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Abstract

Based on the temporal distribution, abundance, and taxonomic composition of wood floras, four phases of vegetation
development are recognized through the Cretaceous to Early Tertiary of the Antarctic Peninsula: (1) Aptian to Albian
communities dominated by podocarpaceous, araucarian, and minor taxodiaceous/cupressaceous conifers with rare extinct
gymnosperms (Sahnioxylon). (2) Progressive replacement of these communities in ?Cenomanian to Santonian times by
angiosperms, most without modern analogues. (3) Increasing dominance of angiosperms becoming important both in terms of
diversity and abundance towards the mid-Late Cretaceous. (4) Modernization of the flora during the Campanian to
Maastrichtian with the extinction of earlier forms, appearance of the Nothofagaceae and diversification of associated elements.
These patterns broadly follow trends seen in the leaf and palynological record but with some important differences.

During the Cretaceous, conifer composition undergoes a change whereby Phyllocladoxylon-type woods increase relative to
the older Podocarpoxylon forms. During the Paleocene to Eocene period, a marked extinction in wood types occurs
associated with an increase in the abundance of nothofagaceous wood. Detailed examination of wood abundance and
distributions from sections within Maastrichtian and Paleocene formations points to strong environmental control on
taxonomic compositions. Similar differences are encountered when comparing coeval floras from different geographic regions
and palaeoenvironments.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Fossil wood has been known from the Antarctic
* Corresponding author. Fax: +46 8 5195 4221. regions since the 1830s (Eight, 1833). With reports of
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(Larsen, 1894; Sharman and Newton, 1894, 1898) and
subsequent discoveries of Jurassic, Cretaceous and
Tertiary plant fossils during the Swedish South Polar
Expedition of 1901-1903, considerable scientific
interest was aroused since these floras all pointed to
a vegetated landmass in what is now an icy world.
Fossil wood is widespread in Mesozoic and Tertiary
sequences on the Antarctic Peninsula: remains of trees
are found entombed in pyroclastic flows and exposed
on landscape surfaces providing direct evidence of the
nature of Aptian forests in the South Shetland Islands
(Falcon-Lang and Cantrill, 2001a). Standing forests of
late Albian age are known from Alexander Island
(Fig. 1) (Jefferson, 1982; Falcon-Lang and Cantrill,
2000), and wood is common in Late Cretaceous to
Paleogene volcanoclastic sequences of the South
Shetland Islands (e.g. Poole et al., 2001) and Larsen
Basin (e.g. Poole and Francis, 1999, 2000; Poole and
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Gottwald, 2001; Poole et al., 2000a,b,c, 2003; Poole,
2002).

Despite the scientific importance of the early
discoveries, relatively few taxonomic investigations
were made until recently. Wood collected during the
Swedish Expedition was described by Gothan (1908),
in one of a number of pioneering papers on fossil
wood anatomy. In the early 1980s, there was a
resurgence of interest in fossil forests from the
Antarctic (e.g. Jefferson, 1982) and the role that they
could play in understanding the geologic evolution of
the Earth’s climate (e.g. Creber and Chaloner,
1984a,b; Francis, 1986). However, scant attention
was paid to detailed taxonomic description of this
material and there were only a few papers describing
the fossil wood anatomy in any detail (e.g. Jefferson
and Macdonald, 1981; Lucas and Lacey, 1981; Torres,
1984; Jagmin, 1987). Over the last 15 years, our
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knowledge of the systematic composition of the
Antarctic floras has increased dramatically with
well-documented Cretaceous (Torres and Lemoigne,
1989; Chapman and Smellie, 1992; Torres et al.,
1997; Falcon-Lang and Cantrill, 2000, 2001a) and
Tertiary (Torres and Lemoigne, 1988; Hee and Soon-
Keun, 1991; Zang and Wang, 1994; Poole et al.,
2001) woods being described from the South Shetland
Islands and Alexander Island to the west of the
Peninsula. Recent taxonomic investigations have also
focused on the Cretaceous and Tertiary wood assemb-
lages within the Larsen Basin to the east (Torres et al.,
1994; Ottone and Medina, 1998; Poole and Francis,
1999, 2000; Poole and Gottwald, 2001; Poole et al.,
2000a,b,c, 2003).

