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Abstract 

PHYTOGEOGRAPHIC AND PHYLOGENETIC HISTORY 
OF THE GENUS NOTHOFAGUS BL. (FAGACEAE) 

IN THE SOUTHERN HEMISPHERE* 

by 

Toshimasa Tanai 

(with 14 text-figures, 3 tables and 15 plates) 

The genus NOlhoJagus BI. (Fagaceae) is one of the representative tree genera in the temperate forests of 
the southern hemisphere, and it s phytogeographic history has been in controversy regarding the origin and 
dispersal route. Based on a recent collection from the Tertiary of southern Chile, all the previously-described 
species of NOlhofaglls or NOlhofagus-like leaf fossils from South America and West Antarctica were 
reinvestigated, and compared with leaf architecture of nearly all the extant species of t,he genus in their 
phylogenetic relationships. The investigation of straligraphic and areal distribution of fossils (leaves, wood 
and pollen) in South America reveals that NOlhofagus gradually dispersed northward from the Antarctic 
region since Late Cretaceous to Miocene time. Leaves and pollen occur abundantly with various species in 
the Oligocene and the Lower Miocene of the Patagonia regio n, compared with paucity in the same horizons 
of northern region. This northward dispersal corresponds with the considerably descreasing temperature 
si nce Late Eocene age, which was suggested by oxygen isotope studies of sub-antarctic marine animal fossi ls. 

The bibliographic survey of fossil records of NOlhoJagus leaves and pollen in other sou thern continents 
and deep-sea sedim,ents further substantiated a conclusion that this genus seems to have been in southern 
origin during Late Cretaceous time. The comparison of leaf architecture with all the morphological 
characters of extant species allows that 36 extant species of NOlhofaglls are classified into five groups. A 
scheme of phylogenetic relationships of these extant species is proposed here, and it is consistent with 
breakup sequences of the Gondwanaland that is generally accepted by most workers. 

Introduction 

One of the representative tree genera in southern continents is the genus 
Nothojagus B1. (Fagaceae), that is principally distributed in the temperale foresls of 
Australia, New Zealand and southern South America, although some extend north
ward into New Guinea and New Caledonia. The modern distribution of Nothojagus is 
generally consistent with those of many land plants and invertebrate animals living in 
the cool-temperate regions of the southern hemisphere. Thus, the disjunctive distribu
tion of Nothojagus has attracted attention as a key taxon to clarify the history of 
terrestrial life in southern continents. Discussion of the evolution and phytogeography 
of this genus have been, however, complicated by a number of authors. The 
phytogeographic interpretation especially has been in controversy with respect to the 
center of origin and dispersal route. 

The past history of Nothojagus has been discussed mainly on the basis of pollen 
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record by the biogeographers and palynologists. Although fossil leaves of Nolhojagus 
or related leaf specimens have been described from the Tertiary of southern continents 
since the end of last century by several authors, they have been almost neglected in 
phytogeographic discussions. This may be mainly due to the fact that fossil pollen of 
Nolhojagus is widely found with an accepted taxonomy through time and space in the 
southern hemisphere, and on the contrary that fossil leaves referred to NO lhojagus 
have been lacking in taxonomic accuracy . During an investigation of Late Cretaceous 
and Tertiary floras of Chile during 1979-1980, a large collection of Nolhojagus fossil 
leaves was obtained along wi th many other dicot fossi ls from the Tertiary of southern 
Chile. Based on the investigation of these fossil leaves in relationships wi th extant 
species, it has been possible to reinvestigate all the fossil species of NOlhojagus that 
were previously described from South America and western Antarctica . The purpose of 
this paper is first to clarify the taxonomic relationships of fossil leaves with extant 
species, and to discuss the past distributional history of Nothojagus using a combina
tion of the fossil records of pollen and wood . Further consideration of phylogenetic 
history of this genus in the southern hemisphere is discussed. 

Modern Distribution of N othojagus 

The genus N othojagus BI. along with the genus Fagus L., belongs to the sub family 
Fagoideae of the family Fagaceae. In striking contrast with Fagus which is confined to 
the northern hemisphere, Nothojagus is now distributed principally in the temperate 
regions of the southern hemisphere, and some taxa extend northward into the tropics. 
Nolhojagus is composed of 36 extant species (Table I), 10 of which a re nalive to 
southern South America, 5 to New Zealand, 3 to southeastern Australia and Tasmania, 
13 to New Guinea including the O'Entrecasteaux Islands and New Britain, and 5 to 
New Caledonia (Text-fig. I). 

Of the 10 species in southern South America most are deciduous except for the 3 
evergreen species, N. dombeyi, N. nilida, and N. beluloides. Trees of Nothojaglls fo rm 
an almost continuous heavy forest on the top or along the western slopes of the Andes, 
distributed from central Chile (about 33 ' S. lat.) southward to southernmost part of 
this continent (about 56' S. lat.). Nolhojagus is mixed with many broad-leafed trees in 
the north, while it forms frequently pure stands of single species in the south. The nor
thern limit of N othojagus distribution is probably due to aridity, and the southern limit 
is due to lack of vegetated land (McQueen, 1976). However, there is no Nolhojaglls in 
the Falkland Islands, east of the southern tip of South America. 

In New Zealand the heavy forest of Nolhojaglls is largely limited to the western side 
of South Island, but isolated tracts are widely scattered on both main islands, from 
near-coastal areas to the timberline (Wardle, 1971). However, this genus is absent in 
Stewart Island (about 47 'S. lat), situated south of South Island across the Foveaux 
Strait. All of the fi ve species in New Zealand are evergreen trees. 

Of three species in Tasmania and Australia, a deciduous species of N . gunnii is 
endemic to the highlands of Tasmania, forming dense forest. On the other hand , the 
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Table I. Extant Speeies of the Genus Nothojaglls Bl. and their Modern Distribution (Steenis, 1953, 
1954, 1971; Soepadmo, 1972) 

Specific Name 

Sec!. Nothofagus 
Subsec\. Antarcticae Steen. 

Nothojagus a/essandri Espinosa 
NOlhojaglls a/pina (Poepp. & Endl.) Oers\. 
Nothojaglls antarctica (Forst) Oerst. 
Nothojagus glauca (Phil.) Krasse r 
NOlhojagus gumlii (Hook. L) Oerst. 
Nothojagus obliqua (Mirb.) Oers!. 
Nothojaglls procera (Peopp. & End!.) Oerst. 

Subsect. Pumiliae Steen. 
NOlJlOjagus pumilio (Poepp. & Endl.) Oerst. 

Sec!. Ca lusparassus (Hombr. & Jacq.) Krasser 
Subsec!. Quadripartitae Steen. 

Nothojaglls belllioides (Mirb.) Oers!. 
Nothojagus cllnningilamii (Hook. L) Oers\. 
Nothojagus dOll/beyi (Mirb.) Oers!. 
NOlhojagusjllsca (Hook. L) Oerst. 
NOlhojagus menziesii (Hook. L) Oers!. 
Nothojaglls moorei (F. v. Muell) Krasser 
Notho/aglls nilida (Phil.) Krasser 
NOlhojagus lruncala (Colenso) Cockayne 

Subsect. Tripartitae Steen. 
Nothojaglls clifjortioides (Hook. L) Oers!. 
NOlhojaglls solandri (Hook. L) Oers!. 

Subsec\. Bipanitae Steen. 
NOlhojagus aequilateralis (Baum.-Bod.) Steen. 
NOlhojagus balansae (Baill.) Steen. 
NOlhojagus baumalll1iae (Baum.-Bod.) Steen. 
NOlhojagus brassii Steen. 
Nothojagus carrii Steen. 
NotJlOjagus crenata Steen . 
Nothojagus codOl1ondra (Baill.) Steen. 
NOlhojaglls discoidea (Baum.-Bod.) Steen . 
NOIJlOjagus j/aviramea Steen. 
NOlhojaglls grandis Steen. 
Nothojaglls nuda Steen. 
Nothojagus perryi Steen. 
Nothojagus pseudoresillosa Steen. 
NOlhojagus pliliei Steen. 
NOIJlOjagus rubra Steen. 
Nothojagus resinosa Steen. 
Nothojagus starkenborghii Steen. 
NOlhojagus lVormersleyi Steen . 

Modern Distribution 

South America 
South America 
South America 
South America 
Tasmania 
South America 
South America 

Sout h America 

Soulh America 
Australia, Tasmania 
South America 
New Zealand 
New Zealand 
Australia 
South America 
New Zealand 

New Zealand 
New Zealand 

New Caledonia 
New Caledonia 
New Caledonia 
New Guinea 
New Guinea, D'Entrecasteaux lsI. 
New Guinea 
New Caledonia 
New Caledonia 
New Guinea 
New Guinea 
New Guinea 
New Guinea 
New Guinea. D'Enlrecasteaux lsI. 
New Guinea 
New Guinea, D'Entrecasleaux lsI. 
New Guinea, New Britain 
New Guinea 
New Guinea 

evergreen N. cunninghamii largely grows in the wet, heavy, southern temperate rain 
forest on the western side of Tasmania and southern Victoria (Howard, 1981). 
Another evergreen species, N. moorei, inhabits the wet, northern rain forest along the 
eastern coast of New South Wales; its northern limit is in the Macpherson range (about 
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Text-fig. I Distribution of Extant Species of the Genus Nothofagus Bl. 

28°S. lat.) south of Brisbane (Webb & Tracey, 1981). 
It is one of the remarkable features in Nothojagus that its modern distribution ex

tends into the tropics or at least sUbtropics such as New Guinea and New Caledonia, 
although the trees grow largely on mountains. All the species in both regions are 
evergreen with leaves of thick texture. In New Guinea proper the extant trees of this 
genus are dominant members of the lower montane rain forest distributed at altitudes 
of 2000 to 3000m, and some species descend to 700-900m (Steenis, 1971). Several 
species common with New Guinea are found in the rain forest at altitudes of 
600-2400m in D'Entrecasteaux Islands and New Britain, north of the eastern tip of 
New Guinea. There are 5 species in New Caledonia where the highest mountain is 
about 1640m in altitude. Trees of Nothojagus here are growing at lower elevation, 
ranging from 150 to 1350m (Dawson, 1966). 

Nothojagus is widely distributed principally in the southern temperate regions, even 
in cooler areas such as in the southern tip of South America, or in the montane rain 
forest of New Guinea and New Caledonia. Their modern distribution is not ubiquitous 
but complicated and disjunctive in the southern continents, although seeds of 
Norhojagus are unsuitable for long-distance ocean dispersal. This fact has produced 
various interpretations for past distributional history. 
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Summary of the Previously-proposed Theories 
for Phytogeography 
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The evolution and phytogeography of Nolhojagus have been discussed by a 
number of authors, because the disjunctive distribution of its extant species is con
spicuous among the dicots of the southern hemisphere. The well-established taxonomy 
of this genus is due to the monographic studies of Steenis (1953, 1954). The 
phytogeographic history, however, has been controversial among biogeographers with 
respect to origin and dispersal route. The most conspicuous discrepancy in the 
previously proposed theories is in its place of origin. These include the northern origin 
theory represented by Darlington (1965) and Steen is (1971, 1972), and the southern 
origin theory represented by Couper (1960a), Cranwell (1963), Cracraft (1975) and 
Humphries (1980, 1983). Furthermore, the dispersal route has also been speculated 
upon by many authors (Steenis, 1962; Schuster, 1976; Axelrod & Raven, 1982; others). 
These various phytogeographic theories were summarized by Humphries (1981, 1983) , 
dividing into narrative and analytical categories. All the previously described 
biogeography of NOlhojagus is different in the interpretations that are based on several 
problems as below: (I) infrageneric relationships of extant species, (2) geologic history 
of the southern continents, (3) evaluation of paleobotanical record, especially for 
pollen, and (4) the center of origin of the Fagaceae. 

