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Host-shift speciation resulting in congruent phylogenies, 
but with shorter branches in the parasite lineages

de Vienne et al. New Phytologist (2013)
doi: 10.1111/nph.12150

Cospeciation resulting in congruent phylogenies. 

Host-shift speciations, resulting in incongruent phylogenies.



Ficus - Agaonidae wasps

Yucca - Tegeticula moths (Yponomeutidae) 

Trollius - Chiastocheta (Anthomyiidae) flies

Glochidium - Epicephala (Gracillariidae) moths 

The plant - insect mutualisms where 
• the insect pollinates flowers 
• then oviposits to some of them so that the larval survival depends 
on successful pollination 

Where to find genuine plant - insect  coevolution?



Ficus and their pollinating wasps



Ficus – pollinator wasp evolution

Cruaud et al. Syst. 
Biol. 61(6):1029–
1047, 2012



How the fig - wasp relationships evolved?

Weiblen 2002

Temporal congruence of the 198 
cospeciation events

Cruaud et al. Syst. Biol. 61(6):1029–1047, 2012



Coevolution: reciprocal evolutionary change in interacting species

Escape-and-radiate coevolution
1. Plants evolve (via mutation, recombination) a new toxin/deterrent.
2. New chemical leads to protection from herbivores.
3. Protected plants enter a new adaptive zone, in which they are free to radiate.
4. Herbivores evolve (via mutation, recombination) ways to deal with new toxin.
5.  Herbivores enter a new adaptive zone and are free to radiate.
6. The cycle is repeated.

Escape and radiation concept: plants 
develop new defence [yellow, orange],

their speciation rate increases, herbivores 
develop counter-defence [green, blue] 
colonize them and then speciate faster



Eunice Kariñho-Betancourt 2019. J.-M. Mérillon, K. G. 
Ramawat (eds.), Co-Evolution of Secondary Metabolites

Escape and radiate dynamics 
of Brassicales – Pierinae interactions



Farrell & Mitter 
1998

Tetraopes beetles and Asclepias hosts: evolutionary defence escalation



Phylogenetic congruence for the most abundant lepidopteran species and plant species. Each 
rectangle represents a family for tree species; colours indicate different lepidopteran 
superfamilies. The trophic network is nonrandomly structured. Wang et al. Molecular Ecology. 2020;29:2747–2762

Subtropical forest in S China 
(BEF Experiment)

Phylogenetic signal in a forest 
plant-caterpillar food web



Pellissier et al. 2013, Ecology Letters

Swiss Alp meadows: 231 most abundant plant species vs. all butterfly species
Strong phylogenetic signal but a lot of phylogenetically unexplained 

variability



Becerra 1997

Blepharida beetles on Bursera plants: 
secondary chemistry has low phylogenetic signal, explains multiple host colonizations

Host selection by 
beetles can be better 
explained by plant 
similarity in secondary 
metabolites than by 
plant phylogeny 

Bursera phylogeny does not correspond 
with phylogeny of its beetles

different secondary chemistry marked by 
different colour on Bursera phylogeny



A. californica 

A. exaltata

A. asperula

A: soft leaves, many trichomes, high latex
B: tough leaves, low water content, medium latex
C: soft leaves, low latex, high cardenolides

Asclepias defense strategies: life history traits and phylogeny 

Phenogram recognizing three defense strategies
 based on 7 traits:

Distribution of defense strategies on Asclepias phylogeny

Agrawal & Fishbein, Ecology, 87 Suppl., 2006, S132–S149



Agrawal & Fishbein, Ecology, 87 Suppl., 2006, S132–S149

Asclepias defense strategies: phylogenetically unstable

C: soft leaves, low latex, 
high cardenolides

B: tough leaves, low water 
content, medium latex



Endara et al. 2017, PNAS www.pnas.org/cgi/doi/10.1073/pnas.1707727114

Inga spp.: chemistry, biotic protection by ants, trichomes, and leaf production seasonality, 
not phylogeny, correlate with the composition of  herbivore communities 



Endara et al Annu. Rev. Ecol. Evol. Syst. 2023. 54:107–2798 tropical species of Inga (Fabaceae).

Molecular networks of metabolites



Herbivores feeding on latex-rich Asclepiadaceae - Apocynaceae colonize 
preferably other latex plant lineages

Number of colonization of plants from various orders by herbivores feeding on latex-rich Asclepiadaceae -
Apocynaceae plants: insects retain their taste for latex 



Hierarchical dendrogram of 13,480 foliar metabolites by their structural similarity. Branch color = 
chemotaxonomic classification Concentric bars represent abundance of metabolites in seven forest plots. Sedio et al. 2021. Front. 

