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Araucariaceae fossils are abundant in Patagonia and on Seymour (Marambio) and King George (25 de Mayo) islands, Antarctica.
Araucariacean macrofossil suites are represented by records of 121 woods, leaves, ovuliferous scales, cones, one seed and seedlings, many of
them placed in 50 formalized morphospecies. Although Araucariaceae fossil pollen is known since the Triassic, the oldest reliable macrofossil
records in South America and Antarctica are from the Early Jurassic. In the Early Cretaceous, the family reached its widest distribution, with
records from northern South America (cones and leaves from Colombia and Brazil). In the Late Cretaceous, the abundance of Araucariaceae
began to decline. In the Cenozoic, all the fossils are derived from Patagonia and Antarctica, and this probably reflects a genuine contraction in
the family’s distribution.
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ARAUCARIACEAE is an ancient family of conifers
that, in the modern flora, is restricted mostly to the
Southern Hemisphere, with some species that pass the
Equator in Malaysia (Whitmore 1980). Most modern
Araucariaceae occur in rainforest under subtropical—
temperate (mesothermal) climates (Dutra & Stranz
2003) and in some temperate to cool temperate
(microthermal) forests in South America (Page 1990,
Enright ef al. 1995). The family has three living genera
incorporating 41 species and one variety (Kunzmann
2007). Wollemia Jones, Hill & Allen, 1995 is a
monotypic genus with a modern distribution re-
stricted to southeastern Australia. Agathis Salisbury,
1807 has ca 21 extant species mostly distributed in
Indomalaya, Australasia and some southwest Pacific
islands. Araucaria Jussicu, 1789 is the most geogra-
phically widespread with 19 extant species in Aus-
tralia, Norfolk Island, New Caledonia, New Guinea
and South America (Kunzmann 2007). In South
America, Araucaria is represented by two species that
belong to the section Araucaria: Araucaria angustifolia
(Bertol.) Kuntze, 1898 and Araucaria araucana K.
Koch, 1873. The former occurs in southeastern Brazil
and northeastern Argentina where it is dominant in
subtropical to temperate rainforests (Dutra & Stranz
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2003). Its occurrence in Paraguay is not confirmed
(Dutra & Stranz 2003). Araucaria araucana, native to
Argentina and Chile, has a relatively restricted natural
distribution between 37°20" and 40°20'S. It occurs in
temperate to cool temperate mixed conifer—angios-
perm forests up to the timber line in the Andes of
South America (Enright ez al. 1995; Fig. 1).

Araucariaceae was more widespread in the Me-
sozoic, being distributed across both hemispheres
(Kunzmann 2007). Araucariaceae fossils are rela-
tively common in Oceania, but are considered rare in
other regions of the world (Kershaw & Wagstaff
2001, Kunzmann 2007). The oldest araucariacean
macrofossil is an ovuliferous scale from the Triassic
of India (Lele 1956). Araucarioxylon arizonicum
Knowlton (1889) is a well-known fossil wood from
the Late Triassic of North America (for its recent
taxonomic appraisal see Savidge 2007) but its
affiliation with the Araucariaceae is uncertain (Ash
& Creber 2000).

Several pollen types have been found in araucar-
iacean microsporangiate cones. They are: Araucar-
iacites, Cyclusphaera and Balmeiopsis (Archangelsky
& Del Fueyo 2010). A range of other dispersed pollen
grains have also been assigned to Araucariaceae
based on morphological similarities to extant pollen
(Balme 19995). Araucariacites australis Cookson, 1947
is the most widely distributed pollen morphospecies
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Fig. 1. Map showing the distribution of extant Araucariaceae in
South America.

and has a continuous record in southern South
America that starts in the Middle to Late Triassic of
west central Argentina (Zavattieri 1991).

Araucariaceae macrofossil records from Australia
and New Zealand have been previously surveyed by
Hill & Brodribb (1999), Kershaw & Wagstaff (2001),
Pole (2008) and Pole & Philippe (2010). Stockey
(1994) published a revision of Mesozoic Araucaria-
ceae analyzing each organ separately. Although there
have been some overviews of the Araucariaceae
macrofossil record from South America and Antarc-
tica (Dutra & Stranz 2003, 2008, Dutra et al. 2007),
these are of limited accessibility and only mention the
major araucariacean fossils. The current contribution
complements those studies by presenting an updated
and comprehensive survey of the macrofossil record
of Araucariaceae from South America and Antarc-
tica, to complete our knowledge of the past distribu-
tion of the family in southern latitudes and to help
resolve the biogeographical and evolutionary history
of Araucariaceae.

