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ABSTRACT
In this study, data from fossil macrofloras and microfloras in southeastern Aus-

tralia are used to reconstruct vegetation and climates for the early Paleogene. Our data
show that for much of the late Paleocene to middle Eocene, complex, species-rich
forests were predominant in southeastern Australia, under mesothermal humid cli-
mates (mean annual temperature [MAT] 16–22 °C, coldest quarter mean temperature
[CQMT] >>10 °C, mean annual precipitation [MAP] >>150 cm/yr). A minor cooling
episode may have occurred in the mid-early Eocene. Megathermal climates may have
been present in lowlands in the latest early Eocene, during the Cenozoic Global Cli-
matic Optimum. These forests were dominated by taxa characteristic of present-day
mesothermal-megathermal high-rainfall multistratal forests; e.g., Cunoniaceae,
Elaeocarpaceae, Gymnostoma (Casuarinaceae), Lauraceae (e.g., Beilschmiedia, Cryp-
tocarya and Endiandra), and Proteaceae. A prominent treefern element (Cyathea and
Dicksonia types) was present in the early Eocene. A number of megathermal taxa, in-
cluding Cupanieae (Sapindaceae) and Ilex (Aquifoliaceae), were present through the
early and middle Eocene. Taxa characteristic of modern-day microthermal to
mesothermal forests were also present, e.g., Nothofagus (Nothofagaceae), Eucryphia
(Eucryphiaceae), Libocedrus (Cupressaceae) and Podocarpaceae (Acmopyle and
Dacrycarpus). The relictual araucarian conifer, Wollemia, and other Araucariaceae
were present through the late Paleocene to early Eocene. There is limited physiog-
nomic evidence to suggest the late Paleocene to early Eocene forests contained some
deciduous canopy trees.

365

Greenwood, D.R., Moss P.T., Rowett, A.I., Vadala, A.J., and Keefe, R.L., 2003, Plant communities and climate change in southeastern Australia during the early
Paleogene, in Wing, S.L., Gingerich, P.D., Schmitz, B., and Thomas, E., eds., Causes and Consequences of Globally Warm Climates in the Early Paleogene: Boul-
der, Colorado, Geological Society of America Special Paper 369, p. 365–380.

*david.greenwood@vu.edu.au. Present address, Moss: Department of Geography, University of Wisconsin—Madison, 550 N. Park Street, Madison, Wisconsin
53706, USA.



AUSTRALIAN EARLY PALEOGENE
ENVIRONMENTS—SETTING AND PRIOR WORK

Worldwide, the warmest interval of the Cenozoic was the
early Eocene, the latter part of which has been called the Ceno-
zoic Global Thermal Optimum, or CGTO (Clyde et al., 2001).
An additional warm episode in the early Paleogene, the Initial-
Eocene Thermal Maximum, or IETM (formerly the late Pale-
ocene Thermal Maximum or LPTM), was marked but of short
duration (Zachos et al., 1993, 1994; Röhl et al., 2000). The warm
character of the early Paleogene has led to the recognition of the
early Paleogene as a test bed for understanding environments
and factors controlling climates in a world much warmer than
today. Most quantitative paleobotanical investigation of early
Paleogene climates and their influence on regional or local veg-
etation has been based in North America (e.g., Wing and Green-
wood, 1993; Wing et al., 1995, 2000; Wing, 1998; Wing and
Harrington, 2001). Prior studies of the early Paleogene for
southeastern Australia (e.g., Carpenter et al., 1994; Greenwood,
1994; Greenwood and Wing, 1995; Greenwood et al., 2000a)
provided only limited analysis of Paleocene and early Eocene
floras from the region. Climate was generally warm during this
time period, although there may have been a possible cooling
episode during the early Eocene (Fig. 1; Greenwood et al.,
2000a; Wing et al., 2000; Greenwood and Christophel, 2003).
Greater detail than was presented in these earlier studies is re-
quired to fully understand environmental change associated
with the IETM and the early Eocene warm interval in high-lat-
itude southeastern Australia.

The primary forcing factor for the warm early Paleogene is
thought to be high concentrations of atmospheric CO2. Recent
studies however, suggest early Paleogene pCO2 <500 ppm, con-
centrations similar to those of the last few decades when pCO2
has been 340–360 ppm, but much lower than those determined
using geochemical proxies and modeling (Royer et al., 2001).
At these pCO2 values, computer climate models only partially
replicate the paleo-proxy climate estimates for continental inte-
riors and high latitudes in the early Eocene (Shellito et al., 2003).
However the model-proxy data discrepancies may reflect inac-
curate specification of paleovegetation, mountain ranges in
some cells and other boundary conditions in the models (Green-
wood and Wing, 1995; Sewall et al., 2000; Shellito et al., 2003).
A continuing problem however, with model and proxy data
comparisons, is the lack of suitable proxy data in key areas of
comparison such as Australia.

In this report we reconstruct in detail southeastern Aus-
tralian latest Paleocene (56–55 Ma) to middle Eocene (49–37
Ma) environments from paleobotanical data. This report attempts
to answer two questions: (1) what was the composition and char-
acter of vegetation in the late Paleocene to early Eocene, and (2)
how did floristic composition change across the interval?

Macrofloras and microfloras from southeastern Australia
were selected for four reasons. First, these floras are relatively
well known. Second, southeastern Australia is a medium-size

(7° × 10° lat and long) well-defined region at high latitudes in
the early Paleogene (Fig. 1). Third, recent research has provided
a detailed refinement of the palynostratigraphic schema based
on sedimentary sequences from the Gippsland Basin (Partridge,
1999). Finally, paleoclimate can be reconstructed from leaf
macrofloras using leaf physiognomy (Greenwood, 2001), and
bioclimatic analysis using quantitative “climate envelopes”
(Kershaw and Nix, 1988; Kershaw, 1996) can be applied to both
macrofloras and spore-pollen assemblages.

