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Assembling the ant "Tree of Life" (Hymenoptera: Formicidae) 

Philip S. WARD, Seán G. BRADY, Brian L. FISHER & Ted R. SCHULTZ 

Abstract 

Ants are the world's premier eusocial organisms and they have assumed pivotal ecological roles in many terrestrial 
communities. A well resolved and robustly supported phylogeny of the ants is needed to better understand many facets 
of their ecology and evolution. We report on a new project designed to clarify the phylogenetic relationships of the 
major lineages of ants. Funded by the US National Science Foundation under the AToL (Assembling the Tree of Life) 
program, this project runs for five years and involves collaborators from the University of California at Davis, the Cali-
fornia Academy of Sciences, and the Smithsonian Institution. In the first year (2004 - 2005) of the Ant AToL grant we 
have focused our efforts on developing a multi-gene molecular data set and assembling a selection of appropriate taxa. A 
preliminary analysis, based on ~5.8 kb of sequence data from seven nuclear genes and ~100 exemplar species, reveals 
a number of novel findings and contradicts some earlier conclusions derived from morphological data. Nearly all of 
the 21 extant ant subfamilies recognized in a recent morphology-based classification of ants (BOLTON 2003) appear to 
be monophyletic, but our evidence suggests that only two of the six supra-subfamilial groups (dorylomorphs and myr-
meciomorphs) are monophyletic. We find strong support (parsimony and likelihood bootstrap 100 %, Bayesian pos-
terior probability 1.00) for a group, here termed the "formicoid clade", which contains all extant ants except Agroeco-
myrmecinae, Amblyoponinae, Leptanillinae, Paraponerinae, Ponerinae, and Proceratiinae. Relationships among these 
early diverging (non-formicoid) ants are not well resolved. This work is ongoing, and a more comprehensive account 
and analysis with additional taxa and new molecular data will be completed at the year's end. 
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Introduction 
Ants (Hymenoptera: Formicidae) are the world's most suc-
cessful group of social insects, with a diversity that pro-
bably exceeds 20,000 species (HÖLLDOBLER & WILSON 
1990). They have a strong ecological footprint in most 
terrestrial communities, directly interacting with or indi-
rectly affecting many other organisms. Ants exhibit a di-
verse array of behaviors, colony structures and genetic 
systems, the evolution and maintenance of which has in-
trigued evolutionary biologists (BOURKE & FRANKS 1995, 
CROZIER & PAMILO 1996). It is perhaps surprising, then, 
that our knowledge of ant phylogeny is quite incomplete, 
with morphological studies providing weak and some-
times contradictory resolution of the deeper branches of 
ant evolution (see below). 

A recent landmark study by BOLTON (2003) reorgan-
ized the higher classification of ants, recognizing 21 extant 
(and 4 extinct) subfamilies. Numerous changes were also 
made at the tribal level. BOLTON's (2003) contribution re-
presents a major advance in ant systematics because it 
breaks up non-monophyletic groups, such as Ponerinae 

(sensu lato), into more defensible units that can be dia-
gnosed with one or more putative autapomorphies. BOL-
TON (2003) did not carry out a phylogenetic analysis of the 
subfamilies (or tribes), but he clustered them into informal 
groups. In fact, the relationships among the ant subfamilies 
remain unclear. The lack of a consensus is evident from the 
discrepancies among the ant phylogenies presented by dif-
ferent authors (BROWN 1954, WILSON & al. 1967, TAYLOR 
1978, HÖLLDOBLER & WILSON 1990, BARONI URBANI & 
al. 1992, WARD 1994, GRIMALDI & al. 1997, GRIMALDI 
& AGOSTI 2000, GRIMALDI & ENGEL 2005, WILSON & 
HÖLLDOBLER 2005). Where quantitative phylogenetic ana-
lyses have been carried out (BARONI URBANI & al. 1992, 
GRIMALDI & al. 1997) there is not strong support for most 
groups above the subfamily level. 

Molecular phylogenetic studies have begun to contrib-
ute to the debate (SULLENDER & JOHNSON 1998, CHIOTIS 
& al. 2000, JOHNSON & al. 2003, WARD & BRADY 2003, 
BRADY 2003, ASTRUC & al. 2004, OHNISHI & al. 2004, 
SAUX & al. 2004, WARD & DOWNIE 2005) and show con-
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siderable promise for disentangling the details of ant his-
tory. Most investigations to date have focused on a limited 
range of taxa, however, and/or sampled too few genes to 
provide good resolution. 