To date, studies on the development of the
Antarctic vegetation have concentrated on the paly-
nological and leaf fossil records (e.g. Dettmann and
Thomson, 1987; Askin, 1988, 1989, 1990; Hayes,
1999; Hunt, 2001; Hunt and Poole, 2003). These
studies have observed similar patterns of change in
taxonomic composition and abundance that reflect
changes in the vegetation. However, inferences con-
cerning where these changes were taking place in
terms of ecological structure were confined to drawing
parallels based on comparisons with present-day
ecological traits of nearest living relatives. In contrast,
fossil wood provides a direct measure of the
(relatively local) tree-forming elements within the
vegetation, and so provides important constraints with
which to compare findings based on the leaf- and
(relatively regional) palynological record. The
improved state of knowledge of wood assemblages
from Antarctica means that it is now timely to
synthesize this information into the wider picture of
Cretaceous and Tertiary vegetation from these unique
high-latitude environments.

2. Geological setting and palaeoenvironment

During the Cretaceous to Tertiary, the Antarctic
Peninsula formed part of a continental magmatic arc
at a convergent plate margin, with palaco-Pacific
oceanic crust being subducted beneath the western
margin of the Antarctic Peninsula. The oblique nature
of the margin provided the opportunity for the tectonic
transport of terranes along the margin (Vaughan and

Storey, 2000). The implication of such tectonic
processes is that the floras on the western side of
the Antarctic Peninsula could potentially be derived
from other geographic regions and thus be exotic
(Vaughan and Storey, 2000). This could well be the
case for older Mesozoic floras, but major tectonic
events at around 100 Ma have been interpreted as
representing docking of terranes to the Antarctic
Peninsula (Vaughan and Storey, 2000), an event that
predates the accumulation of in situ forests such as
those from the Late Albian on Alexander Island. Here,
fluviatile conditions developed as the last phase of
infilling of the Fossil Bluff fore-arc Basin. Sediments
were largely sourced from the Antarctic Peninsula to
the west but locally uplifted portions of the accre-
tionary prism provided material from the east. Rivers
were initially braided as a result of rapid uplift on the
Antarctic Peninsula (a consequence of the tectonic
events mentioned above) and flashy discharge with
highly variable flow conditions are suggested (Nich-
ols and Cantrill, 2002). As basin filling proceeded
rivers became more meandering and even more
extensive floodplains resulted. Occasional large erup-
tions gave rise to air fall ash deposits, but these were
infrequent.

Cretaceous and Tertiary strata are widespread
throughout the Antarctic Peninsula region from
Alexander Island in the south to the James Ross
region at the northern tip of the Peninsula (Fig. 1).
Despite the presence of sedimentary strata spanning
the whole Cretaceous to Paleogene interval wood
floras are not known from the earliest part of the
Cretaceous (Berriasian to Hauterivian), and the ear-
liest part of the Late Cretaceous (Cenomanian to
Turonian). Unconformities within the Paleogene
preclude the presence of wood from the early part of
the Late Palaecocene and Early Eocene. Sedimentary
sequences on the Peninsula younger than latest
Eocene (earliest Oligocene) are not known to contain
wood.

Aptian floras in the South Shetlands Islands
represent intra-arc environments and can also be ruled
out as representing exotic floras rafted in on terranes.
Here, the development of volcanic edifices resulted in
extensive volcanoclastic deposition, including pyro-
clastic flows that entrained trees and overwhelmed a
terrain that contained records of plant life. Localized
lakes formed, perhaps due to damming of river
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systems, as a result of eruptions. Surrounding the
lakes, vegetation redeveloped as indicated by the well-
preserved plant material in these deposits (Cantrill,
2000). This range of environments can be found at a
number of spatially and temporally distinct locations
from the Late Cretaceous (e.g. Williams Point Beds,
Livingston Island) to the Tertiary (e.g. Point Henne-
quin Formation, South Shetland Islands).

