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Why ecological networks?



"Méditerranée, une mer sous surveillance." 2017. Androméde océanologie/ Agence de I'eau Rhone Méditerranée Corse




A relatively young science

Alexander von Humboldt
1859: Charles Darwin
1866: Ernst Hoeckel

1905: Frederic Clements



Q1: Why do species coexist?



GAUSE (1932)



The paradox of the plankton
Hutchinson (1961)



Q1 (bis): Why and how do so many species
coexist?



“The silent spring”
RACHEL CARSON, 1962



A context of global change
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Media Release: Nature’s Dangerous Decline ‘Unprecedented’; Species Extinction Rates
‘Accelerating’

NEWS - 06 MAY 2019 -+ UPDATE 06 MAY 2019

Humans are driving one million species to
extinction

Landmark United Nations-backed report finds that agriculture is one of the biggest threats to

Earth’s ecosystems.



hitp://www.picturenation.co.uk/




Q2: What are the factors that contribute to the
stability of ecological communities?



A world of interconnections



https://www.nationalgeographic.com/video/shorts/1187972675527/

Mountain pine beetle
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Kurtz et al. 2008 Nature
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climate
warm winters

pine beetle ——— outbreak ——— tree mortality

Kurtz et al. 2008 Nature



climate
warm winters

pine beetle ——— outbreak ——— tree mortality

dec. carbon uptake
Inc. emissions
forest: carbon sink — source

Kurtz et al. 2008 Nature
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Chilean trophic web
Kéfi et al. 2015, Ecology
plotted with mappr

lessonia nigrescens



Ecological networks



Part |
What are ecological networks?
(what types of networks are there in ecology?)



Ecological networks

individuals
speciles
site/location

social
interactions
dispersal




Interaction networks

individuals
species
site/location

social
Interactions
dispersal




Interaction networks



Effect of A on B Effect of Aon B
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FOOD WEBS

Pimm 1982

Cohen et al. 1993

De Ruiter et al. 1995
Brose et al. 2005, 2006
Neutel et al. 2007




Species
Group of species

— @

predation
Herbivory
Cannibalism

‘ Parasitism

Feeding link

Berlow et al. 2004 J. Ecol.



CONSUMER
Spec]eg Predator

Group of species Plant

— @

Berlow et al. 2004 J. Ecol.



Species
Group of species

\ interaction strength

Binary

intferaction frequency
Biomass flux

Relative prey preference

Consumption rate
‘ Elements of the Jacobian matrix

Berlow et al. 2004 J. Ecol.



TP =1+ mean TP of prey

Intermediate species
Primary consumer
Herbivores

Basal species
Primary producers
Planfts
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Chilean trophic web
Kéfi et al. 2015, Ecology
plotted with mappr

lessonia nigrescens
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interaction (=adjacency) matrix, A
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interaction (=adjacency) matrix, A
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interaction (=adjacency) matrix, A
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interaction (=adjacency) matrix, A
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Co-occurrence networks



Co-occurrence networks

individuals
species
site/location

social
interactions ——> Co-occurrences
dispersal
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Observed association
networks
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Network motifs involving both competition

and facilitation predict biodiversity in alpine
plant communities

Gianalberto Losapio®®'@®, Christian Schob®'®, Phillip P. A. Staniczenko®, Francesco Carrarad®, Gian Marco Palamara®,

Consuelo M. De Moraes®, Mark C. Mescher®®, Rob W. Brooker©, Bradley J. Butterfield?, Ragan M. Callaway",

Lohengrin A. Cavieres'®, Zaal Kikvidze!®, Christopher J. Lortie®! @, Richard Michalet™, Francisco I. Pugnaire™®,
and Jordi Bascompte®
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Losapio et al. 2021 PNAS



Spatial networks



Spatial networks

individuals

specles

site/location/habitat fragment ——

social
Interactions
connectivity —

Spatial coordinates
Size

Shape

Habitat quality

distance
measure of similarity
(often bidirectional)



Figure 4 A graph of forest habitat patches in the Piedmont of
North Carolina, with nodes sized in proportion to their between-
ness centrality. Larger nodes have higher centrality, and highlight
the pattern of flow across the landscape (after Bodin & Norberg
2007).

Urban et al. 2009 Eco Lett



Hagen et al. 2012 Adv. Ecol. Res.



Hagen et al. 2012 Adv. Ecol. Res.
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Social networks



Social networks

individuals
speciles
site/location

social
Interactions
dispersal




1989-1990 1991-1992

1893-1894

1995-1996

1997-1998 1989-1998
Cumulative

Long-tailed manakins

McDonald 2007 PNAS ® O ® O O o

Predefinitive  Definitive Dancer Beta partner  Alpha partner  Female




Ecological networks

individuals
species
site/location

social
Interactions
dispersal




Part Il
How is data collected?
What type of data is there?



