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Aim of the studyAim of the study

oo Describe the congruence between msatDNA, Describe the congruence between msatDNA, 
allozymic and morphometric variability of allozymic and morphometric variability of 
sardine in the NE Atlantic and Mediterranean sardine in the NE Atlantic and Mediterranean 
SeaSea

oo Integrate data from the three approaches to Integrate data from the three approaches to 
provide a unified perspective of sardine provide a unified perspective of sardine 
population structurepopulation structure



StudyStudy areaarea
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GeneticsGenetics: Material & : Material & methodsmethods

oo 21 21 samplessamples ofof 100 100 individualsindividuals (2000(2000--2004) for 2004) for 
msatDNAmsatDNA

oo 15 15 samplessamples ofof 50 50 individualsindividuals inin allozymesallozymes (2003/2004)(2003/2004)
oo 5 5 lociloci ((msatDNAmsatDNA) ) andand 27 27 lociloci ((allozymesallozymes) ) scoredscored
oo GeneticGenetic structurestructure::

–– AllelicAllelic frequenciesfrequencies ((Fisher’sFisher’s exactexact testtest))
–– FFsst (t (permutationpermutation testtest to to obtainobtain pp--levellevel) ) 
–– FstFst usedused inin neighbourneighbour--joiningjoining dendrogramdendrogram andand MultiMulti Dimensional Dimensional 

ScalingScaling (MDS)(MDS)
–– TestTest ofof isolationisolation byby distancedistance ((allozymesallozymes))
–– AMOVA to AMOVA to testtest differentdifferent samplesample groupingsgroupings ((msatDNAmsatDNA))



GeneticGenetic differentiationdifferentiation: : msatDNAmsatDNA analysesanalyses

oo Differentiation of Differentiation of 
Mauritania, Mauritania, 
MediterranenMediterranen, Azores, , Azores, 
and Madeira;and Madeira;

oo Large group from north Large group from north 
Morocco to North Sea Morocco to North Sea 
(with SW (with SW 
Mediterranean);Mediterranean);

oo SuggestsSuggests 5 5 sardinesardine
populationspopulations

oo Genetic differentiation Genetic differentiation 
mainly driven by locus mainly driven by locus 
sapi22sapi22

Neighbor-joining tree of pairwise Fst



GeneticGenetic differentiationdifferentiation: : allozymeallozyme analysesanalyses

oo DrivenDriven byby samplessamples fromfrom
thethe extreme range: extreme range: 
MauritaniaMauritania, , AzoresAzores, , andand
Madeira;Madeira;

oo MediterraneanMediterranean partiallypartially
isolatedisolated

oo EuropeanEuropean AtlanticAtlantic
consistentconsistent withwith isolationisolation
byby distancedistance model;model;

oo Driven by a single locus Driven by a single locus 
(SOD*)(SOD*)

MDS of the pairwise Fst

Laurent et al. 2007. Journal of Fish
Biology, 71 (Supplement A), 1-17.



LinkLink betweenbetween twotwo geneticgenetic lociloci
oo Cline from Mauritania Cline from Mauritania 

to North Sea;to North Sea;

oo Steep change in Steep change in 
central Moroccocentral Morocco

oo Southwestern Southwestern 
Mediterranean, Mediterranean, 
Azores and Madeira in Azores and Madeira in 
a separate cluster.a separate cluster.

