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What processes generate biodiversity?

Evolution 

of traits

Rate of change
Speciation events

Photographs Corrie S. Moreau

Abiotic and/or biotic interactions drive diversity and adaptation.

What influence does symbiosis have on the ecology and evolution of interacting partners?
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Time frame
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Ants engage in symbioses with many other organisms

(animals, plants, fungi, & bacteria)

Photograph © 

Alex Wild

Photograph © 

Alex Wild

“The little things that run the world.”
-- E.O. Wilson (1987)

E.O. Wilson visits Moreau Lab 

Photograph Karen Bean

Photograph © 

Alex Wild

“the little things that run the little things that run the world!”
-- C.S. Moreau (2020) in Current Opinions in Insect Science 39: 1-5.
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Ant-plant interactions evolved through 

increasing interdependence
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Beetles photograph Mark Wilson; 

Staghorn fern photograph http://wikimediia.org

Plant photographs from:

Chanderbali et al. (2016) Genetics 202(4): 1255-1265.

Image from: Niklas et al. (1980) Evol Biol 12: 1-89.
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Numerous clades linked to angiosperm-forests

– Major ant groups diversified with rise of angiosperm-forests 
Moreau et al. (2006) Science; Moreau & Bell (2013) Evolution

Ant photographs © Alex Wild
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Numerous clades linked to angiosperm-forests

– Major ant groups diversified with rise of angiosperm-forests 
Moreau et al. (2006) Science; Moreau & Bell (2013) Evolution

– Plant-derived food sources enabled ecological expansion 
Wilson & Hölldobler (2005) PNAS

Elaiosomes

Extrafloral Nectaries (EFNs) Food Bodies

Hemipterans

Ant photographs © Alex Wild
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How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for food, 

foraging, nesting

• Is there an evolutionary sequence by which ants became reliant on plants?

ElaiosomesExtrafloral Nectaries (EFNs) Domatia

Ant photographs © Alex Wild

Are plant and ant evolution linked?
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Plant evolution

Plant photographs from:

Chanderbali et al. (2016) Genetics 202(4): 1255-1265.

Inferred and time-scaled phylogeny of 10,785 vascular plant genera 
(from Hinchliff & Smith (2014) PLOS ONE)

Ancestral state reconstruction on ant-associated trait data 

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 
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Ant evolution

Matt Nelsen

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

Inferred and time-scaled phylogeny of 1,730 ant species

Ancestral state reconstruction on diet and foraging trait data 

Ant photograph © Alex Wild
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Are plant and ant evolution linked?
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How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting

Ant photographs © Alex Wild & Staab et al. (2017)

Foraging 

arboreally

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

Ground 

foraging and 

nesting
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Ant photographs © Alex Wild & Staab et al. (2017)

Diet includes

plants

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting
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Ant photographs © Alex Wild & Staab et al. (2017)

EFNs

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting
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Are plant and ant evolution linked?
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Ant photographs © Alex Wild & Staab et al. (2017)

Nesting 

arboreally

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting
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Are plant and ant evolution linked?
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Ant photographs © Alex Wild & Staab et al. (2017)

Elaiosomes

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting
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Ant photographs © Alex Wild & Staab et al. (2017)

Domatia

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

How did associations between ants and plants evolve?

• Ages of ant-associated plant structures vs. ant utilization of plants for 

food, foraging, nesting
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Ant-plant interactions evolved through 

increasing interdependence
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Ant photographs © Alex Wild 

Plant photographs from: Chanderbali et al. (2016) Genetics 202(4): 1255-1265.

• Ants utilized plants long before plants evolved specialized ant-associated structures

• Incremental sequence of evolutionary events led to ant reliance on plants

• To become fully herbivorous ants had to transition from predatory to omnivorous to 

herbivorous

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 
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Ant-plant mutualisms and comparative genomics
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Why do ant-plant mutualisms evolve and persist through time?

Photograph © 

Alex Wild

Plants need ants like a dog needs fleas – Richard Spruce 1873

But, we know ant-plant mutualisms have evolved multiple times across the ants 

and across the plants

Plants that participate in ant-plant mutualisms (and other defensive 

mutualisms) have twofold higher rates of diversification
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Red Queen’s statement to Alice in Through the Looking-Glass 

“it takes all the running you can do, to keep in the same place.” 

