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Major themes of my research program

Ant Ecology and Evolution

* Over 15,000 named species

* Found across the planet

* Ecologically successful

* Diverse morphology,
ecology, and behaviors

* Engage in symbiotic
relationships across the tree
of life
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Major themes of my research program

* Phylogenetics

* Divergent dating

* Biogeography

* Trait evolution

* Natural History

* Molecular evolution

Macroevolution
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Major themes of my research program

* Document and describe diversity
e Understand host-specificity

* Examine niche specificity

* Co-evolution/co-diversification

* Determine function to host

Microbiomes
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Evolution and biogeography of the ants in light of
flowering plant diversification
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Feedback with angiosperms driving ant evolution?

The rise of the ants: A phylogenetic and
ecological explanation
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Ants Sow the Seeds of Global Diversification in
Flowering Plants
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Ant point of view:

1) The influence of angiosperm forest expansion during the
Cretaceous on ant diversification

- Wilson and Hélldobler (2005) hypothesized a role for
angiosperms in the evolution of ants, but were not able to test
these in a analytical phylogenetic framework.

2) Diet changes from away from predation facilitated
movement up into the canopy.

Plant point of view:

1) Seed dispersal by ants (myrmecochory) evolved
independently at least 100 times (present in at least 77
families and 11,000 plant species).

2) Is a key evolutionary innovation and a globally important
driver of plant diversity. Myrmecochory provides the best
example to date for a consistent effect of any mutualism on
large-scale diversification.
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Phylogeny of the Ants: Diversification
in the Age of Angiosperms

Corrie S. Moreau,™* Charles D. Bell,” Roger Vila,* 5. Bruce Archibald,” Naomi E. Pierce®
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Moreau et al. (2006)
Science 312: 101-104.
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* 139 of 288 genera included
* (19 of 20 subfamilies)

* Multiple outgroups

* Six gene regions sequenced
* ~4.5 kb of sequence data

* Analyzed with maximum
likelihood; Bayesian inference
*Thick lines = 100% Bayesian
posterior probabilities
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FOXNEWS.COM HOME > SCIENCE

The emergence of flowering
plants 100 million years ago
may have led to the
explosion in ant diversity
that occurred around the
same time, scientists say.

The 11,800 known species of
modern ants probably arose
from a single species millions
of years ago, but scientists
previously knew little about
ants' evgludi istory.

Researchers analyzed the

DNA of fossilized ants trapped
in amber and discovered that

ground

g
140 to 168 million years ago.

These ants, however, were
diversifying at a very slow
rate. Then flowers, also known
as angiosperms, sprouted
onto the scene.

angiosperm forests."

First Flowers Triggered Boom in Ant Diversity

STORIES

= Arctic Fossil Bridges Gap Between
Fish, Land Animals

* Dinosaur Discoversd in Utah
Resembled Turkey

« Global Warming Caused Mass
Extinctions 24T Million Years Ago

« Medical Students Studying Fossils to
Learn History of Disease

+ Beetles Used to Strip Animal
Carcasses Down to Bones

[

“

"An event happened 100 million years ago, and ants started diversifying like
crazy," study co-author Corrie Moreau of Harvard University told
LiveScience. "This is also the time when we start seeing the first

http://www.foxnews.com/story/0,2933,190884,00.html

Sphecomyrma freyi from New
Jersey Amber ~92 Mya
Photograph F.M. Carpenter



BIOGEOGRAPHY

SILK WEAVING

NECTARIES

SPECIATION

43 fossils used as minimum

calibration points
Analyzed with r8s & MULTIDIVTIME
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Moreau et al. (2006)
Science 312: 101-104.
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150 e Table S5. Results of fitting three models to ant data. logl =Likelihood, p = parameter.
AIC = Akaike information criterion. Comparison of diversification rate models to model
a0 A performed with APE v1.4. (see text).
Model  Description logL x P AIC
T A Constant rate 6=0.013 -12358.08 24718.16
100 = Lag & B Variable rate p=2.78 -2960.58 30637.31 <0.001 5917.149
= g a=0.011
ol C Variable rate 8, =0.001 -786.64 30637.31 <0.001 1577.283
t: | g before and after
- a2 100 8,=0.006
- T
o 3
J o S o .
Model A: Constant rate of diversification throughout time
e L] 0 Model B: Gradual change in diversification throughout time
- E - o : Model C: Two different rates of diversification before and after a specific
- breakpoint in time (100 Ma)
me

Birth-Death model of diversification (Nee ef al. 1994)
Akaike Information Criterion (AIC) implemented in the program APE v1.4 (Paradis et al. 2004)
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Moreau et al. (2006)
Science 312: 101-104.