Infrageneric Relationships of Extant Species 
Phytogeographic interpretation is based fundamentally on the phylogenetic rela

tionships of infrageneric taxa. The classification system of NOlhojagus prinicipally 
established by Steenis (1953) has been accepted by most botanists with minor changes 
(Soepadmo, 1972), and was based principally on floral anatomy and leaf structure. 
The genus NOlhojaglls is divided into two sections, Nothofagus and Calusparassus, 
based on leaf structure (e.g. deciduous vs. evergreen and flat or conduplicate in the bud 
stage). These two sections are further separated to several subsections and series, main
ly based on fructification characters such as nutlet, parted cupu!e and lamellae. Con
sidering a tendency toward reduclion in cupule valves and flowers on one side and o r
namentation of cupular lamellae on the other side, Steen is (1953) illustrated a 
phylogenetic scheme of the extant species (Text-fig. 2). As pointed out by Forman 
(1966), the origianl illustration includes some errors in N. c/ifjorlioides, N. solandri, 
N. pumilio and N. alessandri, though Steen is (1953) correctly described them in text. 
Text-fig. 2 is correctly illustrated here to conform with his original description. The 
species wh ich have a well-developed lamellar cupule containing three nutlets and male 
flowers in triads are reported to be morpohologically more primitive than the species 
with an elamellate or even ecupular nutlet and solitary male flower. The older stock, 
however, is reported to be an extratropical species with four-valved cupule and three 
nutlets. Nevertheless, attaching importance to the records of fossil pollen, Steenis 
( 1971) claimed that the center of origin was close to New Guinea and New Caledonia 
where species of the "primitive" category are still living. Thus, Steenis (1953, 197 1) 
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Text-fig. 2 Scheme of the Morphological Interrelationships in the Cupular Structure of Nothofagus 
(Stcenis. 1953). The numbers below each type corres pond with those of the species thai are shown in 
Text-fig. I. 

asserted that four-va lved cupules including three nuts represent the basic form from 
which the various types of cupu le that occur in NOlhoJagus can be derived. 

Melville (1973, 1982) mostly followed Steenis' classification, but he proposed 
another phylogenetic scheme (Text-fig. 3) which is principally based on the evolu
tionary trend of reduction of dimerous and trimerous nutlets, and reduction of cupule 
lobes by fu sion. Melville 's scheme is based on Forman' s (1966) interpretation that the 
genus Trigonobalanus which is disjunctively distributed in the Old World tropics of 
Southeast Asia and the Neotropics of Columbia, shows the most primitive female in
fructescence structure in the Fagaceae . Although variable in character toward maturity 
(Forman, 1964; Lozano-C. et aI., 1982), the mature infructescence of Trigonobalanlls 
has basically seven trimerous nutlets that are included in the nine-lobed cupule. As in
ferred by Hjelmqvist (1963) and Forman ( 1966), a South American species , 
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Nothojagus alessandri that has seven nutlets (two trimerous and five dimerous) within 
the four-valved cupule seems to be most primitive in this genus. These authors ad
vocated a general evolutionary trend, the reduction of a secondary flower from a 
trimerous to a dimerous condition that results in the fusion between corresponding 
pairs of valves (Forman, 1966). Melville (1973) illustrated an evolutionary progression 
in Nothojagus, that included the reduction from four via three to two cupule lobes as a 
continuous transformation, in which dimerous nutlets were gradually reduced from 
three to one in tropical species, accompanied by reduction of cupule lobes. Based on 
this phylogenetic scheme, he stated that the primitive form of Nothojagus originated in 
an area of Gondwanaland which included southern South America, western Antarctica 
and New Zealand. Later, Melville (1982) proposed an evolutionary scheme, involving 
relationships between leaf margin and venation among extant species, but this scheme 
is not consistent with data from infructescences. 
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There have been recently many attempts to analyze the phylogenetic relationships 
of extant taxa by vicariance-cladistic method. Cladograms of taxa congruent with 
geological c1adograms have been advocated to provide the most parsimonious ex
planantion of biogeographic history (Croizat, 1952; Hennig, 1966) . The first attempt 
for cladistic analysis of extant Nolhojagus species was that of Melville (1973) in com
bination of geologic history . Although he did not give any detailed explanantion of the 
c1adogram, his phylogenetic relationships o f the species followed Forman' s interpreta
tion and Steenis' classifica tion . Using Melville's phylogeny, Cracraft (1975) proposed 
a reconstruction of the biogeographic history of NOlhojagus; he attempted to locate 
the center of origin and direction o f dispersal in five lineages that he recognized (Text
fi g. 4). Using these five species-groups four separate trans-Antarctic relationships were 
shown in his c1adograms . Although his model was discussed in combination wi th 
gradual fragmentation of southern continents to be parsimonious with Melville 's 
cladogram, it is unsat isfactory for other characters excluding infruclescence 
morphology. For instance, Nothojagus dombeyi of South America and N. solandri of 
New Zealand a re included with a ll the tropical species of New Guinea and New 
Caledonia in the "brassii species" group*; but all of the tropical species are rather 

• The selected specific mimes arc conve ntionall y given for fi ve species groups by Cracraft ( 1975); however, 
the "brassii species group" is not related to the brassi-ty pe grou p id ent ified by polJcn. 
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remote in wood anatomy from the extratropical species which have no tracheids and 
longer wood fibers (Dadswell & Ingle, 1954). 

Recently Humphries (1981, 1983) discussed the biogeography of NOlhoJagus as one 
example of phylogenetic analysis in historical biogeography. Selecting II of the 22 
morphological characters that are observed in the Fagaceae including NOlhoJagus, he 
presented a cladogram of this genus which was produced by Hennig's (1966) method 
whereby monophyletic groups are identified by synapomorphies. As shown in Text-fig. 
5, his first dichotomy is based on the presence or absence of tracheids in wood, then 
followed in order by leaf structure, number of nutlets or cupule valves, cupule lamellae 
and others. Humphries' (1982) model of phylogenetic relationships of the extant 
species is considerably different from those of Melville and Cracraft, but still contains 
two trans-Antarctic relationships at the species level. This model was discussed in terms 
of the geological cladogram of the southern continents to account for the phylogenetic 
relationships (Humphries, 1981). 
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Geologic History of the Southern Continents 
Most phy.togeographic discussions on disjunctively-distributed plants such as 

Nothojagus come to different conclusions, depending on the interpretation of geologic 
history of the now separated southern continents. Dispersal capabilities of Nothojagus 
are extremely restricted (Preest, 1963; Wardle, 1970): nutlets are too heavy to float on 
water, damaged in brine water, and rarely carried by birds. Furthermore, Nothojagus 
is genetically self-incompatible as are in most genera of the Fagaceae. It has been 
generally accepted that Nothojagus cannot disperse across a large water gap. Thus, 
theories of dispersal are divided into two types, depending on acceptance of either 
stable or mobile continents. 

When stable continents are accepted, distribution of this genus is discussed with 
reference to long-distance overland dispersal (Darlington, 1965), by land bridge
isthmus links or oceanic island hopping (Steenis, 1962). Steenis (1962) and Darlington 
(1965) both claim that Nothojagus may have originated in Southeast Asia during Late 
Cretaceous time, and crossed the tropics to Australasia or New Zealand. The recent 
prevailed acceptance of the concepts of plate tectonics and continental rafting has 
resulted in various interpretations for the biogeography of Nothojagus, as well as that 
of other plants and animals. Emphasizing overland dispersal, although the mobile con
tinents are accepted, many authors claim that the immediate ancestor of Nothojagus 
orignated elsewhere of the assembled continents, and then migrated by long distance 
dispersal, in some cases in conjuction with continental rafting. Its center of origin and 
dispersal route, however, differ in these studies: for example, from Africa to South 
America and eventually to Australasia (Raven & Axelrod, 1972, 1974), and from 
North America to South America along the so-called Marsupial route, and further to 
Australasia via Antarctica (Schuster, 1976), In contrast with the above-mentioned nor
thern origin theories, there have been southern origin theories that originate before the 
renewed interest in continental drift (Couper, 1960; Cranwell, 1963, and Moore 1971). 
These authors discussed a southern origin for NOlhojagus in detail along with other 
austral-temperate plants. Even when continental drift is neither accepted nor rejected, 
most authors tried to determine the center of origin and dispersal route from modern 
and past (fossil) distribution of Nothojagus. 

In contrast, another approach has been ",ttempted on the basis of vicariance theory, 
which has been vigorously applied to discussions of biogeographic histroy during the 
last decade. Biotic distribution in this approach is considered as the result of vicariance 
of ancestral biotas rather than an origin in one region and dispersal to another, and 
that biotas have been carried on rafting crustal plates (Croizat et ai., 1974; Rosen, 
1978; Nelson & Platnik, 1981). 

Although vicariance biogeography of Nothojagus was first attempted by Melville 
(1966) and Cracraft (1975), it was fully discussed by Humphries (1981) with cladistic 
analysis of phylogenetic relationships as already described. Humphries (1981) illust
rated a fragmentation sequence of the Nothojagus distribution patterns as Gond
wanaland was disrupted and split, compared with general patterns of area relationships 
for other plants and animals that are endemic to at least three of the areas occupied by 
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modern Nothojagus. On one hand, Melville (1981, 1982) assumed that the ancestor of 
Nothojagus originated in the hypothesized mid-Pacific continent, called "Pacifica", 
which included a peninsula of West Gondwana together with New Zealand and New 
Caledonia, and that early evolution of Nothojagus was complete before the disruption 
and rotation of Pacifica. A large, ancient continental mass in the paleo-Pacific was 
proposed independently by Nur & Ben-Avraham (1981), based on geological and geo
physical interpretations; the speculated continent, however, has not been accepted by 
the majority of geologists (Tedford, 1981; Haugh, 1981). Even if the Pacifica hypo
thesis is true, the rise and diversification of Nothojagus occurred after the breakup of 
this continent, on the basis of much geological evidence. Thus, among those who 
accept mobile continental drift there has been a number of interpretations of 
Nothojagus biogeography, depending on the believed sequence of breakup and age of 
rafting. 

Evaluation for Paleobotanical Record 
Except for adherents of the recent vicariance theory, most biogeographers have 

generally regarded the fossil record as important in the history of biotas, especially in 
locating the center of origin and direction of dispersal, but also in phylogenetic analysis 
including time of appearance and extinction. Fossil leaves of Nothojagus have recently 
been used to investigate phylogenetic relationships on the basis of detailed venation or 
cuticular analyses (Hill, 1983, 1984; Tanai, 1984a,b). There were a only few classical 
works since the end of last century in southern South America (Duson, 1899), West 
Antarctica (Duson, 1909), Australia (Ettingshausen, 1888, 1891) and New Zealand 
(Ettingshausen, 1891). No fossil seeds have been recorded up to the present. In con
trast, fossil pollen of Nothojagus in the Upper Cretaceous and Tertiary has been widely 
investigated by many workers in the southern continents since the 1940's. The fossil 
pollen record in time and space has significantly affected the phytogeographic discus
sion of Nothojagus among not only palynologists (Couper, 1960a; Cranwell, 1963, 
1964) but most biogeographers (Darlington, 1965; Steenis, 1971, 1972; Raven & Axel
rod, 1972, 1974; Schuster, 1976). Most of the phytogeographic discussions using the 
pollen record centers around two problems: first, whether or not Nothojagus fossil 
pollen reported from the northern hemisphere is Nothojagus, and second, how to con
sider phylogenetic relationships between extant and fossil pollen of the three type 
groups usually identified by palynologists. 

After Nothojagus pollen reported in the Upper Cretaceous and Tertiary of the nor
thern hemisphere was critically reviewed by Cranwell (1963), its pollen was described 
from India (Ramanujam, 1966), Hungary (Kedves, 1964) and North America (Elsik, 
1974). Some of the identification of these pollen grains are still, however, controversial 
(Cranwell, 1963; Kuprianova, 1967; Steenis, 1971; Frederikson, 1980). Most 
biogeographers who discussed phytogeography of Nothojagus (Darlington, 1965; 
Couper, 1960a; Cranwell, 1963; Steenis, 1971) were not convinced of the existence of 
northern pollen; but some workers (Raven & Axelrod, 1972; Schuster, 1976; Hanks & 
Fairbrothers, 1976; Axelrod & Raven, 1982) discussed the migration route of 
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Nothofagus, using pollen occurrence in the northern hemisphere. 
The three type groups of extant Nothofagus pollen have usually been used in 

discussing phylogenetic relationships of fossil pollen by most palynologists . As review
ed in a la ter chapter, foss il pollen referable to the brassii type group is older than that 
of the two other type groups in Australia, New Zealand, South America, and even in 
Antarctica. If fossils with the brassii type pollen are considered to be direct progenitors 
of the extant brassii group species now confined to New Guinea and New Caledonia, 
the northern origin may be concluded (Darlington, 1965; Steenis, 197 1). On one hand, 
Hanks & Fairbrothers (1976) suggested that older fossil pollen of the brassii type may 
be not a a lways directly related to the extant brassii type species : Nothofagus prototype 
di fferent ia ted into a brassii ancestral type, from which three types evolved a long the in
dependent lines of development. 