Red Queen hypothesis is an evolutionary hypothesis which proposes organisms must 

constantly adapt to survive when pitted against ever-evolving opposing organisms in an 

ever-changing environment – Van Valen 1973

Symbiosis—the close and often long-term interaction of two or more 

species—is predicted to drive genome evolution in a variety of ways.

For example, parasitic (antagonistic) interactions have been shown to increase rates of 

molecular evolution 
(i.e. the Red Queen; Van Valen 1973; Paterson et al. 2010; Bromham et al. 2013; Yoshizawa & Johnson 2003) 

But, mutualisms are predicted to reduce rates of change by decreasing the fitness of 

uncommon genotypes and reducing the rate of evolution  
(i.e. the Red King effect; Law and Lewis, 1983; Law, 1985; Doebeli & Knowlton, 1998; Bergstrom & 

Lachmann, 2003; Damore & Gore, 2011)
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Extrafloral nectar Food bodiesNesting space Defense

Photograph © Alex Wild Photograph © Alex WildPhotograph © Alex Wild Photograph S. Kautz

Pseudomyrmex ant-plant mutualisms:

acacia-ants

Generalists/Parasites

• Nest non-specifically in existing 

hollow twigs

• Non-aggressive defensive behavior

• ~260 species

Mutualists

 Very similar ant behavior (patrol 

plants 24 hours per day, highly 

aggressive, large colonies)

• Triplaris, Acacia, Tachigali plants

• ~40 species
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Convergent evolution of mutualism

Although there are were 

8 ant genomes 

sequenced the closest 

relative to 

Pseudomyrmex is very 

distantly related

Natural evolutionary 

experiment to 

investigate the role of 

mutualisms on genomes

Benjamin Rubin

Phylogeny modified from Ward & Downie (2005)

= mutualist = generalist

Photograph 

B.E.R. Rubin

Photograph © 

Alex Wild

Photograph 

B.E.R. Rubin
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Genome evolution of ant-plant mutualisms

Rubin & Moreau (2016) 

Nature Communications 7: e12679.

= mutualist = generalist

Photograph 

B.E.R. Rubin

Photograph © 

Alex Wild

Photograph 

B.E.R. Rubin

Triplaris

Acacia

Tachigali

65X

65X

65X

65X

65X

65X

Genome sequencing 

coverage completed

~90X

 (reference)

Reference genome: P. gracilis

• Haploid male

• Two 100bp paired-end Illumina HiSeq lanes 

(~150 base and 2,500 base inserts)

• ALLPATHS-LG assembly

• One 100bp paired-end Illumina RNA-seq lane

• N50 contig = 30 kb

• 99% CEGMA genes recovered in assembly

• 16,069 genes with transcript support inferred 

by MAKER

• Includes 77 of 79 expected cytoplasmic 

ribosomal proteins

• Genotyping-By-Sequencing of 47 sisters to 

create 38 linkage groups of 185 scaffolds

Summary of findings:

• Convergent positive 

selection in nervous system 

genes 

• Faster overall rates of 

genome evolution in the 

three mutualists

Benjamin Rubin
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Benjamin Rubin

Genetic distance from 
Pseudomyrmex gracilis
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Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Benjamin Rubin

(Significance determined with bonferroni corrected paired t-tests of 25kb sliding windows.)
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Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Benjamin Rubin
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Nature Communications 7: e12679.

INTRODUCTION  MACROEVOLUTION  MICROBIOMES  CONCLUSIONS



Difference in rates not due to 

differences in generation time

Benjamin Rubin

1. Generation time

 Prediction: Mutualists have consistently shorter generation times

 Result: Mutualists have consistently longer generation times

  Generalists: 2 months to reproduce

  Mutualists: 1.5 years to reproduce (Janzen, 1975)

 

Photograph © Alex Wild

Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Difference in rates not due to 

differences in generation time

Benjamin Rubin

1. Generation time

 Prediction: Mutualists have consistently shorter generation times

 Result: Mutualists have consistently longer generation times

  Generalists: 2 months to reproduce

  Mutualists: 1.5 years to reproduce (Janzen, 1975)

 

Photograph © Alex Wild

Rubin & Moreau (2016) 

Nature Communications 7: e12679.