To the east of the Antarctic Peninsula, the Larsen
Basin formed in response to continental fragmentation
of Gondwana (Hathway, 2000). Cretaceous to Paleo-
gene strata accumulated during thermal subsidence of
the basin (Hathway, 2000), with sediment being shed
from the Antarctic Peninsula to the west as indicated
by palacocurrent directions and provenance studies
(Farquharson, 1982; Ineson, 1989; Pirrie, 1991).
Wood is abundant within these marine sequences
and is considered to have been derived from the tree-
forming elements of the vegetation from the Antarctic
Peninsula.

3. Materials and methods

The material used in this study was collected by the
authors from Alexander Island (DJC), Byers Penin-
sula and Williams Point (DJC, Livingston Island), and
Seymour Island (DJC; IP) (Fig. 1). Material was not

selectively collected and all individuals were sampled
from each locality. This material was supplemented by
an extensive wood collection that has accumulated
over a 50-year period at the British Antarctic Survey
(BAS). The material held at the BAS is the largest
collection of Cretaceous and Tertiary fossil wood from
Antarctica, with more than 1600 specimens in the
collection (Table 1). Furthermore, the material is
geographically and stratigraphically well located.
Additional material included in this study includes
the important collections made by the Swedish South
Polar Expedition (1901-1903) now housed in the
Swedish Museum of Natural History and supple-
mented by those on loan from the Polish Academy of
Science.

A database was constructed using published
records of wood (e.g. Falcon-Lang and Cantrill,
2000, 2001b; Poole and Cantrill, 2001; Poole and
Francis, 1999; Poole et al., 2001), and additional
material not previously studied or published. These
wood specimens were thin-sectioned using standard
techniques. Identification of the fossils involved
comparisons with wood descriptions (Metcalfe and
Chalk, 1950; Metcalfe, 1987; Cutler and Gregory,
1998), wood anatomy atlases (Ilic, 1991), computer-
ised databases for wood identification (e.g. OPCN
wood database; Wheeler et al., 1986; Ilic, 1987,
LaPasha and Wheeler, 1987) and reference collections

Table 1
Occurrence of Cretaceous and Tertiary wood in the Antarctic Peninsula region
Age Alexander Livingston King George James Ross Seymour, Snow Hill Total
Island Island Island® and Vega islands and Cockburn islands
Eocene - - 35/127 - 109/111 144/238
Paleocene b - 7? - 94/182 94/182
Maastrichtian #4b - o 4/28 75/87 79/87
Campanian - - o 22/55 - 22/55
Santonian - - - 7/88 - 7/88
Coniacian - 84/450 - 3/41 - 87/491
Turonian - - - Hok - -
Cenomanian - - - HE - -
Albian 68/308 - - 1/1 - 69/308
Aptian ok 34/83 - 1/3 - 35/87
Total 68/308 118/533 35/127 34/178 278/380 537/1536

Numbers to the left-hand side indicate specimens examined in this study, including those compiled from published records. Numbers to the right
indicates the total number of specimens available for study in the British Antarctic Survey collection. ** Indicates the presence of fossils or
strata of that age, but that wood has not been recorded, or examined in this study.

? Fossil deposits from King George Island also include nearby islands such as Greenwich Island and Robert Island where Late Cretaceous to

Paleogene fossils, including wood has also been recorded.

® Plant fossils of Late Cretaceous or, most probably, Early Tertiary age recorded by Jefferson (1980).
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of extant species housed in the Jodrell Laboratory
(Royal Botanic Gardens, Kew) and National Herba-
rium of the Netherlands (Utrecht University). The
sectioned fossil specimens are deposited at the British
Antarctic Survey, Cambridge, UK.

All wood was plotted as accurately as possible
according to stratigraphic information and relative
positions within formations (Fig. 2). The ages of most
formations are well constrained, except those in the
South Shetland Islands that rely on radiometric dating
that has been shown to have some resetting problems.
However, although over 500 specimens were utilised
in this study, these still represent a relatively sparse

stratigraphic coverage (Table 1). The sparse coverage
and the broad nature of the synthesis presented here
forced us to group the wood at a stage level
particularly for the analysis of changes in abundance
of wood taxa through time. The abundance of taxa
was calculated as a percentage of the total wood
identified from each stage in order to allow compar-
ison between stages.

