
is suggested by the distribution of ponerines in
Melanesia (Wilson 1959).
Northern Europe (Middle Lutetian?). Two species

of Prionomyrmex occur in Baltic amber (see above),
also possessing a derived, two-segmented waist, and
with derived, elongate mandibles, and teeth reduced
to denticles.
Modern range. The post-Eocene record of the Myr-

meciinae is restricted to the modern Australian
region: Myrmecia, with a two-segmented waist and
distinctive elongate-linear mandibles bearing coarse
teeth; and Nothomyrmecia, with a single-segmented
waist and teeth reduced to denticles.
North-South Dispersal. Hennig (1960) pointed out

the danger in assuming a gondwanan origin of a taxon
that has an exclusively southern modern distribution,
without examining its fossil record. Darlington (1965)
explained the current distribution of major Australian
ground beetle groups (Coleoptera: Carabidae) as pos-
sibly originating in the Northern Hemisphere, cross-
ing low latitudes into South America and Australia,
and with subsequent extinctions in low and northern
latitudes leaving their extant Southern Hemisphere
distribution. Such a modern distribution would leave
an apparent, but false solely Gondwanan history. The
fossil record of Eomeropidae (Mecoptera) is exclu-
sively Holarctic, found in China in the Jurassic, and in
East Asia and North America (EomeropeCockerell) in
the Paleogene, indicating dispersal across Beringia.
Today they are conÞned to Chile, which may provide
a subset of those environmental conditions necessary
for that taxon that were more widely expressed in the
early Paleogene (Archibald et al. 2005). The Lutetian
ßora of Messel, Germany, resembles the modern as-
semblage of the Australian region at the family level,
and also contains common genera (Burrows 1998).

Wheeler (1915) discussed a suite of ant genera in
Baltic amber that today range in the Indo-Malaysian
and Australian region. Dlussky (1996) revised the ant
genera of Baltic amber; those found today in Australia
are(extantdistributions inparentheses, fromShattuck
1999): Anonichomyrma Donisthorpe (New Guinea,
the Solomon Island and Australia, a single species in
Malaysia, Sulawesi and Sumatra); Iridomyrmex Mayr
(sensu Shattuck 1992: India east to China and south to
Australia and New Caledonia); Ochetellus Shattuck
(Japan south through Burma and the Philippines to
Fiji, New Caledonia and Australia, a single species in
Mauritius); Oecophylla Fr. Smith (Africa and India
east through south-east Asia and into northern Aus-
tralia); Pseudolasius Emery (throughout the Old
World Tropics except Madagascar, one species in Aus-
tralia); Vollenhovia Mayr (India, Sri Lanka east to
Korea, south through Indonesia, Fiji, Vanuatu, New
Caledonia and Australia); Tetraponera (tropical re-
gions from Africa east to New Guinea and Australia)
and Rhytidoponera Mayr (eastern Indonesia, New
Guinea, Solomon Island, New Caledonia and Austra-
lia).

A subset of other Ypresian insects found in the
Okanagan Highlands shows a similar biogeographic
pattern, e.g., Megymenum Guérin (Hemiptera: Dini-

doridae) (southeast Asia and Australia); the cock-
roach subfamily Diplopterinae (Blattodea: Blaberi-
dae) (a single species in Australia and the southwest
PaciÞc, recently introduced widely through low lati-
tudes); and termites of the family Mastotermitidae (a
single species in Australia north of the tropic of Cap-
ricorn and introduced in New Guinea) (Archibald
and Mathewes 2000, Greenwood et al. 2005).

Like ants, the fossil record of termites indicates an
initial diversiÞcation beginning in the Early Creta-
ceous, with an radiation and rise to ecological impor-
tance in the early Paleogene (Thorne et al. 2000). The
Mastotermitidae possess a set of distinctly plesiomor-
phic character states, and, like the Myrmeciinae, are
considered “primitive” Although the fossil record of
the Mastotermitidae is more extensive than that of
the Myrmeciinae, possibly reaching into the Creta-
ceous (review in Thorne et al. 2000: equivocal records
from the English Weald Clay and French amber),
they show a similar temporal-biogeographic pattern in
that they were cosmopolitan in the Eocene (Okana-
gan Highlands, Canada; Tennessee, United States;
Queensland, Australia; and Bembridge marls, En-
gland) and are today restricted to the Australian re-
gion (Okanagan Highlands, Wilson 1977b; others, see
reviews by Emerson 1965, Thorne et al. 2000). (They
are also known from the Oligocene of France, En-
gland, Mexico, and Poland; the Miocene of Croatia,
the Dominican Republic, and Germany; and the
Miocene-Pliocene of Brazil, reviewed in above-men-
tioned references.) Although they differ from the
Myrmeciinae in having an Eocene record in Australia,
Emerson (1955) inferred a northern origin from their
fossil distribution.
Climate Change and Distribution. Cenozoic cli-

mate after the Ypresian is characterized by a global
decline in MAT (Zachos et al. 2001) and equability
(increase in seasonality), and an increase in the lati-
tudinal thermal gradient, all contributing to lower
winter temperatures in middle and high latitudes. This
change in global climate, combined with the opening
of dispersal corridors, may have driven a subset of a
cosmopolitan insect assemblage that ßourished
through mid- to higher latitudes of North America,
Asia, and Europe in the warm and more climatically
uniform Cretaceous-early Paleogene world, to restrict
their ranges to lower latitudes likely by the cooler
Oligocene, with a cold-intolerant subset of insects
then restricted to lower latitudes, including southern
Asia.

Species of Myrmecia occupy regions of a variety of
Australian climates, from warmer to cooler regions.
Based on the molecular phylogeny of Ogata (1991),
the basal species groups have a warm-region distribu-
tion, with cool regionMyrmecia species groups among
the more derived (A. N. Andersen, personal commu-
nication), suggesting a radiation of the genus from
warm into cooler habitats. The mallee habitat of Eyre
Peninsula in south Australia where Nothomyrmecia is
found has a mediterranean climate, with mid-meso-
thermal MAT values (�16Ð18�C) and cool winters
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