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Biodiversity and species interactions
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Can we predict new interactions?
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§ Biodiversity - species persistence

§ Ecosystem functioning

§ Rewilding / ecological restoration

§ Invasive species

§ Emerging diseases

Can we predict new interactions?
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Garces et al. (2020) SARS-CoV-2 and animals: what we known. Int J Vet Sci Anim Husbandry 5(6):11-13

Can we predict new interactions?
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Nylin et al. (2018) 
Embracing colonizations: a 
new paradigm for species 

association dynamics. 
TREE

Butterfly larvae
host plant

Plasmodium
insect - bird

Tapeworm
fish

Parasitic interactions
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4 species of group 1

5 species of group 2

How do interactions evolve?  -  Data

20 possible interactions

Do these species interact?
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4 species of group 1

5 species of group 2

20 possible interactions

Do these species interact?

0 = no
1 = potentially
2 = yes

How do interactions evolve?  -  Data
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Kinds of available data

Source: runwildmychild.com

Lab rearing – establishment tests

 - few studies

 - lots of work!

 - local population
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Species descriptions:

 - one host

 - one locality

 - only available data for 
    many parasite clades

Popazoglo and Boeger (2000) Neotropical 
Monogenoidea 37. Folia Parasitologica

Kinds of available data
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Ecological data:

 - many hosts

 - one area

 - frequency of interaction

Patella et al. (2017) Life and Environment

Kinds of available data
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Compilation of observations:

 - mixed quality

 - false positives

 - regional / global

Kinds of available data



How do ecological interactions evolve? - Hypotheses



Ecological interactions and diversification

Escape and radiate 
Ehrlich and Raven

(1964)

Oscillation hypothesis
Janz and Nylin

(2008)



Escape and radiate 
Ehrlich and Raven (1964)

Modularity

Oscillation hypothesis
Janz and Nylin (2008)

Nestedness



Oscillation hypothesis
Janz and Nylin (2008)

Nestedness

Empirical networks

Escape and radiate 
Ehrlich and Raven (1964)

Modularity



Pattern Process
present millions of years

Escape and 
radiate

Oscillation 
hypothesis



18



19

Decompose the host and symbiont phylogeny 
into phylogenetic distance matrices to test the 

extent to which the interactions could have 
been produced due to chance alone

cophylogenetic signal

Map a symbiont phylogeny onto a host 
phylogeny using the classic cophylogenetic 

events. Each of these events is assigned a cost 
to determine the lowest cost mapping
cospeciation X host-switch speciation

Use probabilistic models to describe the 
processes that produce observed 

cophylogenetic patterns
probability of ancestral states and events Dismukes et al. 2022 Cophylogenetic Methods to Untangle 

the Evolutionary History of Ecological Interactions. AREES
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Modeling the evolution of interactions

§ One host

§ One at a time

§ Number of hosts 

(host range)

No, multiple

Independence

Which hosts?

?    ?    ?    ?    ?    ?    ?   ?    ?   ?



25

Modeling the evolution of interactions

HOW MANY HOSTS (RANGE) + WHICH HOSTS
HOST REPERTOIRE

…h1 h2 h3 h4 hn hi = {0,1,2}

0    non-host

1    potential host (e.g. larvae is able to feed)

2    actual host (used in nature)

0 21
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Modeling the evolution of interactions

HOW MANY HOSTS (RANGE) + WHICH HOSTS
HOST REPERTOIRE

…h1 h2 h3 h4 hn hi = {0,2}

0    non-host

2    actual host (used in nature)
0 2



- Implemented in RevBayes

- Species can use multiple hosts at any given time

- Can include potential hosts

- Phylogenetic proximity between hosts



Inference of 
historical 

interactions

Hypothetical parasite tree

Hypothetical host tree

Hypothetical extant interactions



Hypothetical parasite tree

Hypothetical host tree

Hypothetical extant interactions

node
time slice

Inference of historical interactions
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RevBayes

Modeling the evolution of interactions
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Network evolution
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Network evolution
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Hypothetical parasite tree

Hypothetical host tree

Hypothetical extant interactions

node time slice

Inference of historical interactions
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Fabaceae
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§ Fabaceae is the most 
likely ancestral host

§ Capparaceae is less likely

Ancestral networks
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§ Two distinct modules

§ Fabaceae – basal pierids

§ Capparaceae – Pierinae
• diversification
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Module separation
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§ Brassicaceae is colonized 
by a host range expansion 
and a host shift

§ Loranthaceae and 
Santalaceae are 
colonized by a host shift

§ Modules M3 and M2 are 
connected

Two new modules
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§ Network increases with 
butterfly diversification and 
colonization of new hosts

§ Recolonizations connect new 
modules to older modules

All big modules are connected
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§ Network increases with 
butterfly diversification and 
colonization of new hosts

§ Recolonizations connect new 
modules to older modules

Network grows with the same structure



Fabaceae

Capparaceae

Brassicaceae

Loranthaceae
Santalaceae

Tropaeolaceae

a) 80 Ma

b) 70 Ma

c) 60 Ma

d) 50 Ma

g) 20 Ma

f) 30 Ma

e) 40 Ma

i) 0 Ma

h) 10 Ma

80 60 40 20 0

80 60 40 20 0

80 60 40 20 0

80 60 40 20 0 80 60 40 20 0

80 60 40 20 0

80 60 40 20 0

80 60 40 20 0

80 60 40 20 0

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12Butterfly

Plant
NODESEDGES

Probability

0.50

0.75

1.00

§ Network increases with 
butterfly diversification and 
colonization of new hosts
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Network grows with the same structure



§ Means to test ideas about evolution 
of ecological networks
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§ Reconstruct specific host shifts, host-range 
expansions, and recolonizations that have 
shaped the Pieridae-angiosperm network 

§ New probabilistic representation that makes 
fuller use of the posterior distribution of 
ancestral states
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Analysis tutorial
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Network evolution: R package evolnets



Studies using the host repertoire model

• Ancestral hosts of all butterflies

• Color patterns (mimicry)

• Beetles and microbiome

• Fish and parasitic mussels

• Beetles – host plant
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§ Biodiversity - species persistence

§ Ecosystem functioning

§ Rewilding / ecological restoration

§ Invasive species

§ Emerging diseases

Can we predict new interactions?
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New model implementation

treeppl.org

Input

Output

2 0.8 0.1 2 0.2

2 2 0.2 0.5 0.1

0.2 0.6 2 0.1 2

0.2 2 0.4 0.1 0.3

2 ? ? 2 ?

2 2 ? ? ?

? ? 2 ? 2

? 2 ? ? ?
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