INTRODUCTION  MACROEVOLUTION  MICROBIOMES  CONCLUSIONS



Benjamin Rubin

1. Generation time

2. Population size

 Prediction: dN/dS ratios higher in mutualists 

 and smaller estimated population sizes

Difference in rates not due to 

differences in population size

Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Benjamin Rubin

1. Generation time

2. Population size

 Prediction: dN/dS ratios higher in mutualists 

 and smaller estimated population sizes

 Result: No consistent differences in dN/dS ratios or 

smaller estimated population sizes

Difference in rates not due to 

differences in population size

Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Difference in rates may be due to 

relaxed selection

Benjamin Rubin

1. Generation time

2. Population size

3. Relaxed selection

 Prediction: Transposable elements increase in frequency in mutualists

 Result: Repeat content not consistently different

Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Difference in rates may be due to 

higher mutation rates

Benjamin Rubin

1. Generation time

2. Population size

3. Relaxed selection?

4. Elevated mutation rate

 Prediction: Higher frequency of SNPs (heterozygosity) in mutualists

 Result: Trend of higher rates in mutualists

Rubin & Moreau (2016) 

Nature Communications 7: e12679.
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Difference in rates may be due to 

higher mutation rates

Benjamin Rubin

1. Generation time

2. Population size

3. Relaxed selection?

4. Elevated mutation rate?

5. Colony size (comparing whole genomes across multiple ant and bee lineages)

Prediction: In large colonies, queens produces hundreds of millions of offspring, requiring 

more divisions in germline stem cells leading to mutation accumulation

Result: Higher rates in species with large colonies of multiple lineages of ants and bees

Rubin (2022) 

Insect. Soc. 69:47-57.
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There are many factors that can impact 

genome evolution in social organisms 

and we need more comparative studies 

to understand how genomes shape 

sociality, but also how sociality shapes 

genomes evolution.

Convergent genome evolution due to life history

Photograph © 

Alex Wild
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How does phenotypic plasticity evolve in soldier ants?
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Turtle ants have evolved soldiers multiple times
Megan Barkdull

Photograph © 

Alex Wild

Barkdull & Moreau (2026) 

Evolution 80(3): 554-569.
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How do you make distinct morphs from the same genome?

Photograph © 

Alex Wild

Megan Barkdull

Barkdull & Moreau (2026) 

Evolution 80(3): 554-569.
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Gene regulation and not existing genes or new genes lead 

to the evolution turtle ant soldiers

Differential expressed genes are associated with the 

presence of a soldier morph

Genes involved in morph differentiation are 

disproportionately ancient

Megan Barkdull

Barkdull & Moreau (2026) 

Evolution 80(3): 554-569.
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Novel signaling pathways underlie the evolution of soldiers in turtle ants
Megan Barkdull

Photograph © 

Alex Wild

Barkdull & Moreau (2026) 

Evolution 80(3): 554-569.
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Symbiotic bacteria across the ants and the 

evolution of herbivory
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Why gut microbes of ants?

The ants provide an excellent system to study the diversity, distribution, 

and influence of gut-associated bacteria:

Photograph © Alex Wild

- Diet & Nutrition: How does diet influences associations?

- Host-symbiont coevolution: What is the role of shared evolutionary 

history and/or convergence?

- Geography: Are microbes acquired from the environment?

- Transmission: How are microbes transmitted among individuals and 

through time?
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Herbivory has evolved at least 11 times independently across the ants

Nelsen, Ree, & Moreau (2018) PNAS 115(48): 12253-12258. 

= Herbivore

= Omnivore

= Carnivore
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Moreau (2020) 

Current Opinions in Insect 

Science 39: 1-5.

Gut bacteria are associated with ants with specialized diets
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Russell, Moreau et al. (2009) 

PNAS 106(50): 21236-21241.

Russell, et al. (2009) 

Evolution 63(3): 624-640.
Results of using general and targeted bacterial sequencing across 

398 individual ants from 148 genera.

Ants have diverse bacterial communities
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NH4
+

carbohydrates

N2

?NH4
+

carbohydrates

N2

Images from http://MicrobeWiki.kenyon.edu

Image from www.antark.net

Image from http://MicrobeWiki.kenyon.edu

Photograph C.S. Moreau

Nitrogen fixation by ant gut symbionts?
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Russell, Moreau et al. (2009) 

PNAS 106(50): 21236-21241.
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Red = ant associates

Orange = animal associates

Purple = plant associates

Black = other or unspecified

Bacteria phylogeny:
16S rRNA phylogeny of ant-associated Rhizobiales bacteria and their GenBank relatives

Photograph C.S. Moreau

Russell, Moreau et al. (2009) 

PNAS 106(50): 21236-21241.
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Concentrated changes test (Maddison 1990) provided strong support for 

the correlated evolution between the presence of Rhizobiales symbionts 

and herbivorous diets across the ant phylogeny (P = 0.001)

Russell, Moreau et al. (2009) 

PNAS 106(50): 21236-21241.