Macrofossil record of South America

and Antarctica
Araucariaceac is represented by 121 macrofossil
records from Antarctica and South America (Table
1; Figs 2-5). Each record is mentioned in the text and
briefly evaluated.

According to de Laubenfels (1953) araucariacean
leaves are coriaceous, broad, ovate to lanceolate, flat,
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with multiple parallel veins. The attachment to the
stem is narrow in Agathis and broad in Araucaria.
Wollemia has considerable variability, especially
between the adult and juvenile foliage. The adult
leaves are twisted near their base, have rounded
apices, multiple parallel veins, and are attached by
the full width of the leaf base (Chambers et al. 1998).
A large number of fossil leaves have been referred to
the Araucariaceae, but many are from genera doubt-
fully attributed to the family based on impressions
(Stockey 1982). Taxon diversity is also difficult to
judge in fossil assemblages owing to the foliar
dimorphism expressed between juvenile and adult
specimens of modern taxa (Stockey 1994). Conse-
quently, without the attachment of cones to branches
bearing imbricate helically arranged leaves, cuticular
remains are essential to determine an araucariacean
affinity of leafy twigs. Broad-leafed araucarians have
discontinuous rows of stomata that are oriented
mostly parallel to the long axis of the leaf, whereas
araucarians with imbricate, rhombic leaves usually
have oblique orientations. Four or five subsidiary
cells are common and epidermal cell outlines are
usually elongate and rectangular (Stockey & Ko
1986). Araucaria lacks Florin rings, and polar
extensions are common but do not show the
bilobed structure evident in Agathis (Stockey
1994). Cuticular features of adult and juvenile
leaves of Wollemia are markedly different with
respect to stomatal distribution, orientation and
density. Like Araucaria, adult Wollemia leaves lack
Florin rings, have stomata sunken to the level of
the hypodermis and have a smooth exterior
cuticular surface (Chambers et al. 1998). Brachy-
phyllum and Pagiophyllum are leaf morphogenera
not considered here, since their affinity to the
Araucariaceac can not be unambiguously estab-
lished.

The typical araucarian cone is spherical to ovoid
and sheds its cone-scale complexes at maturity.
Cones of Agathis have fully fused bract and
ovuliferous scales, unlike those of Araucaria, which
usually have a free ovuliferous scale tip (Stockey
1994). In Wollemia, cone scales have a woody
spine projected distally and, like Agathis, ovuliferous
and bract scales are intimately fused (Chambers e7 al.
1998).

Araucarioxylon was created by Kraus (1870) to
group fossil woods exclusively represented by second-
ary xylem with araucarioid type pitting similar to
extant Araucariaceae. However, this morphogenus
does not imply a direct affiliation to the Araucar-
iaceae, because woods with that kind of tracheid
pitting were common since the Palacozoic and some
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Fig. 2. Maps showing the Jurassic fossil localities. Numbers follow the table numeration. Localities are marked with circles for leaves, squares
for woods and triangles for a seedling, cones and isolated ovuliferous scales.
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Fig. 3. Maps showing the Early Cretaceous fossil localities. Numbers follow the table numeration. Localities are marked with circles for
leaves, squares for woods and triangles for cones and isolated ovuliferous scales.

species of Araucarioxylon have been linked to other
plant groups, particularly in the Palacozoic and
Triassic (i.e. Zamuner 1996). Moreover, Araucariox-
ylon was considered nomenclaturally superfluous by
Philippe (1993) and has been replaced in recent
publications (i.e. Pujana et al. 2007, Crisafulli &
Herbst 2008) by the morphogenus Agathoxylon
Hartig, 1848. Dadoxylon Endlicher, 1847 has also
been frequently used to describe araucariacean woods
(i.e. Lucas & Lacey 1981), but this genus was
considered an illegitimate synonym of Pinites With-
am, 1833 (see Philippe 1993). Araucariopitys Jeffrey,
1907 has also been used for araucariacean woods (i.c.
Poole & Cantrill 2001). In addition, Araucariaceae
fossil woods from South America and Antarctica have
been assigned to numerous morphospecies on the
basis of subtle anatomical differences with limited
evaluation of intraspecific variation. A substantial

revision of these fossils is needed. Consequently,
synonyms proposed in some articles for fossil woods
(i.e. Nishida et al. 1990) are not considered here,
although they are mentioned in some parts of the text.