Detailed sampling for finer resolution was made
through the Maastrichtian and Paleogene. Here,
great care was taken to ensure specimens collected
were from one individual piece of wood and not
splinters from larger trunks. This ensures that
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problems relating to collector bias and over repre-
sentation due to sampling one individual multiple
times are not present.

4. Results and discussion

The composition of the wood flora reveals four
phases of vegetational development in Antarctica
during the Aptian to early Tertiary interval. These
phases consist of:

(1) Conifer-dominated Aptian and Albian floras.
The earliest Cretaceous wood floras are from
the Aptian of Livingston Island and the Late
Albian of the Alexander Island on the west coast
of the Peninsula. These floras are dominated by
members of the Podocarpaceae and Araucaria-
ceae with a minor Taxodiaceae/Cupressaceac
component.

(2) Conifer-dominated flora with a ?minor angio-
sperm component. The introduction of angio-
spermous taxa occurred sometime during the
Cenomanian to Turonian but there are, to date,
no confirmed wood floras that occurred in this
interval. Therefore, this phase cannot be in-
cluded in the present study.

(3) Angiosperm dominated floras in the Coniacian
and Santonian. This phase is marked by abun-
dant angiosperm wood (up to 75%) but with
high diversity and relatively equal abundance of
taxa probably representing true mixed angio-
sperm forest.

(4) Modernization and radiation of these angio-
sperm dominated communities. The Campanian
and Maastrichtian interval is characterized by the
appearance and diversification of, in particular,
nothofagaceous woods. Extinctions of many
taxa from the preceding intervals occur during
the subsequent Paleocene to Eocene interval and
angiosperm wood abundance becomes increas-
ingly confined to a few taxa.

4.1. Taxonomic composition and turnover
Earlier studies of the palynological and leaf floras

from the Antarctic had documented two phases of
innovation (Dettmann, 1989; Askin, 1992) with Early

Cretaceous conifer and fern-dominated communities
superceded by a mixed conifer—fern—angiosperm
flora. The appearance of angiosperms is marked by
a suite of early angiosperm pollen grains in the Early
Albian such as Clavatipollenites hughesii—a taxon
similar to the pollen produced by extant Ascarina
(Dettmann, 1989). Angiosperm leaf material also
appears in the Albian (Cantrill and Nichols, 1996),
many of these are from herbaceous species (e.g.
Hydrocotylophyllum). However, some larger leaves
are more typical of tree-forming species (e.g. Aral-
iaephyllum, Ficophyllum) (Cantrill and Nichols,
1996). Despite the presence of angiosperm pollen
and leaves in the Albian, wood is lacking indicating
that these plants were either not common, confined
only to specific environments, and/or the early
invaders consisted of herbaceous or shrubby taxa
(c.f. Dettmann, 1994).

Understanding how rapidly angiosperms migrated
into the conifer—fern dominated floras of phase one
and subsequently rose to dominance within phase two
is confounded by the lack of knowledge of Cenoma-
nian to Turonian floras (Figs. 2 and 3). By phase 3 of
the Antarctic ecosystem evolution fossil leaf floras
suggest that angiosperms were diverse (Hayes, 1999)
and an array of angiosperms had evolved to form a
significant tree-forming element of the vegetation
during the Coniacian (Chapman and Smellie, 1992;
Poole and Cantrill, 2001). The wood flora is relatively
diverse in angiospermous groups with the appearance
of seven taxa (Fig. 3). Most of these taxa cannot be
assigned to modern families but the few wood types
that can, are best allied with groups such as
Cunoniaceae (Poole et al., 2000b), Monimiaceae
(Poole and Gottwald, 2001) and other Laurales (Fig.
3). Few elements of the Coniacian flora survive into
the Santonian (five taxa had become extinct by the
end of the Coniacian, Fig. 3) where a further four new
wood taxa, including the Winteraceae (Poole and
Francis, 2000) and Illiciaceae (Poole et al., 2000a), are
found and further diversity in Laurales occurs (Poole
et al., 2000c) (Fig. 3).

A major change occurs during phase four with the
extinction of groups such as Winteroxylon (Winter-
aceae) and Hedycaryoxylon (Monimiaceae) in the
Campanian and further diversification of Laurales
(Atherospermoxylon, Sassafrasoxylon), Cunoniaceae
(Eucryphiaceoxylon) and other forms (/llicioxylon
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tenuradiatum) (Fig. 3). The major taxonomic turnover
involves the appearance of Nothofagaceae a character-
istic component of modern southern hemisphere
floras.