Moreau & Bell (2011)
Entomol. Am. 117: 127-133.
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Science 312: 101-104.

Moreau & Bell (2011

Entomol. Am. 117: 127-133.

Moreau & Bell (2013)
Evolution 67: 2240-2257.

)
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The biogeographic origins and spread of ants
across the globe
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Where 1s the majority of biodiversity found and why?

Ant genera

Are the ants tracking the ek diversity
. . . of ant 60
biogeographic expansions of the o

angiosperms? S E—
0 10 20 30 40 S0 60
Degrees north of equator
Figure from McGlynn (2010)
Nature Education Knowledge 1:32.

Latitudinal gradient in species richness
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Ant species diversity Figure from Jenkins et al. (2011)
Diversity and Distributions 17:652-662.
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TESTING THE MUSEUM VERSUS CRADLE
TROPICAL BIOLOGICAL DIVERSITY
HYPOTHESIS: PHYLOGENY, DIVERSIFICATION,
AND ANCESTRAL BIOGEOGRAPHIC RANGE

EVOLUTION OF THE ANTS
EVOLUTION

Corrie S. Moreau™? and Charles D. Bell®

50
1

Log Lineages

4150 100 50 o
Time [Mya}

311 taxa

Five gene regions included

Analyzed with RAXML, & Mr. Bayes
45 fossils as minimum calibrations
Analyzed with BEAST & MEDUSA

Combined molecular data from:
Moreau et al. (2006)

Brady et al. (2006)

Rabeling et al. (2008)

Moreau & Bell (2013)
Evolution 67: 2240-2257.
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Latitudinal gradient in species richness

Cradle vs. Museum

The tropics were either a cradle, where new life evolved more
frequently than at other latitudes, or a museum, where old,

ancient life persisted there longer.
-- Stebbins (1974)

Expectations:

Cradle:

Expect high origination/speciation rates, new adaptive complexes arising within the area, and this
region is acting as a center of origin for species diversity.

Museum:

Expect taxa will be older in the tropics, have lower extinction rates, and have larger geographic range
sizes (as is often found in the tropics) that positively correlate with their evolutionary persistence.
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Divergence dating can inform biogeographic reconstructions

[ Palearctic
B Nearctic

B Afrotropic
B Neotropic
B Australasia
[] Indo-Malaya

Migration probability
between areas over time

Current species distributions
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Biogeographic range evolution for the ants
B Palearctic
B Nearctic Neotropics are currently home to more
W A 1 genera (total number and endemic) and
= OGENG species than any other region.
NEGTFD C Myrmicinae
9 _ - Fisher (2010) in Ant Ecology.
B Australasia Oxford University Press.
[ ] Indo-Malaya |
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Formicinae

Dolichoderinae

Aneuretinae
Myrmeciinae
Pseudomyrmecinae

Leptanilloidinae
Ecitoninae

JCera pachyinae
Dorylinae

Aenlcto itoninae
Aenictinae

Ponerinae

égroecomyrmecmae
raponerin
Proceratiinae

Amblyoponinae

Martialinae
Leptanillinae

We do not find any significant rate shifts
within the ants that correspond to range shifts
or to hypothesized movements of plant
lineages into or out of the Neotropics.

Neotropics have acted as a
museum and cradle for ant
diversity

Moreau & Bell (2013)
Evolution 67: 2240-2257.
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Evolutionary transitions of silk weaving and
arboreal nesting
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Silk weaving 1n ants

* The evolution of nest-weaving behavior in arboreal
ants has been considered a pinnacle of cooperative
behavior (Holldobler & Wilson 1977, 1983).

* Yet we have a limited understanding of how the
actions of numerous individuals underlie this
complex-group behavior or the ecological factors
that may have been associated with its evolution
within ants (Crozier et al. 2010).