In contrast with the above theories, those who stress vicariance theory do not give 
any specia l role to fossil record of Nothofagus (Cracraft, 1975 ; Humphries, 1981, 
1983) , because they consider fossil s too fragmentary and incomplete to be meaningful 
for phylogenetic and phytogeographic analysis. 

In any case, since pollen of Nothofagus is easily recognized in older sed iments, too 
much emphasis has been placed on pollen morphology for phytogeography and even 
for phylogeny of this genus. 

Origin of the Fagoideae 
Fagus and Nothofagus, included in the subfamily Fagoideae within the Fagaceae, 

share many common morphological characters. These two genera are bihemispheric in 
modern distribution, and they show a pattern of occurrence on both sides of the tropics 
(Text-fig. 6). Both Fagus and Nothofagus have been postulated as the ancestral types 
(prototypes) in the fam ily. Most workers including taxonomists and biogeographers, 
have inferred that both have evolved from a common ancestor. Thus, interpreting the 
place of origin of this common ancestor and its segregation history to the northern and 
southern hemispheres is an inevitable problem in Nothofagus biogeography. 

Since the primitive genera and even species of the Fagaceae are now well
concentrated in Southeast Asia, along with other many primitive genera of 
angiosperms, the Indo-Malaysian region between Yunnan and North Queensland was 
regarded as the original matrix area of the Fagaceae including the Nothofaglls 
ancestor, from which there was southward dispersal to Australia and Antarctica 
(Takhtajan, 1969; Steenis, 1971, 1972). However, recent informations on plate tec
tonics in the Pacific reveals that the mid-Cretaceous ancestor would be too far removed 
geographically to cross from Southeast Asia to Australia during Cretaceous time 
(Smith & Briden, 1977; Owen, 1983) . Accepting a Laurasian origin of the Fagaceae, 
Raven & Axelrod (1972, 1974) proposed that a mid-Cretaceous migrat ion of the 
ancestral group occurred from Eurasia into Australasia via Africa-India . On the other 
hand, taki ng into account the two relict centers of the Fagaceae, Southeast Asia and 
North America, the immediate ancestor of Nothofagus was assumed to have migrated 
from North America into Gondwanaland by mid-Cretaceous time (Schuster, 1976). 
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Text-fig. 6 Distribution of Extant Species of the Fagoideae (Fagus and NOlhoJagus) in the World 
(Darlington, 1965). 
Fagus is shown by diagonal lines with righ t-la-left direction , and NOlhoJagus is by those with 
Icfl-to- ri ght direction. 
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Melville (1982) who hypothesized the former Pacific continent with a west Gond
wana peninsula claimed that disruption and drift or collision were explicable for the 
disjunction of most genera and species relationships of this family . The vicariists 
(Cracraft , 1975; Humphries, 1981) and some others (Hanks & Fairbrothers, 1976) 
postulated a large land mass such as Pangea containing an ancestor of the Fagaceae, 
especially Fagus and Nothojagus, but they did not designate any definite region as the 

center of origin . 

Extant and Fossil Leaves of Nothojagus 

Venation Characters of Extant Leaves 
Steenis (1953) pointed out that the venation pattern of leaves is rather variable 

within the genus, and further suggested that relationships between the secondary vein 
termination and leaf margin may be useful in determining species group, illustrating 
many examples. His suggestion recently further advanced by Melville (1983), who 
elucidated an evolutionary scheme of leaf margin characters in the genera Nothojagus 
and Fagus. These investigat ions of leaf venation were, however, done directly from the 
herbarium specimens. and details of venation were not always correctly understood. 
Leaf archi tecture of Nothojagus was recently described in detail by Romero and 
coworker (Romero, 1980; Aguirre & Romero, 1982; Romero & Aguirre, 1982), using 
cleared leaves of nearly all the extant species. Keys were provided for the identification 
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of leaves to species level on each continent. However, they failed to give foliar evidence 
to enable discussion of interspecific relationships throughout the entire genus . 

Fossil leaves show potential to play an important role in more precise estimation of 
phylogeny in NOlhofagus than does fossil pollen. To accurately compare fossils and ex
tant species, living leaves were collected from many regions, and are investigated here 
with respect to characters of leaf architecture. The venation of all extant species, except 
for the three New Guinean species whose leaves were unattainable, were investigated by 
clearing leaves. All Nothofagus leaves are characterized by the following features : the 
areolation generally irregular in size, irregularly branching ultimate veinlets (although 
most of them are once or (wice branching), and the tertiary veins usually immersed in 
the reticulat ion . These venation features are effective to distinguish leaves of 
Nothofagus from those of Fagus. However, some leaves such as N. alessandri are 
somewhat similar to those of Fagus in shape and marginal character, as stated by 
Steenis (1953) and Melville (1983) . On the other hand, the above-noted venation 
features of Nothofagus do not always provide a sufficient tool for distinction of in
frageneric species . 

Extant species of Nolhofagus include evergreen and deciduous trees. Evergreen 
leaves are usually characterized by a distinct fimbrial vein or considerable thickening at 
the margin and thick-veined areoies, while deciduous leaves have no fimbrial vein and 
incomplete, thin-veined areoles. On one hand, deciduous leaves usually have toothed 
margins, variable from sharply-pointed to rounded at the tooth apex, while evergreen 
leaves contain both toothed and entire margins. The secondary veins are pinnate, and 
the feature of their termination are variable. The secondaries end in the tOOlh or sinus 
bottom, fork near the sinus or tooth, and form loops along the margin. 

Examination of extant leaves indicates that all the Nolhofagus species are assembl
ed into fi ve leaf groups by venation and margin characters . The genus Nothofagus is 
composed of two sections, Nothofagus and Calusparassus; the former section contains 
groups I and II , while the latter involves groups 1IJ to V. Leaves of these two sections 
are usually distinguishable by the presence of a fimbrial vein. Leaf venation characters 
of each group are summarized as below. 

Group J 
The secondary veins straightly enter the main teeth along the basal side of tooth, 

and give rise to I or 2 veins that end in subsidiary teeth. The tertiary veins are random 
percurrent or bifurcate on the way to the opposite secondary vein . The areoles compos
ed of fourth- or fifth-ordered veins are four- or five- sided, irregularly-sized , and in
truded irregularly by once to thrice branching veinlets. Species belonging to group I are 
Nothofagus alessandri, N. alpina, N. glauca, N. obliqua and N. procera, all of which 
a re living in South America. 

Group 11 
Leaves of group II are characterized by the serrate margin with rounded tips. The 

secondary veins fork near the sinus to embrace its bottom, and then both branches 
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enter the teeth without reaching the tooth apex. The tert iary veins are reticulate. The 
areoles composed of the fourth-order veins are irregularly-sized with quadrangular to 
pentagonal shape, and are intruded by thin, single to once branching vein lets. This 
group contains 3 species: Nothojagus antarctica and N. pumilio living in South 
America, and N. gunnii living in New Zealand. 

Group III 
Leaves of this group are considerably thick a long the margin, a lthough such 

thickening does not show the fimbrial vein . The secondary veins fork near the margin; 
the apical branch reaches the sinus bottom to form a plexus with the tertiary and 
quaternary veins, while the basal branch enters the glandular tooth apex centrally with 
flexuous course. The tertiary and quaternary veins are usually thick, and form the 
four- or five-sided areoles. The ultimate vein lets are generally thick, irregularly once to 
thrice branching, although sometimes lacking. This group is composed of 3 evergreen 
species, Nothojagus betuloides, N. dombeyi, and N. nitida, a ll of which are living in 
South America. 

Group IV 
Leaves of this group are characterized by a well-developed fimbrial vein at the 

margin, and thick secondary veins extending to or near the margin. The tertiary veins 
are usually thick, and form reticulations with thick quaternary vei ns. The areoles are ir
regular in size, and four- or five-sided with thick veins. The freely ending vein lets are 
thick, and branch variably from one to three times, although rarely lacking. Group IV 
is composed of six extant species living in New Zealand and Australia, and is further 
divided into three subgroups by secondary vein termination. The first subgroup (IV-a) 
is represented by Nothojagus jusca and N. truncata of New Zealand. In these leaves 
the secondary veins directly enter the principal teeth that exhibit glandular tips. 
Subgroup IV-b contains three extant species, N. menziesii of New Zealand and N. clln
ninghamii and N. moorei of Australia. In leaves of these three species the secondary 
veins terminate on the apical sides of a principal tooth or at the base of a main si nus . A 
strong branch that emerges basally near the margin also ends in the base of a subsidiary 
sinus or in the apical side of a subsid iary tooth. The marginal glands are present mostly 
on the apical side of the tooth. Subgroup IV-c is represented by N. solandri and N. clif
jortioides, that are endemic to New Zealand. Except for the entire margin, leaves of 
these two New Zealand species are quite similar to those of N. menziesii and N. CUflfl

inghamii of the second subgroup (IV-b) in features of areolation and veinlets. 
However, the secondary veins bifurcate abou t two-thirds of way to the margin, and 
each branch has a variable ending. Forking secondary branches immerse in the inter
secondary reticulation, or connect with ot her secondary and intersecondary veins to 

form irregular loops, and branches from the secondary form marginal areoles or ter
miante at a fimbrial ve in. 
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Group V 
This group includes all extant species of New Guinea (including New Britain) and 

New Caledonia, all of which bear evergreen leaves. Group V is characterized by stout 
venation, a marked fimbrial vein, and entire margin (rarely crenate) that is mostly 
revolute. The secondary veins arise along the margin to form large loops usually with a 
sinuous curve. The secondary loops enclose tertiary and quaternary arches, and quater
nary or quinternary arches sometimes connect with the fimbrial vein. The tertiary veins 
are weakly percurrent, frequently connecting with the intersecondary vein. Thick 
quaternary or quinternary veins form small, four-sided areoles, that are intruded by 
thick, single to thrice branching veinlets. Group V is further divided into two 
subgroups by marginal characters. Subgroup V-a is usually represented by entire
margined leaves, while subgroup V-b is characterized by remotely crenate-margined 
leaves with glandular teeth in which a branch from the secondary loop ends. The 
former contains N. brassii and other 7 species from New Guinea, and N. aequilaleralis 
and other 2 species from New Caledonia, while the latter contains N. crena la, N. 
perryi, N. pseudoresinosa, N. resinosa and N. nuda from New Guinea, and N. 
discoidea and N. balansae from New Caledonia. 

Table 2. A Key [or the Classification of Extant NOlhoJagus Leaves, based on Leaf Architecture. 

I. Fimbrial vein absent; areoles composed of thin veins; vein lct s thin. 
A. Secondary veins straightly entering teeth along the basal side of looth; I or 2 branches emerging 

basally, and ending in subsidiary tOOlh apex ..... ....... ............. I group 
N. alessandri (SA), N. alpina (SA), N. glauca (SA), N. obfiqua (SA), N. procera (SA). 

B. Secondary veins rorking ncar the sinus to embrace its boltom, and then the both branches entering 
teet h withou t reaching tooth apex .......................... II group 
N. antarctica (SA), N. gWlllii (NZ), N. pumilio (SA). 

t!. Fimbrial vein presem; areoles composed or thick veins; vein lets thick. 
A. Secondary veins rIexuous in course, rork ing near the margin; apical branch reaching the sinus bOI-

10m 10 rorm a plexus with tertiary veins, whi le basa l one cllIcring glandular tOOlh apex 
centrall y . ... .. .. . .. . .. ... ....... .. . .. . .. . .. . .. . .... . .. .. ... .. .. . .. . .. . ... .. ..... . ... .. . .. . ..... . .. .. . .. . .. .. . III group 
N. bew/oides (SA), N. dOl1lbeyi (SA), N. nilida (SA). 

