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Improve and integrate SPF knowledge to quantify the impacts 
of their change and project future trajectories 

2018  ------------------------------------------------------------------------------------------------------------------- 2023



• Identifying 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. 

We aimed at ….



The Western Mediterranean pelagic system is changing

• Declines in commercial species 
• Increases and proliferations 
• Recoveries

• Changes in climate & ecological conditions
• Changes in human activities

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



• Anchovy and sardine catches are low
• Pelagic fish shows small sizes
• Proliferations of jellyfish
• Recent recovery of predators

The Western Mediterranean pelagic system is changing



What is happening in the pelagic system?
• Several scientific hypothesis

Potential drivers of the decline 
in sardine and anchovy

Environmental 
changes

Diseases

Changes 
in diet 

(plankton)

Changes observed in populations of SPF in the 
W Mediterranean Sea

•

Pollution 
(plastics)

Fishing 
impacts

Predators 
and 

competitors

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



Stock assessments
Fisheries and stock assessments

A) Sardine

B) Anchovy

Overfished and 
overfishing

Coll and Bellido 2019, Ramirez et al., 2019

Overfished and 
overfishing

https://op.europa.eu/en/publication-detail/-/publication/f1bd2c63-084e-11eb-a511-01aa75ed71a1

Fcurr=0.64
Fmsy=0.54

Fcurr=1.19
Fmsy=0.47

A4a & two-stage biomass models



Stock assessments

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

In overexploitation Ecologically 
unbalanced

In overexploitation Low biomass

In 2019

GSA06 GSA07

a4a, SpiCT Two-stage biomass 
model, acoustic estimates

a4a, 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

• Species changes and their consequences – Socio-ecology
• Changes in ecosystem components 
• Changes in fisheries
• Projections (fisheries and CC) and management options

Engraulis encrasicolus – European anchovy

Sardina pilchardus – European sardine

Sardinella aurita – round sardinella

Euthynnus alletteratus - little tunny



Body conditions, reproduction
Growth, mortality

Environmental factors, distribution & abundance

Trophic ecology 
Predators, competitors

Fishing dynamics, trade-offs
Catch, effort

Population structure

Socioeconomics

Populations
(Biology)

Species
Community

(Ecology)
Socioecological 

system



Literature review
Oceanographic campaigns

fishing-dependent data

Dissections
Laboratory analyses, Calorimeter

SIA, SCA, Metabarcoding
Barcoding

Statistical modelling
Mechanistic modellingIntegrated analyses

Body conditions, reproduction
Growth, mortality

Environmental factors, distribution & abundance

Trophic ecology 
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Species differentiation - Genetics
Low differentiation between populations in the Mediterranean Sea

Atlantic

Alboran Sea

Atlantic

Alboran Sea

Population structure: 
Genotyping through high-
throughput sequencing 
(ddRAD libraries, SNPs)

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

2018

Coll and Bellido 2019; Antoniou et al. 2021.Submitted. ME. https://op.europa.eu/en/publication-detail/-/publication/f1bd2c63-084e-11eb-a511-01aa75ed71a1



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

NORTH
GSA-06 North 
(Tarragona)

CENTRAL
GSA-06 South 

(Torrevieja)SOUTH
GSA-01 

(Fuengirola)

Evaluated the 
seasonal and inter-
annual variability of 
key life-history traits 
along a latitudinal 
gradient and related 
changes to potential 
environmental 
variability and trophic 
conditions

Albo et al. 2020. MERE; Albo et al. 2021. FMS; Lloret-Lloret et al. 2022. PiO.

Monthly time-series of 
biological parameters from 
2003-2017

GAMs



Changes in abundance, biomass

Pennino et al. 2020 FMS; Baez et al., 2022. RSMS

Species health

*

*

*

* *

* *

Spearman’s correlation



Changes in distributions
Species health

Coll and Bellido 2019



Species health
Changes in distributions & environmental factors and preferences

Pennino et al. 2020. FMS; Fernandez-Corredor et al. 2021. RSMS

Boosted Regression Trees



Species health

Pennino et al. 2020. FMS; Fernandez-Corredor et al. 2021. RSMS

Changes in distributions & environmental factors and preferences
Boosted Regression Trees



Species roles and drivers
Trophic behaviour along a latitudinal gradient

Bachiller et al. 2020. SR; ; Gimenez et al., in press. CJFAS

Stomach 
contents

Stable 
isotopes

DNA-
metabarcoding

SCA: opportunistic ingestion
of available prey in a certain
area and/or time.
DNA-M: Ingested prey reflect
a latitudinal signal that may
indicate a higher large prey
ingestion by both species
southwards, and more
effective predation on large
prey like krill by anchovy
SIA: lower δ15N in the
northernmost area.

A latitudinal gradient indicating changes in the trophic ecology of anchovy and sardine 
coinciding with described better biological conditions for fish in the south



Trophic behaviour along a latitudinal gradient (competitors)

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

• 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 (δ15N) and carbon (δ13C) stable isotopes in muscle tissue.