Anderson et al. (2012) 

Mol. Ecol. 21: 2282-2296.

Ant phylogeny:
Rhizobiales symbionts have independently evolved associations with arboreal 

and herbivorous ants on at least five occasions

Photograph C.S. Moreau
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Gut-associated bacteria in ants

Hu & Moreau (2026) Annual 

Review of Entomology in press.

Yi Hu
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Tissue specificity: Bacterial screening of individual body parts

Midgut

Hindgut

Crop

Photograph © Alex Wild

Photograph by C.S. Moreau
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Bacteria are structured along the digestive tract in turtle ants
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< 1% abund.

Rectum

Flynn, D’Amelio, Sanders, Russell, & Moreau 

(2021) Appl. Environ. Microbiol 87(8): e02803-20.

Peter Flynn

366 turtle ant gut samples were 

sequenced from 12 turtle ant species
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Procryptocerus

qPCR values across gut compartment and species

Bacterial density varies across the digestive tract

MidgutCrop

Rectum

280,000 120,000 24,000>5,000
Average amount 

of bacteria:

Flynn, D’Amelio, Sanders, Russell, & Moreau 

(2021) Appl. Environ. Microbiol 87(8): e02803-20.
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Bacteria are also interacting within the gut
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Anais Chanson

Chanson, Moreau, & Duplais (2021) 

Frontiers in Microbiology 12: e678100.
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Some gut bacteria codiversify with their hosts

Manuela Ramalho

Flynn, D’Amelio, Sanders, Russell, & Moreau (2021) 

Appl. Environ. Microbiol. 87(8): e02803-20

Ramalho & Moreau (2023) 

Animal Microbiome 5(1): 1-16.
= codiversification

= no codiversification
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Gut symbiont and host have codiversified 

over 50 million years

Yi Hu

Hu et al. (2022) Ecological Monographs. 2023;93:e1560.
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We have sequenced nifH genes from the following ants with Rhizobiales:     

• Cephalotes (3 spp.)

• Dolichoderus (2 spp.)

• Tetramorium (1 sp.)

• Procryptocerus (1 sp.)

• and from gut tissue of Cephalotes varians

Are bacteria providing nutrition to ants?

Indirect evidence

nif genes are responsible for the coding of proteins related and associated with the fixation of atmospheric nitrogen, but 

acetylene reduction assays have, thus far, failed to detect nitrogen-fixation activity in adult workers of turtle ants.

Russell, Moreau et al. (2009) 

PNAS 106(50): 21236-21241.

Anderson et al. (2012) 

Mol. Ecol. 21: 2282-2296.

Hu et al. (2018). 

Nature Communications 9: e964.

Photograph © Alex Wild

Sampling time (h)

YH001 YH026 CSM2266 control

C2H2 (ppm)

C2H4

(ppm) C2H2 (ppm)

C2H4

(ppm) C2H2 (ppm)

C2H4

(ppm) C2H2 (ppm)

C2H4

(ppm)

0h 22.8 0 27.3 0 27.7 0 13.3 0

1h 11.7 0 8.8 0 11.5 0 12.2 0

2h 12.7 0 15.9 0 10.6 0 12.9 0

4h 20.5 0 18.7 0 18.9 0 21.1 0

8h 24.7 0 13.6 0 22.4 0 26.6 0

16h 29 0 19.4 0 25.8 0 26.2 0

Acetylene (C2H2)                Ethylene (C2H4)
Nitrogenase
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Gut bacteria of Cephalotes are concentrated in the anterior hindgut

This is where ant-derived N-wastes arrive via Malpighian tubules

Image by Piotr Lukasik

Are bacteria providing nutrition to ants?

Indirect evidence

Fluorescent in situ hybridization with labeled probes targeting bacterial specific 16S rRNA

Piotr Lukasik

Photograph © Alex Wild
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Are bacteria providing nutrition to ants?