Ecol. Evol. 9: 679638.

Complexity of plant 
foliar metabolites



185 tree and shrub species from Maryland (SERC) 
and Panama (BCI) NMDS chemical similarity

36,223 compounds in leaves of tree and 
shrub species from Maryland and Panama. 
Nodes represent compounds. Links 
between nodes represent structural 
similarity between compounds.

Sedio et al., Ecology, 99, 2018, 2647–2653



Agrawal et al. 2009, Evolution 63-3: 663–673

Escalation: the trait value increases in the course of evolution

Trait value in evolution

Phylogenetic escalation 
of phenolics and decline 

of cardenolides in 
Asclepia spp.

x

Divergent plant defences: 
traits more dissimilar between close relatives than 
expected under a conserved model of evolution

Futuyma & Agrawal, 2009, PNAS 106: 18054–18061
Becerra JX 2015: PNAS 112, 6098



Kursar et al. PNAS 2009. 106:18073

Inga species co-occurring as neighbors are 
more different in anti-herbivore defenses 
than random, suggesting that possessing a 
rare defense phenotype increases fitness.

Defence divergence in a species-rich genus: Inga

phylogeny
cladogram

chemistry
dendrogram

Inga spp.
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Community species composition phylogenetically clustered in Peru and over-dispersed in 
Panama, defence traits over-dispersed in both locations

overdispersed

clustered



Species significantly dissimilar to 
their relatives in defensive traits 

Volf et al. 2017 Ecology Letters

Defence divergence in a species-rich genus: Ficus



Willows: protected by salicylates
• some species invest large resources (represent up to 20% of plant biomass) 
• salicylates only work against generalist herbivores 
• overall herbivore density not correlated with salicylate content
• some species lost salicylates

Volf, et al 2015. J. Anim. Ecol. 84, 1123, and 2015 Ent. Exp. Appl. 156, 88

When anti-herbivore secondary metabolites become useless

Species that lost salicylates



Termonia et al. 2001

Is narrow host specialization an evolutionary dead-end? 
Chrysomela beetles dependent for anti-predator defence on salicylates from Salicaceae hosts 
develop a new defense, butyric acid, that allows expansion of their host range to Betulaceae 

salicylaldehyde 
from salicin

monoterpene 
iridoids

butyric acids



inquilines do not induce their own galls, 
feed inside galls of other spp.

Host plants of galling cynipid wasps:
numerous transitions



Gall wasps (Cynipidae): second largest radiation of gallers, 1300 spp.

Most of species on woody plants, particularly oaks (a), 
species on herbaceous plants mostly on Asteraceae (b) 

Phylogenetic conservatism in the 
position of galls on host plants 



Cynipid gallers Andricus on oaks in Europe: evolutionary conservatism in gall type



Leppanen 2014

Guilds of sawflies:
surprising phylogenetic flexibility

[for such complex change]

External feeder
Leaf miner
Galler
Shoot borer
Leaf roller
Fruit miner
Petiole miner





angiosperms

Cycadales
conifers

1 - 5: colonizations 
of angiosperms

Farrell 1998

Beetles: high species 
diversity associated 

with feeding on 
angiosperms



Host specificity: 
is narrow specialization determined by speciation dynamics?

Transition from a generalist to a specialist is more likely than reverse transition 

0 0.5 1
Proportion of speciation events

Generalist to Specialist Specialist to GeneralistNosil 2002



Mass extinction (Cretaceous-Tertiary boundary): specialists die first

Labandeira et al. 2002 PNAS 99:2061



While number of insect families is steadily increasing through evolution, there has not 
been any major inovation in mouthparts dor almost 100 million years: 

has everything been already invented?

No. of mouthpart
classes

No. of insect 
families



Rainford & Mayhew 2015, Amer Nat 186

Evolution of larval feeding in insects

FUNGIVORY
DETRITIVORY
PHYTOPHAGY
PREDATORY
PARASITOIDS
ECTOPARASITES



Extinction of large mammalian herbivores in past 130,000 years:
what are ecological consequences?



recently extinct and extant megafauna



What were ecological roles or recently extinct megafauna?

Janzen & Martin (1982) NEOTROPICAL 
ANACHRONISMS: The Fruits the 
Gomphoteres Ate 

Large recently extinct fauna, such as gomphoteres in S. America,
could be important consumers and dispersal agents of large fruits

Similar role played by 
forest elephants in Africa

Crescentia alata Enterologium cyclocarpum

THE END

http://upload.wikimedia.org/wikipedia/commons/f/f3/Loxodontacyclotis.jpg
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