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Types of ecological networksTypes of ecological networks

• CommunityCommunity
– nodes: species
– links: interactions between speciesp

• Population
– nodes: populations of one speciesnodes: populations of one species
– links: dispersal between populations

• IndividualIndividual
– nodes: individual organisms
– links: genetic relatedness (paternity/maternity)links: genetic relatedness (paternity/maternity)



Community networksCommunity networks

• Antagonistic networksAntagonistic networks
– Food webs

Host parasite/parasitoid webs– Host‐parasite/parasitoid webs

• Mutualistic networks
– Plant‐seed disperser webs

– Plant‐pollinator webs

– Plant‐ant webs

Ings et al 2009 J Animal Ecol



Food websFood webs

• Directed links denoteDirected links denote 
direction of energy flow

http://www.biologycorner.com/resources/foodweb1.gif



http://www.coolantarctica.com/Antarctica%20fact%20file/wildlife/whales/foodweb.gif





Host‐parasitoidHost parasitoid

arrows point from 
parasitoid to hostp

Schilthuizen & Stouthamer 1998 Heredityhttp://gwydir.demon.co.uk/insects/dipl_rosa.jpg



Plant‐seed disperserPlant seed disperser

Plants AnimalsPlants Animals

Bascompte et al. 2006 ScienceThompson 2006 Science



Plant‐pollinatorPlant pollinator

Bascompte & Jordano 2007 Ann Rev Ecol Evo Syst

Greenland plant‐pollinator network



Plant‐antPlant ant

Guimarães et al. 2007 Curr Biol



Antagonistic vs. Mutualistic WebsAntagonistic vs. Mutualistic Webs

• How are these two types of community websHow are these two types of community webs 
similar?

• Different?• Different?



PopulationPopulation

• Used to describe patterns of movementUsed to describe patterns of movement
– dispersal

migration– migration

– genetic relatedness (e.g., through parentage)



Habitat connectivity pathsHabitat connectivity paths

McRae et al. 2008 Ecology



Population graphsPopulation graphs

http://www.tnstate.edu/ganter/John%27s%20Senita.JP
G

Dyer & Nason 2004



IndividualIndividual

Mahaleb cherry paternity study

Fortuna et al. 2008 Ecol Lett



Structural propertiesStructural properties

• Degree distributionDegree distribution

• Hierarchy

h l h• Path lengths

• Modularity



Food webs: Degree distributionFood webs: Degree distribution
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Food webs: Degree distributionFood webs: Degree distribution

• Distribution is correlated with connectanceDistribution is correlated with connectance  
(C=E/N2)
– uniform distribution & high connectance– uniform distribution & high connectance

– exponential distribution & intermediate 
connectanceconnectance

– power‐law & low connectance

• Networks may be built according to available• Networks may be built according to available 
niches

Dunne et al 2002 PNAS



Food webs: Degree distributionFood webs: Degree distribution

Food web degree distribution is also explained by linkage density (z)
L /S

Camacho et al. 2002 Phys Rev Lett

z ≡ L /S



Mutualistic webs: Degree distributionMutualistic webs: Degree distribution

Greenland plant‐pollinator network
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A truncated power law fits most 
mutualistic networks

Bascompte & Jordano 2007 Ann Rev Ecol Evo Syst

p(k)∝ k−γe kc



Mutualistic webs: Degree distributionMutualistic webs: Degree distribution

• Constraints restrict edges that can beConstraints restrict edges that can be 
established
– Morphological mismatch– Morphological mismatch

– Phenological mismatch

Jordano et al. 2003 Ecol Lett



HierarchyHierarchy

• Highly nested

Perfectly nested Randomly nested

Highly nested

NestednessNestedness

Perfect 1

Random 0 55Random 0.55

Real 0.74
Real

Bascompte et al. 2003 PNAS



Mutualistic networks: Small‐worldMutualistic networks: Small world

• Converted 2‐mode to 1‐mode networksConverted 2 mode to 1 mode networks

• 2‐mode & 1‐mode properties correlated

• Path length increased with network sizePath length increased with network size
– <l>=0.82+0.46logN

