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Species: soft-bottom polychaete  
Site:     Gulf of Lion

 

(see Guizien et al, 2014)

N t+1=min(b j C ij ai N t+s jj δ ji N t , N max)

Four sites analyzed.
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Species: soft-bottom polychaete  
Site:     Gulf of Lion

 

(see Guizien et al, 2014)

N t+1=min(b j C ij ai N t+s jj δ ji N t , N max)

One
 essential node 
for persistence.

METAPOPULATION  MODEL



Species: soft-bottom polychaete  
Site:     Gulf of Lion

 

(see Guizien et al, 2014)

N t+1=min(b j C ij ai N t+s jj δ ji N t , N max)

Presence of a 
rescue mechanism.
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Species: soft-bottom polychaete  
Site:     Gulf of Lion

 

(see Guizien et al, 2014)

N t+1=min(b j C ij ai N t+s jj δ ji N t , N max)
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GRAPH THEORY
Graph: representation of pairwise 

   relations between nodes (sites).

Relations are represented by links (      ).

d i , j=log (
1

C i , j

)

New distance between nodes:

 Shortest path  
=

 most probable

C ij
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Thus we introduce a new measure.

Nodes with:

 

  High basin-scale 

  flux of propagule 

  Lying the border 

  of clusters

High betweenness

Topological 
factor

BRIDGING CENTRALITY



High-bridging centrality 
nodes ensure

the network's integrity



Thus we look for clusters.



Statistically surprising  
disposition of links Cluster =

Thus we look for clusters.

Cluster of nodes = Community



Cluster → Maximization of 
modularity Q

Thus we look for clusters.

Cluster of nodes = Community



Cluster → Maximization of 
modularity Q

Thus we look for clusters.

Cluster of nodes = Community

Q=0.16

Graph theory
detects

rescue effects.



CONCLUSIONS

1 ) We propose a new consistent node-to-node metric.

2 ) Betweenness is not correlated with persistence.

3 ) Bridging centrality is a good indicator for persistence.

4 ) Modularity can identify communities and rescue mechanisms. 

5 ) Methodology independent from demographic parameters.
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EXTRA SLIDES



G r a p h     T h e o r y  
enables us to 

derive more information about 

crucial points of the system.

  



 

Graph theory for key site selection:

 pay great attention on the metrics !!! 

Andrello et al., Low connectivity between 
Mediterranean Marine Protected Areas: a 

biophhysical modeling approach for the dusky 
grouper: Epinephelus Marginatus, PlosOne, 2013

Costa et al., Estimation of connectivity in marine biological 
networks: Graph Theory versus Metapopulation Models. 

The Gulf of Lion study case, in preparation

Betweenness: identifies gateways (i.e. nodes through which most of the propagules flow,
   e.g. soft-bottom polychaete in the Gulf of Lion)

c i,j
d i,j=log( 1

c i,j)





There is no correspondence between 
high betweenness and 

important sites for persistence. 
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More isoleted components !!!
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with what emerges from 

the metapopulation model analysis.

There are distinct 
communitites

But what about the rescue effect?
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Graph analysis reflects well  

the organization of polychate population in the gulf

resulting from Guizien et al.(2014)
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We search autosufficient sites 

using

a simplified metapopulation model 

without density dependent factors:

 

 

Hasting (2006) demonstrates that 

self sufficient sites have cycles starting from it.

The more the cycle is probable, 

the more the site is self-sufficient:

it is a source of larvae.

N t+1=(b j C ij a i)⋅N t



Nodes 13-16 composes the majority of the cycles.

Core of well connected nodes in the centre of the GoL.
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 In the meatapop. model nework collapses when nodes 
around Sète (node 18) are removed. 

2<L<5



cluster: a set of nodes that are “close” to each other, with respect to a certain 
measure of distance or similarity

A possible measure is the number of neighbors of a nodes that are also 
neighbors between themself (as Facebook ;-) )

Clustering coefficient:

C(1)=3/(4*3/2)=1/2

C(2)=0

1

2

We can identify the more well 
connected areas of sea, that is where 
highly connected communities of a 
particular species .

C(v
i
) = E / (V*(V-1) / 2)

V = # of neighbors
E = # of connections between V
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Stop: - no more increment of the metric is 
possible

- after a certain number of steps

Hierarchy of clusters !



Blondel et at ( 2008 ),

“Fast unfolding of 
communities in 
large networks”

Increase modularity



“Network analysis identif ies weak and strong links in a metapopulation 
system”

A Rozenfeld et al  2008:

 → Posidonia genetic analysis and robustness analysis of the networkCollaboration with A.Chenuil 

and A.Weber at IMBE



The genetic distance is symmetric, 
the current-based one is not.

Which definition of distance we shall use?

I thought to 3 possibilities:

1) a mean genetic variation of the 
population respect to a model
and then the difference between
the populations:

D1(1,2)=∣

∑
i∈1

(g i− ḡ)

I
−

∑
j∈2

(g i− ḡ)

J
∣=D1(2,1)



2) all vs all:

D2(1,2)=

∑
i∈1

∑
i∈2

(g i−g j)

I⋅J
=D2(2,1)

(?)g is a vector in the 4-dimensional genetic space

Relatively to case 1: if we have Div(G)>>0 we have a genetic differentiation(?)



3) an asymmetric combination of the precedent methods:

D3(1,2)=

D2(1,2)− ∑
k , i∈1∧k≠i

(g i−g k )

I⋅J
≠D3(2,1)

  The smaller value points towards the more variable site: it is a 
sourse of genetic variability.
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