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DEFENSES + SIGNAL = APOSEMATISM



APOSEMATISM AND MIMICRY 

Brower and Moffit 1974 Nature



APOSEMATISM AND MIMICRY 

= 

yuck!
Hungry bird



APOSEMATISM AND MIMICRY 



=
Hungry bird

…

n trials

Fritz Müller

Müller 1879 Proc Entomol Soc London
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co-mimics co-mimics

Mimicry rings

‘strength in number’ → positive interactions!

MULLERIAN MIMICRY 



Heliconiini (77 species) Ithomiini (393 species)

-82 ma

● cyanogenic glucosides
● pyrrolizidine alcaloids

● tropical America

MIMETIC BUTTERFLIES 



Ithomiini

Oleria Hyposcada

© reserva Bigal Sumacmuyu



Heliconius

Podotricha

Heliconiini



Heliconiini

Ithomiini

© Mathieu Chouteau











Ithomiini

Ecological segregation

Beccaloni 1997, Biol J Lin Soc

De Vries et al. 1999, Biol J Lin Soc

→ ecological segregation of mimicry rings

→ stable mimicry diversity
habitat butterflies predators

LOCAL MIMICRY DIVERSITY



Stochastic individual-based model

2-dimension ecological space, 10 species, 5 mimicry patterns

• Heterogeneous 

predation

• Reproduction

- mimicry pattern

- niche 

homogeneous

moderately

heterogeneous

strongly

heterogeneous

Gompert et al. 2011, J Theor Biol

Microhabitat niche value

LOCAL MIMICRY DIVERSITY



homogeneous

moderately

heterogeneous

strongly

heterogeneous

→ Heterogeneous predation promotes diversity

strongly
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homog.NO

predation

habitat butterflies predators

LOCAL MIMICRY DIVERSITY

Gompert et al. 2011, J Theor Biol

Stochastic individual-based model



→ Heterogeneous predation promotes association 

of mimicry pattern with ecological niche
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habitat butterflies predators

Gompert et al. 2011, J Theor Biol

Stochastic individual-based model



Community Anangu in lowland Ecuador

• Butterflies (Ithomiini)

• Insectivorous birds

• Microhabitat 

flight height

topography

forest structure

LOCAL MIMICRY DIVERSITY









• 1231 Ithomiini butterflies

• 58 species

• 8 mimicry rings

• 176 bird species

• Flight height, topography, forest structure

Elias et al. 2008, PLoS biol, Willmott et al. 2017 PRSB
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observed in rope surveys

→ Mimicry rings are segregated by flight height, topography and forest structure

Spot-backed 

antbird

Golden-headed

manakin

→ Predators are segregated by flight height and topography

Elias et al. 2008, PLoS biol, Willmott et al. 2017 PRSB

FLIGHT HEIGHT

LOCAL MIMICRY DIVERSITY



LOCAL MIMICRY DIVERSITY

Ecological segregation

habitat butterflies predators

Willmott et al. 2017 PRSB



MIMICRY AND THE EVOLUTION 

OF THE ECOLOGICAL NICHE

Ecological segregation

habitat butterflies predators

Common ancestry…



MIMICRY AND THE EVOLUTION 

OF THE ECOLOGICAL NICHE

Ecological segregation

habitat butterflies predators

… or selection?



Gompert et al. 2011 JTB

→ heterogeneous predation drives 

adaptive microhabitat niche convergence

MIMICRY AND THE EVOLUTION 

OF THE ECOLOGICAL NICHE

Ecological segregation

habitat butterflies predators

Theoretical model



Gompert et al. 2011 JTB

→ heterogeneous predation drives 

adaptive microhabitat niche convergence

MIMICRY AND THE EVOLUTION 

OF THE ECOLOGICAL NICHE

Ecological segregation

habitat butterflies predators

selection

Theoretical model



eurimedia (33%)

hermias (32%)

lerida (10%)

aureliana (8%)

agnosia (7%)

mamercus (5%)

confusa (3%)

mothone (2%)

Forbestra equicola

0.1

Oleria gunilla
Oleria sexmaculata
Oleria assimillis
Oleria agarista
Oleria onega
Oleria ilerdina
Hyposcada illinissa
Hyposcada anchiala
(Hyposcada kena)
(Dircenna dero )
Ceratinia tutia 
Episcada sulphurea
(Pteronymia sao)
Pteronymia vestilla
Pteronymia primula
(Callithomia alexirrhoe)
Callithomia lenea
Godyris zavaleta
Heterosais nephele
Hypoleria lavinia
Brevioleria arzalia
Brevioleria seba 
Pseudoscada timna
Pseudoscada florula
Hypothyris moebiusi

Hypothyris fluonia
Hypothyris semifulva
Hypothyris anastasia
Hypothyris euclea
Hypothyris mamercus
(Napeogenes quadrilis)
Napeogenes aethra
Napeogenes pharo
Napeogenes achaea
Napeogenes duessa
Napeogenes sylphis
Napeogenes inachia
Ithomia salapia
Ithomia amarilla
Ithomia agnosia
Aeria eurimedia
Tithorea harmonia
Thyridia psidii
Scada zibia
Mechanitis mazaeus
Mechanitis polymnia
Mechanitis lysimnia
Mechanitis messenoides
Mechanitis messenoides

Forbestra olivencia
(Forbestra proceris)
Methona curvifascia
Methona confusa
Methona grandior
Melinaea satevis
Melinaea menophilus
Melinaea marsaeus
Melinaea marsaeus

Hyalyris spnov

Elias et al. 2008 PLoS Biol

Are co-mimics ecologically more similar

than expected given the phylogeny?

