
Workshop NZES

A l y s s a  C i r t w i l l  

Introduction to the Study of 
Ecological Networks 



Introduction to the study of ecological networks

Community 1 – a food web
Sanak Island is one of the Aleutian Islands, off the coast of 
Alaska. Until 1828 the island was inhabited by the Aleut 
people but is currently uninhabited.  

In the intertidal zone, crabs and small fishes forage on 
barnacles, mussels, and limpets. The barnacles are filter-
feeders while the limpets graze on algae.   and detritus. 
Littorinid snails compete with the limpets for algae but are 
able to escape predation by emerging onto shore. Large 
crabs occasionally prey upon smaller ones, while the small 
fish are eaten by large fish. Take 10 minutes to draw a food 
web representing this system.



Introduction to the study of ecological networks

1.  How many species (nodes) 
are in your food web? How 
many interactions (links)?

2.  What p ropor t ion o f the 
possible links in the food web 
actually occur? What does this 
tell you about the community?

3.  What’s missing from this food 
web?

Community 1 – Questions
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Community 2 – a plant-pollinator network

Now consider a meadow that is heavily used by commercial 
honeybees as a foraging site. In this meadow are flowers 
including borage, clover, and viper's bugloss that are favorite 
forage species for the bees. Surrounding the meadow are 
several patches of manuka, which the bees also visit 
frequently. The bees also visit forget-me-nots, gorse, and 
thistles, but less frequently. A few native alpine flowers also 
grow in the meadow (including alpine daisies, eyebrights, 
and orchids), but these are usually pollinated by native flies 
rather than the introduced honeybees. Take 10 minutes to 
draw a network describing the role of honeybees in this 
meadow.
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1.  This is an egocentric (or 
‘sink’) web focused on the 
honeybees. What happens 
w h e n y o u a d d n o n -
honeybee pollinators?

2.  How does this network differ 
from the Sanak Island food 
web?

Andy%Mu rray

Community 2 – Questions
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- Archipelago of “islands” 

- “Sp comprising a depauperate fauna should 

constitute a proper subset of those in richer 

fauna” (Darlington 1957)  
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with more generalist species.  

Bascompte et al., 2003 
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Cohesive pattern 

Nestedness = nonrandom pattern beyond 
connectedness 

Nestedness of interactions: 
 

Each sp interacts with subsets of sp interacting 
with more generalist species.  

Bascompte et al., 2003 



How is nestedness calculated? 
Unweighted nestedness from Bastolloa et al., 2009:  

η =  
∑ 𝑛𝑖𝑖𝑖<𝑖

∑ min (𝑛𝑖 ,𝑛𝑖)𝑖<𝑖
 

# of interactions common to 
both plants i and j 

minimum # of interactions between 𝑛𝑖 and 𝑛𝑖 

0 = random; 1=perfect nestedness 
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 Many other calculations: 
¾ Nestedness temperature : deviation 

from isocline (Atmar & Patterson 1993) 

  0=cold, i.e. perfect N, 100=hot, i.e.chaos 

¾ NODF: Node Overlap and Decreasing 
Fill (Almeida-Neto et al. 2008) 

 high values = high nestedness 

¾ Weighted version of NODF  
(Almeida-Neto et al. 2010) 



Implications 
• Generalist core with rest of the community 

attached to it    

 

• Asymmetric specialisation: specialists interact 
with generalists, not with other specialists 

Implications: consequences for stability 
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Thebault & Fontaine 
2010 
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et al. 2007) 
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the core 

Implications: consequences for (co)evolution 
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species hypothesised to act as a “coevolutionary 
vortex” (Bascompte et al. 2003; Thompson 2005; Guimaraes 
et al. 2007) 



Introduction to the study of ecological networks
Workshop NZES

M a r i l i a  P.  G a i a r s a  &  C a m i l l e  C o u x

Modularity



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks
Jonsson et al. 2006, Fortunato 2010
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Introduction to the study of ecological networks
Donatti et al. 2011
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Introduction to the study of ecological networks
Allesina & Pascual 2009



Modularity

“Modularity is the tendency where 
species within a module tend to interact 
with a much higher frequency among 

them than they do with species from 
other modules” (Bascompte & Jordano 2014)

Introduction to the study of ecological networks
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Modularity

How to characterize 
groups of interactions?

Introduction to the study of ecological networks



Modularity

The metric M

Introduction to the study of ecological networks

M =
X

all modules s

✓
ls
L

� dPs
L

dAs
L

◆

Barber 2007, Guimerà et al. 2007
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X

all modules s

✓
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� dPs
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dAs
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◆

Sum of the animals’ degree  inside 
module s
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The metric M

Newman & Girvan 2004
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Introduction to the study of ecological networks

# of interactions inside module s

# of interactions in the 
whole network
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Introduction to the study of ecological networks

Sum of the species’ 
degree  inside module s
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How to find the modules?
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How to find the modules?
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(2/20) – (15/40)2

(6/20) – (18/40)2

(0/20) – (6/40)2

M =
X

all modules s

"
ls
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�
✓
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How to find the modules?
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M = 0.04

M =
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all modules s
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How to find the modules?
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M = 0.16

M =
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all modules s
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Modularity

How to find the modules?

Introduction to the study of ecological networks

M = 0.47

M =
X

all modules s
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11 species: 1 – 11 modules;

Different sizes;

How to optimize?
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Simulated annealing 

11 species: 1 – 11 modules;

Different sizes;

How to optimize?
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Introduction to the study of ecological networks

Simulated annealing 

Netcarto (Guimera & Amaral)

Rnetcarto (Doulcier)

Modular (Marquitti et al.)

11 species: 1 – 11 modules;

Different sizes;

How to optimize?



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks



Modularity

Introduction to the study of ecological networks

Fortuna, unpublished
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Introduction to the study of ecological networks
Fortuna et al. 2010