Here we report on a collaborative attempt to resolve the 
ant Tree of Life, involving investigators from the Universi-
ty of California at Davis, the California Academy of Scien-
ces, and the Smithsonian Institution. Supported by the US 
National Science Foundation AToL (Assembling the Tree 
of Life) program, the project entails comprehensive sampl-
ing of taxa and characters in order to obtain robust esti-
mates of phylogenetic relationships. Specifically, the goals 
of the project are (1) to infer the phylogeny of the major 
ant lineages using a combination of morphological and 
molecular data; (2) to estimate the divergence times of these 
clades, employing molecular dating methods that incor-
porate rate heterogeneity and fossil data; and (3) to use the 
resulting phylogenetic and temporal framework to recon-
struct key events in the history of ant evolution. The pro-
ject also includes a significant bioinformatics component. 
Our findings will be organized and disseminated through 
the online portal AntWeb (www.antweb.org). The project 
runs for five years and is currently (2005) in its first year 
of operation. 

It seems evident that molecular (DNA sequence) data 
will be most informative for recovering a well corrobor-
ated phylogeny of the ants, but morphological characters 
will also be incorporated and will assume particular im-
portance for diagnosis of clades and the assignment of fos-
sil taxa to these clades. The fossil data can in turn be 
used to constrain and inform the molecular dating ana-
lyses. With a well dated and robustly supported phylo-
geny we can more reliably reconstruct key events in the 
history of ant evolution. 

Materials and methods 
We are using BOLTON's (2003) classification as a frame-
work for taxon sampling. We intend to sequence exemplar 
species from all the extant subfamilies (21) and tribes (63) 
of ants, and most of the 283 genera, for a total of about 
400 terminal taxa. Outgroups will include a variety of 
other aculeate Hymenoptera, given uncertainty about the 
sister group of ants (BROTHERS 1999). 

In this first year we have focused efforts on develop-
ing a set of molecular markers for phylogenetic inference. 
Currently this encompasses seven nuclear genes: 18S 
rDNA, 28S rDNA, abdominal-A, long wavelength rhod-
opsin, wingless, EF1-alpha F1, and EF1-alpha F2. Ulti-
mately we will expand the molecular data set to include 
up to twenty genes. Primers used for the first five genes 
are based on those listed in WARD & DOWNIE (2005). In-
formation on these and the EF1-alpha primers is avail-
able upon request from P.S. Ward or S.G. Brady. After ex-
cluding ambiguously aligned regions, these seven genes 
yield 5.8 kb of DNA sequence, of which ~ 1320 sites are 
parsimony-informative across our data set of ~ 100 ant 
taxa and three aculeate outgroups: Apis (Apidae), Chyphotes 
(Bradynobaenidae), and Mischocyttarus (Vespidae). 

We are analyzing the data using standard parsimony 
and maximum likelihood procedures, as implemented in 
PAUP* 4.0b10 (SWOFFORD 2003). We are also conduct-
ing partitioned Bayesian analyses using MrBayes (HUEL-
SENBECK & RONQUIST 2001, RONQUIST & HUELSENBECK 

2003) version 3.1. These methods allow estimation not 
only of tree topology but also of branch lengths, which 
are critical for developing a timeframe of ant evolution. 
Fossil-calibrated molecular dating techniques (SANDER-
SON 2002, THORNE & KISHINO 2002) will be used to es-
timate divergence times for the major ant lineages. 

Results 
Preliminary findings include the following. 

1) With respect to the three sampled outgroups – be-
longing to the families Apidae, Bradynobaenidae, and 
Vespidae – ants (Formicidae) form a monophyletic group. 
This is hardly a surprising result and it will be important 
to sample more widely among potential relatives of ants, 
including Scoliidae and Tiphiidae. 

2) All ants except Leptanillinae, Agroecomyrmecinae, 
and most poneromorphs belong to a well supported clade 
(parsimony and likelihood bootstrap 100 %, Bayesian pos-
terior probability 1.00) which we term the "formicoid clade" 
(Fig. 1). (The term is derived from the oldest available sub-
family name within the clade – Formicinae – and should 
not be confused with the superfamily Formicoidea.) Evi-
dence for this clade occurs in other recent molecular phylo-
genetic studies (WARD & BRADY 2003, OHNISHI & al. 
2004, SAUX & al. 2004, WARD & DOWNIE 2005). Within 
the formicoids all the ant subfamilies recognized by 
BOLTON (2003) appear to be monophyletic, except pos-
sibly Cerapachyinae (see also BRADY & WARD in press). 

