Ecologie et diversification de papillons mimetiques
d'Amazonie et des Andes
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DEFENSES + SIGNAL = APOSEMATISM



APOSEMATISM AND MIMICRY
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APOSEMATISM AND MIMICRY

Hungry bird




APOSEMATISM AND MIMICRY




Fritz Muller
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MULLERIAN MIMICRY

Mimicry rings

co-mimics co-mimics

‘strength in number’ — positive interactions!



MIMETIC BUTTERFLIES

Heliconiini (77 species) Ithomiini (393 species)
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Heliconiini
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LOCAL MIMICRY DIVERSITY

[thomiini

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
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Gompert et al. 2011, J Theor Biol



LOCAL MIMICRY DIVERSITY

Stochastic individual-based model

habitat butterflies predators

Mimetic diversity
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— Heterogeneous predation promotes diversity

Gompert et al. 2011, J Theor Biol



LOCAL MIMICRY DIVERSITY

Stochastic individual-based model
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habitat butterflies predators

— Heterogeneous predation promotes association

of mimicry pattern with ecological niche Gompert et al. 2011, J Theor Biol



LOCAL MIMICRY DIVERSITY

Community Anangu in lowland Ecuador
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* Butterflies (Ithomiini)

* [nsectivorous birds

* Microhabitat
flight height
topography
forest structure













e 1231 Ithomiini butterflies
* 58 species
8 mimicry rings

e 176 bird species

e Flight height, topography, forest structure

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



LOCAL MIMICRY DIVERSITY

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

FLIGHT HEIGHT Golden-headed

manakin
Spot-backed

antbird

observed in rope surveys

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




LOCAL MIMICRY DIVERSITY

Ecological segregation
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Willmott et al. 2017 PRSB



MIMICRY AND THE EVOLUTION

OF THE ECOLOGICAL NICHE

Ecological segregation

Common ancestry...
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MIMICRY AND THE EVOLUTION
OF THE ECOLOGICAL NICHE

Ecological segregation

... or selection?
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habitat butterflies predators




MIMICRY AND THE EVOLUTION
OF THE ECOLOGICAL NICHE

Ecological segregation

Theoretical model
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habitat butterflies predators

— heterogeneous predation drives
adaptive microhabitat niche convergence

Gompert et al. 2011 JTB




MIMICRY AND THE EVOLUTION

OF THE ECOLOGICAL NICHE

Ecological segregation

habitat butterflies predators

Theoretical model

PSP EFD P
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— heterogeneous predation drives

selection

adaptive microhabitat niche convergence

Gompert et al. 2011 JTB
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B Oleria aunilla

B Oleria sexmaculata
H Oleria assimillis

B Oleria agarista

A Oleria oneaa

B Oleria ilerdina

H Hyposcada illinissa

Are co-mimics ecologically more similar
than expected given the phylogeny?
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— simulations of microhabitat niche
evolution
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MIMICRY AND THE EVOLUTION
OF THE ECOLOGICAL NICHE

Ecological segregation _
selection
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habitat butterflies predators

— adaptive microhabitat niche convergence

Willmott et al. in 2017 PRSB Elias et al. 2008 PLoS Biol



MIMICRY, HABITAT AND HOSTPLANT

hostplants segregation by microhabitat
— CO-mimics expected to share
hostplants more often than at random

butterflies hostplants predators




MIMICRY, HABITAT AND HOSTPLANT

Mimicry in butterflies correlates with larval host plants K. R. Willmott and J. Mallet 03bl0364.S

Hypothyris euclea  Mechanitis polymnia Greta enigma Godyris panthyale Ithomia agnosia Ithomia drymo

Napeogenini Mechanitini Godyridini Godyridini Ithomiini Ithomiini
Brazil: host: Solanum mauritianum Ecuador: host: Cestrum ‘spl Brazil: host: Acnistus arborescens

— hostplant sharing
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Ecuador: host: Solanum asperum Ecuador: host: Cestrum microcalyx Ecuador: host: Solanum deflexiflorum