Brea (1997) described Araucarioxylon protoarau-
cana, a Triassic wood that anatomically resembles
extant Araucariaceae because of the alternate
biseriate pitting and cross-field pit type (Brea
et al. 2008). However, the direct affiliation of the
Triassic woods to the family can not be assured
due to the absence of other araucariacean fossils in
the same strata. Menéndez (1951) briefly described
a putative Araucarioxylon wood from the Triassic
of Argentina and Minello (1994) described Arau-
carioxylon sp. from the Triassic of Brazil that also
has typically araucariacean anatomy but these are
not considered indubitable araucariaceans for the
same reasons.
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South Orkney
@@@ Islands
E@EDE =
\ww “*I
o8 - 00 7
R o
o - /ffﬁﬁ?
S A
S
Bellingshausen Q/;b A
Sea @ @ o
@ ele)
Weddell
é Sea
O/\\ szm:u’:ﬁ
\
O ‘Alexander % 4 b s
A Island - P

Fig. 5. Maps showing the Cenozoic fossil localities. Numbers follow the table numeration. Localities are marked with circles for leaves,
squares for woods and triangles for a seed, cones and isolated ovuliferous scales. Records 104 and 105 are not included.

Jurassic

Gnaedinger & Herbst (2009) documented the occur-
rence of ‘Araucarioxylon’ protoaraucana in the Early
Jurassic of Argentinean Patagonia and reassigned it
to the morphogenus Agathoxylon Hartig, (1848).
Although the type material of Agathoxylon protoar-
aucana (Brea) Gnaedinger & Herbst, 2009 is from a
wood not considered araucariacean with certainty
(Brea 1997), this younger fossil wood is considered
more confidently araucariacean according to Gnae-
dinger & Herbst (2009), although the affiliation is
equivocal because there is no evidence of other
araucariacean fossils in the same strata. Agathoxylon
termieri Gnaedinger, 2006, a fossil wood with
typically Araucariaceae characters (alternate pitting
and numerous cross-field pits) was described from the
Lower Jurassic Piedra Pintada Formation and Herbst
(1966) described a fossil leaf from the same formation

that corroborates the presence of the family. Ferello
(1947) referred (with doubts) an ovuliferous scale to
Araucarites from Piedra del Aguila in Argentina.
Despite the characteristic rhombic shape and multiple
parallel veins, the poor description and illustration do
not allow confident affiliation of the scale to
Araucariaceae. Araucarioxylon liguaensis Torres &
Philippe, 2002 from Chile has uni-biseriate alternate
pitting and cupressoid cross-field pits that suggest a
close affinity to the Araucariaceae, but, again, the
affiliation is equivocal in the absence of other
araucariacean fossils that assure the presence of the
family. Araucarites philipsi Arrondo & Petriella, 1980
was described from the Early Jurassic of Patagonia.
It is a cuneiform ovuliferous scale with an elongated
seed that can be referred to Araucariaceae with
reasonable confidence. Similar dispersed ovuliferous
scales, commonly assigned to Araucarites, have been
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reported from throughout the Jurassic of Patagonia
by Berry (1924), Frenguelli (1949), Feruglio (1951),
Herbst & Anzoétegui (1968), Baldoni (1980), Cortés &
Baldoni (1984) and Channing et al. (2007)—see Table
1. The Cerro Cuadrado Petrified Forest in Santa
Cruz province, Argentina and the nearby localities
Cerro Alto and Cerro Madre ¢ Hija have yielded
numerous macrofossils including reproductive cones,
woods and leaves. Araucaria mirabilis (Spegazzini)
Windhausen (1931) is an ovuliferous cone (Fig. 6A—
C) varying in shape from spherical to ellipsoid, with
single-seeded ovuliferous scales bearing thick woody
wings and deciduous laminar tips arranged in a close
spiral (Calder 1953). Pararaucaria patagonica Wie-
land, 1929 is another ovuliferous cone from the same
localities, but is ovoid with thick bracts that are free
from each corresponding scale for the majority of
their length (Calder 1953). Araucarites sanctaecrucis
Calder, 1953 is represented by imbricate rhombic
leaves, each with an incurved apex. Calder (1953) also
described some seedlings, probably of Araucaria
mirabilis and some fossil woods with affinity to
Araucariaceae. A fossil wood very similar to extant
Araucaria araucana was also described as Agathox-
ylon matildense Zamuner & Falaschi, 2005 from the
same deposits. Gothan (1925) also mentioned fossil
woods (assigned to Dadoxylon sp.) from a nearby
locality but these can probably be placed in A.
matildense according to his description. A micro-
sporangiate cone from the same petrified forests was
described by Menéndez (1960) that might also be
related to Araucariaceae.