CORRELATIONS AND AGE OF EARLY PALEOGENE
MACROFLORAS IN SOUTHEASTERN AUSTRALIA

The Cenozoic marine proxy record of sea surface tempera-
tures (SST) for the Southern Ocean and for northeastern Aus-
tralia show cycles of cooling and warming superimposed on the
broad global trend of progressive cooling (Shackleton and Ken-
nett, 1975; Feary et al., 1991). The SST record for northeastern
Australia shows that the continent’s northward movement at
times negated or at least minimized the effects of the global cli-
matic cooling during the Paleogene (Feary et al., 1991; Truswell,
1993). The greatest late Paleocene and early Eocene climate
warming occurred at high latitudes. Southeastern Australia lay
at high southern latitudes (∼60°S) during the early Paleogene
(Fig. 1), and topographic relief was in the order of 400–800 m
in the southern sector of the Eastern Highlands (Truswell, 1993;
Taylor, 1994). The pattern of Paleogene to early Neogene cli-
mate change in southeastern Australia corresponds to floristic
changes and shifts in leaf physiognomic signatures over the
same time (Truswell, 1993; Greenwood, 1994; Macphail et al.,
1994; Greenwood and Christophel, 2003). The Gippsland, Ot-
way and Murray Basins were the depositional areas for much of
the sediment removed from the Southern Highlands during the
Paleogene (Fig. 1). Stratigraphic assignment of macrofloras pre-
sented here is based on terrestrial spore and pollen assemblages,
using palynological zones established for the Gippsland Basin
(Macphail et al., 1994).

Correlation between the Gippsland Basin palynological
zones and the international Cenozoic time-scale has developed
over the last 30 yr, and is also based on marine microfossil and
nannofossil data and isotopic dating of volcanic rocks (Macphail
et al., 1994; Chaproniere et al., 1996; Truswell, 1997). South-
eastern Australian Cenozoic palynological zones in Macphail et
al. (1994) were correlated with the geochronometric scale of
Berggren et al. (1985), and the Australian Tertiary time-scale in
Chaproniere et al. (1996) was based on the Berggren et al.
(1995) geochronometric scale. The biostratigraphic scheme
used here has been updated to the geochronometric scale and
European stages given in Hardenbol et al. (1998), and so shows
some differences to earlier schemes. This scheme also has revi-
sions and additional subdivisions to the spore-pollen zones
based on recent reassessments (Partridge, 1999; 2001, personal
commun.). Detailed magnetostratigraphy of terrestrial sedi-
ments in western North America by Clyde et al. (2001) indicated
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Figure 1. Location and paleogeographic setting for study area. A: Map of Australia showing location of southeastern Australia study area and
other locations mentioned in the text, the modern distribution of tropical rainforests, and the location of the LMA calibration sites (Greenwood
et al., 2001, personal commun.). B–C: Paleogeographic reconstructions of Australia in the middle Eocene (1B) and Paleocene (1C), adapted from
Veevers et al. (1991). D: Detail of southeastern Australia showing the position of the Gippsland Basin and other major Cenozoic basins in the re-
gion, and the location of the Paleogene macrofloras discussed in the text (adapted in part from Greenwood et al., 2000b, and Greenwood and
Christophel, 2003).



that the terrestrial onset of the CGCO falls within Chron 23r and
lasts till Chron C22r. To facilitate comparisons with the North
American terrestrial record, the stratigraphic assignment of flo-
ras has been related to the magnetostratigraphy in Hardenbol et
al. (1998; Figure 2 herein) where possible.

Monaro Plains and region

Paleogene sediments crop out at several sites in southern
New South Wales (Fig. 1), including Cambalong Creek and
Nerriga (Hill, 1982; Taylor et al., 1990; Vadala and Drinnan,
1998). Outcrop at Cambalong Creek presents abundant well-pre-
served mummified leaves in well-defined sedimentary layers
(Vadala and Drinnan, 1998). The microflora in the Cambalong
Creek sediments correlates with the Upper Lygistepollenites
balmei Zone (Stover and Partridge, 1973), consistent with a late
Paleocene (upper Thanetian) age (Taylor et al., 1990). The Cam-
balong Creek flora probably sits just prior to the IETM (Fig. 2).

The Nerriga macroflora occurs in a lacustrine deposit
(Titringo siltstone) that crops out to the north of the Monaro
Plains (Hill, 1982). Microfloras in the Titringo siltstone were
correlated with the Lower Nothofagidites asperus Zone, or the
Upper Malvacipollis diversus to Proteacidites asperopolus
Zones of the Gippsland Basin. Basalts associated with the
Nerriga site give a corrected K/Ar age of 45.9–42.6 Ma (Hill,
1982), which falls within the lower part of the Lower N. aspe-
rus Zone (Fig. 2).

Mount Hotham and area (eastern Victorian Highlands)

The area around Mount Hotham in Victoria (Fig. 1) in-
cludes several peaks between 1700 and 1900 m. Early Cenozoic
basalts are common in the area, capping an Oligocene to Eocene
surface that preserves infilled stream systems containing fossil-
iferous sediments (Orr, 1999; Greenwood et al., 2000b). Out-
crop at Hotham Heights and the abandoned Brandy Creek gold
mine comprises Paleogene carbonaceous mudstones to silty
sandstones that are capped by Eocene basalts (Greenwood et al.,
2000b). Microfloras from both sites correlate to the uppermost
part (‘E’) of the Malvacipollis diversus Zone or the Protea-
cidites asperopolus Zone, indicating an early Eocene to basal
middle Eocene age (Partridge, 1998a; 1998b; 1999, personal
commun.). Here we treat Hotham Heights and Brandy Creek as
being no younger than that portion of the P. asperopolus Zone
that falls within the early Eocene (Fig. 2), giving greater weight
to the early Eocene indicators (i.e. low counts of Nothofagidites;
Partridge, 1998b). On available evidence these floras most likely
fall within the CGCO (spanning Chrons C23r to C22r).

Western Victoria and South Australia

Two early Paleogene macrofloras from the Otway Basin
(Fig. 1) are considered here; the Deans Marsh and Eocene An-
glesea floras, from outcrop of the Eastern View Formation

(Christophel et al., 1987; Greenwood et al., 2000b). The Deans
Marsh macroflora was considered early Eocene based on paly-
nological correlations (Christophel and Greenwood, 1989).
However, Rowett and Sparrow (1994) indicated a lower middle
Eocene age based on assignment of the microflora to the Lower
Nothofagidites asperus Zone, and a biostratigraphic comparison
of the dispersed cuticle flora of the Deans Marsh and other Aus-
tralian Eocene macrofloras. Partridge (1998a), however consid-
ered the microflora correlated with his newly defined Mal-
vacipollis diversus Zone C. Deans Marsh is thus considered here
to be early Eocene (Fig. 2), potentially coinciding with the early
Eocene cool interval detected in the western interior of North
America (Wing et al., 2000). This age assignment differs from
that used in Greenwood et al. (2000a, 2000b) and Greenwood
and Christophel (2003).