The origins and radiation patterns of the Notho-
fagaceac have been central to understanding the
development of southern hemisphere biogeographic
patterns (see Manos, 1997; Swenson et al., 2000,
2001). The phylogenetically informative characters
of Nothofagaceae pollen, coupled with its excellent
fossil record has provided a powerful tool to

evaluate familial phylogenetic hypotheses based
predominantly on molecular and morphological data.
However, the pollen record for the early part of the
evolutionary history has proved problematic. Pollen
characters suggest the presence of ancestral groups
and the timing of the appearance of the four modern
sections within Nothofagus is still unresolved with
all four sections having a Late Campanian appear-
ance. Until recently, the nothofagaceous wood record
has been neglected in such studies largely due to the
plethora of poorly circumscribed names. However, a
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recent revision by Poole (2002) has resolved these
nomenclatural issues. Although wood characters to
date have not been integrated within a phylogenetic
framework, strong comparisons can be made with
extant species and these provide a basis for
assigning the wood to sections (Poole, 2002). The
Campanian to Maastrichtian stage is marked by
angiosperm radiation that involves, in particular,
Nothofagoxylon species. The wood record suggests
the appearance of sections Lophozonia (N. ruei, N.
aconcaguaense) and Nothofagus (N. sclariforme) in
the Campanian (Fig. 3) prior to the appearance of
Fuscospora (N. corrugatus) in the Maastrichtian
(Poole, 2002). Interestingly, wood from section
Brassospora has not yet been recognized in Antarc-
tic sediments despite its presence in the pollen
record. The lack of wood and the depauperate leaf
record suggest that Brassospora is over represented
in the pollen record due to its propensity to produce
copious pollen (Paul and Hill, 2003). In the
Campanian, the diversification of wood taxa
involves the appearance of six new taxa (three of
which are Nothofagoxylon) and two extinctions. In
the Maastrichtian, a further six new taxa (four of
which are Nothofagoxylon) appear but the extinction
rates of other angiospermous taxa (e.g. Sassafrasox-
ylon, lllicioxylon antarcticum) also increase (i.e. four
taxa) and new (non-nothofagaceous) taxa are usually
encountered infrequently (e.g. Myceugenelloxylon)

(Fig. 3).
4.2. Broad-scale changes in abundance of wood taxa

The patterns seen in taxonomic turnover which
form the basis of the four phase evolution of Antarctic
forest ecology is reinforced by changes in abundance
of wood taxa (Figs. 4 and 5). Abundance data is
interpreted to reflect the importance of that taxonomic
group within the vegetation. However, abundance
data can be strongly influenced by other variables. For
example, pollen abundance is strongly influenced by
the biology of the organism, wind-pollinated plants
produce copious pollen and so are over represented
with respect to their importance in the source
vegetation. Similar problems exist for wood where
large trunks are considered the same as small branches
and so trees with a more spreading and branched habit
may be over represented in the abundance data

relative to their importance in the source vegetation.
This may be compounded by preservation. We have
tried to minimize this type of bias by ensuring all
counted specimens were larger branches and where
specimens were strongly shattered that they were
counted as one individual and this was confirmed
through examination of thin sections. The majority of
specimens examined in this study are from branches
or trunks and despite the inherent biases probably
broadly reflect the importance of groups within the
source vegetation.

Within the conifers Podocarpoxylon wood is
particularly abundant (60-85%) during phase one
from the Aptian to Campanian. Although this wood
type persists through into the Tertiary, it decreases
markedly in abundance (to 23-35%) during the
Campanian to Eocene (Fig. 4). Changes in the forest
structure and canopy are reflected in the post
Santonian replacement of the tree-forming Podocar-
poxylon wood by the plant producing the Phyllocla-
doxylon type (Fig. 4). This wood type is absent in the
Aptian to Santonian interval and only appears in the
Campanian rising quickly to c. 11%. By the Eocene, it
has become the dominant conifer representing 58% of
the abundance. The pollen record also supports these
changes as Early Cretaceous forms such as Podocar-
pidites and Microcachyridites decrease in abundance
with an associated dramatic increase in the Phyllo-
cladidites and Dacrycarpites forms attesting to major
changes in the composition of the podocarp canopy.
Abundance data on Podocarpaceae indicates that these
plants are the main forest-forming element in the
vegetation.