B. Secondary vei ns nearly straight near the margin IV group 
(l) Secondary veins elllering glandular 1000 h apex cCllI rally .................. ... .. ( I V-a subgroup) 

N. JlIsca (NZ), N. trutlcata (NZ) 
(2) Secondary veins ending in the sinus bOil om or on the upper side or tOOlh; tooth tip rounded, 

glandular . .. . ... .. . .. . .. .. . ... .. .. . .. . .... . ... ... .. . ... .. .. . . . ... .......... ... ............ (IV-b subgroup) 
N. cunninghamii (Aus, Tas) , N. menziesii (NZ), N. moorei (Aus) 

(3 ) Secondary veins rorking at about two-third 10 thc margin; the both branches irregularly 
looping or rIexuously reaching the margin to join the rimbrial vein . .. . .. . .. .. . (I V-c su bgroup) 
N. clifJortioides ( NZ), N. solandri (NZ) 

C. Secondary veins arising along the margin to rorm si nu ous loops, which enclose the tenia ry and 
quaternary arches . ... .. . .. . .. . .. . ... .. . .. . . . . ..... ... ... .. .. .. .. . ............ V grou p 
( l) Margin usually elllirc .................. (V-a subgroup) 

N. aquilaterafis (NC), N. baumotl f/ ioe (NC), N. brassii (NG ), N. carrii (NG), N. codonan
dro (NC), N. f/aviramea (NG), N. gratldis(NG), N. pullei (NG), N. rubra (NG), N. starkell
borghii (NG), N. lVormersleyi (NG) 

(2) Margin remotely ser rate with minute and obtuse teeth, which is glandular a1 apex; branches 
from the secondary loops elller di rectly the tccth ............................... .. . . (V-b subgroup) 
N. balallsae (NC), N. crenafa (NG), N. disco idea (NC), N. nuda (NG), N. perryi (NG), N. 
pselldoresinosa (NG), N. resinosa (NG) 
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Considering the leaf architecture described above, groups I and II appear to be 
closely similar to each other in having poorly-organized high-order venation, no fim
brial vein and thin veinlets. Group IV is rather close to group V in a marked fimbrial 
vein, areolation bounded by thick higher-order veins and thick veinlets. Group III 
shows an intermediate venation pattern between groups IIll and IV I V. Venation 
group V has the sixth as the highest-order vein, while venation of the other four groups 
has the fourth or fifth. Based on investigations of venation characters, a key for the 
identification of the five groups of extant Nothojagus leaves is presented as shown in 
Table 2. 

Fossil Leaves of Nothojagus from South America 
The evolutionary history of Nothojagus in South America has been discussed prin

cipally on the basis of pollen (Doubinger, 1972, 1975; Archangelsky & Romero, 1974). 
Macro-fossils have been almost ignored, though leaf fossils that are referable or closely 
similar to this genus have been described from many localities by several authors since 
the end of last century. The first fossils of Nothojagus leaves were reported by Duson 
(1899), who described nine well-illustrated species from the Tertiary of the Magellan 
region of southernmost South America. Despite of his keen eyes he could not convinc
ingly separate Nothojagus leaves from those of northern beech, Fagus L.; he described 
three species of Fagus leaves along with Nothojagus from the Tertiary of same region. 
His taxonomy for Nothojagus or Nothojagus-like fossil leaves was followed by most 
of later workers until the 1940's; many leaves from several localities of the Argentine 
Patagonian region and West Antarctica were described with the addition of some new 
taxa (Berry, 1928-1938; Fiori, 1939, 1940; Frenguelli, 1941). Unfortunately, 
however, there has been less interest in fossil leaves since palynological work on 
Nothojagus has gradually attracted much attention since the 1950's in South America, 
Australia and New Zealand. 

Through investigations of Late Cretaceous and Tertiary floras of Chile a large col
lection of fossils including a number of dicot leaves referable to Nothojagus has been 
studied. These fossil leaves of Nothojagus are not always well preserved , but they do 
allow close comparisons to those of modern species. Fossil leaves vary from very small 
(less than I cm in length) to medium-sized forms (about 9 cm) with rounded to acute 
marginal teeth, and a few to many secondary veins. Most specimens are represented by 
impressions, but are comparable with extant leaves in vein architecture. Some leaf 
specimens are represented by coalified compressions, and it is not possible to macerate 
them for cuticular analysis. The hair-base and stomata have been characterized, using 
an epifluorescence microscope. The lightly coalified compression of leaves are fre
quently excited to fluoresce, and epidermal features are easily observed without 
maceration (Friedrich & Schaarschmidt, 1977). 

Based on investigations of collection from Chile, all the species of Nothojagus 
leaves that were previously described from South America and western Antarctica were 
reinvestigated . Corresponding with the above-noted leaf groups of this genus, nine 
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Tex t-fig. 7 Comparison of Leaf Architecture between Extant and Fossil Species - ( I) 
A. NOlilojagu5serrulorQ Dusen (HUMP no. 26280). ax 15, bx5 
B. NOlliojagllsalpilla(Poepp . & End!.) Oerst. axiS, bxS 
C. N Ofhojaglls afessondri Espinosa. a x IS , b x 5 
D. NOlhofagus subferruginea (Dusen) Tanai (HUMP no. 26293). a x 5, b x 15 
E. NOlhoJagus subJerruginea (Dusen) Tanai (HUMP no. 26296). x 15 
F. NothoJagus subJerruginea (Dusen) Tanai (HUMP no. 26295). X 5 
G. Nor/Jojaglls mageJhaenica (Engelhardt) Duscn (HUMP no. 26276). ax 15, bxS 
H. Nothofagus obfiqllo (Mirb.) Oerst. ax 15 . bx5 
I. Norhojagllssimplicidens Dusen (HUMP no. 26286). ax 15, bx5 
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Text-rig. 8 Comparison of Leaf Architecture between Extant and Fossi l Species - (2) 
A. NOlhojagus crenuJata Dusen (H UMP no. 26250). a x 5, b x 15 
B. Nothojagus antarctica (Forst) Oerst. a x 15, bx 5 
C. NOfhojaglls pumilio (Poepp. & Endl.) Oerst. a x iS, b x 5 
A. NOlhojagus serruJala Dusen (HUMP no. 26280). a x 15, b x 5 
D-F. Nothojagus densinervosa Dusen (HUMP nos. 26308. 26259. 26307). 0 x 5, Ex 5, F x 15 
G. NOlhojagus dicksoni (Dusen) Tanai (HUMP no. 26262). x5 
H. NOfhojagus variabilis Dusen (HUMP no. 26305). x5 
I. Nothojagusjusca (Hook. f.) Oerst. x5 
J . Nothojagus trul/cara (Colenso) Cockayne. x 5 
K. NOfhojagus gonzalezi Tanai (HUMP no. 26267). x 5 
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species with some revisions are confirmed in the Tertiary of southern South America 
and Antarctica. 

Group I 
Nothojagus magelhaenica (Engelhardt) Duson 
Nothojagus serrulata Duson 
Nothojagus simplicidens Duson 
Nothojagus subjerruginea (Duson) Tanai 

Group II 
Nothojagus densinervosa Duson 
Nothojagus crenulata Duson 

Group IV 
Nothojagus dicksoni (Duson) Tanai 
Nothojagus gonzalezi Tanai 
Nothojagus variabilis Duson 

Of these nine species, six species of groups I and II show close similarities to extant 
species living in South America, while three species of group IV are related to the living 
species of New Zealand. It is noteworthy that no fossil leaves are similar to those of 
groups III and V so far, although leaves of group V are difficult to distinguish from 
entire-margined leaves of other families. 

Systematic Descriptions and Revisions 
As indicated in the descriptions that follow, most species of Nothojagus from the 

Tertiary of southern South America appear to have close relationships to extant species 
of South America and elsewhere in their leaf architecture. Terms of leaf architecture 
used in the description are mostly based on Hickey (1979). For accurate taxonomical 
description it was necessary La compare all specimens with Dusen's original material 
deposited in the Swedish Museum of Natural History in Stockholm. It was, however, 
regretfully impossible, because all the original specimens have been loaned abroad for 
study during these ten years. 

All specimens cited here are deposited in the Museum of Paleontology, Hokkaido 
University (Abbreviation: HUMP) in Sapporo. Many duplicates are also stored in the 
National Science Museum (Paleontology Collection) in Tokyo . 

Family Fagaceae 
Genus Nothojagus Blume 

Nothojagus crenulata Duson 
(PI. 15, fi gs . 1·4,6,8; Text-fig. 8, A) 

NorhoJagus crellulala Dusen: 1899. Svcnsk. Exped. Magel!. 1(4): IO!. pI. 10. f. 3, 4 

Type: Lectotype, Swed. Mus. Nat. Hist., Paleobot. Collection (Duson, 1899: pI. 10, 
fig. 4); Rio Guillermo, north of Puerto Natales, Magallanes, Chile; the upper part of 
the Mina Chilena Formation (Early Miocene). 
Supplementary Description: Leaves very small, oblong to ovate in general outline, 10.5 
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to 16 mm long and 5.5 to 12 mm wide; length/ width ratio of leaves 1.3 to 2 (average 
1.62 for 5 specimens); apex obtuse, not pointed; base obtuse to rounded, somewhat 
asymmetrical; margin irregularly crenu late ; teeth irregular in size, rounded at tip; leaf 
texture chartaceous; petiole thick, but nearly missing. Midvein thick , somewhat 
sinuous ; secondary veins slender, 3-5 opposite pairs, diverging from the midrib at 
acute angles, then slightly arcuate, forking once or twice near the margin and their 
branches forming loops or coarse reticulation; tertiary veins reticulate with fourth 
order veins; higher order vein fifth; areoles mostly quadrangular; ultimate vein lets 

thin, incompletely preserved but probably once or twice branching. 
Discussion: Four small leaf impressions in my collection are identical in their venation 
and margin to NothoJagus crenulata which was described from the Rio Guillermo by 
Dusen (1899). The above description was supplemented on the basis of my specimens 
that are comparatively well preserved. Dusen (1899) compared N. crenulata with the 
extant N. cunninghamii (Hook. L) Oerst. of New Zealand, while Frenguelli (1941) 
compared with the extant N. betuloides (Mirb.) Oers!. of South America. However, 
the margin and secondary vein termination indicate that N. crenulata belongs to the 
leaf group II, in special closely similar to the extant N. antarctica (Fors!.) Oersl. of 
sou thern South America. 

N. crenulata is rather uncommon member in the Tertiary of Magellan region, and it 
may be confined in occurrence to the upper part of the Loreto Formation and its 
equivalent. 
Col/ection: Hypotypes, HUMP nos. 26250, 26251 (Rio Chico, west of San Sebastian, 
Fuego Island, Chile; the Brush Lake Formation, Early Miocene). 
Other Occurrence: Rio Guillermo, north of Puerto Natales, Chile (Dusen, 1899); Rio 
Turbio, Santa Cruz, Argentina (Frenguelli, 1941). 

NothoJagus densinervosa Dusen 
(PI. 12, figs. 1-12; Text-fig. 8, OAF) 

NOlhofagus dellsinervoso Dusen. 1899. Swed. Exped. Magell. I( 14): 99. pI. 9. f. 14- 19. 
Fiori. 1939. Giorn. Geol. [2). 13 : 49. pI. I. f. 18. 
HOnicken. 1966. Rev. Fac. Cienc. Exact. Fis. Nat.. U niv. Nac. Cordoba, ser. Cienc. Nat. 27: 168. pI. 

2. r. 7. 
Fagus pulchra Dusen. 1908. Wiss. Erdgcb. Schwed. SOdpolar-Expcd. 3(3): 10. pI. I. f. 10, 12. 