Photo from Hoélldobler & Wilson (1983)
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Silk weaving 1n ants

® Typically worker ants use larval silk to “sew” leaves together to build nests

® Tn some cases the larvae no longer use their silk to make cocoons

i

Photograph © Alex Wild

® Workers direct where silk is used
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The evolution of nesting preference

® The ancestral state is thought to be ground nesting for all ants

® Moving up into trees has evolved multiple times

® Arboreal nesting can involve living in hollow living or dead twigs or
among living leaves

Photographs by C.S. Moreau
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The evolution of cooperation 1n silk weaving 1n ants

The Evolution of Communal Nest-Weaving in Ants: Steps that may have led to a complicated form of
cooperation in weaver ants can be inferred from less advanced behavior in other species

-- Holldobler & Wilson (1983) American Scientist 71: 490-499.

Evolutionary hypotheses for the evolution of nest weaving
in ants are currently based on interspecific comparison
involving less than two species of each of the four genera
containing nest-weaving representatives, along with
relevant behavioral and ecological data.

-- Holldobler & Wilson (1990) The Ants. Harvard University Press.
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The evolution of communal nest weaving

Ant genus Workers
hold
spinning
larvae
Dendromyrmex No
Camponotus Yes
Polyrhachis Yes
Oecophylla Yes

-- Holldobler & Wilson (1983) American Scientist 71: 490-499.

*Rhoto t;ro;'n Holldobler & Wilson (1983)

Shift to worker control, cocoon loss, increased silk gland size:

* “Simplest type of weaving” = Dendromyrmex

Polyrhachis has over
« “Intermediate steps” = Camponotus & Polyrhachis _ 700 species in 13
*  “Highest grade of cooperation” = Oecophylla subgenera

-- Holldobler & Wilson (1990) The Ants. Harvard Univ. Press
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Inferring the phylogeny of Polyrhachis

*  Members of all 13 subgenera included

* Three mitochondrial and three nuclear
genes sequenced

* ~5,000 bp of sequence data

* Bayesian Inference phylogeny with |
data partitioned for site specific
models for each codon of each gene
(18 partitions)

* Black dots on nodes >0.95 BPP

Testing monophyly of genus and

subgenera

Polyrhachis lata

Polyrhachis nr obtusa Chariomyrma

Paolyrhachis sokolova
Polyrhachis brutella
Polyrhachis elegantula Hagiomyrma
Polyrhachis thusnelda
Polyrhachis trapezoidea . | Hedomyrma
s Polyrhachis argentosa

= Polyrhachis fervens

s Polyrhachis turneri Hirtomyrma
Polyrhachis loweryi
Polyrhachis phryne
Polyrhachis creusa Campomyrma
Polyrhachis fuscipes
Polyrhachis macropa
Polyrhachis dohrni Aulacomyrma

g Polyrhachis ypsilon

] AR is bi
[f:. Polyrhachis bihamata

@

Polyrhachis

“ Polyrhachis bellicosa

= Polyrhachis lamellidens
Polyrhachis forell

Polyrhachis andromache Myrma

Polyrhachis striata
Polyrhachis scissa
Polyrhachis boltoni Hemioptica
) Y
} Polyrhachis australis
‘ Polyrhachis pilosa

¥ Polyrhachis mackayi . Cyrtomyrma

Polyrhachis mucronata
Polyrhachis dives
Polyrhachis reclinats
Polyrhachis sexspinosa

Palyrhachis abnormis
_FC Polyrhachis thrinax

Polyrhachis g dica

Myrmothrinax

Polyrhachis fiavicomis Myrmatopa

Camponotus castaneus
_|_: Camponotus laevigata
C

ponctus consobrinus

* camp
5\

NS

Polyrhachis ulysses

novaehollandiae

Oecophylla smaragdina

0.3

Only Myrmhopla recovered

as non-monophyletic

Robson, S. K. A., Kohout, R. J., Beckenbach, A. T. & Moreau, C. S. (2015) Behavioral Ecology and Sociobiology 69: 449-458.
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Ancestral State Reconstruction

*  Mesquite (Mk1 likelihood
reconstruction method)

