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Ants are the world’s most diverse and ecologically dominant
eusocial organisms. Resolving the phylogeny and timescale for
major ant lineages is vital to understanding how they achieved this
success. Morphological, molecular, and paleontological studies,
however, have presented conflicting views on early ant evolution.
To address these issues, we generated the largest ant molecular
phylogenetic data set published to date, containing ~6 kb of DNA
sequence from 162 species representing all 20 ant subfamilies and
10 aculeate outgroup families. When these data were analyzed
with and without outgroups, which are all distantly related to ants
and hence long-branched, we obtained conflicting ingroup topol-
ogies for some early ant lineages. This result casts strong doubt on
the existence of a poneroid clade as currently defined. We compare
alternate attachments of the outgroups to the ingroup tree by
using likelihood tests, and find that several alternative rootings
cannot be rejected by the data. These alternatives imply funda-
mentally different scenarios for the early evolution of ant mor-
phology and behavior. Our data strongly support several notable
relationships within the more derived formicoid ants, including
placement of the enigmatic subfamily Aenictogitoninae as sister to
Dorylus army ants. We use the molecular data to estimate diver-
gence times, employing a strategy distinct from previous work by
incorporating the extensive fossil record of other aculeate Hyme-
noptera as well as that of ants. Our age estimates for the most
recent common ancestor of extant ants range from ~115 to 135
million years ago, indicating that a Jurassic origin is highly unlikely.
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nts (Hymenoptera:Formicidae) are the world’s most success-
ful group of eusocial insects. They constitute 15-20% of the
animal biomass in tropical rainforests (1, 2) and occupy keystone
positions in many terrestrial environments (3). Ants are among the
leading predators of invertebrates in most ecosystems and are also
prominent herbivores in many neotropical communities. Various
ant species participate in symbiotic relationships with >465 plant
species in >52 families (4), with thousands of arthropod species (5,
6), and with as-yet-unknown numbers of fungi and microorganisms
(7). Some ant lineages have evolved astonishing adaptive special-
izations [agriculture of fungi, seed harvesting, herding and milking
of other insects, communal nest weaving, cooperative hunting in
packs, social parasitism, and slave-making (6)] that have fueled the
curiosities of scientists as well as the general public.
Understanding the sequence of events contributing to the rise of
ants to ecological dominance requires a robust phylogeny of their
early evolution and a reliable timescale for their diversification.
However, both the age of ants and the relationships among their
earliest evolving lineages remain controversial. Ant fossils from the
Cretaceous are relatively scarce (8, 9), although their abundance
and diversity increases markedly in the Paleogene (10-12). The
hymenopteran fossil record suggests that the origin of crown-group
ants (i.e., the most recent common ancestor of all living ant species)
occurred no earlier than 120 Mya (13). This interpretation is
contradicted by several molecular divergence dating studies that
consistently estimate older ages for ants (14—17). Molecular data
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have also generated some surprising phylogenetic results, including
the conclusion that the subfamily Leptanillinae, a group of spe-
cialized subterranean predators (18, 19), is the sister group to the
rest of the ants (17, 20, 21). This conclusion contradicts all previous
hypotheses about ant relationships. Thus, whereas our understand-
ing of ant phylogeny has improved, many outstanding questions
remain unresolved because of apparent conflicts between fossil,
morphological, and molecular data. The current state of affairs
constrains our ability to reconstruct the tempo and mode of ant
evolution.

We addressed these issues by analyzing the most comprehensive
molecular data set for ants published to date. We generated ~6 kb
of DNA sequence data from seven nuclear gene fragments, sam-
pling 151 ant species spanning all 20 extant subfamilies. Using these
data, we evaluated alternative hypotheses about the ages and
relationships of the oldest lineages of ants. We demonstrate that a
basal (i.e., sister-group) position for Leptanillinae is by no means
certain. We discuss how viable alternative scenarios alter our
inferences about the evolution of key ecological and behavioral
traits of ants. Our divergence-dating analyses, calibrated with a
combination of ant and other hymenopteran fossils, indicate that
the origin of extant ants occurred sometime in the early Cretaceous
~115-135 Mya.

Results and Discussion

Phylogenetic Relationships Among Basal Ant Lineages. Applying a
range of analytical methods and strategies to our data resulted in
conflicting views on the early diversification of ants. All analyses of
our data generated strong support for the formicoid clade, which
contains 14 of the 20 ant subfamilies (Fig. 1 and Table 1), but
relationships among the remaining major lineages were more
problematic. Bayesian analyses of the complete data set support,
with strong posterior probability (PP) of 1.0, a poneroid clade as the
sister group to the formicoids. This poneroid clade consists of the
following subfamilies: Agroecomyrmecinae, Amblyoponinae,
Paraponerinae, Ponerinae, and Proceratiinae. Maximum likelihood
(ML) recovers this clade but with only weak bootstrap support
(BS = 68). In contrast, the most parsimonious (MP) trees indicate
that poneroids form a paraphyletic group (Fig. 3, which is published
as supporting information on the PNAS web site), with the am-
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