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A lot to learn

• Definition of ecological networks

• Trophic levels and energy fluxes

• Characteristics of food webs

• Matrix models
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Description of food webs
A trophic network is a real or modeled set of feeding relationships between species
or functional groups



Description Trophic levels and energy fluxes Characteristics Matrices Examples

Description of food webs
A trophic network is a real or modeled set of feeding relationships between species
or functional groups



Description Trophic levels and energy fluxes Characteristics Matrices Examples

Why studying food webs?

Direct and indirect effects

. . . and indirect effects are often more important than the direct ones
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Trophic levels, is there a limit?

The number of trophic levels in networks is never higher than 5 (often between 2
and 4). There are several possible explanations:

• Productivity (energy fluxes)

• Fragility (from models)

• Design and behavioural limitations of predators
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The -dynamic- fragility of networks

Longer strings are less stable (resilient). In frequently disturbed places, we expects
the chains to be shorter.

The patterns, however, are not conclusive.
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Trophic levels - energy fluxes

Energy fluxes in aquatic systems
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Trophic levels - energy fluxes

Energy fluxes in terrestrial systems
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Trophic levels - energy fluxes

Phytophagous and detritivores paths



Description Trophic levels and energy fluxes Characteristics Matrices Examples

Trophic levels - energy fluxes

Phytophagous and detritivores paths

Most systems combine both paths!!
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Trophic levels - energy fluxes
The importance of decomposers/detritivores path is always higher than that of
phytophagous
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Energy fluxes
General scheme of energy flow through a trophic compartment
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Energy fluxes
Scheme of energy flow in different compartments and groups of animals, indicating average
values of assimilation (A/I) and production (P/A) rates
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Energy fluxes

Energy flows vary by ecosystem
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Energy fluxes

There is, therefore, a clear limitation
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Attributes of trophic networks

A special language is needed to describe the components of trophic networks, also
needed to describe the properties of the network as a whole. Networks have a
series of emerging properties, understood as features that do not exist at lower
levels of organization. Some of these descriptors and properties are:

• Node

• Link

• Trophic position

• Connectance

• Link density

• Food chain lenght

• Compartmentation

• Trophic level

• Omnivory

• Biomass relationships

• Generalism and vulnerability
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Emerging attributes and properties

• Node
Connection point between two links. Each node can be any group of
sufficiently similar organisms

• Link (L)
It is the trophic relationship. It can be direct or indirect.
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Emerging attributes and properties

• Trophic position of a species
It can be basal, intermediate, or culminal (upper predator). The basal species
do not feed on any other species (on the net), the intermediate ones serve as
food and feed on other species, and the culminating ones do not serve as food
on any other species.

• Connectance
How many of the possible links are present on the network. It can be
calculated from direct (CD) or indirect (CI) links:

CD =
L

S2
(1)

where S is the number of species or nodes
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Connectance
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Emerging attributes and properties
• Link length or density

Average number of trophic links per species.

Link length or density =
L

S
(2)

• Compartmentation
Extent to which a network contains relatively isolated subnets, more richly
connected within them and with few connections between them.

C1 =
1

s(s− 1)

s∑
i=1

s∑
j=1

pij (3)

where species i is not equal to species j, s is the number of species, and pij is
the number of species interacting with the two species, divided by the number
of species that interact with either one or the other
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Compartmentation
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Emerging attributes and properties

• Trophic level
Trophic level refers to the number of links + 1 between a basal species and the
species we are interested in. For most non-basal species, the trophic level can
vary depending on the path followed. To fix this is one must average the
number of links + 1 of all possible paths from the basal species to the species
of interest.

• Omnivory
Omnivory occurs when species feed on more than one trophic level. The
degree of omnivory of a network is calculated from the closed omnivorous links.

Omnivory degree =
Number of closed omnivory links

Number of culminal species
(4)
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Omnivory
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Biomass relationships

A case study: the vertebrate community of the Pyrenees
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Biomass relationships
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Emerging attributes and properties
• Trophic chain length

Number of trophic links in the pathways from all basal species to all higher
predators
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The stability of food webs

Complexity and Stability

Imagine that we have. . .

• . . .N espècies

• . . .βij = effect of species j on the increment rate of species i

• . . . we build a network of N species, so:
• βii, βjj ...are all = 1
• and the rest of β are all random, including some 0s

To escribe the network, we have:

• S = number of species

• C = connectance, with values of β <> 0

• β = average of all values of β <> 0, without sign
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The stability of food webs

Complexity and stability

May (1972) found that the network was only stable when:

β(SC)1/2 < 1 (5)

So, if:

• the number of species (S) increases, and/or

• connectance (C) increases, and/or

• interaction strength (β) increase

. . . the community becomes more unstable

What does the model say?
The higher the complexity, the lower the stability

but there are, a lot of exceptions
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The stability of food webs

Keystone species

Not all species are equally important. We differentiate between keystone species
and strong interactors



Description Trophic levels and energy fluxes Characteristics Matrices Examples

The stability of food webs

Keystone species

Species can be keystone species because of:

• their trophic role

• other reasons
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The stability of food webs
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The stability of food webs
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Trophic cascades

A trophic cascades occurs when a predator reduces the abundance of its prey
and this effect ”moves” along the cascade to the lower trophic level, so that the
resources of the prey increase their abundance.
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Trophic cascades
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Top-down or bottom-up control?

Control by resources recursos (“bottom-up”)
vs.

Control by predators (“top-down”)
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Matrix models for food webs
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Matrix models for food webs
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Climate change effects in the Pyrenees
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Climate change effects in the Pyrenees
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Invasive species in the Pyrenees
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Invasive species in the Pyrenees
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Arctic wildlife populations
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Arctic wildlife populations
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