Antarctic Araucariaceae of Jurassic age include
uniovulate cone—scale complexes such as Araucarites
antarcticus (Gee) Birkenmajer & Ociepa, 2008. This
material from the Mount Flora Formation was first
assigned to Araucaria because of the winged ovulifer-
ous scale, partially fused to the woody bract, which is
very similar to those present in extant species of this
genus. However, with the recent discovery of
Wollemia, both the fossil bract and ovuliferous scales
might represent either Araucaria or Wollemia (sensu
Chambers et al. 1998, Cantrill & Falcon Lang 2001).
This was the reason for the reassignment to
Araucarites antarcticus by Birkenmajer & Ociepa
(2008). Torres et al. (2000) described an araucar-
iacean wood from the same stratigraphic unit.

Early Cretaceous

In addition to the increase in the number of
araucariacean fossil records in the Early Cretaceous,
a wider distribution in South America is evident with
the northernmost examples (ovuliferous and micro-
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sporangiate cones) recorded from Colombia. Arau-
cariostrobus creutzbergii Huertas, 1970 is a female
subspherical cone from Colombia, with imbricate,
striate and spirally arranged bracts that have a
distinct keel and end in an acute apex (van Waveren
et al. 2002). Araucariostrobus camargoi Huertas, 1970
is a microsporangiate elliptical cone with acute apex
and with bracts and pollen sacs preserved. Later, that
author described from the same area Araucariostrobus
archangelskii Huertas, 1976, a female cone with
subrounded apex, concave and truncate base with
mamillate bracts lacking seeds. Van Waveren et al.
(2002) described a similar ovuliferous cone from this
region but, as it is smaller than the holotype, they
assigned it tentatively to Araucariostrobus sp. cf. A.
archangelskii. Araucaria cartellei Duarte, 1993 is the
only formally named fossil leaf known for this period
from South America outside Patagonia; it was
collected in northeastern Brazil. It is an asymmetrical
leaf, ovate-lanceolate, with an obtuse—decurrent base
and attenuate apex. Duarte (1989) described Araucar-
ites vulcanoi from the same formation as megaspor-
ophylls (ovuliferous scales) with a cuneiform base and
curved margins (Duarte 1993). From the Crato
Formation, Kunzmann ez al. (2004) and Martill et al.
(2005) informally assigned four cones, including male
and female forms, and associated leaves, to the
Araucariaceae. The narrowly lanceolate foliage and
parallel-veined leaves spirally attached to the distal
portion of a smooth stem, resemble the foliage of
extant Agathis. Shoemaker (1982) briefly mentioned
the presence of two morphospecies of fossil wood
(Araucarioxylon) from the Early Cretaceous of Ecua-
dor, but in the absence of anatomical studies, these
records can not be confirmed. In Patagonia, the
Baquero Group, was revised by Cladera et al. (2002)
and includes the Punta del Barco, Bajo Tigre and
Anfiteatro de Tico formations. Araucaria grandifolia
Feruglio, 1951 leaves (Fig. 6D), with preserved cuticle,
have been recorded from the Punta del Barco
Formation by Feruglio (1951). This morphospecies
has large, amphistomatic, triangular—lanceolate, im-
bricate, spirally arranged leaves, each with an acute
apex, decurrent base and a strong keel on the abaxial
surface (Del Fueyo & Archangelsky 2002). Notopehuen
brevis Del Fueyo (1991), from Anfiteatro de Tico
Formation, is a microsporangiate cone containing
Araucariacites Cookson, 1947 pollen grains that are
organically attached to branches with leaves of the
Brachyphyllum type. Archangelsky (1966) described
two cone scales, Araucarites baqueroensis and Araucar-
ites minimus, from the same Formation. Araucarites
baqueroensis is a cuneiform ovuliferous scale with
lateral wings, acuminate apex and a single sced
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Fig. 6. Selected Araucariaceae fossils from South America and Antarctica. A-C, Araucaria mirabilis (Spegazzini) Windhausen, 1931; A, BAPb
41; B, LPPb 8079; C, LPPb 181; D, Araucaria grandifolia Feruglio (BAPb 1455); E-F, Araucaria fibrosa (Césari, Marenssi & Santillana)
Césari, Marenssi & Santillana, 2009; E, BAFCPB 16330a; F, BAFCPB 16331; G-H, Araucarioxylon seymourense Torres et al., 1994 (BAPb
12234); G, Alternate pitting on tracheid radial walls; H, Cross-field pitting; I-L, Araucaria pararaucana Panti et al., 2007; 1, BAPb 13541; J,
BAPb 13542; K, general view of discontinuous stomatal rows (interior of abaxial surface cuticle); L, subrounded stomata; M, Araucaria
nathorsti Dusén, 1899. Scale bars: A-E, I-J, M =10 mm, F=2 mm, K=10 ym, G-H, L =50 ym.
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embedded in the scale; similar material was described
by Feruglio (1951) as Araucaria (sect. Colymbea).
Araucarites minimus is a broad scale with irregularly
lobed margins and bears a single seed. Del Fueyo &
Archangelsky (2005) described Alkastrobus peltatus, an
anatomically preserved male cone with peltate micro-
sporangia bearing pollen of Cyclusphaera Elsik, 1966
type from the same unit. The sediments of the
Springhill Formation, exposed in Argentina and Chile,
have yielded a cuneciform uniovulate scale with an
acuminate protuberance (Araucarites chilensis Baldoni,
1979). Archangelsky (1976) had previously reported a
similar ovuliferous scale and assigned it to Araucarites
sp. Fossil wood from the Apeleg Formation in Chilean
Patagonia was described by Philippe et al. (2000) as
Agathoxylon sp.