Araucarian abundance remains fairly constant at
25-30% during the Early Cretaceous, but begins to
decrease during the mid-Cretaceous (Albian—Conian-
cian) and dramatically decreases in the Eocene where
it contributes only about 6.5% of the total abundance
(Fig. 4). The Aptian and Paleocene intervals are
richest in araucarians and this corresponds to sequen-
ces that are relatively richer in proximal volcanic
deposits suggesting a strong ecological association.
However, this pattern does not occur in the volcanic-
rich sequences on King George Island, which might
reflect the small sample size from a limited geo-
graphic area. Wood ascribed to taxodiaceous and
cupressaceous conifers, although locally abundant
(e.g. Collins Glacier Flora; Poole et al., 2001),
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generally contribute only a minor component of the
conifer abundance during all phases.

Within the angiosperms, broad changes in abun-
dance complement the turnover patterns outlined
above (Fig. 5). During phase 1, angiosperm wood is
lacking from Aptian and Albian strata. The initial
invasion of the angiosperms during the Cenomanian
to Turonian (phase 2) and into the Coniacian interval
largely involved Antarctoxylon—an array of wood
types from predominantly large diameter organs that
represent branches from trees or trunk wood (Fig. 5).
Unfortunately as these wood types cannot be related
to the extant families, it is difficult to ascertain the
familial diversity present within the canopy. The few
forms that can be identified represent members of the
Laurales and Cunoniales; these represent about 28%

of the angiosperm wood specimens recovered. At a
specific level, there is relatively uniform abundance
between taxa suggesting a truly mixed canopy (Fig.
5). Radiation into the canopy was rapid such that by
the Coniacian over half the wood samples recovered
are angiospermous. This pattern is better documented
in the Santonian where angiosperm abundance has
increased to 70% (Fig. 5). Although most of the
Antarctoxylon species have been replaced, abundance
between the various genera is relatively uniform with
all taxa ranging between 12% and 25% of the total
angiosperm abundance (Fig. 5). At a family level, the
canopy is dominated by Lauraceae and Cunoniaceae
with Illiciaceae and Winteraceae of lesser importance.
This relative uniform mix of species supports a
concept of a diverse mixed canopy. As conifers
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2003).

decrease in importance the angiosperms reach a peak
of abundance in the Santonian and account for nearly
three-quarters of the wood encountered (Fig. 5).

Following this peak of abundance, angiosperm
wood begins to decline gradually to the Campanian
where it contributes 63% of the abundance with each
angiosperm taxon remaining fairly uniform during the
Coniacian to Campanian suggesting that they are all
equally important in the vegetation. Following the
appearance of Nothofagoxylon in the Campanian,
many other angiospermous taxa decline.

Major taxic turnover in the Campanian is marked
by changes in patterns of abundance that continue
through the Maastrichtian and into the Tertiary.
Conifer—angiosperm ratios remain fairly uniform
throughout the Campanian and early Maastrichtian

with members of the Laurales and Cunoniaceae
continuing to be important members of the canopy.
Nothofagaceae wood appears in this interval and it
rapidly increases in abundance so that nearly half
(44%) of the angiosperm wood in the Campanian
belongs to the Nothofagaceae. This rapid rise to
ecological dominance indicates major changes to the
forest structure with the canopy increasingly becom-
ing dominated by a few taxa of which the most
important is Nothofagaceae. By the Maastrichtian, the
abundance of total angiosperms was 65% but rapidly
declined into the Palacocene and Eocene (40%). At
the same time, the abundance of Nothofagus wood
increases indicating replacement of the non-Nothofa-
gus canopy by conifers although groups such as the
Cunoniaceae remain a small but important compo-