Oleria paula Ithomia patilla  Pteronymia simplex Episcada salvinia Greta annette Greta polissena
Oleriini Ithomiini Dircennini Dircennini Godyridini Godyridini
Costa Rica: host: Lycianthes multiflora Costa Rica: host: Solanum aphyodendron ~ Costa Rica: host: Cestrum fragile

different tribes different genera different species Willmott and Mallet 2004 Biol Let



MIMICRY, HABITAT AND HOSTPLANT

No hostplants segregation by microhabitat
— CO-mimics expected to share
hostplants less often than at random

butterflies hostplants predators




microa-habitat axis 2

MIMICRY, HABITAT AND HOSTPLANT

Theoretical model

(c) Predator micro-habitat use

() Individual-based model
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ey m= == =i Predation

i % N o -
Hetergg eneous 0.75 e Causes mutualism \__‘ Individual traits:
g-zg between co-mimetic species “\_ e m; morph
0.00

\’ Z; micro-habitat use

5 1 Py _,I F; resource use

micro-habitat axis 1 J /

s
species
/ @ S; sped
(d) Resource distribution
Homogeneous (Hom)

reproduction |

* assortative mating /
B = " Carrvi « mutations on m;and z ff
arrying .
capacity * No generation overlap I
Moderately heterogeneous (M-Het) {sz |
N 500 |
400 I
300 !
200
Highly heterogeneous (H-Het) 4

" -===p competition

‘ L s for resources
b

T | ® formicro-habitat Aubier and Elias 2020 Oikos

micro-habitat axis 1

. micro-habitat axis 2




MIMICRY, HABITAT AND HOSTPLANT

Heterogeneous hotsplant distribution

(= hostplant segregation by microhabitat)

Microhabitat niche axis 2

Morph (=mimicry ring)
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Microhabitat niche axis 1

— cOo-mimics use the same hostplant

Aubier and Elias 2020 Oikos




MIMICRY, HABITAT AND HOSTPLANT

Homogeneous hotsplant distribution
(= no hostplant segregation by microhabitat)

Morph (=mimicry ring)

Microhabitat niche axis 2
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— co-mimics use different hostplant

Aubier and Elias 2020 Oikos

Microhabitat niche axis 1



MIMICRY, HABITAT AND HOSTPLANT

Caribbean Sea Sl.Luch'cas"i“
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Field study L

* 4 community-level networks
~ 30 Ithomiini species/site
~ 30 hostplant species/site
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Solanaceae

Elias et al. in prep.
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Martinique %

Caribbean Sea o gCrs
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Do co-mimics share more (or less)
plants than expected at random?

Elias et al. in prep.



Do co-mimics share more (or less)
plants than expected at random?

~ Willmott & Mallet 2004 Biol Let LA Los Amigos
e T8 more

Elias et al. in prep.



e Taking phylogeny into account

O Co-mimetic species

O non- co-mimetic species

Nb of plants shared

Poisson regression

Phylogenetic distance



Do co-mimics share more (or less)
plants than expected given the phylogeny?

NS

Elias et al. in prep.
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Do co-mimics share more (or less)

plants than expected given the phylogeny?
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Elias et al. in prep.



e Correlated shifts along multiple ecological variables

mimicry pattern hostplant



SHIFTS IN MIMICRY PATTERN AND SPECIATION

* In mimetic butterflies

— assortative mating for wing colour pattern

Y VRSPV

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

* In mimetic butterflies

Jiggins et al. 2001 Nature
I I I Chamberlain et al. 2009 Science
— assortative mating for wing colour pattern Lamberiain S al 2005 ¢
McClure and Elias 2019 Anim Behav
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— lower survival of hybrids
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e Correlated shifts along multiple ecological variables

mimicry pattern hostplant

— drivers of speciation



Heliconius lthomiini
46 species in 12 million years 393 species in 26 million years
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CONCLUSION

e Ecological segregation of predators maintains local mimicry diversity

e Positive interactions drive ecological convergence

habitat butterfly predator hostplant




CONCLUSION

e Complex outcome of interplay between
positive and negative interactions

habitat butterfly predator hostplant




CONCLUSION

e Interactions may drive diversification

Miocene | Miocene II Pliocene Phylogenetic sighatures

Pleistocene of adaptive radiation
-20 -15 -10 -5 0
Time (my) Chazot et al. 2019 GEB, Elias et al. in prep
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