A rich macroflora has been collected from the Eastern View
Formation in a series of fluvio-lacustrine lenses in overburden
from the Anglesea open-cut mine (Christophel et al., 1987;
Greenwood et al., 2000b). The associated microflora was as-
signed by Christophel et al. (1987) to the base of the Triorites
magnificus Zone of the Otway Basin (Harris, 1971), correspon-
ding with the boundary of the Gippsland Basin Lower and Mid-
dle Nothofagidites asperus zones (equivalent to the P14-P15
boundary). The Anglesea macroflora is thus latest middle
Eocene (late Bartonian) in age (Fig. 2), and is the youngest flora
considered in this report.

The Golden Grove and Maslin Bay middle Eocene floras
were uncovered in clay lenses in massive fluvial sand bodies of
the North Maslin Sands in the St Vincent Basin, South Australia
(Fig. 1). The Golden Grove clays (North Maslin Sands) are cor-
related with the Lower Nothofagidites asperus Zone of the Gipp-
sland Basin (Alley, 1987; Christophel and Greenwood, 1987;
Lindsay and Alley, 1995). Lindsay and Alley (1995) considered
the Golden Grove flora to be no older than planktonic
foraminifera zone P11. Partridge (1998a), offered evidence for
assignment to either the Proteacidites confragosus Zone of the
Otway Basin (Harris, 1971), which is a time equivalent of the P.
asperopolus Zone of the Gippsland Basin (Stover and Partridge,
1973), or correlated it with his newly defined Nothofagidites as-
perus Zone A. The Golden Grove flora is here considered to be
restricted within Partridge’s (1999) Nothofagidites asperus Zone
A, equivalent to zone P11 and that portion of P12 that correlates
with the Lower N. asperus Zone A (Fig. 2). Uncertainty in our
palynostratigraphic assignment means the flora spans the upper
part of Chron C20r and the lower part of Chron C20n (Fig. 2).

FLORISTIC CHARACTER OF SOUTHEASTERN
AUSTRALIAN EARLY PALEOGENE VEGETATION

Sampling, preparation and analysis of floristics

Preservation of leaf fossils at most sites was as compres-
sions with the cuticular envelope preserved; this was liberated
from the mudstone matrix by maceration with dilute H2O2. Ex-
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tracted leaves were cleaned with dilute aqueous chromic acid
and/or hydrofluoric acid. Leaf floras preserve ecological infor-
mation, such as dominance and diversity. Field census data from
large laterally continuous fossiliferous sediments (e.g., Green-
wood and Basinger, 1994; Wing, 1998), and modern leaf litter
studies (Greenwood, 1991, 1992; Burnham et al., 1992), have
shown that large collections (>600 specimens) will reflect the
original floristic richness of the local forest. Anglesea and
Golden Grove have been sampled for over two decades in a

quantitative manner along bedding planes. Sampling at the An-
glesea mine followed lateral transects within fluvial infill clay
lenses as well as between several discrete lenses. Data presented
here is from the site 2 transect (Christophel et al., 1987; Rowett
and Christophel, 1990). Collections were examined from a sin-
gle fluvio-lacustrine mudstone deposit at each of Hotham
Heights, Brandy Creek, Nerriga, and Golden Grove (Hill, 1982;
Christophel and Greenwood, 1987; Greenwood, 1991; Banks,
1999; Keefe, 2000). Sediment samples were collected from a
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Figure 2. Early Paleogene palynostratigraphic schema for southeastern Australia showing the stratigraphic arrangement of the macrofloras dis-
cussed in the text (adapted from Greenwood et al., 2000b). Stratigraphy adapted from Macphail et al. (1994) and Chaproniere et al. (1996), to the
geochronometric scale and European stages in Hardenbol et al. (1998), by Partridge (1998a; 1998b; 1999; 2001, personal commun.).



spoil heap from the abandoned Deans Marsh mine (Christophel
and Greenwood, 1989; Rowett and Sparrow, 1994).

Macrofloras were sorted into taxonomic units using leaf ar-
chitecture and cuticle characters (Hickey, 1973). Identification
of the fossil taxa was based on published diagnostic leaf and cu-
ticle characters for key Australian plant families (e.g., Araucari-
aceae, Proteaceae, and Lauraceae) and member genera (Vadala
and Greenwood, 2001, and references cited therein). Many of
these taxa are climatically indicative (Kershaw and Nix, 1988).
Unless otherwise stated, a ‘specimen’ refers to a single leaf frag-
ment, or whole leaf or leafy twig.

Spore-pollen counts used in this study were mainly derived
from previous studies (e.g., Hill, 1982; Christophel et al., 1987;
Taylor et al., 1990), but some data were collected specifically
for the study (Partridge, 1998a, 1998b). Identification of near-
est living modern analogs for the Tertiary palynomorphs follows
the caveats and nomenclature provided in Macphail et al. (1994;
Table 1 herein). Standard counts of >100 grains (typically 200
grains) were made in most instances. All data presented here for
floras with multiple samples uses the average for each taxon for
these samples.

Regional southeastern Australian early Paleogene 
spore-pollen record

Analysis of spore-pollen floras from terrestrial and marginal
marine sediments in drill cores from the Gippsland and Otway
Basins in southeastern Australia (Fig. 1), provide a general im-
pression of changes in regional vegetation over the early Paleo-
gene (Truswell, 1993; Macphail et al., 1994). According to
Macphail et al. (1994) Araucariaceae (including the highly re-
lictual conifer Wollemia as Dilwynites granulatus; Chambers et
al., 1998), Nothofagus and some ferns (e.g., Cyatheaceae, Gle-
icheniaceae) fluctuated in importance during the Paleocene. Pro-
teaceae were also prominent and diverse in microfloras through-
out the Paleocene in southeastern Australia. Proteaceae today
includes important canopy trees and understory shrubs in
mesothermal-megathermal Australian rainforests (e.g., Darlin-
gia and Helicia), as well as sclerophyllous forests and wood-
lands (e.g., Banksia). According to Macphail et al. (1994) Pale-
ocene southeastern Australian forests were rich in araucarians
and other conifers as emergents above an angiosperm (mostly
Nothofagus) canopy. These forests included a diverse set of other
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TABLE 1. LIST OF FOSSIL PALYNOMORPHS AND MACROFLORA 
AND THEIR NEAREST LIVING RELATIVES FOR FLORAS

Suggested modern taxon/NLR
Fossil palynomorph Family (palynomorph or macrofossil) 1* 2 3 4 5 6 7

Cyathidites paleospora Cyatheaceae Cyathea p† p p p p p
Matonisporites ornamentalis Dicksoniaceae Dicksonia p p