* SIMMAP (two-state characters
a beta distribution prior was
used for the bias parameter and
for multi-state characters an =
empirical prior was used. For
all cases the gamma distribution

prior of the rate parameter was |
assigned k = 90) !-

* All clades in green and brown A
received >95% support in both R—
analyses

Evolution of nest preference

== = Arboreal
mm = Ground nesting
= = Unknown

= Equivocal

Arboreal nesting 1s
ancestral in spiny
ants
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Evolution of silk weaving

Silk weaving is
ancestral in spiny
ants

Spider silk
adopted

== = Silk weaving nest
== = No silk nest

= Carton nest
== = Unknown

= Equivocal
w-= Spider silk nest
© = No cocoons

=

Ly —

— h

G

] |¢‘\4

Ancestral State Reconstruction

*  Mesquite (Mk1 likelihood
reconstruction method)

* SIMMAP (two-state characters
a beta distribution prior was
used for the bias parameter and
for multi-state characters an
empirical prior was used. For
all cases the gamma distribution
prior of the rate parameter was
assigned k= 90)

* All clades in blue and pinek
received >95% support in both
analyses



DIVERSIFICATION

BIOGEOGRAPHY

SILK WEAVING

NECTARIES

SPECIATION

Tests of correlated characters

* Mesquite using Pagel’s 1994 correlation analysis

* SIMMAP using Huelsenbeck et al. 2003 measure
of character state associations

* All analyses found P = 0.00

* In every case silk weaving and arboreal nesting
and no silk use and ground nesting were
positively associated with each other

Correlation of traits

== = Arboreal
mm = Ground nesting
== = Unknown

= Equivocal

== = Silk weaving nest
== = No silk nest

= Carton nest
== = Unknown

= Equivocal
w-= Spider silk nest
© = No cocoons

Robson, S. K. A., Kohout, R. J.,
Beckenbach, A. T. & Moreau, C. S.
(2015) Behavioral Ecology and

Sociobiology 69: 449-458.
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Evolution of silk weaving in Polyrhachis

® Contrary to previous hypotheses arboreal nesting and larval silk weaving
are the ancestral states in Polyrhachis

® These characters are highly correlated

® We see the loss of a complex behavior in weaving ants
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The evolution of nectaries in non-flowering
plants
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Jacob Suissa

EFNs as external defense mechanisms

s

When, why, and how did nectaries evolve outside of non-flowering plants?

Catalpa Vachellia Chamaecrista

'P

¢

Photos by Jacob Suissa
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Jacob Suissa

g g How did we study this?

Angiosperms Ants Fern Herbivores

el 7
AN i y
\\|
}% \\‘ & s Q \: / 4‘/ i/ 4 y
'/' : > 77, 7/ ¢« .’ ~-,::,:,:\ .

7 SN
'E/Z_: ‘f‘;

Nitta et al., 2022 Smith and Brown et al., 2022 Nelsen, Ree, & Moreau 2018 Suissa et al., in review
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Jacob Suissa

Methodology
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Jacob Suissa

F @ Diversity of EFNs in Angiosperms

1555
gains

2318
losses
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Jacob Suissa

Diversity of EFNs 1n Ferns

11 gains

2 losses

Posterior probability of S
nectary observation

Not observed 'emth=21152  Observed
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Jacob Suissa
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Tempo and mode of nectary evolution

8_
—~~ 6
)]
O]
(@)]
®
) — |
=
> f
Q Hji‘;r—_ : —
'LLL ; —
2+
1_ [l
Devonian Carbonife#ous Permian Triassic' Jurassic Creta'ceous Cenozoic
423 317 212 106 0
Time (mya)

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Jacob Suissa

F‘ @ Cretaceous origin of nectaries 1n ferns
4
A '\3*
8_ i
/\6
/9]
(O]
(@)]
®
()
=
= <
Q 3- Ferns with nectaries
2 —
1_ 1 |
Devonian Carbonife#ous Permian Triassic' Jurassic Creta'ceous Cenozoic
423 317 212 106 0
Time (mya)

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Jacob Suissa
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Cretaceous origin of nectaries 1n ferns
and angiosperms