Type: Lectotype, Swed. Mus. Nat. Hist. Paleobot. Collection (Dusen , 1899: pI. 9, fig. 
16); Rio Condor, Fuego Island, Chile (Rio Condor Formation, Miocene). 
Supplementary Description: Leaves generally small, elliptic to oblong in shape, 1.1 to 
4.2 cm long and 0.6 to 2.2 cm wide; length/width ratio of leaves 1.61 to 2.25 (average 
1.85 for 18 specimens); apex acute; base obtuse to broadly acute, rarely rounded; 
margin compound-dentate with widely obtuse teeth whose apical and basal sides are 
nearly straight or slightly convex; leaf texture chartaceous; petiole thick but short , 2 to 
2.5 mm long; medvein thick, nearly straight or somewhat sinuate in the upper part of 
blade ; secondary veins stout, 8 to II pairs in most case, but rarely 12 to 15 pairs, 
diverging from the mid vein at acute angles and nearly straight toward tooth sinus, then 
abruptly arising up along the basal side of tooth and entering tooth apex; a slender 
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subsecondary vein branching basally from the secondary, entering an intersecondary 
tooth; tertiary veins moderately thick , weakly percurrent and sinuate or forking in 
their course ; the highest order veins sixth; the areolation irregular in size and shape. 
composed of fourth- or fifth-order veins; ultimate veinlets very thin, variable from 
once to two times branching, sometimes lacking. 
Discussion: These specimens from the Fuego Island are characterized by the obtusely 
dentate teeth of margin and secondary vein termination near the marginal region; these 
features indicate that these leaves doubtlessly belong to the leaf Group II. These leaf 
specimens of my collection are referable in the above characters to N. densinervosa 
described by Duson (1899), although most of the original specimens are smaller. Of 
three extant species of group II, N. densinervosa is closely related to N. pumilia 
(Poepp. et Endl.) Oerst. of South America in venation characters including areoles and 
veinlets; however, leaves of N. pumilia are crenate with smoothly rounded teeth in 
margin. 

N. pulchura Duson from Seymour Island in West Antarctica (Duson, 1908) is close
ly similar to N. densinervosa in general outline, although it is represented by leaves of 
single-rounded toothed margin. My collection includes such type leaves, whose margin 
is broken as if the margin is single-toothed (pI. 12, figs. 5, 6, 9). Thus, N. pulchura pro
bably represents leaves with incompletely preserved margin of N. densinervDsa, but it 
needs to restudy the original specimens . 

N. densinervosa is one of the common members in the Tertiary of southern South 
America, and is easily distinguishable from other species of Nothofagus by margin and 
secondary venation characters. 
Collection: Hypotypes, HUMP nos. 26252-26254, 26255a (Rio Las Minas, west of 
Punta Arenas, Chile: Loreto Formation, Late Oligocene-Early Miocene); nos. 
26256-26259 (Rio Chico, west of San Sebastian, Fuego Island, Chile; Brush Lake For
mation, Early Miocene) ; nos. 26260, 26261 (Laguna Lynch, west of Punta Arenas, 
Chile; Loreto Formation, Oligocene-Early Miocene). 
Other Occurrence: Rio Condor, Fuego Island, Chile (Duson, 1899) ; Carmen Sylva and 
Rio Beta, Fuego Island, Argentina (Duson, 1899); Rio Nirihuau, Chubut, Argentina 
(Fiori, 1939); Rio Turbio, Santa Cruz, Argentina (Htinicken, 1966); Seymour Island, 
West Antarctica (Duson, 1908). 

Nothofagus dicksoni (Duson) Tanai comb. nov. 
(PI. 13, figs. 4, 8, 13, 17; Text-fig. 8, G) 

Fag/ls dicksoni Dusen . 1899. Svensk. Exped. Magcll. 1(4): 95. pI. 8. f. 14-16. 
Duse n. 1908. wiss. Ergeb. Schwed. Siidpolar-Exped. 3(3) : pI. I. f. 12. 
Berry. 1937b. Johns H opkins Univ. Stud . in Geol. ( 12): 93. pI. 18. r. I. 

Type: Lectotype, Swed. Mus. Nat. Hist. Paleobot. Collection (Duson, 1899 : pI. 8, fig. 
14) ; Carmen Sylva, eastern coast of Fuego Island, Argentina; "Brush Lake" Forma
tion (Early Miocene). 
Emended Description: Leaves small to medium in size, elliptic to wide elliptic in 
general outline, 2.3 to 3.8 cm long and 1.2 to 2 cm wide; length /width ratio of leaves 
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1.47 to 2 (average 1.84 for 7 specimens); apex acute to slightly attenuate; base obtuse 
to rounded; margin deeply serrate or shallowly lobed with narrowly acute sinus; teeth 
large, elongate, gently convex on both sides, acute but not pointed at apex; leaf texture 
subcoriaceous; petiole nearly missing, rather slender. Midvein stout, nearly straight to 
the apex; secondary veins thick, 8 to 12 pairs, opposite to sub opposite, diverging from 
the mid vein at acute angles, nearly straight, entering centrally tooth apex; tertiary veins 
thin, weakly percurrent with about 0.5 to 0.7 mm distance; higher order veins not well 
preserved; thick fimbrial vein developing well along the serrate margin. 
Discussion: These leaves are characterized by deeply serrate or shallowly lobed margin, 
and identical to Fagus dicksoni that was described from Fuego Island and near Punta 
Arenas by Dusen (1899). However, the large elongate teeth, secondary veins centrally 
entering teeth and a thick fimbrial vein along the margin indicate that these leaves are 
not related to Fagus but to some of the leaf group IV of Nothojagus. There are, 
however, no extant leaves which closely match these fossil leaves in all characters. N. 
dicksoni may be related to the extant N. jusca (Hook. f) Oerst. and N. truncata (Col
enso) Cock. of New Zealand, but leaves of these extant species are smaller in size, less 
in number of secondary veins and less conspicuous in teeth than the fossil leaves. 

N. dicksoni is somewhat variable in elongate shape of teeth; leaves with less pro
longed teeth may be sometimes confusable with N. simp/icidens in their general ap
pearance, but they are easily distinguishable by the fimbrial vein. 
Collection: Hypotypes, HUMP no. 26262 (Laguna Lynch, west of Punta Arenas, 
Chile), and nos. 26263, 26264 (Rio del Las Minas, west of Punta Arenas, Chile). Both 
from the Loreto Formation (Oligocene-Early Miocene). 
Other Occurrence: Carmen Sylva, near the eastern coast of Fuego Island, Argentina 
(Dusen, 1899); Rio Turbio, Santa Cruz, Argentina (Berry, 1937b); Seymour Island, 
West Antarctica (Dusen, 1908). 

Nothojagus gonza/ezi Tanai sp. nov. 
(PI. 13, figs. 5, 9, 14, 16; Texl·fig. 8, K) 

Type: Holotype, HUMP no. 26265, paratypes no. 26266, 26267; Coastal cliff near 
Matanzas, southwest of Santiago, Chile (Matanzas Formation, Early Miocene). 
Description: Leaves small, ovate to narrow ovate in general outline, 2.9 to 5 em long 
and 1.85 to 2.6 cm wide; length / width ratio of leaves 1.56 to 2.15; apex acute to ob
tuse, not pointed; base somewhat asymmetrical, obtuse; margin crenate to double 
crenate; teeth large, rounded, separated by mostly obtuse sinus, sometimes accom
panied by a small, rounded subsidiary tooth on basal side; both the apical and basal 
sides gently convex; leaf texture chartaceous; petiole thick, 3- 4 mm long. Midvein 
stout, nearly straight; secondary veins thick, 7 to I I pairs, opposite to subopposite, 
diverging from the midvein at acute angles, nearly straight near the margin, ending in 
apex or in apical side of principal tooth; a slender branch emerging basally from the 
secondary, ending in apex or in sinus bottom ofa subsidiary tooth; tertiary veins rather 
thin, ill-preserved but reticulate with quaternary veins; the higher order veins not 
preserved; thick fimbrial vein developing well along the margin. 
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Discussion: These leaves from the Miocene of central Chile are characterized by 
crenate margin, thick fimbrial vein, and secondary vein terminating sometimes in 
apical side of tooth. Although ill-preserved in the higher order venation, the above
described characters show that these leaves belong to the leaf group IV. N. gonzalezi 
may be especially related to the extant N. cunninghamii (Hook. L) Oerst. of Australia 
and N. menziesii (Hook. L) Oerst. of New Zealand, both IV-b subgroup, but is distinc
tly different in having more than twice number of the secondary veins. 

N. gonzalezi resemb les N. simplicidens and N. densinervosa of the Magellan region 
at general appearance, but is distinguishable in a thick fimbrial vein and the secondary 
vein termination. This new species is named in the honor of Dr. Eduardo P. Gonzalez 
of Empresa Nacional del Petroleo of Chile, who kindly supported me to collect plant 
fossils in Chile. 
Collection: HUMP holotype no. 26265 , para types nos. 26266, 26267 (Coastal cliff 
near Matanzas, southwest of Santiago, Chile ; Matanzas Formation, Early Miocene). 

Nothojagus magelhaenica (Engelhardt) Duson 
(PI. 10, rigs. \ · 12 ; pI. II, fig. I ; TCXI· fig. 7, G) 

NOIh oJaglis magellanica (Engelhardt) Dusen. 1899. Svens. Exped. MagcJlans. 1(4): 97 
Fagus magefhoenica Engelha rdt. 1891 [pan] . Scnckenb . NalUrf. Gesell. Abhandl. 16(4): 648. pI. 2. f. 18 

(excluding f. 17. 19) 
NOlhojagllselollgata aucl. non Duscn. Berry. 1937b. Johns H opkins Univ. Stud. in Geol. (12): 94. pI. 18. r. 

7. 

Type: Lectotype, Senckenberg Mus. Naturforschungs. Paleobot. Collection (Engel
hardt, 1891: pI. 2, fig. 18); west of Punta Arenas, Chile (Loreto Formation, Oligocene
Early Miocene). 
Supplementary Description: Leaves elliptic to narrow-elliptic in shape, acute to obtuse 
at base, acute to somewhat attenuate at apex, 2.9 to 4.5 cm long and 1.2 to 2.2 cm 
wide ; length / width ratio of leaves 1.9 to 2.6; margin double serrate with acute, main 
teeth, whose sides are convex in the apical and slightly concave in the basal; main teeth 
in which the secondary veins end are usually accompanied with a small subsidiary tooth 
in their basal side; leaf texture chartaceous ; petiole thick but incomplete, more than 
5 mm long (7 mm long in the lectotype). Venation pinnate, craspedodromous; midvein 
thick in the lower half of blade, then suddenly becoming thin toward the apex, nearly 
straight or slightly arcuate; secondary veins moderate, 10 to 14 pairs, diverging from 
the midrib at acute angles, nearly straight, then somewhat flexuous within teeth areas, 
entering teeth apex; a branch from the secondary curving upward, then ending in sub
sidiary tooth; the tertiaries irregularly percurrent; the highest order vein probably 
sixth; the areolation irregular in size and shape; the ultimate veinlets very thin, more 
than twice branching. 
Discussion: These leaves are generally similar to those of the extant Nothojagus obli
qua (Mirbel) Oerst. in their venation and marginal characters, especially consistent in 
irregularly sized areoles and thin veinlets, a lthough the extant leaves are somewhat 
more obtuse in the marginal teeth and less in number of the secondary veins. 

Engelhardt (1891) described Fagus magelhaenica from the Tertiary near Punta 
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Arenas, based on three incomplete leaves which were considered to resemble leaves of 
the extant N. ob/iqua by him. F. mage/haenica was later transferred to NOlhojagus by 
Dusen (1899), who supported its close similarity to N. ob/iqua. However, all the 
specimens illustrated by Dusen (1899) are different from N. ob/iqua, because they are 
single-toothed in margin. Considering marginal character, only one specimen 
(Engelhardt, 1891: pI. 2, f. 18) is confirmed to represent N. mage/haenica, which is 
here redesignated on the basis of the above-described foliar characters. 
Colleclion: Hypotypes, HUMP nos. 26276, 26277 (Rio Chico, west of San Sebastian, 
Fuego Island, Chile; Brush Lake Formation, Early Miocene); nos. 26268-26275 (Rio 
del Las Minas, west of Punta Arenas, Chile; Loreto Formation, Oligocene-Early 
Miocene). 
Olher Occurrence: Rio Turbio, Santa Cruz, Argentina (Berry, 1937b). 