Stangeriaceae Bowenia m† m
Phyllocladidites mawsonii “ Lagarostrobos p p p p p
Podocarpidites spp. “ Podocarpus p m p p m m
Araucariacites australis Araucariaceae Agathis p m m p m m
“ “ Araucaria p m p
Banksieaeidites arcuatus Proteaceae Musgraveinae m m
Proteacidites spp. Proteaceae Orites m m m
“ Proteaceae Helicia m m m m

Elaeocarpaceae Aceratium m m
“ Elaeocarpus m m m
“ Sloanea m m

Not preserved Lauraceae Beilschmiedia m m m m m
“ “ Cryptocarya m m m m m m m
“ “ Endiandra m m m m m m m
“ “ Litsea m m m m m
Haloragacidites harrisii Casuarinaceae Gymnostoma p m p m m m m

Ebenaceae Diospyros m m m
Grossulariaceae Quintinia m

Nothofagidities heterus-emarcidus Nothofagaceae Nothofagus sg Brassospora p p p p p p
N. asperus “ Nothofagus sg Lophozonia p p

Eucryphiaceae Eucryphia m
Cupanieidites orthoteichus Sapindaceae Cupanieae (aff. Cupaniopsis) p p p p p
Ilexpollenites sp. Aquifoliaceae Ilex p p p p

Sterculiaceae Brachychiton m m m

Note: Some taxa present in floras are omitted as they were not used in the bioclimatic analysis (i.e., not extant in the modern Australian flora so
climate envelopes could not be calculated). Palynomorph nearest living relatives (NLR) from Macphail et al. (1994).

*1—Cambalong Creek; 2—Deans Marsh; 3—Brandy Creek; 4—Hotham Heights; 5—Nerriga; 6—Golden Grove; 7—Anglesea.Palynomorphs.
†Macrofloral taxa.



dicots, including Ilex (Aquifoliaceae, as Ilexpollenites). The im-
portance of Nothofagus in the Paleocene forests may be over-
stated, however, as today trees in this genus are wind pollinated
and can produce copious quantities of pollen, and the pollen of
anemophilous taxa can swamp the output of zoophilous taxa in
the same forest (Kershaw and Strickland, 1990).

According to Macphail et al. (1994) angiosperms with
modern mesotherm-megathermal affinities make first appear-
ances and/or increase significantly in abundance and diversity
during the latest Paleocene. These taxa include palms (Are-
caceae, primarily as Arecipites spp.), Olacaceae (Anacolosidites
spp.), Proteaceae, Sapindaceae (e.g., Cupaneidites spp.), and
Polygalaceae (Polycolpites spp.). By the early Eocene, conifer-
Nothofagus forests of the early Paleocene had been replaced by
diverse angiosperm dominated forests with emergent Araucari-
aceae, including Wollemia and Araucaria or Agathis (Macphail
et al., 1994). A number of taxa made first appearances or became
prominent in southeastern Australian microfloras by the early
Eocene, including the climbing palm Calamus (Arecaceae), and
Gymnostoma (Casuarinaceae, as Haloragacidites harrisii).
Nothofagus and other mesothermal taxa were present, but likely
as a minor component, perhaps reflecting compressed altitudi-
nal and latitudinal vegetation zonation (Christophel and Green-
wood, 1989; Truswell, 1993; Macphail et al., 1994). This view
is reinforced by high counts of Nothofagus (Brassospora) pollen
(34%–37%), the absence of megathermal pollen types, and
macrofossil evidence of Nothofagus in northern Tasmanian
early Eocene sites (Macphail et al., 1994).

The early–middle Eocene boundary in the Gippsland Basin
was characterized by the rise to dominance of Nothofagidites
emarcidus-heterus (av. 50%–60% of the pollen sum), repre-
senting Nothofagus subgenus Brassospora. Concomitantly,
Gymnostoma pollen (as Haloragacidites harrisii) became con-
sistently abundant (up to 30%), and gymnosperms declined in
importance (<30%) compared to the early Eocene (Macphail et
al., 1994). Overall angiosperm diversity increased in southeast-
ern Australian microfloras in the middle Eocene compared to
earlier times. The regional spore-pollen record is interpreted as
reflecting middle to late Eocene vegetation in southeastern Aus-
tralia as a mosaic of Nothofagus-dominated mesothermal rain-
forest associations, with an overstory of Podocarpaceae (Trus-
well, 1993; Macphail et al., 1994). This interpretation is not
completely in accord with the macrofossil record. Nothofagus is
scarce as a macrofossil and the southeastern Australian leaf
record is dominated by Lauraceae and other common mesother-
mal- megathermal taxa typical of present-day tropical rain-
forests of northeastern Australia (Christophel and Greenwood,
1989; Vadala and Greenwood, 2001; Greenwood and Christo-
phel, 2003). Podocarpaceae were diverse in some macrofloras
(e.g., Anglesea, some sites in Tasmania), but macrofossils of
these taxa are usually not abundant (Carpenter et al., 1994;
Greenwood and Christophel, 2003).

The apparent discrepancy between the spore-pollen and
macrofossil records for southeastern Australia reflect vegeta-

tional differences and relative transport potential of pollen and
leaves and differential fossilization potential of various taxa
(Christophel and Greenwood, 1989; Greenwood, 1991; Trus-
well, 1993). Wind pollinated taxa (e.g., conifers, and the an-
giosperms Gymnostoma and Nothofagus) are often overrepre-
sented relative to zoophilous taxa in multistratal mesotherm-
megatherm forests (Kershaw and Strickland, 1990). Lauraceae
leaves fossilize well, whereas their pollen does not, and the re-
verse situation may apply for Nothofagus (Macphail, 1980;
Kershaw and Bulman, 1994; Vadala and Greenwood, 2001;
Greenwood and Christophel, 2003). A satisfactory solution to
this apparent discrepancy between the spore-pollen and macro-
fossil records is analyses of both types of plant organ assem-
blages (e.g., Blackburn and Sluiter, 1994), an approach that is
applied here.