3) Within the formicoid clade there is strong support 
for monophyly of myrmeciomorphs and dorylomorphs 
(sensu BOLTON 2003), but not for formicomorphs or myr-
micomorphs. Poneromorph ants, with representatives both 
within and outside the formicoid clade, are an artificial 
group defined by a mixture of shared ancestral characters 
and convergent similarity. 

4) Relationships among taxa outside the formicoid clade 
at the base of the ant tree (Agroecomyrmecinae, Amblyo-
poninae, Leptanillinae, Paraponerinae, Ponerinae, and Pro-
ceratiinae) are not well resolved with current data (Fig. 1). 
Our analyses indicate that the subfamily Leptanillinae is 
sister to all other ants, but this result might be an artifact 
of long-branch attraction (see BERGSTEN 2005). 

Desiderata 
Several uncommon taxa remain to be added to our mole-
cular data set. We are particularly interested in obtaining 
fresh material (in 95 - 100 % EtOH) of the following ant 
genera: Aenictogiton, Aneuretus, Anomalomyrma, Apomyr-
ma, Aulacopone, Cheliomyrmex, Gesomyrmex, Lenomyr-
mex, Liomyrmex, Paratopula, and Stegomyrmex. If read-
ers of "Myrmecologische Nachrichten" have extra, alcohol-
preserved specimens of any of these taxa we would be 
most grateful to receive samples. Material should be sent 
to the first author (P.S. Ward). 

Concluding Remarks 
A striking aspect of our findings is how well they accord 
with BOLTON's (2003) delineation of ant subfamilies. Bol-
ton's schema was based solely on morphological charac-
ters, and the concordance is testimony to that author's keen 
insight. But the relationships among subfamilies revealed 
here by molecular data are novel and for the most part 
they were not anticipated by previous morphological stud- 
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Fig. 1: Schematic diagram summarizing some of our pre-
liminary findings on ant phylogeny. The formicoid clade in-
cludes the myrmeciomorphs, dorylomorphs, formicomorphs, 
Myrmicinae, Ectatomminae, and Heteroponerinae (sensu 
BOLTON 2003). The "basal" poneromorphs consist of Am-
blyoponinae, Paraponerinae, Ponerinae, and Proceratiinae. 
The polytomy indicates that most relationships among these 
latter taxa are not well resolved with current data, and it 
is likely that they do not form a monophyletic group. Spe-
cies estimates refer to the total number of described ex-
tant species in each group. 
 
 
ies. Some divergences between these groups evidently oc-
curred close together in time and will be challenging to 
resolve. Multiple independent nuclear genes – perhaps as 
many as twenty or more – will probably be required to 
provide confident resolution of these "bushy" parts of the 
ant tree. 