NOlhojagus serru/ala Dusen 
(PI. 14, figs. 1,2, 6, 7,13; Texl-fig. 7, A) 

NOlhojagusserrulata Dusen. 1899. Svens. Exped. Magel1. 1(4): 96. pI. 9. f. 1-7. 
NOlho!agus c f. serm/ala Dusen. HUnicken. 1966. Rev. Fac. Cienc. Exact. Fis. Nat., Univ. Nac. Cordoba, 

ser. Cicnc. Nat. 27: 166, pI. 2. f. I. 

Type: Lectotype, Swed. Mus. Nat. Hist. Paleobot. Collection (Dusen: 1899: pI. 9, fig. 
2). West of Punta Arenas, Chile (Loreto Formation, Oligocene-Early Miocene). 
Discussion: These ovate to elliptic leaves are characterized by the following features: 
the margin is double-serrate except for basal entire part, with two or three smaller teeth 
between the pricipal teeth in which the secondary veins end; the tertiary veins are 
distinctly percurrent and sinuous or forked in course; a stout branch from the second
aries enters a smaller tooth just below the principal tooth; the secondary veins are 10 to 
14 in number; the areoles are well-defined by thick fourth-order veins, and intruded by 
once to thrice branching veinlets. 

These leaves with double-serrate margin in my collection are referable to 
NOlhojagus serru/ala Dusen, that was described from the Tertiary west of Punta 
Arenas by Dusen (1899). My specimens are closely similar in general features of vena
tion and margin to leaves of the extant N. a/pina (Poepp. et Endl.) Oerst. of South 
America, but they are different in obtuse marginal teeth and less secondary veins. 
Because of a close similarity between the under-secondary-order venation, N. serrulata 
seems a projenitor of the extant N. a/pina, although most of fossil leaves are generally 
smaller than the modern ones. 
Colleclion: Hypotypes, HUMP no. 26278 (Rio del Las Minas, west of Punta Arenas, 
Chile; Loreto Formation, Oligocene-Early Miocene); nos. 26279, 26280 (Rio Chico, 
west of Estacion San Sebastian, Fuego Island, Chile; Brush Lake Formation, Early 
Miocene). 
Olher Occurrence: Carmen Sylva, Fuego Island, Argentina (Dusen, 1899); Rio Tur
bio, Santa Cruz, Argentina (HUnicken, 1966). 
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Nothojagus simplicidens Duson 
(PI. 13, figs. 1-3, 6,7,10- 12; Text-fig. 7, I) 

No/llo/agus simpJiddens Dusen. 1899. Svens. Exped. M agcl!. 1 (4): 100. pI. 9. f. 20-25 . 
F iori. 1939. Giorn. Geo!. [2]. 13: 48. pI. I. f. 15- 17. 

Norl/o/ngus mage/Jan;ca (Engelhardt) Dusen. 1899. [part ] . ibid. J (4): 97. pI. 10. f. 8, 10, II (excluding f. 2, 
7, 9). 

NOlho/agus australis Dusen. 1899. ibid. 1(45): 100. pI. 8. f. 9,10. 
Fiori. 1939. Giorn. Geol. (2] . 13: 47. pI. I. f. 14. 

NOlho/agus cf. lanceo/ala Dusen. Fiori. 1939. ibid. 13: 49. pI. I. f. 19,20. 
Fagus magelhaen;ca Engelhardt. 189 1 [part]. Sene ken. Naturf. Gesell. Abhandl. 16(4): 648. pI. 2. f. 19 

(excludi ngf. 17 , 18) 
? Fagus cf. dickson; Dusen. Fiori. 1931. Gior. Geol. [2J. 6: 112. pI. l. f. 13. 

Type: Lectotype, Swed, Mus, Nat. Hist. Paleobot. Collection (Dusen, 1899 : pI. 9. f. 
2.), 

Supplementary Description: Leaves variable in shape and size, lanceolate oblong, 
sometimes broadly ovate in outline, 2.8 to 8.6 cm long and 1.4 to 3.2 cm wide; 
length/ width ratio of leaves 1.5 to 2.6 (average 2.03 for 20 specimens); apex acute, 
sometimes acuminate; base obtuse to broadly rounded, rarely somewhat cordate; 
margin single-serrate with obtuse teeth which are separated by broadly-opend sinuses ; 
both apical and basal sides of teeth nearly straight or slightly convex; texture char
taceous; petiole stout, 5 to 7 mm long. Venation pinnate, simple-craspedodromous; 
mid vein stout, nearly straight and rarely somewhat sinuate in the upper part of blade; 
secondary veins thick, 9 to 13 pairs, diverging from the midvein at acute angles, nearly 
straight, curving up near the margin, entering teeth along the basal side of tooth; ter
tiary veins thin but distinct, percurrent ; highest order vein sixth ; areolation composed 
of fourth- and fifth-order veins, quadrangular or pentagonal in shape; ultimate veinlets 
thin , several times branching. 
Discussion: A number of single-serrate leaf specimens in my collection are referable to 
Nothojagus simplicidens described from the Tertiary of the Magellan region by Duson 
(1 899) . These leaves closely resemble those of N, magelhaenica in general appearance, 
but they are distinguishable by single-serrate margin and regularly percurrent tertiary 
veins. N, simplicidens belongs to the leaf group I in the secondary vein termination and 
no fimbrial vein, and is related to the extant N. obliqua (Mirb .) Oerst. of South 
America, although usually single serrate in margin, 

N. simplicidens is common in the Tertiary of southern South America , All the 
specimens listed in the synonymy are included in this species. N, magelhaenica describ
ed by Engelhardt (1891) and Dusen(1 899) includes leaves wi th both single and double 
serrate margin; among these specimens the single serrate leaves should be included in 
N. simplicidens. N. australis Dusen from the Magellan Tertiary is also represented by 
single serrate leaves, and unseparable from N. simplicidens. 
Collection: Hypotypes, HUMP nos. 26281-26287 (Rio Chico, west of Estacion San 
Sebastian, Fuego Island, Chile; Brush Lake Formation, Early Miocene); no, 26288 
(Rio del Las Minas, west of Punta Arenas, Chile; Loreto Formation, Oligocene-Early 
Miocene), 
Other Occurrence: Carmen Sylva and Rio Beta, Fuego Island, Argentina (Dusen, 
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1899); Rio Condor, Fuego Island, Chile (Duson, 1899); Rio Guillermo, north of Puer-
10 Natales, Ch ile (Duson, 1899); Rio Nirihuau, Chubut, Argentina (Fiori, 1939); San 
Carlos de Bariloche, Rio Negro, Argentina (Fiori, 1931). 

NOlhojaglls slIbjerruginea (Duson) Tanai comb. nov. 
(PI. 9, figs. 1-12; pI. II , figs. 3, 5; Text-fig. 7, D-F) 

ragussubJerruginea Dusetl. 1899. Svensk. Exped. Magelt., 1(4): 94. pI. 8. f. 1-8. 
Berry. 1928. Proc. U.S. Nal. Mus. 73(22): 15. 
Berry. 1937b. Johns Hopkins Univ. Stud. in Geol. (12) : 93. pI. 18. f. 6. 
HUnickcn. 1966. Rcv. Fac. Cienc. Exact. Fis. Nat., Univ. Nac. Cordoba, ser. Cienc. Nat. 27: 163. pI. 

I. f. 12-1 8. 
Fagus infegriJolia Duscn. 1899. Svensk. Exped. Magel!. 1(4): 95 , pI. 8. f. 12. 

Bcrry. 1937b. Johns Hopkins Univ., Stud. in Geol. (12): 94. 
Fagus obscura Duscn. 1908. Wi ss. Erdgeb. Schwed. Slidpolar-Exped. 3(3): 9. pI. I. f. 23. 

HUnicken . 1966. Rev. Exact. Fis. Nat. Univ. Nac. Cordob,l, Ser. Cienc. Nat. 27: 165. pI. !. f. 19. 
Fagus gortonii Fiori. 1940. Giorn. Geol. 12].14: 107. pI. 5. f. 5, 6. 
NothoJaglls cf. engelhardriollo Fiori. 1940. Giorn. Geol. 12 1. 14: JOS. pI. 5. f. 7. 

Type: LeclOtype, Swed. Mus. Nat. Hist. Paleobot. Collection (Dusen: 1899: pI. 8, f. 
2); west of Punta Arenas, Maga llanes, Chile (the Loreto Formation, Oligocene-Early 
Miocene). 
Emended Description: Leaves generally medium in size, narrow ovate to lanceolate in 
shape, 4.2 to 8.2 em long and 2.1 to 3.5 cm wide; length/ width ratio of leaves 1.9 to 
2.43 (average 2. 14 for 10 specimens); apex acute to slightly attenuate; base obtuse to 
rounded, somewhat asymmetrical; margin mostly simple serrate with acute principal 

teeth which are generally apically pointed, acuminate at apical side and convex at basal 
side; sinus rounded; leaf texture chartaceous; petiole thick, incomplete, more than 
2 mm long. Midvein thick , nearly straight but sometimes sl ightly sinuate in the upper 
part of the blade; secondary veins stout, 10 to 18 subopposite pairs, diverging from the 
mid vein at acute angles, nearly straight toward the teeth, then abruptly arising up along 
the basal side of principal tooth and ending in tooth apex; a branch from the secondary 
entering a subsidiary tooth; teniary veins rather thin in comparison with the second

aries, weakly percurrent with about 0.5 mm distance, sinuate or forking in their 

course; the highest order vein sixth; areolation somewhat irregular in size, fourth- or 

fifth-sided; ultimate veinlets very thin, once to twice branching. 
Discussion: Several well-preserved specimens were collected from the river bank of Las 
Minas west of Punta Arenas, that is the locality of the .lectotype; they are in
distinguishable from Fagus subjerruginea described by Duson (1899). However, a sub
sid iary tooth between the principal teeth, the secondary veins directly entering teeth 
and once to thrice branching veinlets indicate that these leaves are not referable 10 the 
genus Fagus but to the genus NOlhojaglls. Especia lly, these fossil leaves are closely 
similar to the extant N. alessandri Espinosa of South America in their venation and 

margin characters, a lthough they are frequentl y more prolonged in apex than extant 
leaves. 

Leaves referable to N. subjerrllginea have been commonly reported from the Ter
tiary of southern South America, although some were not illustrated. A ll the specimens 
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listed in the above synonymy are included in this species. A si ngle leaf described as 
Fagus integri/olia Duson from Fuego Island is entire or serrate with minute teeth in the 
margin, and probably represents an incompelte leaf of N. subjerruginea. A fragmen
tary single-toothed leaf from Seymour Island was described as Fagus obscura by Duson 
(1809), along with a similar specimen of the Magellan region (Duson 1899 : pI. 8, fig. 
4). These are, however, included in Nothojagus subjerruginea, because leaves of N. 
subjerruginea are sometimes simple toothed on the upper margin of blade as do in the 
extant N. alessandri. Leaves of Fagus gortanii Fiori and F. cf. engelhardtiana Fiori 
from the Tertiary near Lago Nahuel Huapi are unseparable from N. subjerruginea in 
margin and foliar shape. Besides these specimens, there have been several leaf fossils 
similar or nearly identical to N. subjerruginea from the Tertiary of western Antarctica , 
namely the King George Islands (Barton, 1963 ; Zastawniak , 1981; Zastawniak et aI. , 
1985) and Seymour Island (Duson, 1908). Especially, several specimens illustrated as 
N. ulmi/olia (Ellings .) Oliver and N. aff. alessandri Espinosa from Point Hennequin 
o f the King George Islands (Zastawniak et aI., 1985) are probably referred to N. 
sUbferruginea in their marginal and venation characters. 