Local Paleogene environments from the 
spore-pollen record

Abundance data for the principal taxa from the spore-pollen
sums and macrofloral records are summarized in Figure 3 for
the principal taxa. A more comprehensive (but incomplete)
floristic listing for each flora is given in Table 1. The microflo-
ras show a consistent occurrence of a number of taxa at most
sites through the early Paleogene (Fig. 3), namely Nothofagus
(principally subgenus Brassospora as the palynomorphs
Nothofagidites emarcidus-N. heterus), Casuarinaceae (Halor-
agicidites harrisii), diverse assemblages of Proteaceae (Pro-
teacidites spp.), and the gymnosperm families Araucariaceae
(principally Araucariacites spp., but also Dilwynites granula-
tus) and Podocarpaceae (principally Lygistepollenites/Dacry-
dium B, and Podocarpidites spp.). Fern and other free-sporing
plants fluctuated in abundance and diversity through the early
Paleogene, with treeferns such as Cyathidites paleospora (Cy-
athea) and Matonisporites ornamentalis (cf. Dicksonia), promi-
nent in the latest early Eocene Brandy Creek and Hotham
Heights floras. Gymnosperms and Nothofagus had the highest
counts in the late Paleocene and middle Eocene (i.e. Cambalong
Creek, Golden Grove and Anglesea). Casuarinaceae had low
counts in the late Paleocene, and megathermal taxa such as Il-
expollenites (Aquifoliaceae) are largely characteristic of late Pa-
leocene to early Eocene floras. Mesothermal-megathermal taxa
such as Cupaneidites (Sapindaceae) and Nothofagus sg. Bras-
sospora are characteristic of the middle Eocene.

The overall pattern demonstrated for the local sites (Fig. 3
and Table 1) is therefore generally consistent with the regional
sequence described from cores sampled from within the Gipps-
land Basin of southeastern Australia (Macphail et al., 1994). The
principal difference between the regional record and that re-
ported here from local sites, is the lower counts of Nothofagus
in the middle Eocene floras (i.e. <20%) than is typically reported
for middle Eocene microfloras for the Gippsland Basin and
other adjacent basins in southeastern Australia (i.e. av. 50%–
60% of the pollen sum).

Plant communities and climate change in southeastern Australia 371
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Local Paleogene environments from the macrofloral record

With the exception of the early Eocene Deans Marsh flora,
leaves of Lauraceae are either abundant (>15%) or dominate (i.e.
>40%) all of the early Paleogene macrofloras (Fig. 3). 
The same three genera of Lauraceae repeated in all floras
(Beilschmeidia, Cryptocarya and Endiandra), with Litsea
recorded only from Cambalong Creek and Brandy Creek (Table
1; see also Vadala and Greenwood, 2001). Gymnosperms were
most abundant in the Cambalong Creek and Deans Marsh floras,
but were present in low counts (<5%) in the middle Eocene
macrofloras, although Anglesea had moderate diversity (i.e. 8
species of conifers and cycads). Cycads were recorded in the
Nerriga and Anglesea floras (Table 1). Principal conifers in most
floras were Podocarpaceae, typically one or more species of Ac-
mopyle, Dacrycarpus, Dacrydium, Phyllocladus, and Podocar-
pus (e.g., Deans Marsh and Anglesea). Araucariaceae (e.g.,
Agathis, Hotham Heights, possible Wollemia at Cambalong
Creek) and Cupressaceae (e.g., Libocedrus, Cambalong Creek)
were rarely encountered. Gymnostoma was recorded as both fo-
liage units (i.e. leafy twigs) and as infructescences (i.e. woody
seed cones) in all of the Eocene floras (Fig. 4), but was not de-
tected in the late Paleocene Cambalong Creek macroflora, al-
though it occurs in the late Paleocene Lake Bungarby macroflora.
The Gymnostoma seed cone records were recorded in the counts
as a trace, and only where there were no other records for the flora
(e.g., Brandy Creek). Cunoniaceae and Elaeocarpaceae can be
difficult to discriminate between, and were grouped in the analy-
sis, but included taxa such as Aceratium and Elaeocarpus (e.g.,
Hotham Heights and Cambalong Creek respectively), and
Sloanea (e.g., Golden Grove and Anglesea). These two families
were important elements in the Golden Grove and Anglesea mid-
dle Eocene floras, but significant counts of these taxa were also
recorded for early Eocene floras. Macrofloral remains of
Nothofagus were not found in any of the floras in this study
(Table 1), but have been reported from Eocene floras from Tas-
mania, and from the Maslin Bay macroflora, which is coeval with
the Golden Grove flora (Greenwood and Christophel, 2003).

The Proteaceae were moderately common (i.e. >10%) in
only the Cambalong Creek and Hotham Heights floras (Fig. 4).
This pattern masks the high diversity of Proteaceae in a number
of the floras, with taxa such as the tribes Knightieae (e.g., Dar-
lingia), Helicieae (e.g., Helicia), Banksieae (e.g., both Mus-
gravea-type and Banksia-type), detected in a number of the flo-
ras (Table 1), and partly also reflects incomplete taxonomic
knowledge of some floras (Vadala and Greenwood, 2001). The
majority of angiosperm leaf taxa in these macrofloras remain
unidentified, although a number of taxa not mentioned here are
listed in Table 1 and by Greenwood et al. (2000b) and Green-
wood and Christophel (2003).

The macrofloras show similar patterns to the microfloras,
with a consistent set of taxa repeating throughout most of the
early Paleogene sequence, and with some taxa most abundant in
the late Paleocene and early Eocene (e.g., gymnosperms such as

Libocedrus, and Proteaceae), while other taxa are most abundant
in the early Eocene (Lauraceae) or middle Eocene (e.g., Cunon-
iaceae/Elaeocarpaceae). Some taxa were recorded in only a sin-
gle flora (e.g., Eucryphia; Table 1). There are some notable sim-
ilarities and differences between the two records. The pattern for
the gymnosperms, Gymnostoma and Proteaceae largely matches
the microfloral record. The absence of Lauraceae in the pollen
record, as previously noted, is a taphonomic signature, and it
seems likely that the apparent near absence of Nothofagus in the
macrofloral record is also due to taphonomic bias, but also sug-
gests that the role of Nothofagus in early Paleogene local vege-
tation may be less than is implied by pollen-based interpreta-
tions (Greenwood, 1991; Truswell, 1993).