Direct evidence

Predicted essential amino-acid biosynthetic pathways 

in metagenomes of C. varians 

Metagenomic insights into nitrogen recycling/upgrading:

Core bacteria from Cephalotes guts synthesize essential amino acids
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Predicted metabolic pathways for uric acid 

metabolism and nitrogen recycling 

Taxonomic conservation across 18 Cephalotes metagenomes demonstrating N-

recycling by the core symbionts across 46 million years

Jake Russell

Yi Hu Jon Sanders

Hu et al. (2018). 

Nature Communications 9: e964.
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Testing nutrient provisioning capabilities of gut bacteria in C. varians

15N$glutamate Higher$15N$in$essen2al$
amino$acids

No$change

14N$glutamate No$change 777777

@Alex$Wild @Alex$Wild

Cured$
ants

15N$urea$in$diet$

14N$urea$in$diet$

“naturally”$low$15N$levels$
in$essen6al$amino$acids$

“naturally”$low$15N$levels$
in$essen6al$amino$acids$

high$15N$levels$in$
essen6al$amino$acids$

Predicted	results	for	three	treatment	groups	

Hu et al. (2018). 

Nature Communications 9: e964.

Are bacteria providing nutrition to ants?

Direct evidence

Cured ants = Diet included 1% of Tetracycline, Rifampicin, and Kanamycin each 

Jake Russell
Yi Hu

15N urea

- bacteria

14N urea

+ bacteria

15N urea 

+ bacteria

Treatment Group

MANOVA P < 0.05 for all seven essential amino acids 
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Are bacteria providing nutrition to ants?

Direct evidence

Cured ants = Diet included 1% of Tetracycline, Rifampicin, and Kanamycin each 

Jake Russell
Yi Hu

15N urea

- bacteria

14N urea

+ bacteria

15N urea 

+ bacteria

Treatment Group

MANOVA P < 0.05 for all seven essential amino acids 

Gut bacteria of Cephalotes provide 

amino acids to ants via N-recycling
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Evidence for the nitrogen contribution of gut symbionts 

to the cuticle formation in herbivorous turtle ants
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©Alex Wild

Exoskeleton = insect armor
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Ant images 

©Alex Wild

Daceton spp.

Atta spp.

Cephalotes spp.

Solenopsis spp.

Ectatomma spp.

Gigantiops spp.

Camponotus spp.

Dolichoderus spp.

Eciton spp.

Odontomachus spp.

Paraponera clavata

Apis mellifera

Pseudomyrmex spp.

Crematogaster spp.

Azteca spp.
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Composition and structure

chitin (biopolymer)

+ cuticular proteins

Tanning process: tyrosine metabolism
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Insect cuticle

ChitinLinker

Imidazole of histidine

Proteins

+
Other imbedded 

particles 
(i.e. melanin, metals, 

etc.)
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Example: Grasshopper mandibles

Lee et al. (2015) Chem. Mater. 27: 6478-6481.

Untanned

Moderately tanned

Fully tanned

Lightly tanned

N 

O

C

chitin

sclerotized tissue

proteins

water 

toughness, hardness, 

strength

INTRODUCTION  MACROEVOLUTION  MICROBIOMES  CONCLUSIONS



©National Geographic

Hypothesis

Burkholderiales, Pseudomonadales, 

Xanthomonadales, Rhizobiales, and 

Opitutales

Contribution?

Russell, Moreau, et al. (2009) Proc. Natl. Acad. Sci. USA 50: 21236-21241.

Hu et al. (2018) Nat. Comm. 9: e964.

nitrogen

Cephalotes varians

urea, uric acid ⇢ amino acids

(phenylalanine, tyrosine)
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Previous research
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Previous research

Quantifying the impact of symbiont on cuticle formation

➢ Cuticle coloration

➢ Cuticle thickness

➢ One identified biosynthetic pathway from the symbiont
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Previous research

What is still left to learn?

➢ Which cuticular components are impacted?

 (protein, linker, chitin, melanin)

➢ Are other pathways involved in the process?

