
without severe frosts (Commonwealth of Australia
2005).

The Pseudomyrmecinae, strongly supported by mo-
lecular data as the sister taxon to the Myrmeciinae,
today range largely in tropical and subtropical regions,
i.e., low and lower-middle latitudes with megathermal
to upper mesothermal MAT (Ward and Downie
2005). Ward and Downie (2005) inferred a Gond-
wanan, Paleotropical (most likely Indo-Australian, if
Tetraponera Fr. Smith is paraphyletic) origin of the
subfamily, based on the current ranges of their basal
living species and of the extant Myrmeciinae. The
pre-Neogene fossil record of the Pseudomyrmecinae,
is, however, exclusively from the mid- to northern
Holarctic: four species of Tetraponera from Baltic am-
ber (Dlussky 1996), one from Eocene Ukrainian
Rovno amber (Dlussky and Perkovsky 2002), and one
species of Pseudomyrmex Lund from late Priabonian
(34.07 � 0.10 Ma: Evanoff et al. 2001) Florissant, CO
(Carpenter 1930: there called Pseudomyrma). Twelve
speciesofPseudomyrmexhavebeenreported fromlow
latitudes, all from Miocene Dominican amber (Ward
1992), following the series of climatic events discussed
below.
Climatic equability. Wheeler (1910, 1915) found it

difÞcult to explain syninclusions of ant genera in in-
dividual pieces of Baltic amber that are today re-
stricted to both cool northern circumpolar regions and
to megathermal low latitudes. The “tropicalÐtemper-
ate” mix of early Paleogene biota, particularly noted in
cooler MAT higher latitudes and uplands such as the
Okanagan Highlands is now known to be associated
with Eocene climatic regime that is today restricted to
higher altitudes in low latitudes, i.e., cool MAT values,
yet seasonably equable with mild winters, allowing
biota that are cold winter intolerant to inhabit micro-
thermal regions (Wing and Greenwood 1993, Green-
wood and Wing 1995, Archibald and Farrell 2003). For
example, palms ranged well into middle latitude re-
gions in the Eocene, including upper microthermal
areas of the Okanagan Highlands (above-mentioned
studies and Erwin and Stockey 1994, Greenwood et al.
2005, Moss et al. 2005). In the upper microthermal-
lower mesothermal Eocene Canadian arctic (paleo-
latitude �78� N), crocodilians, varanid lizards, and
large nonburrowing tortoises have been found, all
restricted to or most diverse in high MAT regions
today (Estes and Hutchinson 1980, McKenna 1980,
Basinger et al. 1994). The decrease in equability (in-
crease in seasonality), i.e., lowering of winter temper-
atures, may have been as important a factor in Ceno-
zoic biotic sorting as declining MAT values.
Climaticdownturns in the laterEocene. Paleobotani-

cal indicators provide evidence for a signiÞcant drop
in terrestrial MAT around the LutetianÐBartonian
boundary, and marine data indicates of another cli-
matic downturn around the Bartonian-Priabonian
boundary (“the most fundamental biotic division of
the Cenozoic”; Prothero 1994: 151), associated with
the extirpation of thermophilic plankton taxa from
mid- and high latitudes (Keller 1983, Prothero 1994).
The presence of thermophilic biota (some plants, e.g.,

palms; some insects) at upper microthermal to mid-
mesothermal late Priabonian Florissant, CO, is con-
sistent with sufÞciently equable conditions for mild
winters that preclude severe frost at this MAT value
existing in higher elevation mid-latitudes after the
LutetianÐBartonian and BartonianÐPriabonian cli-
matic downturns (Leopold and Clay-Poole 2001, Moe
and Smith 2005).
Early Oligocene Grande Coupure. A precipitous

drop in global MAT immediately after the EoceneÐ
Oligocene boundary (early Rupelian) is coincident
with a large-scale turnover of mammal, reptile, and
amphibian taxa in Europe, often referred to as the
GrandeCoupure,or “Great Break” (Rage 1986, Hooker
2000). This event is determined from multiple biotic
and isotopic indicators as a rapid, extreme climatic
transition from the “greenhouse” world of the Creta-
ceous and early Paleogene to the “icehouse” world of
the Oligocene through the present (Prothero 1994,
and references therein). Wolfe (1992) estimated
about a 12Ð13�C drop in MAT in northwestern United
States.

The increased separation of Australia and Antarc-
tica at this time is associated with the initiation of the
circumpolar current, sequestering cold south polar
waters, lessening pole to equator oceanic heat trans-
port, and the development of the psychrosphere (seg-
regation of cold, deep oceanic waters) (reviewed by
Prothero 1994). Although there may have been some
local Antarctic glaciation in the late Priabonian, con-
tinental ice sheets formed and rapidly expanded in the
Rupelian (Zachos et al. 2001). �18O values from fora-
minifera indicate an increase in the thermal gradient
between low and high latitudes (Keller 1983). Data
from leaf physiognomy indicates a concomitant sharp
increase in seasonality (Wolfe 1978).
Dispersal to Australia. Via Antarctica. An early

route to Australia is possible from North America via
South America and Antarctica, then into Australia,
before the Rupelian Grande Coupure. The Drake
Channel between South America and Antarctica
opened �36 Ma (early Priabonian), some 11 Ma after
Archimyrmex was in South America, leaving a wide
window of opportunity for entrance into Antarctica,
forested and unglaciated at that time (reviewed by
Woodburne and Chase 1996). Rifting of Australia and
Antarctica commenced in the Cretaceous, with the
south Tasman Rise submerged by �64 Ma (earliest
Paleocene), separating very slowly until �49 Ma, at
moderate speed until �45 Ma, and more rapidly there-
after; with enough distance for initiation of the cir-
cumpolar current only by the Eocene-Oligocene
boundary; Tasmania remained linked with Australia
by land into the Neogene (Veevers et al. 1991, and
studies above). Interchange of mammals between
Australia and Patagonia via Antarctica is indicated at
least into the mid-Ypresian, �52 Ma, with the possi-
bility of sweepstakes dispersal until the early Rupelian
climatic events (Woodburne and Chase 1996).
Via Southeast Asia. Also possible is a later, northern

route from southeast Asia, as Australia moved closer to
the Indonesian region in the Neogene. Routes to
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