
ants (Dlussky and Rasnitsyn 2003). Myrmeciinae
might be underrepresented in amber producing coal
swamps by lack of well-drained soil to nest in.

Biogeography

Ward and Brady (2003) proposed a biogeographic
history of the Myrmeciinae, when its fossil record was
restricted to species of Prionomyrmex and the Argen-
tine species ofArchimyrmex.Given those occurrences,
coupled with the extant range of Myrmecia, basal in
their phylogeny, and their molecular clock analysis,
they inferred a Cretaceous Gondwanan origin, with a
subsequent range extension in the early Paleogene
from Africa across the Tethyan Sea to Europe.

The currently known fossil record indicates an or-
igin in the Northern Hemisphere (Baroni Urbani
2005), a northern range in the Ypresian, and dispersals
initially cross-North Atlantic, and then into the South-
ern Hemisphere. Crossing the Tethys from Africa into
Europe around Fur Formation time could have in-
volved reasonable distances between islands. Molec-
ular data indicates that the Pseudomyrmecinae and
Myrmeciinae diverged between the Ypresian and the
Albian (101 Ma, latest Early Cretaceous) (Ward and
Brady 2003, Ward and Downie 2005). The lower end
of this estimate is, however, after Gondwana had be-
gun to separate, with entrance into Africa involving
the crossing of some distance of water (Scotese 1991,
McLoughlin 2001). The next available routes for the
Myrmeciinae between Europe and Australia occurred
after their presence is established in the Northern
Hemisphere and before their known presence in the
Southern Hemisphere (below).

In considering the lack of a myrmeciine fossil record
before the early Ypresian, it should be borne in mind
that much of the Cretaceous ant record is known from
amber(see summaries inGrimaldi et al. 1997,Grimaldi
and Agosti 2000, Dlussky and Rasnitsyn 2003, Engel
and Grimaldi 2005), where factors such as those men-
tioned above (see Life Habit), and their large size
relative to the small size of the amber pieces in many
deposits may produce bias against the presence of
this subfamily in these fossil assemblages. Further-
more, Paleocene ants are little known: possible ant
fragments from Alberta, Canada (Mitchell and Wigh-
ton 1979); 10 specimens, including Ponerinae, Aneu-
retinae, Dolichoderinae, and Formicinae in Sakhalin
amber, Russia (Dlussky 1988); and two wings (prob-
ably formicine) from Primorye, Russia (Dlussky and
Rasnitsyn 2003).
Eocene Dispersal. Europe–North America (Ypre-
sian). The earliest occurrence of the subfamily is of
Ypresiomyrma rebekkae in Ypresian Denmark, about a
million years after the PaleoceneÐEocene boundary.
There, they are morphologically “primitive,” bearing a
single-segmented waist and robust mandibles with
coarse teeth. About 3 million years later, in the mid-
Ypresian, they are found in far-western North Amer-
ica in the Okanagan Highlands, with these “primitive”
traits, including species of Ypresiomyrma; and around
this time,Archimyrmex rostratus occurs in Colorado in

the United States, with a more derived, two-seg-
mented waist.

They share this cross-North Atlantic biogeographic
pattern with other insect, plant, and mammal taxa in
the Ypresian. In the Thanetian (late Paleocene) into
the Ypresian, the northern Atlantic had not yet com-
pletely tectonically opened. Regional North Atlantic
ßood basalt volcanism and coincident sea-level drop
joined North America and northern Europe via
Greenland by a continuous terrestrial link in the latest
Thanetian through likely much of the Ypresian. With
mild climatic conditions into high latitudes in the
Eocene (Basinger et al. 1994), this was a time of no-
table intercontinental dispersal of biota between Eu-
rope and North America, and also across the Bering
land bridge, connecting North America and East Asia
(Woodburne and Swisher 1995, Knox 1998, Beard and
Dawson 1999, Manchester 1999, Hooker 2000, Tiffney
2000, Tiffney and Manchester 2001, Bowen et al. 2002,
Archibald 2005, Archibald and Makarkin 2006). Dis-
crete mammalian dispersal events between Europe
and North America have been delimited (Woodburne
and Swisher 1995), two of which preceded the Mo-
clay, Baltic amber, Okanagan Highlands, and Green
River times: the Þrst associated with the Paleocene-
Eocene Thermal Maximum (PETM), a sharp temper-
ature spike at the PaleoceneÐEocene boundary coin-
cident with the carbon isotope excursion; and the
second shortly after (see Fig. 19: PETM, and inter-
change events 1 and 2) (further review and discussion
in Archibald and Makarkin 2006). The Mo-clay Fur
Formation also shares the mecopteran genus Cimbro-
phlebia Willmann (Cimbrophlebiidae) (S.B.A., cur-
rent research), and the neuropteran genera Proto-
chrysa Willmann and Brooks (Chrysopidae) (V. N.
Makarkin and S.B.A., current research) with the Mc-
Abee and Palaeopsychops Andersen (Polystoechoti-
dae) with Horseßy River, Republic and Quilchena
(also Okanagan Highlands) (Archibald and Makarkin
2006). Dispersal between Europe and North America
could have been in either direction, and possibly more
than once.
North America–South America (Lutetian). Archi-
myrmex species with a two-segmented waist and ap-
parently “primitive” (but poorly preserved) mandi-
bles then appear in early Lutetian Patagonia, South
America. South America was a signiÞcant distance
from North America at that time, and the Isthmus of
Panama did not connect them until the Pliocene.
However, the proto-Greater Antilles were sufÞciently
emergent at �49 Ma, around the close of Okanagan
Highlands and Green River Formation times, in a
position near that occupied by the Isthmus of Panama
today (Graham 2003). Although it did not form an
almost continuous land bridge with highlands until
around the EoceneÐOligocene boundary, too late to
account for the North America-South America cross-
ing of Archimyrmex, in the latest Ypresian they were
a sustained series of islands across the North America-
South America gap, allowing for dispersal of insects
whose climatic tolerances did not preclude low-lati-
tude lowlandheat. Suchdispersal alongan islandchain
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