8—
—~~ 6
(7))
()
(@)}
@®
()
£
N—
U) _ 33
Q 3 Ferns with nectaries

Angiosperms with EFNs
2_
1- ;‘ .
Devonian Carbonife#ous Permian Triassic' Jurassic Creta'ceous Cenozoic
423 317 212 106 0
Time (mya)

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Jacob Suissa

F‘ @ Origin of nectaries corresponds to the
A rise of arboreal ants

89 @
]
P 6— 300 ***p < 0.001
U) ***p<0.001
q) 0.75 g ' NS p > 0.05
) !
Q z [Em
4] g 05
C Q
O') A . Angiosperm : -
O 3- Ferns with nectaries i
Angiosperms with EFNs  °_ : , , =
400 300 200 100 am i
2 Ants Time (Mya) 4 .
- J f—
' Devonian Carbonife#ous Permian Triassic' Jurassic Creta'ceous Cenozoic
423 317 212 106 0

Time (mya)

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Jacob Suissa

Proximity is key in fern-nectary evolution

Proportion of total nectary-bearing
species in each growth habit

50%
40%
30% = =
20% ——
10% ——
0% ——| "R
Tre Epi Clim Ter
Proportion of all fern species in each
growth habit that bear nectaries
15%
10%
|
5% .
, 0% —
p e — i i
Kbored ,\M Z)::sc:xd Be Tre Epi Clim Ter
Terrestrial ::::;\r/yegm

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Jacob Suissa

Lag of nectary diversification 1n ferns

- G

8—
(7]
()
O
@®
()
£
N—
c) =
Q 3 Ferns with nectaries

Angiosperms with EFNs
2 Ants
1_ |
Devonian Carbonife#ous Permian Triassic' Jurassic Creta'ceous Cenozoic
423 317 212 106 0

Time (mya)

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Increased herbivory during the
Cenozoic, a general pattern

Sharply increased insect herbivory during the
Paleocene-Eocene Thermal Maximum

Ellen D. Currano***, Peter Wilf*, Scott L. Wing®, Conrad C. Labandeira®$, Elizabeth C. Lovelock", and Dana L. Royer!

*Department of Geosciences, Pennsylvania State University, University Park, PA 16802; 'Department of Paleobiology, Smithsonian Institution,
Washington, DC 20560; SDepartment of Entomology, University of Maryland, College Park, MD 20742; "Department of Earth Science, University

of California, Santa Barbara, CA 93106; and |Department of Earth and Environmental Sciences, Wesleyan University, Midd|. ), CT 06459

Edited by May R. Berenbaum, University of lllinois at Urbana-Champaign, Urbana, IL, and approved December 3, 2007 (received for review
September 11, 2007)
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Jacob Suissa

What about fern herbivores?

R
S0
*
)/
i
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(7]
(b}
O
@
o
£
—
c) =
Q 3 Ferns with nec
Angiosperms v
2 Ants
Fern herbivore
1-
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vith EFNs
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: 4
——
e

“.: : —
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423

L
Carboniferous
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B
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Time (mya)
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) . .
Cretaceous Cenozoic

106 0

Suissa, J. S., Li, F.-W. & Moreau, C. S. (2024) Nature Communications 15: 4392.
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Fern nectary evolution

® (Convergent evolution of fern nectaries
® Nectaries are more prevalent in canopy ferns
® TFacilitated independent recruitment of ant-bodyguards from flowering plants

® [ag in evolution of nectaries may be the result of increased herbivores

Photo by Jacob Suissa
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Early and dynamic colonization of Central America
drives speciation in Neotropical army ants
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Central America Colonization Models
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Neotropical Army Ant Genus: Ecifon

- Keystone invertebrate predators

- Poor dispersers due to wingless queens

- Cannot colonize across water

- Wide geographic distribution

- 12 species in genus (3 known only from males)

Photographs © Alex Wild
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Panama provides land bridge for Central American
colonization [3.0 Ma - Today]

ﬂfx Inferred
‘ - Eciton Range
| < o :

] = Present
[ ] = Absent

(Brady, 2003; Bagley & Johnson, 2014; Coates et al., 2004)
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Complex emergence of Panama
[8.0 — 3.0 Ma]

Inferred
Eciton Range

o ] = Present
[ ] = Absent

(Brady, 2003; Bagley & Johnson, 2014; Coates et al., 2004)
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Given the possibility of early colonization of Central America
over ephemeral land bridges before full closure of the 1sthmus

@ Inferred
’ : _ Eciton Range
_ . [ = Present
[ ] =Absent

Can we detect biogeographic signal
of the colonization process with our
genomic data?

