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Figure 1. Simplified reproduction of the first food web reported in the literature (Camerano, 1880).
The food web originally included more links (e.g. parasites) but was simplified for readability.
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“It is a very long haul from handling a small group of four species like the lemon tree, the
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The stability x complexity debate

a food web is stable if (May 1972):

a<(nC) 2
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Network structure and biodiversity loss in food webs: robustness
increases with connectance
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EFORE: Without cunning
predators keeping them on
their toes, elk mow down
lush willows and other
vegetation along rivers and
streams

More alert for
wolves, elk spend less time
feeding in some streamside

areas and instead spread
across the landscape.

Rivers and streams

BEFORE: With plents chewed
down and little vegetation to
hold them in place, stream
banks wash away and siit
darkens water.

Willows and other

plants rebound, their roots
stablizing soil along the
edges of streams.

On their own for

Each wolf in

Yellowstone kills an average
of two elk per month. Their
leftovers bacome a feast for
scavengers, inchading ravens,
eagles and sometimes
grizzly bears.

BEFORE: In absence of

wolves, coyotes multiply and

take over the role of leading

predator. But their influence
not as great.

Coyoles compete with foxes,
ing fox numbers.

Wolves kill many

coyotes. With coyotes
depressed, rodents and other
animals they once preyed on
are left as prey for foxes,
badgers and eagles.

BEFORE: Sparse streamside
greenery offers little for
beavers to eat. Few beavers
remain to engineer dams.

Plants lure more

beavers. They bulid dams,
creating ponds that slow
streams. Water and plants
attract songbirds. Sit
setties out, leaving water
cleaner, and deeper pools
may be cooler and more
hospitable for fish.
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From wing to wing: the persistence of long ecological
interaction chains in less-disturbed ecosystems
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"Do food webs display universal structure similar to other types of networks?"



"Do food webs display universal structure similar to other types of networks?"

How do we characterize the structure of Ecological networks?
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“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)

_ raction of edges expected ﬂqct{on
M = Z ( fwithin mg duli i ) — ( of edges within

all modules module i

Modularity
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Modularity



The metric M

all modules s

(Newman & Girvan 2004, Guimera & Amaral, 2005)



The metric M

# of interactions inside module s

all modules s

# of interactions in the
whole network

Modularity



The metric M

Sum of the species’
degree inside module s

= Y

all modules s

Modularity



How to find the modules?

= Y

all modules s L




How to find the modules?
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How to find the modules?

= Y

all modules s L

N

@ (0/20) — (6/40)2



How to find the modules?

M:Z- —

all modules s L

@ (2/20) — (15/40)2
@ (6/20) — (18/40)2

@ (0/20) — (6/40)2

Modularity



How to find the modules?

M= ) —

all modules s

0.10 M =0.04

@ 002

Modularity



How to find the modules?

= Y

all modules s

@ 0.0

0.15

M=0.16

Modularity



How to find the modules?

= Y

all modules s

M =0.47

Modularity



11 species: 1 — 11 modules;
Different sizes;

How to optimize?

Modularity



11 species: 1 — 11 modules;
Different sizes;

How to optimize?

Optimization algorithms

Modularity
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11 species: 1 — 11 modules; 10}
Different sizes;

How to optimize?

Simulated annealing

Modularity
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Compartmentalization increases food-web
persistence

Daniel B. Stouffer and Jordi Bascompte

+ See all authors and affiliations Positive effect of
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Graph Theory - Representations

Edge list:

E=1{(1,2), (23), (2,6), (3,4), (4,5), (4,6)}

Adjacency matrix:

01 00 0 O 1

10 -1-0 @1 2

- 01 01 0 O 3

O := node, vertex 1001 0 1 1 4
~ ‘ . B0 -0 1 0 0 5

— := edge, link, connection 01 010 0f 6

n := number of nodes in the graph.

. A = 1 if node u and node v are connected
m := number of edges in the graph. Y = Y0 otherwise



Let’s go to R now
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The metric M

# of interactions inside module s

all modules s

Barber 2007, Guimera et al. 2007
# of interactions in the
whole network

Modularity