oo Are these loci under Are these loci under 
selection ?selection ?
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MorphometryMorphometry: Material & : Material & MethodsMethods

oo 35 35 samplessamples ofof 5050--75 75 individualsindividuals ((20002000--2004)2004)

oo 9 9 variablesvariables ((headhead dimensionsdimensions) ) fromfrom a a trusstruss networknetwork

oo SizeSize correction (mean of each variable)correction (mean of each variable)

oo MahalanobisMahalanobis distancesdistances betweenbetween samplessamples

oo MetricMetric MDSMDS



MorphometricMorphometric differentiationdifferentiation

oo SubstantialSubstantial separationseparation ofof
MauritaniaMauritania andand NorthNorth
Sea;Sea;

oo Some difference Some difference 
between periods between periods 
(2000/2001 in black and (2000/2001 in black and 
2003/2004 in red)2003/2004 in red)

oo ShallowShallow differentiationdifferentiation
betweenbetween twotwo groupsgroups
separatedseparated offoff westernwestern
IberianIberian PeninsulaPeninsula;;

oo MediterraneanMediterranean andand
AtlanticAtlantic IslandsIslands closercloser to to 
thethe northernnorthern groupgroup;;

MDS of the pairwise
Mahalanobis distances
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IntegrationIntegration: Material & : Material & MethodsMethods

oo CommonCommon samplessamples (11 (11 overalloverall))::
–– 12 for 12 for msatDNAmsatDNA--allozymesallozymes
–– 17 for 17 for morphometrymorphometry--msatDNAmsatDNA
–– 14 for 14 for morphometrymorphometry--allozymesallozymes

oo MatricesMatrices ofof pairwisepairwise FstFst andand MahalanobisMahalanobis distancesdistances
using commonusing common samplessamples//areasareas

oo MDS MDS analysesanalyses

oo ProcrustesProcrustes superimpositionsuperimposition: : scalesscales, , translatestranslates andand rotatesrotates eacheach
pairpair ofof MDS MDS configurationsconfigurations to minimize to minimize thethe sumsum ofof squaredsquared distancesdistances
betweenbetween correspondingcorresponding pointspoints ((samplessamples))

oo ProcrustesProcrustes correlationcorrelation ((permutationpermutation testtest))



CongruenceCongruence betweenbetween methodsmethods

oo Positive significant Positive significant 
correlations;correlations;

oo HigherHigher PR PR betweenbetween
geneticgenetic approaches;approaches;

oo MorphometryMorphometry withwith
betterbetter aggreementaggreement
withwith allozymesallozymes thanthan
withwith msatDNAmsatDNA

Procrustes 

correlation msatDNA Allozymes

Allozymes 0.88 
(1)

Morphometry 0.63
 (2)

0.68 
(1)

(1)
 p<0.001

(2)
 p=0.002



MainMain discrepanciesdiscrepancies betweenbetween methodsmethods

MediterraneanMediterranean MoroccoMorocco
AegeanAegean SeaSea

0
.0

5
0
.1

0
0
.1

5
0
.2

0
0
.2

5

 

P
ro

c
ru

s
te

s
 r

e
s
id

u
a
l

msatDNA vs allozymes
N

S
E

A

C
H

A
N

S
F

R
A

N
P

O
R

C
A

D

N
M

O
R

M
A

U

A
Z

O

M
A

D

M
M

E
D

L
Y

O
N

A
E

G

0
.0

5
0
.1

5
0
.2

5
0
.3

5

 

P
ro

c
ru

s
te

s
 r

e
s
id

u
a
l

msatDNA vs morphometry

N
S

E
A

C
H

A
N

N
F

R
A

S
F

R
A

C
A

N
W

N
P

O
R

N
P

O
R

f
S

W
P

O
C

A
D

C
A

D
f

N
M

O
R

M
A

U
A

Z
O

M
A

D
M

M
E

D
S

M
E

D
L
Y

O
N

0
.0

5
0
.1

5
0
.2

5
0
.3

5

 

P
ro

c
ru

s
te

s
 r

e
s
id

u
a
l

allozymes vs morphometry

N
S

E
A

C
H

A
N

S
F

R
A

C
A

N
E

S
G

A
L

N
P

O
R

S
P

O
R

C
A

D

N
M

O
R

M
A

U

A
Z

O

M
A

D

M
M

E
D

L
Y

O
N

AtlanticAtlantic IslandsIslands
GulfGulf ofof LyonLyon

AtlanticAtlantic IslandsIslands
MediterraneanMediterranean MoroccoMorocco

Generally good agreement for the Atlantic shelf areas



IntegratedIntegrated configurationconfiguration
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EvidenceEvidence from other genetic and from other genetic and 
morphometric studiesmorphometric studies

