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Distribution of the European sardine
• Small pelagic coastal fish

• Fast growing and short-lived

• Valuable fishery resource

High social and
economic importance

Employs thousands of 
fishers

Profitable canning
industry
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Spatial population dynamics of 
sardine on the Northeast Atlantic

Source: Silva et al. (2022). 

Sardine recruitment spatiotemporal 
dynamics
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Objective
Investigate common trends in the population dynamics of sardines and 

assess connectivity among populations in the northeast Atlantic Ocean and 
Western Mediterranean Sea.

Questions
Is there synchrony in population dynamics between recruitment hotspot 
areas? 

Are recruitment hotspots supplying their neighbouring areas?

Are there common patterns between the recruitment hotspots 
time series?
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13 study areas (except North of 
Morocco)

Abundance and biomass per age group
and per area from acoustic surveys
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13 study areas

Abundance and biomass per age group
and per area from acoustic surveys

Modelling cohort abundance and predict
Rage0 (GAM)
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gam(number~ survey + s(age,by=cohort,k=k_age)
Family: Negative Binomial / Tweedie  | Method: REML | Model 
Selection: AICc + residual diagnostics



To identify high recruitment areas, we analyzed abundance over time at age 1.
The Cantabrian Sea (can), the Galicia areas (ngal, sgal), South of Portugal (spor), and the Northern Alboran Sea 
(alb) were discarded as high recruitment areas.
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DFA Models

Winter period: December to February.

Model selection 
through AIC

Cross Correlation Function (CCF) to estimate:
• Synchrony between Rage0 in different areas.
• Connectivity between Rage0 and SSB1,2,3 in 

diferente areas.

Dynamic Factor Analysis (DFA) to determine 
common trends between recruitment
dynamics (Rage0) in different areas. 

Data Analysis



Recruitment Synchrony

❖ Npor and Cad synchronous 
co-movement in the same 
direction

❖ Swpor and Cad synchronous 
co-movement in opposite 
directions

❖ Npor & Cad with  Bisc: 
synchronous co-movement 
in opposite directions

❖ No relationship:

❖ Cmor <-> Smor

❖ Alb <-> Cat

❖ NW Africa <-> European 
<-> Mediterranean
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Bay of Biscay and Iberian Peninsula areas
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data = 2 common trends + noise

Best fit Model

Time Period:
1998 - 2021



Bay of Biscay, Iberian Peninsula and Moroccan areas
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data = 3 common trends + explanatory variables + noise

Best fit model

NAOw + EAw

Time Period:
2005 - 2021
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NAOw

Cad

0,333 
Bisc

0,327
Npor

0,247
Smor

-0,216

EAw

Bisc

0,490
Swpor

-0,379
Cmor

-0,112

DFA analysis
Bay of Biscay, Iberian Peninsula and Moroccan areas

Effects of the Explanatory Variables



SSB1

Recruitment –> SSB Connectivity
SSB3
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Recruitment –> SSB Connectivity
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North of Portugal and Gulf of Cadiz high
recruitment areas
E.g. Santos et al. (2004; 2007; 2018); Correia et al. (2014); Silva et al. (2019). 



GoCNpor
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North of Portugal and Gulf of Cadiz high
recruitment areas
E.g. Santos et al. (2004; 2007; 2018); Correia et al. (2014); Silva et al. (2019). 

Contrasting recruitment dynamics between
North of Portugal and Gulf of Cadiz with the 
Bay of Biscay

Driven by Environmental Variables

NAOw EAw

BoB

Positive EA phase – Higher temperatures in Europe



Lower SST
Npor and

Cad
spawning

Higher
recruitment

Bisc
spawning < 

optimum
temperature

Higher SST

Benefit
recruitment
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Contrasting recruitment dynamics between
North of Portugal and Gulf of Cadiz with the 
Bay of Biscay

Garrido et al. (2017)

Optimum spawning
temperature: 13 – 17ºC

North of Portugal and Gulf of Cadiz high
recruitment areas
E.g. Santos et al. (2004; 2007; 2018); Correia et al. (2014); Silva et al. (2019). 
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Swpor with its own recruitment dynamic

Contrasting recruitment dynamics between
North of Portugal and Gulf of Cadiz with the 
Bay of Biscay

Antunes et al. (2023)

Intensification
of WIBP in 

OCN

Retention
increases
with IPC

Relvas et al.(2007)

Increase in 
larval survival

Relvas et al. (2007)

Antunes et al. (2023)

More 
sheltered

area

North of Portugal and Gulf of Cadiz high
recruitment areas
E.g. Santos et al. (2004; 2007; 2018); Correia et al. (2014); Silva et al. (2019). 