Fig. 6. Detailed wood distribution through the upper part of the Lopez de Bertadano and lower Sobral formations on Seymour Island. Summary
lithostratigraphic section with a plot of wood abundance calculated as a total percentage of wood sampled from the succession. Note the sudden
influx of wood at key levels (labelled 1-3) and gradual decline in wood abundance over the next few tens of metres. (A—C) Detailed logs of
wood-rich intervals illustrating the increase in importance of conifer wood (black line) through each cycle of wood influx (dashed line).
Percentage wood is calculated as moving average using a 10-m stratigraphic interval. The initial influx of wood is largely dominated by

angiosperm wood. Section logs and dates after Crame et al. (2004).
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nent. This pattern continues into the Eocene and
reinforces the change from a mixed canopy to one
dominated by Nothofagaceae.

The rise to importance of Nothofagaceae is not
static within the family with different sections being
important at different times. The initial rise of
Nothofagaceae within the Campanian occurs mainly
within section Nothofagus with 67% of the Nothofa-
gaceae specimens belonging to this group. In contrast,
Nothofagus section Lophozonia remains static during
the Late Cretaceous before reaching its acme in the
Paleocene (85%) and undergoing a subsequent decline
in the Eocene (41%) along with section Nothofagus
(37%) when Fuscospora becomes more abundant
(23%).

4.3. Vertical variation in abundance of taxa

Abundance data also indicates small-scale changes
both between geographic regions and through narrow
stratigraphic intervals. This is important for under-
standing the occurrence and abundance data in terms
of the vegetation from which it was derived. The
upper part of the Lopez de Bertadano Formation and
the overlying Sobral Formation on Seymour Island
contains an abundant record of wood (Table 1),
largely as a result of concentrated collecting efforts.
Late Maastrichtian to early Palaeogene units accumu-
lated in an open marine setting within a generally
coarsening upwards sequence reflecting basin-shal-
lowing events (Fig. 6). Each cycle of sedimentation is
marked by a disconformable to slightly unconform-
able surface capped by a lag rich in glauconite, marine
shells, vertebrate remains and fossil wood (Fig. 6).
The three main peaks in wood abundance are seen
through the section (Fig. 6), and each has slightly
different characteristics. In each successive peak (Fig.
6, labelled 1-3), the conifers become relatively more
common and this seems to correspond to an increase
in detrital volcanic material and reworked air fall
tuffaceous deposits. This suggests a link between
vegetation composition and volcanic activity. Similar
shifts in taxonomic composition and abundance can
be seen in local vertical successions. For example, the
Aptian Cerro Negro Formation on Byers Peninsula
and Snow Island developed on pre-existing landscape
with topographic relief (Hathway, 1997). This land-
scape has soil surfaces and tree material that indicates

araucarian- and podocarp-dominated communities.
The development of a volcanic edifice (Hathway,
1997) results in a shift in wood composition to
communities richer in podocarps and other gymno-
sperms such as Sakhnioxylon (Falcon-Lang and Can-
trill, 2001c¢).

Each peak concentration of wood is also charac-
terized by a number of features (Fig. 6A—C). Fossil
wood is initially abundant, but decreases in impor-
tance up section until beds are largely barren (Fig. 6).
Interestingly, each cycle shows the same pattern of
taxonomic abundance. Basally wood material is
dominated by angiosperms but up section the propor-
tion of conifers increases (Fig. 6A—C). The sedimen-
tological setting suggests these wood-rich zones cap a
transgressive surface and represent coastal plain
vegetation that has been eroded into the basin. The
shift to more conifer-rich floras reflects an increasing
input from highland regions. Therefore, the changes in
wood composition reflect spatial heterogeneity in the
vegetation with the coastal plain forests being more
angiosperm rich than the highland regions.

4.4. Geographical variation in wood flora
composition

The geographical spread of floras from the east
side of the Antarctic Peninsula to the west side, along
with the different palacoenvironments (e.g. fore arc
coastal plain, intra-arc volcanic environments, back-
arc plain), provides the opportunity to examine the
spatial pattern of distribution. Pairwise comparisons
between coeval floras reveal important differences in
taxonomic composition. Sahnioxylon an extinct gym-
nosperm taxon is only known from the west side of
the Antarctic Peninsula (Falcon-Lang and Cantrill,
2001c; Poole and Cantrill, 2001). Furthermore,
although it is confined to intra-arc environments in
the Aptian (Falcon-Lang and Cantrill, 2001c) and
Coniacian (Poole and Cantrill, 2001), it is missing
from Albian floras from the fore arc coastal plain.

