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Slodiversity Is under threat




Slodiversity loss triggers the domino effects

NEW YORK TIMES BESTSELLER

AN UNNATURAL %54
HISTORY y

| .
- o =
-'“‘»\~ ‘-.
o
-_——
Py

ELIZABETH KOLBERT




No species Is an island
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—cological network structure =

The organization of species interactions

Graph representation

Matrix representation
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Complexity of ecological network structures
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A central research line in community ecology to
understand biodiversity

Network (The organization of
structure Species interactions)

—cological
dynamics

(All species coexist

Persistence without extinctions)



Emerging debates
on this research line



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:
NQO strong evidence for nestedness!

Nes ness

Persistence
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Contrasting schools of thought

Nestedness Nestedness Nesxless

X

Persistence Persistence Persistence
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Add a missing link
INto this research line



—nvironmental change Is often missing

16

Network
structure

Ecological
dynamics

Persistence

Environmental
gradient

Environmental
change

Environmental
stress

Cenci*, Song*, Saavedra, Ecology & Evolution (2018)



—nvironmental change is a confounder

lce cream
consumption

Network

structure \

Environment
change

Persistence/
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How to quantity Persistence with Network
structure and Environmental change

Network
structure Environmental
Nradient
| Environment
Ecological
dynamics change
Aironmental
stress

Persi%e”nce
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What is structural stability?

The full range of parameters compatible with some
gualitative dynamical behavior

critical
point
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Structural stability in ecological contexts

The full range of environmental conditions (parameters)
compatible with the persistence (qualitative dynamical
behavior) of an ecological community

218

0.006

Environmental parameter y
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Structural stability in ecological contexts

The full range of environmental conditions (parameters)
compatible with the persistence (qualitative dynamical
behavior) of an ecological community

Structural
stability

Persistence domain
(determined by the network structure)

Environment domain
(determined by the environmental change)

Environmental parameter y

Environmental parameter x
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Probabilistic measure of Persistence under given

Network structure and

—nvironmental change

Song, J. Theo. Bio. (2018)
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Understanding network structures
through the lens of environment



24

Network
structure

Q1: Is there any pattern of

network structure
along an environmental gradient”

Q2: Does network structure Environmental
contribute to persistence” change

Q3: Can we disentangle the

effects of environmental stress
on persistence?

Persistence



Q1: Is there any pattern of network structure along
an environmental gradient”

Network

structure Enwronl sntal
gradient

Environmental
change

Persistence
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More nested structure = higher structural stability

Highly nested network = high structural stability

Coexistence domain

Plant growth rates

Pollinator growth rates

Less nested network = low structural stability

=

Plant growth rates

Rohr et al., Science (2014)

Pollinator growth rates Pawar, Science (2014)
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Temperature variabllity (standard deviation of yearly temperature)
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Song & Saavedra, PLOS Comp. Bio. (2020)



http://www.web-of-life.es

Nestedness is strongly associated with
temperature variability
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A1: Consistent pattern of network structure along
an environmental gradient

Pollinator growth rates

High temperature variability o [Coexistence domain More nested structure
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Q2: Does network structure contribute to
persistence?

Networ
structure

Environmental
gradient

Environmental
change

Ecological
dynamics

ersistencg
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Hypothesis: Mutualistic/Antagonistic dynamics
eaves some unique fingerprints on the structures

Mutualistic dynamics Antagonistic dynamics

Nestedness Modularity | Nestedness Modularity

¥ X/

Persistence Persistence

Thébault & Fontaine, Science (2010)

31



NO empirical evidence that network structure differs
between antagonistic and mutualistic networks
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ecological networks display
much structural variation, making it difficult to distinguish between mutualistic and antago-

nistic interactions. We therefore frame the problem as a challenge for the community of sci-
entists interested in computational biology and machine learning.
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Michalska-Smith & Allesina, PLoS Comp. Bio. (2019)
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Network structures differ when the environment IS
controlled

@ Antagonistic A Mutualistic

Without environmental information With environmental information

Dim2 (25.2%)

5.0 25 0.0 25 50 25 0.0 2.5
Dim1 (74.6%) Dim1 (56.9%)

33 Song & Saavedra, PLOS Comp. Bio. (2020)



Opposing and predictable patterns of
network structures along environmental gradients
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AZ2: Network structure contributes to persistence

etwork

structure Environmental

gradient

Environmental
change

Ecological
dynamics

Persistence
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Q3: Can we disentangle the effects of
environmental stress on persistence”

Network

structure Environmental
gradient

Environmental
change

Ecological
dynamic

Environmente

Persistence
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The scheme of disentangling the effects of
environmental stress

Environmental stress

More changes In More changes In
intrinsic growth rates competition strength
select select
Higher structural stabllity Higher structural stabllity
of intrinsic growth rates of competition strength

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

Fitness ratio = 1 Fitness ratio = r,/ry
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38 Song et al., J. Ecology (2020)



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

Structural stability [T
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Kraft et al., PNAS (2015)
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Annual p
structura
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ants exhibit a preference to maximize
stability of intrinsic growth rates
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A3: The effects of environmental stress on
persistence can be disentangled

Environmental stress

/

More changes In More changes In
intrinsic growth rates competition strength
lselect select
Higher structural stability Higher structural stability
of intrinsic growth rates of competition strength

N\

Ecological community
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Moving towards an environment-dependent
understanding of network structures

Network
structure

Al: Strong evidence
| for ordered network structure

2

A2: Structures matter EnNvironmental
for persistence change

l s

/ A3: Disentangle
Persistence

environmental stress
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Many potential applications of the framework
- Elucidating the assembly rules of ecological communities

Aso;.;eml:ﬂy_> Network
process structure \

Environmental
change

Persistence /

Song et al., Ecology Letters (2018)

44



Many potential applications of the framework
- Understanding phenological events

Network

N
y structure \

, Environmental
\ change

\ Persistence /

45 Song et al., PRSB (2018)



Many potential applications of the framework
- Understanding the switch of species interaction types

Network

structure \

______Environmental
change

Persistence /

Song et al., TREE (2020)
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Summary of the environment-dependent
framework
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2020
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