(Brady, 2003; Bagley & Johnson, 2014; Coates et al., 2004)
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Central America Colonization Models

Expectations

- Colonization after full closure (3 Ma)
- No increase of diversification in CA
- Divergence times on isthmus less than 3 Ma

- Secondary contact zones randomly distributed

Full Closure Colonization (FCC)

- Colonization across early land bridge (3 — 8 Ma)
- Increase of diversification in CA
- Divergence times between 3 — 8 Ma

- Secondary contact zones potentially coincident

Early Dynamic Colonization (EDC)

Coates et al. (2004); Gutiérrex-Garcia & Vazquez-Dominguez (2013); Winston, Kronauer, & Moreau (2017)
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De novo locus assembly of 630 million barcoded reads
from 146 army ant samples

Max Winston

All samples had over 10,000 loci (N = 146)

Mean = 13,500
Median = 10,700
Mode = 5,000

Pairwise Shared Loci (x10,000)
Loci assembly: pyRAD pipeline 506,759 parsimony informative loci
- Employs vsearch algorithm - 100bp length
- De novo read clustering - Shared by at least 4 taxa
- 1-2 weeks split on 40 cores - Minimum 10x coverage (u = 20)

Winston, Kronauer, & Moreau (2017); Eaton (2014); Edgar (2010)
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Max Winston

Phylogeny, Divergence Dating, and Biogeographic Inference

- Maximmum likelihood and Bayesian inference
converge on same well-supported topology

- All species recovered as monophyletic

- Many subspecies designations supported

- Multiple pairs of biological and technical
replicates included

1412 10 8 6 4 2 o Allclades 100 BS/1.0 BPP; Winston, Kronauer, & Moreau (2017)
Time (Ma) except + =95 BS/0.98 BPP Molecular Ecology 26: 859-870.
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Max Winston

Phylogeny, Divergence Dating, and Biogeographic Inference

N8
ijf

14 12 0 8 2 0 All clades 100 BS/1.0 BPP; Winston, Kronauer, & Moreau (2017)
Time (Ma) except +=95 BS/0.98 BPP Molecular Ecology 26: 859-870.
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Max Winston

Coincident Secondary Contact Zones

W = Secondary Contact Zone

E. mexicanum

I I
T ——
I -

I

Winston, Kronauer, & Moreau (2017)
Molecular Ecology 26: 859-870.
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Max Winston

Phylogenomics and population genomics provide clear evidence for
speciation in multiple army ant lineagzes that colonized Central America

When did this speciation occur?

Winston, Kronauer, & Moreau (2017)
Molecular Ecology 26: 859-870.
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Max Winston

Divergence Times of Sister Lineages

Across Central American Isthmus

Neivamyrmex

Cheliomyrmex

Labidus

Nomamyrmex

Eciton
27.0
37.2 294

MRCA(Eciton, X)

. Neivamyrmex
Cheliomyrme

| Labidu);
Nomamyrmex

Eciton

60 50 40 30 20 10 0

Winston, Kronauer, & Moreau (2017)

Divergence Times (Ma) Molecular Ecology 26: 859-870.
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Max Winston

Divergence Times of Sister Lineages
Across Central American Isthmus

N
Tempisque-Limén

Pulses Full
Begin Closure

Eciton crown

*

E. mexicanum

E. lucanoides

E. vagans *

E. burchellii *

15 10 5 0
Divergence Time (Ma)

* = indicate lineages with geographically '
coincident species boundaries across Winston, Kronauer, & Moreau (2017)
Costa Rica, Nicaragua and Panama Molecular Ecology 26: 859-870.
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Which model does the evidence support?