– (WWW, <l>=0.35+2.06logN)( , g )

• For ecological webs, “everything is connected to 
everything” Williams et al. 2002

Pollinator Plant
<<l>> 1 7 1 5

Olesen et al. 2006 J Theor Bio

<<l>> 1.7 1.5
<<c>> 0.85 0.84



ModularityModularity

• Module: (aka 
compartment, 
community) areas within 
a network that are 
d l l k d ddensely linked, separated 
by areas that are sparsely 
linked

• Syndrome: correlated 
traits shaped by similar 
interaction

• Are modules related to 
syndromes?

Olesen et al. 2007 PNAS



ModularityModularity

3% 1%

85%
11%

Olesen et al. 2007 PNAS



Stability of ecological networksStability of ecological networks

• The presence of a species (node) or anThe presence of a species (node) or an 
interaction (link) is not necessarily constant
– species may go extinct– species may go extinct

– new species may colonize

phenology (timing)– phenology (timing)

– …

H i h h k h l ?• How might the network change as a result?
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Bascompte & Jordano 2007 Ann Rev Ecol Evo Syst



RobustnessRobustness

Gross et al. 2009 Science



RobustnessRobustness

Gross et al. 2009 Science



Gross et al. 2009 Science



Resistance to invasionResistance to invasion

Romanuk et al. 2009 Phil Trans R Soc B



Resistance to invasionResistance to invasion

Romanuk et al. 2009 Phil Trans R Soc B



Stability of ecological networkStability of ecological network

• Mutualistic networks are vulnerable to extinction 
of high‐degree nodes (generalists)

• Food web stability decreases with increasing 
network size and connectancenetwork size and connectance

• Food web stability is greatest when predators are 
neither specialists nor generalists (intermediateneither specialists nor generalists (intermediate 
degree)

• Invasion success decreases with increasing 
connectance

• Invasion success higher for generalist invaders 



AssemblyAssembly

• Large disturbances can cause wholeLarge disturbances can cause whole 
communities to go extinct

• Eventually species will accumulate to create• Eventually, species will accumulate to create 
another community

H i i f d i ?• How are communities formed over time?
Mount St. Helens 
erupted in 1980erupted in 1980

Before After



Assembly modelsAssembly models

• Species originate from a ‘regional speciesSpecies originate from a  regional species 
pool’ 

• Each species is introduced in sequence• Each species is introduced in sequence
– random

i i d– optimized

• Colonization is successful or not
– Secondary extinctions occur or do not occur



Assembly modelsAssembly models
Outcomes differ according to sequence

•same regional species pool, but 
diff t d f i t d ti i lddifferent order of introduction yields 
different network sizes

Drake 1990 J Theor Biol



Network inferenceNetwork inference

• As for other complex systems data forAs for other complex systems, data for 
ecological networks are hard to obtain directly

• Passive sampling can produce copious data• Passive sampling can produce copious data, 
for relatively little effort

i t t id ill t– insect traps, video surveillance, etc.

http://www.omafra.gov.on.ca/english/crops/hort/news/
hortmatt/2005/06hrt05a9f5.jpg



Network inferenceNetwork inference

• Passive sampling produces copious 
presence/absence or frequency animal data, 
over time but NO plant data

• Goal of network inference is to use this animal 
data to construct the relationships in the p
network

A B C

t0 0 1 1

t1 0 1 1

A
B
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t1 0 1 1

t2 0 1 1 C



Inference methodsInference methods

• Developed for biochemical networkse e oped o b oc e ca et o s
• No rigorous test of accuracy exists yet
• Assumptions of inference method are important!Assumptions of inference method are important!

• Boolean: REVEAL (Reverse engineering algorithm)Boolean: REVEAL (Reverse engineering algorithm)
• Polynomial: Jarrah et al. 2007 Adv in Appl Math; 
Vera‐Licona & Laubenbacher 2008 Ann Zool 
Fennici

• Bayesian: Yu et al. 2004 Bioinformatics
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