
From trophic to competitive structure : 
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Introduction: Food webs and derived graphs 

3. Models of food-web structure 
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Chrordless cycles, intervality, and niche theory 
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Prey characteristic (e.g. body size) 

A B C D D 

absence of chordless cycles ! 
consumers can be ordered along a 
single dimension of the niche: 
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Niche overlap and intervality graphs 

3.1. The cascade model [Cohen & Newman 1985] 

Parameters : - number of species S  
  - number of trophic links L (or L/S, or L/S2) 
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3.2. The niche model [Williams & Martinez 2000] 

Parameters : - number of species S  
  - number of trophic links L (or L/S, or L/S2) 
  - constraints: species eat all prey in a range 
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2) range, ri,   
    β [0 , 1] 

r1 r1 
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1) niche value, ni,   
    U [0 , 1] 
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3) center of range, ci,  
    U [ri/2 , ni] 

c1 

Performance of the  
niche model 
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Niche overlap graph of St Martin Island 

Recent food webs have chordless cycles 
and are non-interval; the niche model 
generates only interval and non 
chordless food webs. 

Chordless cycles in recent data 

Chordless cycles are numerous in recent food-webs : 
Number Number of chordless cycles of size : 

Food-web : 
of taxa 4 5 6 7 

Coachella Desert 30 42 0 0 0 

Chesapeake Bay 33 0 0 0 0 

Skipwith Pond 35 0 0 0 0 

St-Martin Island 44 230 91 29 0 

Everglades graminoids 63 568 130 12 0 

Cypress 64 0 0 0 0 

Bridge Brook Lake 75 0 0 0 0 

Mangrove Estuary 90 4231 8840 5424 6616 

Ythan Estuary 92 213 156 10 0 

Florida Bay 122 5769 15825 35824 21158 

Little Rock Lake, North Basin, Winter 124 102 8 0 0 

Little Rock Lake, Annual web 180 1210 3572 8888 5203 

Little Rock Lake, South Basin, Summer 200 3689 8788 23340 13104 



3.3. Phylogenetic constraints ! nested-hierarchy model 

Species inherit the morphology and physiology of their ancestors, and are 
constrained to occupy similar trophic niches. 

Sylviidae Fringillidae 

"Unordered" food web matrix (Grande Cariçaie): 
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Food web matrix ordered by taxonomy 

The nested-hierarchy model [Cattin et al. 2004] 

Parameters : - number of species S & number of trophic links L 
  - sequential model 
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Performance of the nested-hierarchy model 

Performance of the nested-hierarchy model 



3.4. The mimimum potential niche model [Allessina et al. 2008] 

Other recent "stochastic" models of food web structure : 

- The ADBM (allometric diet breadth model) [Petchey et al. 2008] 
 First mechanistic model using allometric rules and optimal foraging 
 theory to infer the trophic network. Uses Body-Size as an explanatory 
 variable.  
 ! the model predicts a single matrix configuration for a given observed  
     food-web 

-  The generalized cascade model [Stouffer et al. 2005] 
 Model encompassing cascade and niche models as extremes 

-  The matching model [Rossberg et al. 2006] 
 Trophic interactions depend body-size and abstract traits, which are 
 subjected to evolution. Model of evolution on a long time scale..  

-  The extended generalized cascade model [Capitán et al. 2013] 
 Non contiguous prey above the diagonal.   

First mechanistic model of food-web structure : 

4. Statistical models to study network structure 



Statistical model for networks : 1st steps (GLM context) 

The response variable is the  
adjacency matrix of the network :  
for food web the predation matrix 

The explanatory variable is the  
body size of species (length or mass) : 
 

log(body size of prey) – log(body size of 
predator) 

( )1ijP a =
We model the 
probability that there 
is a trophic link 

From this we can infer a  
fitted adjacency matrix 

4.1. The body size model [Data: Tuesday Lake] 

( )
( )

2
1

log log log
0

ij i i

j jij

P a m m
m mP a

α β γ
=

= + +
=

the parameters are : α, β and γ 

! Proportion of correct trophic links: 46% 



From body size model to latent traits model 

prey i 

predator j 

( )1ijP a =

Latent traits 
model 

j

j

j

v
m
f

i

i

i

v
m
f

latent trait of vulnerability 
 

body size 
 

latent trait of foraging 

Now the linking 
probability depends on 
the body size ratio and 
the latent traits 

Body size model 

im

jmbody size 

The linking probability 
depends only on the 
body size ratio 

4.2. The latent traits model 

! Proportion of correct trophic links : 87% 

( )
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2
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log log log
0

ij i i
i j

j jij

P a m m v f
m mP a

α β γ δ
=

= + + +
=

the parameters are : α, β, γ, δ and for 
each species vi and fi  
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Results of Mantel tests 

4.3. The matching-centrality model 
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Matching-centrality representation of Little Rock Lake 
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The Zachary Karate club social network 

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

−1.5

−1

−0.5

0

0.5

1

1.5

−2.5 −2 −1 0 1 2

First matching dimension( λ1v1)

Se
co

nd
 m

at
ch

ing
 d

im
en

sio
n(

λ 2
v2 )

a

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

●

●

Mr. Hi
Officers

M
r. 

Hi
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
Of

fic
er

s
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi
M

r. 
Hi

M
r. 

Hi

0
5

10
15

20
25

30

Karate club factions after the split

He
igh

t

b



The Zachary Karate club social network 
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Reconstruction of the 9.11 terrorist network 
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Forecasting the behaviour of new nodes 
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Forecasting the behaviour of new nodes 
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Forecasting the behaviour of new nodes 
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