Leaf specimens described as Fagus novae-zealandica Oliver and F. australis Oliver 
from the Upper Miocene of New Zealand (Oliver, 1936) are very similar to those of the 
extant N. alessandri in foliar shape and margin, and a further detailed comparison with 
the original specimens may confirm that these New Zealand species are closely related 
to N. subjerruginea. This further confirmation provides an important evidence for the 
past phytogeographic history of Nothojagus. 
Col/ection: Hypotypes, HUMP nos. 26289-26296 (Rio del Las Minas, west of Punta 
Arenas, Chile; Loreto Formation, Oligocene-Early Miocene); nos. 26297, 26298 (Rio 
Chico, west of Estacion San Sebastian, Fuego Island, Chile ; Brush Lake Formation, 
Early Mi ocene); no. 26299 (Matanzas, southwest of Santiago, Chile ; Matanzas For
mation, Early Miocene). 
Other Occurrence: Carmen Sylva , Fuego Island , Argentina (Duson, 1899); Chenque
Niyeu, Chubut, Argentina (Fiori, 1940); Rio Barriloche, Chubut, Argentina (Berry, 
1928); Rio Turbio, Santa Cruz, Argentina (Berry, 1937b; Frenguelli, 1941; Htinicken, 
1966). 

Nothojagus variabilis Duson 
(PI. 14, rigs. 3-5, 8- 12, 14; Text- fig. 8, H) 

NOlh ojaglls variabilis Duscn. 1899. Svcnsk. Exped. Magcl!. 1(4) : 96, pI. 9. r. 8-13. 
Berry. 1937b. Johns H opkins Univ., Stud. in Geol. ( 12): 94. 

Nothofag lls variabilis Duscn rorm. microphy/Ja allct. non Duscn. HUnickcll. 1966. Rev. Fac. Ciene. b act. 
Fis. Nat. Univ. Nat. Cordova, ser. Ciene. Nat. 27: 167. pI. 2. f. 3-6 . 

Type: Lectotype, Swed. Mus. Nul. Hisl. Paleobol. Collection (Duson, 1899: pI. 9, fi g. 
II); Carmen Sylva, Fuego Island, Argentina ("Brush Lake" Formation, Early 
Miocence). 
Supplementary Description: Leaves small, wide-ovate to suborbiculate in shape, 1.7 to 
3.8 cm long and I to 2.7 cm wide; length / width ra tio of leaves 1.3 to 1.8 (average 1.53 
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for 10 specimens) ; apex acute; base asymmetrical, rounded to broadly cordate; margin 
double-serrate with large teeth and angular sinus; principal teeth pointed and glandular 
at apex, straight or slightly acuminate at both sides; a small , acute subsidiary tooth on 
apical side and one or two small subsidiary teeth on basal side; leaf texture sub
coriaceous; petiole medium, 5-6 mm long. Midvein medium, nearly straight or slight
ly sinuous; seconda ry veins slender, 6 to 10 pairs, opposite to sub opposite, somewhat 
irregularly spaced , diverging from the midvein at acute angles, nearly straight or 
somewhat curving upward, craspedodromous; a slender tertiary vei n branching abax
ially, ending in a subsidiary tooth of basal side of principal tooth; tertiary veins thin, ir
regularly percurrent with more than 1 mm distance, sinuous or for king; the higher 
order venation not well preserved; thick fimbrial vein developing well a long the 
margin. 
Discussion: These leaves are characterized by the double serrate margin, well
developed fimbrial vein along the margin and the secondary veins entering centrally the 
principal teeth; these characters indicate that these leaves belong to the leaf subgroup 
IVa. N. variabilis is especia lly similar to the extant N. fusca (Hook. f.) Oerst. of New 
Zealand in the venation and general outline, but different in marginal serration. 
Although leaves of N. variabilis may be similar to those of the extant N. betuloides 
(Mirb.) Oerst. and N. dombeyi (Mirb.) Oerst. of South America in having fimbrial 
vein along the serrate margin, they are distinguishable from Chilean species in termina
tion of the secondary veins. It is noteworthy for the Nothofagus history that N. 
variabilis is related not to extant species of South America but to those of New Zealand. 

Leaves of N. variabilis are somew hat variable in their shape and size, and they were 
divided into three forms by Dusen (1899): forma oblonga, subrotundata and 
microphylla. However, these three forms are difficult to distinguish taxonomically as 
independent va rieties, due to gradation of leaf forms. This species is one of common 
members in the Tertiary of the Magellan region. 
Collection : Hypotypes, HUMP nos. 26300-26304 (Rio del Las Minas, west of Punta 
Arenas, Chile; Loreto Formation, Oligocene-Early Miocene); no. 26305 (Rio Chico, 
west of Estacion San Sebastian, Fuego Island, Chile; Brush Lake Formation, Early 
Miocene). 
Other Collection: Carmen Sylva, Fuego Island, Argentina (Dusen, 1899); Rio Turbio, 
Santa Cruz, Argentina (Berry, 1937b; Frenguelli, 1941; HUnicken, 1966). 

Doubtful Fagaceous Species 
The following species were described as Nothofagus or its related fossils from the 

Tertiary of southern South America by some authors. However, these leaf specimens 
lack the definite character to be referable to the genus Nothofagus because of their ill
preservation, although some of them seem to resemble some leaves of the extant 
species. 
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N othojagus elongala Duson 
Norhofaguselongola Dusen. 1899. Svensk. Exped. Magell . 1(4) : 97. pI. 10. r. 12, 13. 
Norhofagus cf. elongato Duscn. Hunicken. 1966. Rev. Exact. fis. Nat., Univ. Nac. Cordoba, ser. Cicnc. 

Nat. 27: 166, pI. 2. f. I. 
NOlhojaglls cf. ob/iquo auct non. Mirb. Dusen. 1899. Svensk. Exped. Magel!. 1(4) : 98. pI. 10. f. I. 

Discussion: Several leaves in my collection are referable to N. elongata that was 
origina lly described from Fuego Island (Carmen Sylva Icoality) by Duson (1 899). T his 
species is represented by medium-sized and single-serrate margined leaves, whose large, 
obtuse teeth a re separa ted by opened sinus and convex on the both sides. The second
ary veins o f 12 to 15 pairs enter nearly centrally tooth apex. These leaves including 
Dusen's specimens are questionable to be referable to the genus Nothojagus; they may 
correspond with some leaves of the leaf group IV (IV-a subgroup), but differ in no fim
brial vein and further more number o f secondary veins. 

N othojagus engelhardtiana Fiori 
Nothofagus engelhardliono Fiori. 1939. Giorn . Geol. (2] . 13: 45. pI. I. f. 13. 

Discussion: Leaves described as Nothojagus magellanica from the Magellan region by 
Duson (1899) include two types of leaf margin, as discussed in the preceding page. Fiori 
( 1939) gave a new name o f N. engelhardtiana to the single-serra te margined leaves of 
Dusen's specimens; however, these leaves are included in N. simplicidens in their all 
characters. A single leaf of N. engelhardtiana from Rio Nirihuau of Argentina (Fiori, 
1939) is too fragmentary to determine its specific status. 

N othojagus lanceolata Duson 
NOlhofagus la1lceolala Dusen. 1899. Svensk. Exped. Magel l. 1(4): 10 1. pI. 8. r. 13. 

Discussion: Illus trat ing a lanceola te, double-serrate margined leaf, N. lanceolata was 
established by Duson (1 899) , who considered it to be related to the extant N. dombeyi 
(Mirb.) Oerst. of South America. However, judging from Duson's illustrat ion, the 
original specimen seems to be different from N. dombeyi in the feature of the second
ary vein termina tion: the secondary veins o f N. lanceolata enter straightly marginal 
teeth , while those of N. dombeyi are flexuous in course and fork near the margin. No 
fossil leaves referable to N. lanceolata were collected by me in the Magellan region. 

Nothojagus pulcherrima Fiori 
NOlhofaglls plilcherrima Fiori. 1940. Giorn. Geo!. (2]. 14: 109. pI. 5. r. 8. 

Discussion: This species was described by Fiori on the basis of a double-serrate margin
ed leaf from Rio Nirihuau of Argentina. It is difficult to judge only from his poor il
lustration whether or not this specimen is referable to the genus N othojagus . 

Fagophyllum duseni Berry 
Fagophyllum duseni Berry. 1937a. Johns Hopk ins Univ. Stud. in Geol. ( 12): 39. pI. 5. r. 1,2. 

This fagaceous species described from Cerro Funes, Chubut, Argentina (Berry, 1937a) 
may be simila r to Nothojagus simplicidens in general feutures , as far as judged from 
the illustration or two leaves . However, the secondary vein termination is variable in 
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these illustration, although Berry described to be craspedodromous. A single leaf from 
Rio Turbio of Argentina was condisered to be nearly identical with F. dllselli by 
HUnicken (1966: pI. 2, r. 10). This incomplete leaf from Rio Turbio is probably refer
red to the genus ClIpania by marginal character. 

Stratigraphic and Past A real Distribution of Nothofagus 
in South America and West A ntarctica 

A number of Late Cretaceous and Tertiary 110ras have been reported in South America 
and West Antarctica by various authors, based on pollen, leaves and wood. So far as is 
known, the fossil record of NOlhofagus is limited to the south of about 35°S. lat., as 
shown in Text-fig. 9. Abundant occurrences in the Patagonian region are partly due to 
the fact that terrestrial sediments are well investigated due to coal and petroleum ex
ploration. 
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Antarctica. 
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Central Region of Chile 
Four principal Tertiary sedimentary basins, the San Antonio-Navidad, Aruco

Concepcion, Temuco and Valdivia-Osorno (Garcia, 1963), are known on the Upper 

Cretaceous or pre-Cretaceous rocks in central Chile. Leaves, wood and pollen of 
Nothojagus are known from the former two; however, no fossil leaves referable to this 
genus have yet been found from the latter two regions, although many dicot leaves 
have been collected from the Paleogene. 

Matanzas Coastal Region southwest oj Santiago 
Oligocene-Miocene sediments (the Matanzas and Navidad Formations) are exposed 

well along the coastal cliff near Matanzas southwest of Santiago. The Matanzas For
mation, though mostly of marine origin, yields well-preserved leaves of dicots and 
ferns in the middle part of the sequence exposed there. Fossil Nothojagus leaves, 
however, are rarely contained. Plant-bearing rocks yield also Nothojagus pollen, 
although very rare. 

Arauco-Concepcion Region 
Thick Tertiary sediments of continental and marine origin, are well developed 

mostly on the Paleozoic and partly on the Upper Cretaceous rocks in Arauco
Concepcion region. The Tertiary sedimentary basin occupies an extensive area in
cluding offshore, from Tome through the Arauco-Lebu coal field to Mocha Island, 
known from potroleum exploration. The Paleocene coal-bearing Cranilahue Forma
tion occupying the basal part of the Tertiary, yields a number of well-preserved leaf 
fossils, which were described by Engelhardt (1891, 1905) and Berry (1922) and sup
plemented by Florin (1940) and Halle (1913, 1940). Many conifers and dicot leaves 
were also collected from the Lota coal mine in this area. This leaf flora shows a tropical 
aspect, including palms and many species of the Apocynaceae, Flacourtiaceae, 
Lauraceae, Leguminosae, Myrtaceae, Rubiaceae and Rutaceae. No fossil leaves of 
Nothojagus have been ever found in this leaf flora. 

Recent palynological investigations on the Upper Cretaceous and Tertiary rocks 
have been reported by Martinez & Frutos (1968), Doubinger (1972), Doubinger & 
Chotin (1975) and Takahashi (1977a) for the Arauco-Lebu field, and by Takahashi 
(1977b) for Quiriquina Island off Concepcion. All these palynological investigations 
clearly indicate that Nothojagus pollen first appears in the Middle Eocene Trihueco 
Formation and later in the Upper Cretaceous and Tertiary sequence of the Arauco
Concepcion basin. 

Some silicified woods of Nothojagus were recently described by Nishida (1984) 
from the basal part of the Tertiary in Quiriquina Island and the Tertiary of the 
southernmost end of Mocha Island southwest off Concepcion. All these wood-bearing 
formations are of marine origin, but an accurate age for them has not yet been deter
mined. 
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Magellan Region 
The Magellan region occupies the southern end of South America, including a 

number of large and small islands. In the Magellan sedimentary basin thick Cretaceous 
and Tertiary sediments overly Jurassic pyroclastic rocks. Some of these sediments have 
many imercalations of brown coals, while some of the Upper Cretaceous marine 
deposits contain oil-producing rocks. Cretaceous and Tertiary stratigraphy of this 
basin was comprehensively described by Feruglio (1945-1950) along with paleon
tological work, and recently summarized by Natland et aJ. (1974) with microfaunal 
divisions and by Empresa Nacional del Petroleo Chile (1978) with a compi led geologic 
map. Paleobotanical investigations of this region, although started first at the end of 
last century, have been slow to progress. Leaf floras from the Cretaceous and Tertiary 
are known from three horizons: the Maastrichtian Dorotea Formation, the Oligocene
Miocene Mina Chilena and Loreto Formations, and the Miocene Brush Lake Forma
tion. 