➢ Are these mechanisms conserved across many 

species?
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Colony n°1:

No treatment

Colony n°2:

Antibiotics treatment

Experimental design and methods

Diet with labelled

urea-15N2

1) Two months experiment ⇢ new adults emerge

2) Gut dissection ⇢  solvent extraction ⇢ liquid-state 1H NMR spectroscopy

3) Cuticle ⇢ solid-state 13C and 15N NMR spectroscopy

4) Cuticle ⇢ scanning electron microscopy (SEM) 

nitrogen
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C. varians samples
Tyrosine concentration in 

µM (SD)

Phenylalanine concentration in 

µM (SD)

Untreated 11.3 (0.1) 11.2 (0.3)

Antibiotic treated 4.9 (0.3) 4.7 (0.3)

Liquid-state 1H NMR of gut chemical extracts

Duplais, C., Sarou-Kanian, V., Massiot, D., Hassan, A., Perrone, B., Estevez, Y., 

Wertz, J. T., Martineau, E., Farjon, J., Giraudeau, P. & Moreau, C. S. (2021) 

Nature Communications 12: e676.
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Solid-state 13C NMR of cuticle

Cephalotes varians cuticle:

- antibiotics treatment

- no treatment
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2

Solid-state 15N NMR of cuticle

Pure chitin standard

15N chemical shift (ppm)
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Solid-state 15N NMR of cuticle

Cephalotes ant cuticle: no labelled urea

15N natural abundance = 0.4 %

15N chemical shift (ppm)

-100102030405060708090100110120130140150160170180190200210220230240250
ppm

1
2
2

NMR spectra intensity reflects the much 

smaller quantity of starting material n

chitin

O

O

NHAc

O
HO O

NHAc

HO

OH

OH
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Solid-state 15N NMR of cuticle

-100102030405060708090100110120130140150160170180190200210220230240250
ppm

7
7

9
5

1
1
9C. varians cuticle:

labelled urea-15N2

- antibiotics treatment

15N chemical shift (ppm)

guanidine of arginine

15N = enriched
15N = natural abundance
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Solid-state 15N NMR of cuticle

-100102030405060708090100110120130140150160170180190200210220230240250
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1
1
9

1
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9

1
5
3

C. varians cuticle:

labelled urea-15N2

- antibiotics treatment

- no treatment

15N chemical shift (ppm)

Enrichment of nitrogen in the 

cuticle from bacteria
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Solid-state 15N NMR of cuticle
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C. varians cuticle:

labelled urea-15N2

- antibiotics treatment

- no treatment

15N chemical shift (ppm)

guanidine of arginine

imidazole of histidine
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Colony n°1:

No treatment

Colony n°2:

Antibiotics treatment

Electronic microscopy

Cuticle thickness reduce by 50% in antibiotic treatment

Antibiotics treated individuals are fully black 

with no sign of depigmentation
Duplais, C., Sarou-Kanian, V., Massiot, D., Hassan, A., Perrone, B., Estevez, Y., 

Wertz, J. T., Martineau, E., Farjon, J., Giraudeau, P. & Moreau, C. S. (2021) 

Nature Communications 12: e676.
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15N-urea

e

nitrogen-

recycling 
gut 

bacteria

15N-enriched cuticle

=

a

b

c

d

15N-proteins

15N-cross-linkers

15N

N

H15N

OH
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O 15NH
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n

15N-chitin

O

O

15NHAc

O
HO O
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Gut bacteria contribute to most cuticular components: protein, linker, & chitin melanin

Duplais, C., Sarou-Kanian, V., Massiot, D., Hassan, A., Perrone, B., Estevez, Y., 

Wertz, J. T., Martineau, E., Farjon, J., Giraudeau, P. & Moreau, C. S. (2021) 

Nature Communications 12: e676.
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What about viruses?

Flynn & Moreau. (2024) 

Molecular Ecology 00: e17519.
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Viruses are not evenly distributed across the ant phylogeny

Flynn & Moreau. (2024) 

Molecular Ecology 00: e17519.
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Many diverse viral lineages are associated with the ants

Flynn & Moreau. (2024) 

Molecular Ecology 00: e17519.

• We discovered 3710 novel and unique ant-

associated viral genomes

• Of these 659 were complete genomes

• Frequent host-switching and co-divergence
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• Ant-plant interactions evolved through increasing interdependence

• Convergent patterns in genome evolution driven by life history strategy

• Symbiotic bacteria facilitated the ants to be able to shift to a 

herbivorous diet and expand into the canopy

• Host-associated bacteria contribute to cuticle formation 

• Viruses in ants are far more diverse than previously appreciated

Integrative approach to study symbiosis as a driver of animal 

ecology and evolution
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