Stomach 
contents

Stable 
isotopes

DNA-
metabarcoding

Species roles and drivers



Contaminants (microplastics, plasticizers) and parasites

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

Species roles and drivers

M. Albo

Sardinella showed larger concentrations of parasites and plastics



Species roles and drivers
Trophic ecology of predators

Ouled-Cheikh et al. 2022. MEPS

1961-2019 

101 studies 
79 predators (%W) 
98 predators (%N) 



Fisheries and environmental factors and preferences

Ramirez et al. 2018. SR, Ramirez et al. 2021. STOTEN

Species roles and drivers

“Safe Operating Space” (SOS) 
by Rockström et al. (2009)

Identification of areas with larger cumulative impacts show 
as well a latitudinal gradient



Fisheries and environmental factors and preferences

Ouled-Cheikh et al. 2022. Elementa: Science of the Anthropocene

Species roles and drivers



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

Species changes and their consequences

* Modified from Corrales et al. 2015. JMS; Biogeochemical GETM-MedERGOM model (JRC, D. Macias) 
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Spatial-temporal management scenarios
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Spatial-temporal MEMSectorial studies

2000-2020

45547 km2, 0.0833 dd

* 59 fg



Species changes and their consequences
Changes in ecosystem components

2000

Mixed Trophic Impact

Coll et al., in prep.



0

0.5

1

1.5

2

2000 2005 2010 2015 2020

Re
la

tiv
e 

bi
om

as
s

Year

All area

Juvenile anchovy
Adult anchovy
Juvenile sardine
Adult sardine
Round sardinella
European sprat

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

RCP4.5

RCP8.5

Coll et al., in prep.



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 Relative biomass (2020/2000) under RCP4.5
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39: Juvenile anchovy

40: Adult anchovy

41: Juvenile sardine

42: Adult sardine
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Species changes and their consequences
Changes in fisheries Relative catch (2020/2000) under RCP4.5
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Coll et al., in prep.



Species changes and their consequences
Changes in ecosystem components

0

0.5

1

1.5

2

2.5

2000 2005 2010 2015 2020

Re
la

tiv
e 

bi
om

as
s

Year

All area

Horse mackerel

Blue shark

Atlantic mackerel

Non-com. large pel. fishes

Swordfish

Other large pel. fishes

Atlantic chub mackerel

Atlantic bluefin tuna

0

0.5

1

1.5

2

2.5

2000 2005 2010 2015 2020

Re
la

tiv
e 

bi
om

as
s

Year

All area

Horse mackerel

Blue shark

Atlantic mackerel

Non-com. large pel. fishes

Swordfish

Other large pel. fishes

Atlantic chub mackerel

Atlantic bluefin tuna

RCP4.5

RCP8.5

Relative biomass (2020/2000) under RCP4.5

Coll et al., in prep.



0 1 2 3

Juvenile anchovy

Adult anchovy

Juvenile sardine

Adult sardine

Round sardinella

European sprat

Horse mackerel

Atlantic mackerel

Atlantic chub mackerel

Swordfish

Atlantic bluefin tuna

Other large pelagic fishes

Non-commercial large pelagic
fishes

Blue shark

Pelagic Fish Biomass (E/S)RCP 4.5 RCP 8.5

0 1 2

Salema

Juvenil mullets

Adult mullets

Blue whiting

Anglerfish

Juvenil hake

Adult hake

Poor cod

European conger

Flatfishes

Small demersal fishesl…

Large demersal fishes…

Demersal fishes (upper slope)

Bentopelagic fishes

Mesopelagic fishes

Demersal sharks (continental shelf)

Demersal sharks (upper slope)

Rays and skates

Demersal Fish Biomass (E/S)RCP 4.5 RCP 8.5

Identify winners and losers under fishing and different climate conditions (2020/2000)

Species changes and their consequences

0 1 2

Spottail mantis shrimp

Norway lobster

Red shrimp

Other shrimps

Crabs

Bivalves-gastropods

Benthic invertebrates

Benthic ceph. (continental shelf)

Benthop. ceph. (continental shelf)

Benthic ceph. (upper slope)

Benthop. ceph. (upper slope)

Invertebraes Biomass (E/S)RCP 4.5 RCP 8.5

*

*

*
*

*

*
*
*

*
*
*

*

*
*

*

* *
*
*

*

*
*

*
*
*
*
*

*
*

**

Coll et al., in prep.



-80

-60

-40

-20

0

20

40

60

80

BAU/Past F50/BAU MPACoastal/BAU MPARef./BAU MPAMult/BAU MPAMultF50/BAU

C
ha

ng
e 

(%
)

Catch change (%) - RCP4.5

Juvenile anchovy Adult anchovy Juvenile sardine Adult sardine

Species changes and their consequences
Alternative management options
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• 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 questions emerged (role of pollution, adaptation, induced evolution)

What have we learned?
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After Dolan et al. 2016. ICESJMS 



Obrigada!
Presenting at the conference



Obrigada!

http://martacollmarine.science/spf-contributions/
https://martacollmarine.science/pelweb-infographics/

http://martacollmarine.science/spf-contributions/
https://martacollmarine.science/pelweb-infographics/


Species roles and drivers
Trophic ecology of predators

Sbragaglia et al. 2021. TREE

key mechanisms by which fishing may change 
the shoaling tendency and collective behaviour 
of exploited species 



Species changes and their consequences
Alternative management options
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