Swpor (OCS in the map) is a complex transition zone, with the 
Iberian Poleward Current (IPC) and upwelling influence, possibly 
creating an interannual variability not shared by its adjacent 
areas. It is a very heterogeneous area, with different lengths in 
the continental shelf, and more river discharge in the north. This 
could help understand why this area has its own recruitment 
dynamic.
Furthermore, while the Algarve and Cadiz regions are generally 
more sheltered from upwelling-favorable winds and act as 
retention zones for eggs and larvae, Swpor is exposed to intense 
and variable upwelling. This may partly explain the negative 
recruitment correlation observed between Swpor and Cad in the 
CCF synchrony analysis.
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Swpor with its own recruitment dynamic

Contrasting recruitment dynamics between
North of Portugal and Gulf of Cadiz with the 
Bay of Biscay

Intensification
of IPC in OCS

Warmer, 
saltier surface

current
Arístegui et al. (2009)

Less larval 
conditions in 

OCS

Santos et al. (2018)

Intensification
of WIBP in 

OCN

Retention
increases
with IPC

Relvas et al.(2007)

Increase in 
larval survival

in OCN

Relvas et al. (2007)

In WinterNorth of Portugal and Gulf of Cadiz high
recruitment areas
E.g. Santos et al. (2004; 2007; 2018); Correia et al. (2014); Silva et al. (2019). 
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English Channel and BoB as isolated
populations

BoB did not show connectivity with 
its low recruitment adjacent areas

BoB recruitment

Can abundance
and biomass
did not increase

Silva et al. (2019)

English Channel and BoB as isolated
populations
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English Channel and BoB as isolated
populations
English Channel and BoB as isolated
populations

BoB has a 
large
continental 
shelf (yellow on the 
map)

Sufficient 
productivity to 
sustain sardine 
population

Less outflow of individuals

Silva et al. (2019)

Silva et al. (2019)
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English Channel and BoB as isolated
populations

Same genetic
stock

McKeown et al. (2024);
Sabatino et al. (2025)

Also seen in otolith
studies

E.g. Neves et al. (2023)

Differences on
life history

traits

No infomation
on connectivity
between these

two areas
Silva et al. (2008); 
Gatti et al. (2018)

Managed as 
separate

stocks
+
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English Channel and BoB as isolated
populations

Moroccan areas as isolated populations
Genetic studies (Chlaida et al., 2006; Sabatino et al., 2025), otolith 
studies (Neves et al., 2023; Mounir et al., 2023), differences in body 
morphology (Silva et al., 2008), feeding habits (Nielancl, 1980 in 
Kafini, 1998)

North

Up
w

el
lin

g
in

cr
ea

se

South

Belmajdoub et al., 2023

Sardines in the south of Morocco are more adapted to the near-
permanent upwelling conditions, which may lead to morphological 
differences — as reported in some studies — and eventually genetic 
differences, as observed in others. This, coupled with other 
oceanographic characteristics, may explain the differences in 
recruitment dynamics and the lack of connectivity between these 
areas, observed in this study.
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Moroccan areas as isolated populations
Genetic studies (Chlaida et al., 2006; Sabatino et al., 2025), otolith 
studies (Neves et al., 2023; Mounir et al., 2023), differences in body 
morphology (Silva et al., 2008), feeding habits (Nielancl, 1980 in 
Kafini, 1998)

Mediterranean populations are not
connected with the Atlantic populations

2 subspecies found by Atarhouch et al. 
(2006). 

Morphological differences (Silva et al. 
(2008).

Genetic differences found by Sabatino et 
al. (2025).

Santos et al. (2018) results showed 8% of 
larvae from Algarve transport into the 
Mediterranean.

Antoniou et al. (2023) saw an overlap in 
the northern Alboran Sea – sardines from 
the Atlantic and sardines with mixed 
genetics.

English Channel and BoB as isolated
populations



Thank you!

I am available for any
questions/suggestions you

might have!
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