Compositional differences can also be seen
between the Eocene floras to the west of the Antarctic
Peninsula in the South Shetland Islands (King George
Island) and Seymour Island floras to the east. Those
floras to the west of the Peninsula are relatively
depauperate in conifer material, with up to only 25%
of total abundance, represented by a low but



D.J. Cantrill, I. Poole / Palaeogeography, Palaeoclimatology, Palaeoecology 215 (2005) 205-219 217

significant podocarpaceous and cupressaceous ele-
ment in both the wood and leaf floras (Poole et al.,
2001). No evidence for the Araucariaceac was
recorded in these Eocene wood floras to the west of
the Peninsula examined for abundance counts even
though wood has been described (Lucas and Lacey,
1981; Torres and Lemoigne, 1988) and foliage and
reproductive material has been recorded (Hunt, 2001;
Hunt and Poole, 2003). In contrast, coeval wood
assemblages ecast of the Antarctic Peninsula on
Seymour Island (La Meseta Formation) contain
relatively more conifers (up to 40% by abundance).
The conifer element is also rich in Podocarpaceae
(Phyllocladoxylon, Podocarpoxylon) but with subsid-
iary Araucariaceae and rare Cupressaceae (Torres et
al., 1994).

Angiosperm floras on the west of the Peninsula
have a high percentage of Nothofagoxylon (c. 50%),
particularly of the section Fuscospora (e.g. N.
corrugatus) alongside an important cunoniaceous
element. On the east side of the Peninsula within the
angiosperms, Nothofagoxylon is relatively more
abundant 70% with a number of other taxa (such as
Laurelites jamesrossii) not found in coeval floras to
the west.

This east-west difference is perhaps not surprising
when we consider the distribution of taxa in the
closest analogues to these fossil floras, growing in
Patagonia today. Prevailing moist westerly winds and
the Andean mountain chain result in a steep precip-
itation gradient and temporal differences in distribu-
tion from west to east even though annual rainfall is
essentially the same (Ohga, 1987). Furthermore,
volcanic disturbance processes are more common
within the Andean chain than to the east so resulting
in different vegetation dynamics. These two factors
are particularly important when considering the
compositional differences between floras from the
east of the Antarctic Peninsula with those of the
volcanic dominated palacoenvironments of the South
Shetland Islands. It may well be that the differences
seen in composition of the fossil floras reflect similar
environmental gradients and support the notion of a
spatial heterogeneous mix of forest types through the
Cretaceous and Tertiary similar to that seen today in a
transect from the narrow western coastal plains
through the coastal ranges to the high Andes and
eastward into the coast.

5. Conclusions

The wood flora provides a direct snapshot of tree-
forming elements within the Antarctic vegetation such
that this record provides an important source of
information pertaining to floristic evolution and
vegetational makeup. The results from these studies
complement and supplement hypotheses put forward
based on leaf and palynological studies. Comparison
of information based solely on wood with the leaf and
spore/pollen record allows important inferences about
the structure and dynamics of plant communities. This
analysis of over 500 fossil woods from the Cretaceous
and Tertiary of Antarctica has revealed broad-scale
compositional changes associated with the radiation of
angiosperms into the Antarctic region. The shift from
shrubby elements, to ones dominating the canopy in
the early phase of invasion, and the modernization of
floras during the Campanian and Maastrichtian are
particularly important. Changes in abundance rein-
force these patterns, particularly the rise in Nothofagus
wood through the latest Cretaceous and Paleogene.
Comparisons between coeval floras from different
geographic regions reveal subtle interplays between
tectonics and palacoenvironments. The contrasts
between east coast and west coast floras may signify
contrasts in climate patterns and volcanic disturbance
processes as predicted from an examination of
environmental conditions (climate and land form
processes) in the Andes today. Small-scale temporal
succession points to an important role of local sea level
change in controlling the abundance and composition
of vegetation, probably largely due to the amount of
coastal plain available for colonization.
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