of biusfin una (Thunnus Sy s), whoss abundancs ocally incrassed aftar the estabishmeant of affscie Lina managameant massuness [12]. In gananl,
resk af pedaton s expactad to rogar incrassad cofagon athar than pray spittng in smala and mos deparsad shosis [5]. Howener, B2 vanous macdaisms we axpien harg

. _ coudundariathe abearvad changes in shoaing behaviour, ink tochangeas in the phanolypic compastion of shaak caused by fishariss. and thansby segliin wiy smal peiagios
NRC na longer show e expacd shoaling bahaviowr in e pesanca of bnas.
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Predator—prey interactions in the face of management
regulations: changes in Mediterranean small pelagic species
are not due to increased tuna predation

Elisabeth Van Beveren, Jean-Marc Fromentin, Sylvain Bonhommeau, Anne-Elise Nieblas, Luisa Metral,
Blandine Brisset, Marko Jusup, Robert Klaus Bauer, Pablo Brosset, and Claire Saraux

=
Vol. 603: 13-27, 2018 MARINE ECOLOGY PROGRESS SERIES

hitps:/doi.org/10.3354/meps 12672 Mar Ecol Prog Ser Published September 17

Dolphin predation pressure on pelagic and demersal
fish in the northwestern Mediterranean Sea

Quentin Queiros'*, Jean-Marc Fromentin', Guillelme Astruc?, Robert Klaus Bauer’,
Claire Saraux!

Collective predators

Trends in Ecology & Evolution

Sbragaglia et al. 2021. TREE

Trends In Ecology & Evolution



Species changes and their consequences

Alternative management options 2030/2000

Fishing effort change Fishing 50%Red&MPAs No fishing

Spatial management options

MPAs in “Climate Refuge”

MPAs in coastal areas

Coll et al., in prep.
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