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Biodiversity is under threat
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Biodiversity loss triggers the domino effects
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No species is an island
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Competitive MutualisticAntagonistic



Ecological network structure = 
The organization of species interactions
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Graph representation Matrix representation

Besson et al., (2019) 



Examples of ecological network structures
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Nested Modular

Besson et al., (2019) 



Complexity of ecological network structures

7 Elser & Hessen (2007)

Lake Microbiome

Björk et al. (2018)



A central research line in community ecology to 
understand biodiversity
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Emerging debates 
on this research line
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Nested pattern in mutualistic community
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Perfectly nested Random 

Pawar, Science (2014) 



One school of thought:  
Eureka! Nestedness is so important.
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Another school of thought: 
Nestedness has nothing to do with persistence
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And another school of thought: 
NO strong evidence for nestedness!
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Contrasting schools of thought

14

Nestedness

Persistence

Nestedness

Persistence

Nestedness

Persistence



Add a missing link 
into this research line
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Environmental change is often missing 
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Environmental change is a confounder
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How to quantify Persistence with Network 
structure and Environmental change
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What is structural stability?
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The full range of parameters compatible with some 
qualitative dynamical behavior
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Structural stability in ecological contexts
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The full range of environmental conditions (parameters) 
compatible with the persistence (qualitative dynamical 
behavior) of an ecological community
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Structural stability in ecological contexts
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Environment domain 
 (determined by the environmental change)

Persistence domain 
 (determined by the network structure)

:= Structural  
stability 

The full range of environmental conditions (parameters) 
compatible with the persistence (qualitative dynamical 
behavior) of an ecological community
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Probabilistic measure of Persistence under given 
Network structure and Environmental change

Environment domain 
 (determined by the environmental change)

Persistence domain 
 (determined by the network structure)
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Song, J. Theo. Bio. (2018) 



Understanding network structures 
through the lens of environment
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Q1: Is there any pattern of  
network structure  

along an environmental gradient?

Q2: Does network structure  
contribute to persistence? 

Q3: Can we disentangle the 
effects of environmental stress 

on persistence?



Q1: Is there any pattern of network structure along 
an environmental gradient?
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More nested structure = higher structural stability
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Rohr et al., Science (2014)
Pawar, Science (2014) 



Mutualistic networks across the globe 
with local temperature variability

27 Song & Saavedra, PLOS Comp. Bio. (2020)
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Nestedness is strongly associated with 
temperature variability
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Song et al., J. Animal Ecology (2017) 
Song et al., J. Animal Ecology (2019) 
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A1: Consistent pattern of network structure along 
an environmental gradient
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Q2: Does network structure contribute to 
persistence?
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Hypothesis: Mutualistic/Antagonistic dynamics 
leaves some unique fingerprints on the structures
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Thébault & Fontaine, Science (2010) 



NO empirical evidence that network structure differs 
between antagonistic and mutualistic networks

32 Michalska-Smith & Allesina, PLoS Comp. Bio. (2019) 
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Network structures differ when the environment is 
controlled

33 Song & Saavedra, PLOS Comp. Bio. (2020)
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Opposing and predictable patterns of  
network structures along environmental gradients 

34 Song & Saavedra, PLOS Comp. Bio. (2020)
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A2: Network structure contributes to persistence
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Q3: Can we disentangle the effects of 
environmental stress on persistence?
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The scheme of disentangling the effects of 
environmental stress 
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Generic trade-off between structural stability of 
competition strength and intrinsic growth rates
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Song et al., J. Ecology (2020)

Fitness ratio =  1



Generic trade-off between structural stability of 
competition strength and intrinsic growth rates

39 Song et al., J. Ecology (2020)
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Experiments of annual plant competition

40 Kraft et al., PNAS (2015)



●
●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●
●

●

●

●
●

●

● ●

● ●

●●

●

●

●

●

●

●●

●

Equalizing
mechanism

towards
increasing Ω

100

101

102

103

104

10−1 100 101 102 103 104

Fitness ratio

R
at

io
 o

f i
nt

rin
si

c 
gr

ow
th

 ra
te

s 
r 2 r 1

Annual plants exhibit a preference to maximize 
structural stability of intrinsic growth rates
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increasing α
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Song et al., J. Ecology (2020)



A3: The effects of environmental stress on 
persistence can be disentangled
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Moving towards an environment-dependent 
understanding of network structures
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A3: Disentangle  
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Many potential applications of the framework 
- Elucidating the assembly rules of ecological communities

44

Network 
structure

Persistence

Environmental 
change

Assembly 
process

Song et al., Ecology Letters (2018)



Many potential applications of the framework 
- Understanding phenological events
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Song et al., PRSB (2018)



Many potential applications of the framework 
- Understanding the switch of species interaction types
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Song et al., TREE (2020)



Summary of the environment-dependent 
framework
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