Our results suggest a pattern of sequential radiations 
– initial diversification of poneromorph-like lineages in 
the early Cretaceous 100 - 120 million years ago (along 
with the now extinct sphecomyrmines), followed by a more 
exuberant diversification of formicoids, starting in the 
middle to late Cretaceous and continuing into the Paleo-
gene. These findings are broadly consistent with the his-
torical scenario posited by WILSON & HÖLLDOBLER (2005), 
in which the later radiation of ants is associated with a 
switch from predation to omnivory and tending of angio-
sperm-feeding hemipterans. Our phylogenetic conclus-
ions differ considerably from those presented in WILSON 
& HÖLLDOBLER (2005), however, and they highlight the 
fact that several ant groups considered ancient and "primi-
tive", such as Myrmeciinae and some poneromorphs, in 
fact belong to the later originating formicoid clade. We 
emphasize, nevertheless, the provisional nature of our re-
sults and the need to sample additional taxa and characters 
before many aspects of the ant Tree of Life are brought 
to light. A more detailed analysis, with additional taxa 
and new molecular data, will be completed by the end of 
the year as a step toward achieving this goal. 
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Zusammenfassung 
Ameisen sind die weltweit dominante Gruppe eusozialer 
Organismen und nehmen eine zentrale ökologische Stel-
ung in vielen terrestrischen Ökosystemen ein. Zum bes-
seren Verständnis vieler Aspekte ihrer Ökologie und Evo-
lution wird eine klare und stabile Phylogenie der Ameisen 
benötigt. Wir berichten über ein neues Projekt, das die 
Klärung der phylogenetischen Verwandtschaft der Groß-
gruppen innerhalb der Ameisen zum Ziel hat. Dieses Pro-
jekt wird als Teil des AToL-Programms (Assembling the 
Tree of Life) von der US-amerikanischen National Science 
Foundation finanziert und hat eine Laufzeit von fünf Jah-
ren. Die Durchführung des Projekts erfolgt in Zusammen-
arbeit von Wissenschaftern der University of California in 
Davis, der California Academy of Sciences und der Smith-
sonian Institution. Im ersten Projektjahr (2004 - 2005) 
haben wir uns auf die Entwicklung eines multiplen Sets 
molekulargenetischer Marker und die Auswahl geeigneter 
Taxa konzentriert. Eine vorläufige Auswertung von Se-
quenzdaten (ca. 5800 bp) sieben nuklearer Gene von etwa 
100 Arten erbrachte eine Reihe neuer Erkenntnisse, die 
einigen der früheren, auf morphologischen Untersuchungen 
basierenden, Befunden widersprechen. Während fast alle 
der 21 rezenten Subfamilien – entsprechend einer morpho-
logisch begründeten Klassifizierung jüngeren Datums (BOL-
TON 2003) – monophyletisch erscheinen, gilt dies nur für 
zwei der insgesamt sechs Gruppen auf Supra-Subfamilien-
Niveau (Dorylomorphe und Myrmeciomorphe). Starke 
Unterstützung (100 % Parsimonie- und Likelihood-Boot-
strapping-Werte, 1.0 Bayesische Posterior-Wahrscheinlich-
keit) findet sich für eine Gruppe, die wir hier den "formi-
coiden Zweig" nennen, und die alle rezenten Ameisen aus-
genommen die Agroecomyrmecinae, Amblyoponinae, 
Leptanillinae, Paraponerinae, Ponerinae und Proceratiinae 
beinhaltet. Die Beziehungen zwischen den letzteren, früh 
divergierten (nicht-formicoiden) Ameisen sind nicht gut 
aufgelöst. Ein umfassenderer Bericht zum laufenden Pro-
jekt, unter Einbeziehung von Analysen weiterer Taxa und 
neuer molekulargenetischer Marker, ist für Jahresende zu 
erwarten. 

References 

ASTRUC, C., JULIEN, J.F., ERRARD, C. & LENOIR, A. 2004: Phylo-
geny of ants (Formicidae) based on morphology and DNA 
sequence data. – Molecular Phylogenetics and Evolution 31: 
880-893. 

BARONI URBANI, C., BOLTON, B. & WARD, P.S. 1992: The inter-
nal phylogeny of ants (Hymenoptera: Formicidae). – System-
atic Entomology 17: 301-329. 

BERGSTEN, J. 2005: A review of long-branch attraction. – Clad-
istics 21: 163-193. 

BOLTON, B. 2003: Synopsis and classification of Formicidae. – 
Memoirs of the American Entomological Institute 71: 1-370. 

BOURKE, A.F.G. & FRANKS, N.R. 1995: Social evolution in 
ants. – Princeton University Press, Princeton, xiii + 529 pp. 



 90

BRADY, S.G. 2003: Evolution of the army ant syndrome: the or-
igin and long-term evolutionary stasis of a complex of behav-
ioral and reproductive adaptations. – Proceedings of the Nat-
ional Academy of Sciences of the United States of America 
100: 6575-6579. 

BRADY, S.G. & WARD, P.S. in press: Morphological phylogeny 
of army ants and other dorylomorphs (Hymenoptera: For-
micidae). – Systematic Entomology. 

BROTHERS, D.J. 1999: Phylogeny and evolution of wasps, ants 
and bees (Hymenoptera, Chrysidoidea, Vespoidea and Apo-
idea). – Zoologica Scripta 28: 233-249. 

BROWN, W.L., JR. 1954: Remarks on the internal phylogeny and 
subfamily classification of the family Formicidae. – Insectes 
Sociaux 1: 21-31. 

CHIOTIS, M., JERMIIN, L.S. & CROZIER, R.H. 2000: A molecular 
framework for the phylogeny of the ant subfamily Dolicho-
derinae. – Molecular Phylogenetics and Evolution 17: 108-116. 

CROZIER, R.H. & PAMILO, P. 1996: Evolution of social insect 
colonies. Sex allocation and kin selection. – Oxford Univer-
sity Press, Oxford, viii + 306 pp. 