Fossil woods, leaves, cones and isolated ovulifer-
ous scales are widely distributed in Antarctic Lower
Cretaceous strata. Jefferson & MacDonald (1981)
described Dadoxylon sp. from South Georgia, a fossil
wood previously mentioned by Gordon (1930). The
sediments of the Neptune Glacier Formation on
Alexander Island have yielded several morphospecies
of araucariacean leaves and scales (Cantrill & Falcon
Lang 2001). Araucaria alexandrensis Cantrill &
Falcon Lang, 2001 are branches with strongly
imbricate, spirally inserted, lanceolate to ovate
spreading leaves with broad and decurrent bases.
Araucaria chambersi Cantrill & Falcon Lang, 2001 in
contrast, is represented by plagiotropic shoots bearing
linear—lanceolate, slightly concave and spreading
leaves that have a slightly contracted and twisted
base. These two species have the typical coriaceous,
imbricate foliage with numerous parallel veins of the
Araucariaceae. Araucarites wollemiaformis Cantrill &
Falcon Lang, 2001 are large, woody, cuneate cone
scales with a prominent apical spine. The distal
portion of the scale has a distinct, broad, triangular
scar on the adaxial surface. Araucarites citadelbastio-
nensis Cantrill & Falcon Lang, 2001 are cone scales
comprising a cuneate to wedge-shaped woody bract
and attached ovuliferous scale. From the same unit,
Falcon Lang & Cantrill (2000) described two types of
fossil wood assigning them to Araucariopitys sp. and
Araucarioxylon sp. Torres et al. (1982) described
Araucarioxylon arayaii with biseriate and locally
triseriate pitting, from the Cerro Negro Formation
on Livingstone Island. The same taxon was reported
from Snow Island (Torres et al. 1995). Later, Torres
et al. (1997) described a fossil wood from the same
locality on Snow Island and assigned it to Araucar-
ioxylon sp. A. The Cerro Negro Formation has also
yielded two forms of Araucarioxylon not assigned to
formal species (Falcon Lang & Cantrill 2001), a fossil

REVIEW OF ARAUCARIACEAE 15

leaf similar to Araucarites baqueroensis (Hernandez &
Azcarate 1971) and an ovuliferous scale assigned to
Araucarites sp. (Parica et al. 2007). Torres (1993)
described a wood with affinity to Araucarioxylon from
sediments of Cape Shirreff on Livingston Island, of
probable Early Cretacecous age. Ottone & Medina
(1998) described another fossil wood with purported
affinity to extant Araucaria araucana from the Kotick
Point Formation on James Ross Island.

