
Southeast Asia were available either from North
America across Beringia and through Asia in the early
Ypresian, or from Europe through Asia after the early
Rupelian. The onset of extensive Antarctic glaciation
in the early Rupelian is associated with eustatic sea
level drop, opening dispersal corridors. The Obik Sea
closed at this time, which had previously separated
Asia from Europe in the region roughly occupied by
the Ural Mountains today; this may have affected
Grande Coupure biotic overturn by Europe-Asia in-
terchange as much as climatic downturn (Hooker
2000). Fagus (beech) species may have entered Eu-
rope at this time from Asia (Denk 2004).

As the Australian Plate moved northward, Australia
apparently remained largely isolated, with weak op-
portunities for biotic interchange with Asia until their
mid-Miocene convergence, and consequent substan-
tial island emergence between them (portions of Su-
lawesi, New Guinea, others) �10Ð15 Ma (de Jong
2001, Austin et al. 2004). Hesperiid genera (Lepidop-
tera) likely dispersed between Australia and Asia at
this time (de Jong 2001). Murid rodents appear in the
continent in the Pliocene (Woodburne and Chase
1996). The distributions of ponerines in Indonesia,
Australia, New Guinea and the southwestern PaciÞc
are consistent with an eastward expansion from South-
east Asia through New Guinea, many of which appar-
ently entered northern Queensland by this route
(Wilson 1959).
Range Restriction from Biotic Factors. Extirpation

of the Myrmeciinae outside of the Australian region
may have been due at least in part to climatic change;
however, this would leave portions of its former range
with apparently suitable conditions. Large-scale biotic
change associated with these climatic and tectonic
events also must be considered.
General post-Eocene biotic change. Eocene commu-

nities in which the Myrmeciinae had ßourished un-
derwent signiÞcant change after the Grande Coupure,
when they disappear from the fossil record. In Rupe-
lian North America, forests contained less thermo-
philic elements, more closely resembling those of
modern temperate regions; there was a drying trend,
closed canopies shifted toward more open habitats,
including wooded grasslands; an increase in Pinaceae
in northern high latitudes; an increase in smaller, drier
fruits; an increase in mammal size, and a decrease in
arboreal mammals (Graham 1999, Collinson 2000,
Myers 2003).
Cenozoic ant community change. Ward and Brady

(2003) considered that competition with other ants
that are aggressive and more behaviorally sophisti-
cated might today reduce the presence ofMyrmecia in
northern Australia, rather than differing climate.
Dominant ants often actively exclude potential com-
petitor ant taxa from their territories (Hölldobler and
Lumsden 1980). A succession of exposures to new,
competitive groups during the explosive Cenozoic ra-
diation of ants may in part explain the limited modern
range of the Myrmeciinae.

Major components of the Cenozoic radiation of ants
include: the expansion of lineages, as the modern com-

plement of subfamilies are further assembled and their
internal lineages expand; increase in the amount of
ants within the greater insect assemblage and within
the landscape; and change in the relative dominance
of groups within Formicidae with differing ecological
roles. Individual components have received recent
discussion by various authors cited above, e.g.,
Grimaldi and Agosti (2000), Dlussky and Rasnitsyn
(2003), Grimaldi and Engel (2005), and Wilson and
Hölldobler (2005).

Ants seem to become a common community ele-
ment beginning in the Ypresian, e.g., the Green River
Formation (Dlussky and Rasnitsyn 2003) and are well
represented in the Okanagan Highlands (the earliest
Ypresian Y. rebekkae may be relatively numerous in
the Mo-clay by speciÞc taphonomic factors?). Dlussky
and Rasnitsyn (2003) recognize a signiÞcant change in
ant assemblages after the Eocene, likely during the
early Oligocene, with a decrease in the high repre-
sentation of Dolichoderinae evident in both amber
and shale during the Eocene, and an increase in rep-
resentation of Formicinae and Myrmicinae in the Mio-
cene.

Scant data are available for modern relative sub-
family abundance. Although Winkler samples from
worldwide forest communities show Dolichoderinae
much reduced and Myrmicinae dominant (Ward
2000), these data are not, however, comparable with
those from fossil assemblages, because these traps
sample forest ßoor communities, with different pat-
terns of taxon dominance than those preserved in
fossil assemblages. Amber likely samples more in the
manner of canopy fogging, selecting for arboreal in-
sects, and shales (lacustrine and marine) like Malaise
traps, selecting for winged insects transported over
bodies of water. Large-scale Malaise and fogging data
comparable with these fossil ant assemblages are not
currently available.

Recent estimations indicate that the origin of the
Formicidae was in the Early Cretaceous, between
�120 and 140 Ma (Aptian to Valanginian) (Grimaldi
and Agosti 2000, Brady 2003) and that the Pseudomyr-
mecinae and Myrmeciinae diverged between the
Ypresian and the Albian (latest Early Cretaceous)
(Ward and Brady 2003). The Myrmeciinae are mor-
phologically and behaviorally “primitive”; although
there is currently no fossil record of the subfamily
older than the Eocene, it would not be surprising if
they are found deep into the Late Cretaceous.

Analternativepossibility,whichwouldexplain their
absence from the Cretaceous fossil record, is that they
arose later, perhaps closer to the upper end of Ward
and BradyÕs estimate, i.e., in the later Paleocene, with
Y. rebekkae an early member. If this were so, then they
originated, diversiÞed, and spread between northern
Europe, North America, and South America in the
short time before the early Lutetian, as behaviorally
“primitive,” highly visual predators in a world of un-
broken northern forests, differing ant communities,
and globally equable climate, opportunistically ex-
panding their range as dispersal corridors opened.
They may have an almost exclusively Eocene fossil
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