SOUTHEASTERN AUSTRALIAN EARLY 
PALEOGENE CLIMATES

Methods of paleoclimate reconstruction

Bioclimatic analysis. This technique requires the develop-
ment of “climatic profiles” (i.e. climatic parameters such as
MAT and MAP) using bioclimatic analysis of distributions of
modern plant genera. The first step of this approach is to iden-
tify as many “nearest living relatives” (NLR) as possible in the
fossil floras (micro- and macroflora; Table 1). Then a library of
“climatic profiles” is produced for several key taxa based on cli-
matic values such as mean annual temperature (MAT), warmest
quarter mean temperature (WQMT), coldest quarter mean tem-
perature (CQMT), mean annual precipitation (MAP), warmest
quarter mean precipitation (WQMP) and coldest quarter mean
temperature (CQMT) (Kershaw and Nix, 1988; Kershaw, 1996;
Moss and Kershaw, 2000). The climatic values were generated
using a GIS based mathematical surface (incorporated in the
BIOCLIM program) for present-day Australia, based on stan-
dard meteorological decadal means and a digital elevation
model of Australia (Busby, 1991; Houlder et al., 1999). BIO-
CLIM summaries of climatic variables were generated for each
taxa, and the maximum, minimum and percentiles (5, 25, 75 and
95) were calculated. These values constitute the climatic profiles
for each taxon (Kershaw and Nix, 1988). Typically profiles were
calculated for genera, but in some cases were generated for
species groups within a genus, when this degree of taxonomic
resolution was possible for fossil material. The zone of overlap
for a set of NLR’s defines the most likely climate space occu-
pied for an individual early Paleogene flora (Kershaw and Nix,
1988; Kershaw, 1996; Moss and Kershaw, 2000).

For this study, climatic profiles were created for NLR’s of
26 taxa found in the fossil spore-pollen and/or leaf floras of
southeastern Australia (Table 1). Only a subset of these 26 taxa
occurred in each flora. These profiles were based on the modern
distribution of genera, which were determined from the elec-
tronic database of the Australian National Herbarium (CANB).
These were supplemented in some cases using published cli-
mate profiles for taxa that are extinct in Australia today (i.e.
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regional late Cenozoic extinctions), but still extant on neighbor-
ing landmasses (e.g., Nothofagus subgenus Brassospora, based
on published data from Papua New Guinea and New Caledonia;
Macphail, 1997). The mean climatic values for each site (Cam-
balong Creek, Deans Marsh, Hotham Heights, Nerriga, Golden
Grove and Anglesea) was calculated by examining the climatic
variables (e.g., MAT, WQMT, CQMT, MAP, WQMP and
CQMP) for each NLR taxon found at that location. Mean cli-
mate values were then calculated for each site based on the range
of the individual climatic variable (25–75 percentile values) for
each of the NLR taxon and dividing these values by the total
number of NLR’s found at each site.

Leaf physiognomy. For the leaf physiognomy approach we
apply two methods. Firstly, Greenwood’s (1992; Greenwood et
al., 1999) nontaxonomic method of modern forest floor litter
studies, where the mean leaf size for the whole fossil leaf as-
semblage is the predictor of MAT

MATsize = 0.1741 ML + 4.3197, standard error = 2.3 °C
(equation 1)

where ML is the mean length of ≥ 100 leaf specimens.
Secondly we apply leaf margin analysis (LMA; Wolfe,

1978; Wilf, 1997), which has been widely applied to North
American Paleogene floras. Data from South and North Amer-
ica and east Asia, produce essentially the same statistical rela-
tionship between leaf margin proportion and MAT, however pre-
liminary data from Australia had suggested a different
relationship between these variables (Greenwood, 1992, 2001).
Greenwood et al. (1999; 2001, personal commun.; Greenwood,
2001) completed an analysis of a comprehensive database of wet
forest sites (mean annual rainfall >60 cm/yr) spanning a wide
range of forest types along the east coast of Australia (Fig. 1).
This analysis demonstrated that the regression of the proportion
of toothed leaf margins versus MAT has the same slope for Aus-
tralian floras as for those of other continents, although the in-
tercept is different. The LMA equation is

MATLMA = 27.04 Pmargin – 2.1213, standard error = 2.2 °C
(equation 2)

where Pmargin is the proportion of dicot species in which the leaf
margin lacks teeth (0 < Pmargin <1).

This new analysis provides a version of LMA calibrated for
Australian conditions, providing more accurate estimates of
MAT from Australian Paleogene leaf floras than was previously
possible. Applying the method of Wilf (1997), the error of the es-
timate for LMA is expressed here as the binomial sampling error

σ[LMA] = c *(Pmargin (1 – Pmargin)/r
(equation 3)

where c is the slope from the LMA regression equation, Pmargin
as defined in (2), and r is the number of species scored for leaf
margin type for the individual flora.

Paleoclimate from bioclimatic analysis of fossil 
spore-pollen and leaf floras

Climatic profiles for each of the seven sites suggest a
mesothermal regime, with MAT ranging from 16 to 22 °C (av-
erage mean values 18–19 °C) throughout the early Paleogene
(Table 2). Warmest quarter mean temperature (WQMT) was <25
°C (average mean values 22–23 °C) and the analysis suggests
that coldest quarter mean temperatures (CQMT) were >13 °C
(average mean values of 15 °C) for each of the seven sites. This
bioclimatic analysis therefore suggests warm winter conditions,
with temperatures in the region rarely falling below freezing at
each of the sites throughout the early Paleogene (Table 2). Cli-
matic profiles suggest MAP was at least >150 cm/yr (average
mean values ∼170–190 cm; Figure 4), consistent with modern
rainforest climates of the Australian Wet Tropics (Fig. 1), and
that precipitation was strongly seasonal, with the warmest quar-
ter mean precipitation (WQMP) >50 cm (average mean values
∼60–80 cm). This seasonality is further reinforced by precipita-
tion values for the coldest quarter (<30 cm, average mean val-
ues ∼20 cm; Table 2).

The magnitude of variation for all bioclimatic estimates be-
tween sites is within the measure of uncertainty for these esti-
mates, however the mean values may reflect climatic change
during the early Paleogene. Cambalong Creek (?IETM) and the
early Eocene sites, Deans Marsh, Hotham Heights and Brandy
Creek, all show warmer temperatures than the middle Eocene
sites, Nerriga, Golden Grove and Anglesea. Our estimate for
Cambalong Creek is at the upper end of the MAT 14–20 °C
range suggested by Taylor et al. (1990). All sites reflect high
mean annual rainfall, except Nerriga, which shows significantly
lower annual and seasonal rainfall than the other sites. The
warmer conditions of the late Paleocene and early Eocene sites
is further reinforced by the presence of the megathermal taxa
Ilex at all of these sites, which is absent at all of the middle
Eocene sites (Table 1).