Late Cretaceous

The South American record for this interval consists
mostly of fossil woods. However, one scale, Araucar-
ites patagonica Kurtz, 1902 was described from the
Cerro Cazador Formation, Chile. The brief descrip-
tion makes reference to the lower portion of the cone
scale but it was not illustrated. The morphospecies
was considered a nomen nudum by Hiunicken (1971,
1995) due to its poor preservation and incomplete
description. Pseudoaraucaria valentini (Kurtz) Me-
néndez, 1972, was also described from Chilean
Patagonia. It is an ovuliferous scale that bears two
seeds, a unique character of Pseudoaraucaria, and is
placed in the Araucariaceae because it shares with
Agathis the fused bract and ovuliferous scale. Torres
& Rallo (1981) described Araucarioxylon pichas-
quense from central Chile, a fossil wood with high
rays and numerous cupressoid cross-field pits. Later,
Nishida et al. (1990, 1992) found the same morphos-
pecies at two localities in southern Chile. Nishida
et al. (1990, 1992) also mentioned the occurrence of
other Araucariaceae fossil woods, Araucarioxylon
sp., Araucarioxylon ohzanum Nishida, Ohsawa, H.
Nishida & Rancusi, 1992 and the new combination
Araucarioxylon kellerense (Lucas & Lacey) Nishida,
Ohsawa & Rancusi, 1990 in southern Chile. Three
fossil wood morphospecies were described from
Quiriquina Island: Araucarioxylon parachoshiense
Nishida & Nishida 1987, with very low rays,
Araucarioxylon resinosum Torres & Biro Bagoczky,
1986 and Araucarioxylon pluriresinosum Torres &
Biro Bagoczky, 1986, these last two are very similar
and share abundant resiniferous content. A fossil
wood described by Pujana et al. (2007) as being very
similar to extant Araucaria araucana is the only Late
Cretaceous macrofossil of Araucariaceae found in
Argentina.

From Vega Island near the Antarctic Peninsula, a
female cone with attached leaves, Araucaria fibrosa
(Césari, Marenssi & Santillana) Césari, Marenssi &
Santillana, 2009 was described. It has large, spreading
and widely separated, lanceolate to ovate leaves with
acute tips and decurrent bases (Fig. 6E). The
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numerous rhombic cone scales (Fig. 6F) have a
median ridge and marked lateral wings and are
arranged in a close spiral (Césari et al. 2001). Eklund
et al. (2004) described a putative Araucariaceae scale—
bract complex, similar to, but smaller than, other
Aracucariaceae fossils, from the Late Cretaceous of
the Antarctic Peninsula. Dutra & Batten (2000)
mentioned a leaf, Araucaria sp., from sediments of
the Zamek Formation at King George (25 de Mayo)
Island but no description or illustration was pro-
vided, preventing any possible discussion of its
assignment.

Araucarioxylon floresii Torres & Lemoigne, 1989,
a fossil wood with indistinct growth rings and axial
parenchyma, Araucarioxylon chapmanae Poole &
Cantrill, 2001, a fossil wood with bi-triseriate
alternate pitting and Araucariopitys antarcticus Poole
& Cantrill, 2001, another fossil wood with commonly
uniseriate pitting were described from Livingston
Island (Torres & Lemoigne 1989, Chapman & Smellie
1992, Philippe et al. 1993, Poole & Cantrill 2001).