FCC = Full Closure Colonization model EDC = Early Dynamic Colonization model
FCC EDC Evidence Support

Diversification No effect Increase

Divergence Times Less than 3 Ma 4 — 8 Ma

Parapatry Coincidence Random Yes

Early Dynamic Colonization (EDC)

Winston, Kronauer, & Moreau (2017)
Molecular Ecology 26: 859-870.
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GAARIandia land bridge

90W aswW oW W W BEW sow s5W

P b\ g ; I Highlands
-\ [ Lowlands
[] shallow marine
- Deep marine

=] continental river
[5] Marine currents

GAARIlandia land-bridge model of
Iturralde-Vinent and MacPhee (1999) Bulletin of the American Museum of Natural History, 238, 1-95.



DIVERSIFICATION

BIOGEOGRAPHY SILK WEAVING NECTARIES -

153 samples representing 77 of
the 93 described Pogonomyrmex
species

1423 UCE loci
1,039,348 base pairs

Multiple Transcontinental Dispersals of the Amphitropical
Harvester Ant Genus Pogonomyrmex

Poganomymmes USA ca sPCA808

: e Badis, Bl

P emyes Sodics OBk 17 KATo0
U A

Clade | | P e G s an e

"

Pogonomyrmex californicus Pogonomyrmex occidentalis Pogonomyrmex rugosus M;&Wm@.ﬁ{n‘”’”
o Bvcolde

UL — ] —

-
Pogenomymmor
Pogoromy

Clade ﬁn,...m.:_:g.:.;;.

Fognammas ar

RAJ b
s
ot b ARG WA
o anding
Pogonomyrmex andinus Pogonomyrmex rastratus Pogonomyrméx granulatus

Clade lll a ;

Pogonomyrmex imberbiculus Pogonomyrmex schmitti

Clade IV !

Pogonomyrmex mayri

i oty LI}

2 naegatigroup
1 ~noee Clade IV
Hylomyrma &
Patagonomyrmex

L
{ Myrmica_incompleta_USA_UT_EX808

Graber, Johnson & Moreau (2026)
Journal of Biogeography 53: €70236.
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Harvester ants dispersed before the closure of the Isthmus of Panama

Regionalization:

N = Nearctic (Pogonomyrmex range),
Pacific Lowlands Province,
Veracruzan Province, Balsas Basin
Province

H = Hispaniola Province

P = Sabana Province, Venezuelan
Province, Guaijira Province,
Ecuadorian Province, Western

IHI_IIIIIJ

Pogonomyrmex micans ARG LR RADSGS
ARG

|

Ecuador Province, Cauca Province,
Magdalena Province, Parana Forest

Province, Atlantic Province, Para

P Roral P, e}

F F P 5
Lowlands Province, Guianan Province,

= ARG RARA
| =1 spinos VP RBOOT
3 — DOM VA RA1020
2! =] = L COM PO OL3/E0
A\ =] QOM PO A
o | MEX M RAT04S
— USAAZ RATO11
ARG LR RADG26
Pogonomymmex sepens PRY B RADGHT
Pogononynmex ARG
—| R a6 LA AGDS |
— ARG M RAOEES
= ¥ PRY BQ RADS39
— COL NA RADGGO
= MG R
| RADMO
]

Cerrado Province, Rondonia Province, [ T

Clade |

Clade Il

Clade Il

Clade IV

Hylomyrma &
Patagonomyrmex

I
gfg::ﬂ:‘::en Transition Zone 70 60 50 40 30 20 1 0 0
(all provinces)
C= Chaco Province, Pampean Paleocene Eocene Oligocene Miocene
Frovnee 66-56 Mya 56-33.9 Mya 33.9-23.04Mya  23.04-5.33 Mya

Graber, Johnson & Moreau (2026)
Journal of Biogeography 53: €70236.
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Multiple waves of migration northward

(A) Eocene dispersal, 49-44 Mya (B) Eocene-Oligocene dispersal, 44-33 Mya

Graber, Johnson & Moreau (2026)
Journal of Biogeography 53: €70236.
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 Ants are an old group that likely diversified in response to the rise of the
flowering plants

* The tropics played an important role in the evolutionary history of the ants
* Silk weaving 1n ants evolved in complex ways
 Ferns co-opted ants from flowering plants

* Army ants and harvester ants inform the complex history of the colonization
of Central America
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