A caveat on the analysis is that three of the taxa, Gymnos-
toma, Ilex and Lagarostrobos, are represented by a sole species
each in the modern Australian flora (and thus our calibration
data set). Both Gymnostoma and Ilex are speciose outside of
Australia; non-Australian Ilex includes temperate species (e.g.,
I. aquifolium (Europe) and I. opaca (southeast USA)), and Gym-
nostoma in Borneo can occur within seasonal swamp forests. It
is possible that the modern Australian climatic range of these
taxa represents a marked truncation of a broader climatic range
for these taxa in the Paleogene. Each of these taxa were minor
elements in most floras, and removing these taxa from the analy-
sis had an insignificant effect.

Paleoclimate from leaf physiognomy of macrofloras

Greenwood and Christophel (2003) found that leaf size and
the proportion of dicot species with entire leaf margins for
southeastern Australia late Paleocene to middle Miocene floras-
varied in proportion to the northeastern Australian sea surface
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temperature curve (Feary et al., 1991), and for the early Paleo-
gene, matched the Southern Ocean isotopic sea surface temper-
ature record (Shackleton and Kennett, 1975). Significantly
lower values for leaf size and proportion of entire margined leaf
species occurred at times of cooling temperatures than for flo-
ras from warm intervals. Mean leaf size and proportion of
species with entire leaf margins are correlated with mean annual
temperature in modern Australian mesic forests, and are indica-
tive of MAT for Paleogene floras (Greenwood, 1992, 2001;
Greenwood and Wing, 1995).

A significant effect of the stratigraphy used here is to shift
the position of the putative early Eocene cool interval proposed
by Greenwood et al. (2000a) and Greenwood and Christophel
(2003), from the latest early Eocene (i.e. after the Cenozoic Cli-
matic Optimum) to prior to the CGCO. Mean annual tempera-
tures remained in the mesothermal range for most of the early
Paleogene (Fig. 4 and Table 3). Highest temperatures estimated
from leaf physiognomy occur in the latest early Eocene to mid-
dle Eocene, whilst coolest temperatures were indicated in the
mid-early Eocene (MAT <15 °C), although the 2 indices used
(leaf size and leaf margin proportion) returned widely divergent
estimates of MAT, and significantly, the bioclimatic analysis in-
dicated MAT at Deans Marsh comparable to that at Hotham
Heights (Table 2).

The leaf size based estimate for the late Paleocene is based
on the published value for the coeval Lake Bungarby macroflora
(Hill, 1992; Table 3). The LMA and leaf size estimated of MAT
for the 2 floras from the southern Monaro are at the lower and
upper ends respectively of the range (14–20 °C) estimated by
Taylor et al. (1990). Greenwood and Christophel (2003) specu-
lated that the divergence in the leaf size measures, the common
occurrence of quite wide leaves in these floras, and the propor-

tion of toothed leaf margins seen in the early Eocene and late Pa-
leocene likely reflected the presence of a significant number of
deciduous dicots in the forest canopy. Extant deciduous forest
canopies in eastern North America have generally larger and
broader leaves than extant Australian broad-leaved mesic ever-
green forests growing under similar MAT (Basinger et al., 1994;
Greenwood, 2001). Estimates of MAT based on mean leaf size
of predominantly deciduous dicot fossil floras may therefore ac-
tually be estimates of mean growing season conditions, and so
may potentially overestimate MAT (Basinger et al., 1994;
Greenwood, 2001). Fossil wood with well-defined uniform
growth rings have been reported from high latitudes sites in Pa-
leocene floras from Arctic Canada and the Southern Highlands
of Australia (Basinger et al., 1994; Taylor et al., 1990), a wood
character that is consistent with deciduous forests (Greenwood,
2001). Under the mild climates of the early Paleogene, decidu-
ousness at high latitudes would likely be due to the effect of the
seasonal light regime at high latitudes (Basinger et al., 1994).

SOUTHEASTERN AUSTRALIAN EARLY 
PALEOGENE ENVIRONMENTS

Leaf sizes were large throughout the early Paleogene in
southeastern Australian macrofloras, but the percentage of dicot
species with entire leaf margins was highest in the middle
Eocene (Greenwood and Christophel, 2003; Table 3). This ap-
parent discrepancy may reflect the presence of deciduous ele-
ments in the late Paleocene and early Eocene floras, and the lack
of these elements in middle Eocene forests, as the dominance of
species with toothed margins and broad lamina is characteristic
of modern deciduous broad-leaved forest (Basinger et al., 1994;
Greenwood, 2001). The magnitude of variation for all paleocli-
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TABLE 2. PALEOCLIMATE ESTIMATES BASED ON BIOCLIMATIC ANALYSIS OF
SOUTHEASTERN AUSTRALIAN EARLY PALEOGENE FLORAS

Fossil flora MAT† WQMT CQMT MAP CQMP WQMP
(s)* (°C) (°C) (°C) (cm/yr) (cm) (cm)

Cambalong Creek (16)* 16.3–20.7 20.4–24.3 12.6–17.6 155–240 14–31 51–93
(18.5) (22.4) (15.1) (198) (23) (72)

Deans Marsh (11) 16.9–20.6 21.5–24.7 13.3–18.2 146–226 14–29 51–88
(18.8) (23.1) (15.7) (186) (21) (70)

Hotham Heights (16) 16.8–21.3 20.9–25.1 13.1–18.3 150–195 13–28 54–101
(19.0) (23.0) (15.7) (240) (21) (77)

Brandy Creek (14) 17.2–22.1 20.8–25.2 12.9–18.5 148–234 14–30 53–98
(19.6) (23.0) (15.7) (191) (22) (76)

Nerriga (14) 16.8–19.4 21.3–23.4 12.9–15.9 143–190 13–23 54–75
(18.1) (22.3) (14.4) (166) (18) (64)

Golden Grove (15) 16.8–21.1 21.0–24.9 12.7–18.1 148–231 13–30 54–95
(18.9) (23.0) (15.4) (190) (22) (74)

Anglesea (17) 17.3–21.2 21.1–24.6 12.8–17.8 153–237 15–32 59–98
(19.3) (22.8) (15.3) (195) (23) (78)

Note: Values are the mean of the 25th and 75th percentiles for all nearest living relatives in each flora shown as a range (mean in parentheses).
*The number of nearest living relative taxa used for each analysis (analyses).
†MAT—mean annual temperature; WQMT—warmest quarter mean temperature; CQMT—coldest quarter mean temperature; MAP—mean an-

nual precipitation; CQMT—coldest quarter mean precipitation; WQMP—warmest quarter mean precipitation.