Cenozoic

All Cenozoic records of the Araucariaceae derive
from Patagonia and Antarctica, which probably
reflects a genuine contraction in the family’s distribu-
tion in America. Dramatic decline in Araucariaceae
abundance has been reported from both palynologi-
cal and macrofossil assemblages across the Cretac-
eous—Paleogene boundary in New Zealand (Vajda &
Raine 2003, Pole & Vajda 2009) but high-resolution
studies across this boundary in South America are
not yet available to test whether this was a pattern
common to the entire Southern Hemisphere. Arau-
carioxylon doeringii Conwentz, 1885 from northern
Patagonia was the first South American macrofossil
assigned to the family. This wood has alternate
pitting and locally biseriate high rays and, although
not precisely dated, it is presumed to derive from
Cenozoic strata. Later, Nishida (1981, 1984) de-
scribed the same morphospecies from Quiriquina
Island in Chile. Krédusel (1924) mentioned two
records of Dadoxylon  pseudoparenchymatosum
Gothan, 1908 in Patagonia and later Nishida (1984)
cited the same morphospecies from Quiriquina Island
as Araucarioxylon pseudoparenchymatosum (Gothan)
Nishida, 1984. He also described Araucarioxylon
quiriquinaense Nishida, 1984 from that island, a fossil
wood with normally biseriate pitting and low rays,
very similar to the wood of extant Araucaria
araucana. There are only three records from the
Paleocene: Araucarioxylon sp., a fossil wood from
Riesco Island (Nishida et al. 2006), Araucaria
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araucoensis Berry, 1922 from the Lota y Coronel
Formation, an ovate to lanceolate unkeeled and
asymmetrical fossil leaf, differing from modern A.
araucana in the smaller size and less crowded
arrangement of the leaves, and Araucaria imponens
Dusén, 1908, from the Cross Valley Formation on
Seymour Island. The last is a linear leaf that was
apparently shed independently of the parent branch
(Cantrill et al. 2011). Eocene sediments have yielded a
range of fossils in South America, including two
woods, Araucarioxylon pichasquense and Araucariox-
ylon sp. cf. A. kellerense (Terada et al. 2006a), both
from southern Chile. Araucaria pichileufulensis Berry,
1938 was described from the lower Eocene of Rio
Negro, Argentina. It is represented by cone scales
that consist of a kite-shaped central portion, which is
thick and armed with a stout central point and
contains a large obovate central seed, and leaves
arranged in a close spiral that are pointed, triangular,
falcate and thick. Later, Wilf ez al. (2010) mentioned
the probable presence of this morphospecies at a
nearby locality. Wilf et al. (2003) assigned another
ovuliferous scale to Araucaria sp. from Patagonia.
These last three Patagonian scales represent the only
fossil reproductive structures of the family found in
South America and Antarctica from the Cenozoic.
Hiinicken (1955, 1967) mentioned a seed from the
Rio Turbio Formation and suggested its affinity to
Araucariaceae based only on external morphological
features. Araucariacites pollen is well represented in
the Rio Turbio Formation (Romero 1977) and thus
supports the presence of Araucariaceae in the For-
mation. From the upper Eocene—early Oligocene
strata of Tierra del Fuego, Panti et al. (2007) described
Araucaria pararaucana, based on gross morphological
and cuticular features. The leaves are acutely pointed,
ovate—lanceolate and imbricate (Fig. 6I-J). The
stomata are arranged in parallel and discontinuous
rows and are elliptical to sub-rounded (Fig. 6K-L).
The only other undoubted araucariacean macrofossil
from the Oligocene is a fossil leaf from the Rio
Guillermo Formation (Hiinicken 1995). Araucaria
nathorsti Dusén, 1899 was originally described from
the late Oligocene—Miocene Loreto Formation in
Chile and later Terada et al. (2006c) mentioned the
presence of the fossil wood Araucarioxylon pichas-
quense in the same unit. Araucaria nathorsti was also
recorded from the Oligocene—Miocene Nirihuau
Formation (see Paredes et al. 2009) at three localities
in Argentinean Patagonia and consists of leaves (Fig.
6M) with preserved cuticle (Berry 1928, Fiori 1939,
Menéndez & Caccavari 1966). A detailed revision of
the stratigraphy of these fossiliferous localities is
needed, hence they are considered as separate records.
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The wood taxa Araucarioxylon kellerense, Araucar-
ioxylon pichasquense (Terada et al. 2006b) and
Araucarioxylon chilense Nishida, 1970 (Nishida
1984) together with Araucaria sp. leaves, described
as rhombic imbricate and spirally arranged (Troncoso
1991, Troncoso & Romero 1993, Troncoso & Encinas
2006), have been reported elsewhere from the late
Oligocene—Miocene of Chile (Table 1).