GRIMALDI, D. & AGOSTI, D. 2000: A formicine in New Jersey 
Cretaceous amber (Hymenoptera: Formicidae) and early evo-
lution of the ants. – Proceedings of the National Academy of 
Sciences of the United States of America 97: 13678-13683. 

GRIMALDI, D., AGOSTI, D. & CARPENTER, J.M. 1997: New and 
rediscovered primitive ants (Hymenoptera: Formicidae) in 
Cretaceous amber from New Jersey, and their phylogenetic 
relationships. – American Museum Novitates 3208: 1-43. 

GRIMALDI, D. & ENGEL, M. S. 2005: Evolution of the insects. – 
Cambridge University Press, Cambridge, xv + 755 pp. 

HÖLLDOBLER, B. & WILSON, E.O. 1990: The ants. – The Bel-
knap Press of Harvard University Press, Cambridge, Massa-
chusetts, xii + 732 pp. 

HUELSENBECK, J.P. & RONQUIST, F. 2001: MRBAYES: Bayesian 
inference of phylogenetic trees. – Bioinformatics 17: 754-755. 

JOHNSON, R.N., AGAPOW, P.-M. & CROZIER, R.H. 2003: A tree 
island approach to inferring phylogeny in the ant subfamily 
Formicinae, with especial reference to the evolution of weav-
ing. – Molecular Phylogenetics and Evolution 29: 317-330. 

OHNISHI, H., IMAI, H.T. & YAMAMOTO, M.-T. 2004 [2003]: Mol-
ecular phylogenetic analysis of ant subfamily relationship 
inferred from rDNA sequences. – Genes and Genetic Systems 
78: 419-425. 

RONQUIST, F. & HUELSENBECK, J.P. 2003: MrBayes 3: Bayesian 
phylogenetic inference under mixed models. – Bioinformatics 
19: 1572-1574. 

SANDERSON, M.J. 2002: Estimating absolute rates of molecular 
evolution and divergence times: a penalized likelihood ap-
proach. – Molecular Biology and Evolution 19: 101-109. 

SAUX, C., FISHER, B.L. & SPICER, G.S. 2004: Dracula ant phylo-
geny as inferred by nuclear 28S rDNA sequences and impli-
cations for ant systematics (Hymenoptera: Formicidae: Amblyo-
poninae). – Molecular Phylogenetics and Evolution 33: 457-468. 

SULLENDER, B.W. & JOHNSON, M.J. 1998: A preliminary molecul-
ar phylogeny for the Formicidae. [Abstract.] In: SCHWARZ, 
M.P. & HOGENDOORN, K. (Eds.): Social insects at the turn of 
the millennium. Proceedings of the XIII International Con-
gress of IUSSI. Adelaide, Australia. 29 December 1998 - 3 
January 1999. – XIII Congress of IUSSI, Adelaide, p. 460. 

SWOFFORD, D.L. 2003: Paup*. Phylogenetic analysis using parsi-
mony (* and other methods). Version 4. – Sinauer Associ-
ates, Sunderland, MA. 

TAYLOR, R.W. 1978: Nothomyrmecia macrops: a living-fossil 
ant rediscovered. – Science 201: 979-985. 

THORNE, J.L. & KISHINO, H. 2002: Divergence time and evo-
lutionary rate estimation with multilocus data. – Systematic 
Biology 51: 689-702. 

WARD, P.S. 1994: Adetomyrma, an enigmatic new ant genus 
from Madagascar (Hymenoptera: Formicidae), and its implica-
tions for ant phylogeny. – Systematic Entomology 19: 159-175. 

WARD, P.S. & BRADY, S.G. 2003: Phylogeny and biogeography 
of the ant subfamily Myrmeciinae (Hymenoptera: Formic-
idae). – Invertebrate Systematics 17: 361-386. 

WARD, P.S. & DOWNIE, D.A. 2005: The ant subfamily Pseudo-
myrmecinae (Hymenoptera: Formicidae): phylogeny and evo-
lution of big-eyed arboreal ants. – Systematic Entomology 
30: 310-335. 

WILSON, E.O., CARPENTER, F.M. & BROWN, W.L., JR. 1967: The 
first Mesozoic ants. – Science 157: 1038-1040. 

WILSON, E.O. & HÖLLDOBLER, B. 2005: The rise of the ants: a 
phylogenetic and ecological explanation. – Proceedings of 
the National Academy of Sciences of the United States of 
America 102: 7411-7414. 

 

 
 