Atarouch et al 2006

Atarouch et al 2007

Atarouch et al 2007



ConclusionsConclusions

oo GoodGood congruencecongruence amongamong the three approaches,the three approaches, although betteralthough better
betweenbetween the geneticthe genetic onesones

oo 5 5 morphomorpho--geneticgenetic populationspopulations ofof sardinesardine::
–– MauritaniaMauritania--central Morocco?central Morocco?
–– AzoresAzores
–– MadeiraMadeira
–– MediterraneanMediterranean SeaSea
–– NE NE AtlanticAtlantic shelfshelf: : NorthNorth MoroccoMorocco to to NorthNorth SeaSea

oo Some Some northnorth--southsouth differentiationdifferentiation inin thethe NE NE AtlanticAtlantic shelfshelf groupgroup
oo HigherHigher affinityaffinity ofof MediterraneanMediterranean andand AtlanticAtlantic islandsislands withwith

northernnorthern AtlanticAtlantic areasareas thanthan withwith southernsouthern IberianIberian areasareas

GeneticGenetic andand morphometricmorphometric methodsmethods uncovereduncovered
intraintra--specificspecific variabilityvariability atat largelarge spatialspatial scalescale



PopulationPopulation structure at small spatial scalestructure at small spatial scale
(focused on the Iberian Peninsula)(focused on the Iberian Peninsula)

EVIDENCE FOREVIDENCE FOR
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oo GeographicGeographic variationvariation inin thethe
maturationmaturation patternpattern
(Silva et al 2006)(Silva et al 2006)
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Population structure at small spatial scalePopulation structure at small spatial scale
(focused on the Iberian Peninsula)(focused on the Iberian Peninsula)
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oo DemographicDemographic
structure; structure; 
recruitment areas recruitment areas 
intermingling with intermingling with 
adult areasadult areas
(ICES 2006)(ICES 2006)
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PopulationPopulation structure at small spatial scalestructure at small spatial scale
(focused on the Iberian Peninsula)(focused on the Iberian Peninsula)

EVIDENCE AGAINSTEVIDENCE AGAINST

oo No localized spawning areas; instead spawning is continuous acroNo localized spawning areas; instead spawning is continuous across ss 
the shelfthe shelf (Bernal et al 2007)(Bernal et al 2007)

oo Temporal overlap in spawning season between adjacent areasTemporal overlap in spawning season between adjacent areas
(Coombs et al 2006, Stratoudakis et al 2007)(Coombs et al 2006, Stratoudakis et al 2007)

oo Otolith microOtolith micro--elemental composition suggest ageelemental composition suggest age--related related 
migrations: similarity between sardine from western Portugal witmigrations: similarity between sardine from western Portugal with h 
that from the Gulfs of Cadiz and Biscay increases with fish sizethat from the Gulfs of Cadiz and Biscay increases with fish size
(Castro 2007)(Castro 2007)

oo AreaArea--based assessment models suggest agebased assessment models suggest age--related migrations related migrations 
from west to north and south Iberian watersfrom west to north and south Iberian waters (Anon. 2006)(Anon. 2006)
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(adapted from ICES 2005, Anon. 2006)(adapted from ICES 2005, Anon. 2006)

??

??

??

–– 33 recruitmentrecruitment ““hotspotshotspots””

–– YoungYoung fishfish promotepromote spatialspatial
structurestructure

–– LargeLarge fishfish disruptdisrupt spatialspatial structurestructure

–– MovementMovement ofof largelarge fishfish seemsseems to to bebe
limitedlimited

–– ThereThere are are preferredpreferred directionsdirections ofof
movementmovement

–– TheseThese maymay changechange overover time time 
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