Many araucariacean fossils that have been re-
ported from Antarctica are from the Eocene La
Meseta Formation on Seymour (Marambio) Island.
These include indeterminate araucariacean leaves
recorded by Case (1988) as ‘Specimen D’ (unde-
scribed) and Araucaria nathorsti (Doktor et al. 1996).
Woods include Dadoxylon pseudoparenchymatosum
that was apparently first described from La Meseta
Formation (Gothan 1908) with alternate biseriate
pitting and septate tracheids that resemble axial
parenchyma. Torres et al. (1994) described a new
morphospecies of fossil wood, Araucarioxylon sey-
mourense (Fig. 6G—H) with alternate pitting and rays
up to 40 cells high, and also mentioned the
occurrence of  Araucarioxylon novae-zeelandiae
(Stopes) Torres et al., 1994 and Cantrill & Poole
(2005) described a specimen, probably a branch,
retaining bark, and assigned it to a new species,
Araucaria marenssii. Eocene sediments of McMurdo
Sound have yielded the only two records of araucar-
iacean macrofossils from East Antarctica: leaves of
Araucaria (Pole et al. 2000) and several woods with
Araucarioxylon affinity (Francis 2000). King George
(25 de Mayo) Island is the other Antarctic island that
also hosts Cenozoic fossils with Araucariacean
affinity. Lucas & Lacey (1981) briefly described
Dadoxylon kellerense from Keller Peninsula having
common triseriate alternate pitting; they also re-
corded woods assignable to Dadoxylon sp. and
Dadoxylon pseudoparenchymatosum. From the Bar-
ton Peninsula, Hee & Soon (1991) also recorded a
fossil with Dadoxylon affinity. From the late Eocene—
early Oligocene strata of the Petrified Forest Creek,
Torres & Lemoigne (1988) described two fossil woods
of Araucarioxylon without assignment to morphos-
pecies. From the ‘Fossil Hill Member’ (see Birken-
majer 2001) a fossil leaf resembling Araucaria
nathorstii was described by Troncoso 1986. Later,
Liu (1990) and Zhou & Li (1994) described araucar-
iacean leaves from the same strata that, despite their
poor preservation, closely resemble some species of
the section Eutacta. Apparently, the youngest arau-
cariacean macrofossil from Antarctica is a fossil
wood described by Cortemiglia et al. (1981) from
Admiralty Bay and with a supposed middle Eocene—
early Oligocene age.
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Conclusions

The Araucariaceae macrofossil record is substantial
in South America and Antarctica, especially in
Patagonia and the Antarctic Peninsula and adjacent
islands (Figs 2-5). For East Antarctica there are only
two records (Francis 2000, Pole et al. 2000). In South
America and Antarctica there are 121 macrofossil
records and 50 morphospecies from different local-
ities. Most of the records correspond to fossil woods
(47%), followed by isolated ovuliferous scales and
cones (29%), and leaves (23%); only one seed and
one record of seedlings are known. Fossil woods of
Araucariaceae are abundant and readily distinguish-
able on the basis of their alternate crowded pitting
(‘araucarioid’ type). Unfortunately, fossil woods
permit limited infrafamilial discrimination since the
sections of Araucaria and even the genera Agathis
and Araucaria can not always be distinguished on
wood anatomy.

In South America and Antarctica, the Araucar-
iaceae were present at least since the Jurassic, after
which they expanded and diversified until the Early
Cretaceous. Kunzmann (2007) argued that Araucar-
laceae, were comparatively more abundant and
diverse worldwide during the Early Cretaceous and
this hypothesis is consistent with the abundance of
fossils in South America and Antarctica from that
time (Fig. 3). After the Early Cretaceous, the
diversity decreased both in South America and
globally (Kershaw & Wagstaff 2001). The family’s
continued distributional contraction and decline in
abundance through the Cenozoic is more likely a
result of climatic deterioration rather than competi-
tion with other plants (Kershaw & Wagstaft 2001).

Slow rates of evolutionary change apparently
characterize Araucariaceae (Page 1990). Since the
Jurassic, evolutionary morphological and anatomical
changes are evident principally in leaves and micro-
sporangiate cones (Del Fueyo 1991). The wood
anatomy, with typical alternate pitting arrangement,
uniseriate rays and bordered cross-field pits is highly
conservative (Pujana er al. 2007). This is confirmed
by the strong similarity between some Jurassic woods
(i.e. Agathoxylon matildense) and extant Araucaria
araucana. With this work and the macrofossil
revisions of Kershaw & Wagstaff (2001), Hill &
Brodribb (1999) and Pole (2008) a complete survey of
austral Araucariaceac macrofossils is now complete.
Only two macrofossil morphospecies are purportedly
common to Antarctica and New Zealand: a fossil
wood, Araucarioxylon novae-zeelandiae (Stopes 1914),
and an ovuliferous scale, Araucarites cutchensis (Arber
1917), although a more detailed reappraisal of these
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fossils will be needed to confirm their identities. No
macrofossil morphospecies of Araucariaceae are com-
mon to Antarctica—South America and Australia.
Further comprehensive biogeographical analysis of
these Southern Hemisphere macrofossil revisions suites
may help to understand the evolutionary history of the
family.
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