Observed value

→ simulations of microhabitat niche 

evolution

ecological distances among co-mimics 

(simulations)

p < 0.001



Willmott et al. in 2017 PRSB

→ adaptive microhabitat niche convergence

habitat butterflies predators

Ecological segregation

MIMICRY AND THE EVOLUTION 

OF THE ECOLOGICAL NICHE

Elias et al. 2008 PLoS Biol

selection



hostplants segregation by microhabitat 

→ co-mimics expected to share 

hostplants more often than at random 

MIMICRY, HABITAT AND HOSTPLANT

habitat butterflies predatorshostplants



→ hostplant sharing 

in 2 out of 5 communities

Willmott and Mallet 2004 Biol Let

MIMICRY, HABITAT AND HOSTPLANT



habitat butterflies predatorshostplants

No hostplants segregation by microhabitat 

→ co-mimics expected to share 

hostplants less often than at random 

MIMICRY, HABITAT AND HOSTPLANT



MIMICRY, HABITAT AND HOSTPLANT
Theoretical model

Aubier and Elias 2020 Oikos



MIMICRY, HABITAT AND HOSTPLANT

Heterogeneous hotsplant distribution 

(= hostplant segregation by microhabitat)

Microhabitat niche axis 1
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Morph (=mimicry ring)

Hostplant

→ co-mimics use the same hostplant
Aubier and Elias 2020 Oikos



MIMICRY, HABITAT AND HOSTPLANT

Microhabitat niche axis 1
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Aubier and Elias 2020 Oikos

Homogeneous hotsplant distribution 

(= no hostplant segregation by microhabitat)

Morph (=mimicry ring)

Hostplant

→ co-mimics use different hostplant



• 4 community-level networks

~ 30 Ithomiini species/site

~ 30 hostplant species/site
Napo

Arco Iris

La Bonita

Los Amigos

Elias et al. in prep.

Solanaceae

MIMICRY, HABITAT AND HOSTPLANT

Field study







I am your

father!

???



Napo

Arco Iris

La Bonita

Los Amigos

• Do co-mimics share more (or less) 

plants than expected at random?

vs

Elias et al. in prep.



Napo

Arco Iris

La Bonita

Los Amigos

more

more

more

more

• Do co-mimics share more (or less) 

plants than expected at random?

vs

~ Willmott & Mallet 2004 Biol Let

Elias et al. in prep.



• Taking phylogeny into account

Phylogenetic distance
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Co-mimetic species

non- co-mimetic species

Poisson regression



Napo

Arco Iris

La Bonita

Los Amigos

• Do co-mimics share more (or less) 

plants than expected given the phylogeny?

vs

more
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Elias et al. in prep.



Napo

Arco Iris

La Bonita

Los Amigos

more
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Elias et al. in prep.



Napo

Arco Iris

La Bonita

Los Amigos

NS x 4

more x 1

less x 2

NS x 4

more x 2

NS x 4

more x 1

NS x 7

more x 1

less x 1

• Do co-mimics share more (or less) 

plants than expected given the phylogeny?

vs

Elias et al. in prep.



mimicry pattern hostplant

• Correlated shifts along multiple ecological variables

habitat



→ assortative mating for wing colour pattern

SHIFTS IN MIMICRY PATTERN AND SPECIATION

• In mimetic butterflies

Jiggins et al. 2001 Nature

Chamberlain et al. 2009 Science

Merrill et al. 2011 Evolution

McClure and Elias 2019 Anim Behav

…



→ assortative mating for wing colour pattern
Jiggins et al. 2001 Nature

Chamberlain et al. 2009 Science

Merrill et al. 2011 Evolution

McClure and Elias 2019 Anim Behav

…

SHIFTS IN MIMICRY PATTERN AND SPECIATION

=

=

= ?
Merrill et al. 2012 PRSB

→ lower survival of hybrids

• In mimetic butterflies



mimicry pattern hostplant

• Correlated shifts along multiple ecological variables

habitat

→ drivers of speciation



Heliconius
46 species in 12 million years

Ithomiini
393 species in 26 million years



CONCLUSION

• Ecological segregation of predators maintains local mimicry diversity

• Positive interactions drive ecological convergence

habitat butterfly predator hostplant



CONCLUSION

• Complex outcome of interplay between

positive and negative interactions

habitat butterfly predator hostplant



CONCLUSION

• Interactions may drive diversification

Miocene I

Pebas

Miocene II Pliocene
Pleistocene

-5-10-15-20 0

Chazot et al. 2019 GEB, Elias et al. in prep
Time (my)

†

Phylogenetic signatures 

of adaptive radiation
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