mate estimates between sites is within the measure of uncer-
tainty for these estimates for a majority of sites, however climatic
change during the early Paleogene is indicated. Estimates of ter-
restrial mean annual temperature (MAT) from foliar physiog-
nomy and bioclimatic analysis over this interval generally track
the northeastern Australian marine SST record (Feary et al.,
1991; Macphail et al., 1994), with highest MAT values estimated
for the middle and early Eocene, but not the regional high-lati-
tude SST record (Fig. 4). The paleobotanical analyses indicate
moist (i.e. MAP >150 cm/yr), mesothermal climates (i.e. MAT
16–22 °C, CQMT >10 °C) over the interval, but one line of phys-
iognomic evidence points to a potential cooling episode in the
mid-early Eocene. The cooling episode is not detected in our bio-
climatic analysis. Uncertainty over the physiognomic MAT esti-
mate for Deans Marsh prevent definitive statements on this pu-
tative cooling episode. The general low level of temperature
change estimated for southeastern Australia during the early Pa-
leogene appears to contradict the progressive cooling shown in
the regional marine isotopic record (Fig. 4). The apparent mild
cooling (2–3 °C) from the CGCO to the late middle Eocene in
the terrestrial paleobotanical record versus the 6–8 °C drop in
SST (Fig. 4), likely is a consequence of continental movement
maintaining southeastern Australia in a mesothermal latitudinal
zone (e.g., Feary et al., 1991; Truswell, 1993).

The magnitude of climate warmth in the late Paleocene and
latest early Eocene, however may be ‘masked’ by the paleoele-
vation of Cambalong Creek, Hotham Heights and Brandy Creek.
The middle Eocene sites are at low altitudes (<200 m to ∼550 m;
Hill, 1982; Greenwood and Wing, 1995). Current elevation for
the Paleocene site is ∼800 m and the early Eocene sites are above
1400 m. Geomorphic evidence suggests that both areas were
∼800 m above sea level during the Paleogene (Taylor, 1994; Orr,
1999). If these floras were deposited from local vegetation grow-

ing at ∼800 m paleoelevation, then lowland sites at the same lat-
itude would have experienced higher MAT. Applying the global
average lapse rate (∼0.59 °C/100 m; Meyer, 1992), 800 m ele-
vation equates to MAT 4–5 °C higher than the estimates, namely
22–23 °C ±2 °C, and implies mesothermal to megathermal ther-
mal regimes in southeastern Australia in the late Paleocene and
latest early Eocene (e.g., Taylor et al., 1990; Macphail et al.,
1994). The paleo-proxy estimates of MAT >20 °C for south-
eastern Australia is much higher than computer climate model
output for southeastern Australia, which indicate early Eocene
MAT <10 °C (Sewall et al., 2000; Shellito et al., 2003).

MAT estimates >20 °C are consistent with the observation
by Macphail et al. (1994) that the early Eocene was the acme in
development of lowland megathermal species-rich rainforest in
southeastern Australia. Macphail et al. (1994) also suggested
that mesothermal species-rich rainforests reached their maxi-
mum development in southeastern Australia during the middle-
late Eocene (Figs. 1 and 2). Our paleoclimate analysis quanti-
fies this hypothesis at the local scale, indicating slightly warmer
conditions in the late-early Eocene than the middle Eocene.
Macphail et al. (1994) stressed the continuity of many taxa
throughout the Eocene, but noted a floristic shift in response to
the establishment of mesothermal conditions by the middle
Eocene expressed in part by a locally variable but very wide-
spread expansion of Nothofagus subgenus Brassospora in mi-
crofloras (Fig. 3). Mesotherm-megatherm forests likely occu-
pied parts of this landscape at periods of peak warmth, such as
during the CGCO of the early Eocene.

These Paleogene forests contained many taxa closely re-
lated to extant taxa found in mesotherm-megatherm rainforests
in northeastern Australia’s ‘wet tropics’ (Fig. 1). Other Paleo-
gene taxa are not present in Australia but extant in the tropical
rainforests of nearby landmasses (Vadala and Greenwood, 2001;
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TABLE 3. FOLIAR PHYSIOGNOMIC DATA AND CLIMATE ESTIMATES 
FOR SOUTHEASTERN AUSTRALIAN EARLY PALEOGENE FLORAS

Number of dicot spp % spp. no teeth Mean length
MAT (°C)

Macroflora (r) (P) (ML, mm) LMA (σ) Length

1. Cambalong Ck (L Bungarby)* 21 58 No data 13.5 (2.9) No data
No data No data (93) No data (20.8)

2. Deans Marsh 34† 28 67 5.5 (2.9) 15.6
3. Brandy Ck 54§ 75 No data 18.2 (2.2) No data
4. Hotham Hts 26 74 78 17.9 (2.3) 17.8
5. Nerriga 24 79 80 19.2 (2.3) 18.2
6. Golden Grove 21 71 77 17.1 (2.7) 17.6
7. Anglesea 28 65 58 15.5 (2.4) 13.9

Note: MAT-LMA (mean annual temperature—leaf margin analysis), and MAT-length univariate regression are derived from modern Australian
mesic vegetation (Greenwood, 1992; Greenwood et al. in prep.; equations 1 and 2). Measurements have been rounded here (but not in calculations)
to the nearest whole number. Numbers in the first column refer to Figure 4.

Data for both Lake Bungarby (leaf size, from Hill, 1992) and Cambalong Creek (LMA) were combined, as insufficient leaves were available to cal-
culate mean length for Cambalong Creek.

† Only 18 of the 34 dicot taxa had a known margin type.
§ Only 28 of the 54 dicot taxa had a known margin type.



Greenwood and Christophel, 2003). Other taxa appear to persist
today only in microtherm-mesotherm forests and other vegeta-
tion types. Present-day patterns reflect ‘sifting’ of a regional
biota during the vicissitudes of Cenozoic climate change, and
particularly the climate oscillations of the Quaternary. What is
apparent from the southeastern Australian record, is that the low
level of temperature variation was reflected in the continuity of
floristic composition in local vegetation, but that a transition
from mesotherm-megatherm climates to mesotherm climates at
the early–middle Eocene boundary in that region was a driving
force for community reorganization (Fig. 3). Many plant taxa
originated, or first migrated into the area during the interval
(Truswell, 1993; Macphail et al., 1994; Vadala and Greenwood,
2001; Greenwood and Christophel, 2003). However, the great-
est shifts in community composition during the early Paleogene
are the replacement of mesotherm-megatherm taxa by meso-
therm taxa, such as the rise to dominance of Nothofagus sub-
genus Brassospora in microfloras (Fig. 3).
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