A Maastrichtian leaf flora has been described from the Dorotea Formation exposed 
on the top of Cerro Guido northwest of Puerto Natales, by Hauthal (1899), Kurtz 
(1902), Menendez (1972) and HOnicken (197 1). Many fossi l leaves were also collected 
in Cerro Guido with assistance of Dr. Nishida and others in 1979. The Cerro Guido 
flora consists of ferns, conifers and many dicot species, but contains no leaf remains of 
Nothojagus. 

Oligocene-Miocene and Miocene plants are commonly found from the coal-bearing 
deposits, that are distributed principally along the strait of Magellan. Since these plants 
were first described by Engelhardt (1891) and Dusen (1899), there have been few fur
ther paleobotanical investigations except for those on palynomorphs. Many leaf fossi ls 
from several loca lities near Punta Arenas and in Tierra del Fuego were collected dur ing 
this study. Earlier works and the present collection indicate that Nolhojagus diversified 
with many species in the Magellan region during Oligocene to Miocene age. Leaf floras 
of the Loreto, Mina Chilena and Brush Lake Formations consist of many dicots species 
such as Drimys, Laurelia, Lomalia, Maylenis, Nolhojagus and others. Of these dicots 
NOlhojagus leaves are especially abundant, and they occupy more than 70 to 80 per 
cent of each collection in some localities. The flora including many leaves of 
Nolhojagus was described from coal-bearing deposits of Rio Turbio, southern Santa 
Cruz, Argentina (Berry, 1937c; Frenguelli, 1941 ; HUnicken, 1966). These coal-bearing 
deposits seem to represent a northeastern extension of the Mina Chilena Formation, 
that develops in Ultima Esperanza, Chile. Actually the Rio Turbio flora is very similar 
to that of the Loreto Formation in its components . 

Palynological investigations on the Cretaceous and Tertiary rocks in the Magellan 
region has recently been done by various authors a lthough age determination and 
stratigraphic correlation are not always sufficient. Cretaceous pollen of NOlhojagus 
was described from the Maastrichtian Dorotea Formation of Ultima Esperanza and the 
Maastrichtian Rocalloz (Rio Blanco) Formation of the Brunswick Peninsula (Romero, 
1973; Archangelsky & Romero, 1974; Menendez & Filice, 1975), though frequency of 
occurrence is low. It is noteworthy that the Maastrichtian Dorotea Formation rarely 
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contai ns NothoJagus pollen, although no record of NothoJagus leaves exists. 
NolhoJagus pollen, although uncommon, was recorded from the Early Eocene Agua 
Fresca Formation (Katz, 1961) and the Late Eocene Lena Dura Formation (Cookson & 
Cranwell, 1967), while it abundantly occurs in the O ligocene-Miocene Loreto Forma
tion (Fasola, 1968) and its northern equivalents (Archangelsky & Romero, 1974; 
Romero, 1973), that a lso yield a number of NothoJagus leaves. Fossil woods of 
NothoJagus (NothoJagoxylonj were a lso descr ibed from the Loreto Formation and its 
equivalent (Krause!, 1924; Boureau & Salad, 1960). 

Nort hern and Central parts of the Argentine Patagonia Region 
Except for the Magellan region and southern Santa Cruz province described above, 

Late Cretaceous and Tertiary floras have been reported from many localities of Rio 
Negro, Chubut and northern Santa Cruz provinces of Argenti na . Most of these leaf 
fl oras were described by Berry (1925, 1928, 1932, 1937a-c, 1938) Frenguelli (1953) and 
Fiori (193 1, 1939, 1940), based on specimens collected by Argentine geologists. The 
stratigraphical relationships of these leaf floras, however, have unfortunately not been 
well documented. 

According to Fergulio's (1949) comprehensive work, these leaf floras in the Argen
tine Patagonia region were divided into three groups by floral composition. The first 
group is of Late Cretaceous time. Three floras were descr ibed in the region of central 
Santa Cruz between Rio Chico and Rio Santa Cruz (Berry, 1928, 1937; Frenguelli, 
1953); though composed mainly of dicot leaves, they contain no NothoJagus. The 
second group contains fossils from the Riochican (Late Paleocene) to Colhuehuapian 
(Late Oligocene). The Cerro Mirador flora of Chubut (Berry, 1925) and Rio 
Pichileufu flora of Rio Negro (Berry, 1938) show a subtropical aspect, and contain no 
NothoJagus although dicot leaves are very abundant. These two floras are closely 
similar in composition and components to the Paleocene flora of the Arauco coal field 
of central Chile; they may be dated as Late Paleocene in age, although Menendez 
(197 1) considered them to be of Eocene age. Besides these floras there are three others 
included in the second group by Fergulio: the Canadon Hondo (Berry, 1932) and 
Cerro Funes (Berry, 1937) near Rivadavia and a fl ora from the middle course of Rio 
Deseado (Feruglio, 1949) in Chubu!. These three, though very poor in composition, 
contain NothoJagus leaves, and may be younger than the above two subtropical 
Paleocene floras. Fergulio's (1949) third group is composed of Late Oligocene to 
Miocene floras (Patagoian to Santacrucian in age), that a re commonly known in 
southern Santa Cruz and Rio Negro provinces. Leaf fl oras from several localities near 
Lago Nahuel Huapi (Berry, 1928; Fiori, 193 1, 1939 , 1940) show a rather temperate 
aspect includ ing N othoJagus leaves, and are probably contemporaneous with the 
NothoJagus-bearing floras of the Magellan and southern Santa Cruz regions. Fossil 
wood of NothoJagus is rare in Argentine Patagonia except for one report from the 
Upper Tertia ry of Rio Negro (Cozzo, 1950a, b), although it was expected considering 
the common occurrence of pollen and leaves. 
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Late Cretaceous and Tertiary palynology of Argentine Patagonia has been in
vestigated mainly by Archangelsky (I 973a, b) and Archangelsky & Romero (l974a, b). 
The stratigraphical distribution of Nolhofagus pollen in the Upper Cretaceous and 
Tertiary was summarized by Archangelsky & Romero (l974b), who reported NOlho
fagus pollen from Maastrichtian Jaguel Formation of Rio Negro, the Paleocene 
Salamanoca, Bororo and Rio Chico Formations of Chubut. Tertiary deposits of the 
Argentine Patagonia region excluding the Magellan region, are sporadically distributed 
in the wide Pampas area, and no continuous section has ben confirmed. Stratigraphica l 
relationships of the plant-bearing deposits need to be investigated further in combina
tion with the mammalian fauna l sequence, that has been well established recently with 
radiometric dating (Marshal et a i., 1977, 1981). 

The Falkland Plateau 
The Falkland Plateau occupied an area west of the Scottia Arc that was presumed 

to be partly an archipelago or isthmus between the southern tip of South America and 
the Antarctic Peninsula by at least the Ea rly Cretaceous (Dalziel & Elliot, 1973; Barker 
& Barrell, 1977). Recent works of the Deep Sea Drilling Project (Legs 25 and 71) in
dicated Upper Jurassic (Oxfordian) to Lower Tertiary (Eocene) sediments on the 
Falkland Plateau, west of the Falkland Islands. Pollen assemblages were found at three 
sites from the Neocomian-Upper Paleocene, site 327 and the Maastrichtian, site 328 
(Harris, 1977), and from the Upper Eocene, site 511 (Bratzeva, 1983). In these three 
sections NOlhofagus pollen of the brassii group was found from the Maastrichtian, and 
those of thefusca and menziesii groups from the Upper Eocene were found by Harris 
(1977) and Bratzeva (1983). Late Cretaceous palynomorphs are very similar to those 
from Australia, while Late Eocene palynomorphs are generally related to those of 
southern South America . Compared to Cretaceous rocks, Tertiary sediments contain 
increasingly abundant organic matters of terrestrial origin. This fact shows a shallow
ing sea or an increase in runoff from some land source during the early Tertiary (Har
ris, 1977). 

West Antarctic Region 
The geographical distribution of past plants and animals in Antarctica is increasing

ly exciting. What a role Antarctica did play in the past biogeographic history of the 
southern hemisphere? Western Antarctica is now most close to the vegetated land , the 
southern tip of South America, and it occupies an important position in reference to 
the above question. Thus, the fossil record of this region has attracted renewed interest 
in the biogeographic history of Antarctica and southern South America. 

The first paleobotanical collections from western Antarctica were by the Swedish 
South-Polar Expedition (1901-1903) from Mesozoic (Jurassic) and Tertiary deposits 
of the Antarctic Peninsula and its neighbouring islands. Based on these collections, 
many Tertiary conifers and dicots were described from Seymour and Snow Hill Islands 
(Duson, 1908; Gothan, 1908; Florin, 1940), and these fossil records have been impor
tant contributions to the knowledge of antarctic Tertiary vegetation. Recent 
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paleobotanical collections have come from the South Shetland Islands, principally 
from King George Island, by many scientific expeditions from Argentina, United 
Kingdom, the United States and Poland. These Tertiary dicOl leaf fossils were describ
ed by Barton ( 1964) , Orland (1964) and Zastawniak (1981) , while pollen fossils were 
by Cranwell (1959) and Stuch li k (198 1). 

One Tertiary flora from Seymour Island (Duson, 1908) is composed of conifers and 
various dieDt leaves of the Aquifo liaceae, Cunoniaceae, Fagaceae, Lauraceae, 
Melastomaceac. Monimiaceae, Myricaceae, Proteaceae, Winteraceae and others. 

These dieDt leaves include many characteristic Sout h American genera such as 
Ca/dc/uvia, Drimys, Knightia, Lallre/ia, Lomalia and Nothojagus . Judging their oc
currence from Dusen's report, Nothojagus represented by four species seems to have 

been a rather uncommon member on this island at that time. Two types of Nothojaglls 
pollen were reported from Duson' s rocks by Cranwell (1959), associated with conifer 
pollen of the Podocarpaceae and Araucariaceae, and many fern spores. Silicified wood 
of Nothojaglls was also described from Seymour Island by Gothan (1908). 

Tertiary leaf fl oras from King George Island are composed of fern s, conifers 
(Podocarpaceae and Araucariaceae) and several dicOlS (Anacardiaceae, Dilleniaceae, 
Fagaceae, Monimiaceae, Sapindaceae, Proteaceae and Sterculiaceae); these flora s are 
generally similar to the Seymour flora in composition and component, although the 
plant fossils reported from several localities by Barton (1964), Orland (1964), and 
Zastawniak (1981) may not represent a flora of the same stratigraphic horizon. 
Nothojagus leaves are commonly fou nd at Point Hen nenquin (Barton, 1964; 
Zastawniak, 198 1; Zastawniak et a I. , 1985), where the Point Hennenquin Group is ex
posed (Birkenmajer, 1980). On the other hand, the plants from Ardley Island (penin
sula) do not include Nothojagus (Orlando, 1964). This plant-bearing rock, however, 
has uncertain stratigraphic relationships with the Point Hennenquin Group. Stuchlik 
(1981) described many pollen grains (the jusca and brassii types) of NOlhojaglls, 
associated with a number of fern spores, from the Ezcurra Inlet Group at Admirality 
Bay. This group is older st rat igraphically than the Point Hennenquin Group (Birken
majer, 1980, 198 1a, b). 

The age of Tertiary leaf- and palynomorph-floras from western Antarctica have 
usua lly been discussed on the basis of comparison with those of Sou th America, New 
Zealand and Australia, and especially the Patagonian region of Sout h America . 
Because of uncertain stratigraphic relationships with marine or mammalian foss ils, the 
plausible age assignment of these floras has been disputable. The Seymour flora was 
originally described as Middle Tertiary in age by Duson (1908), and supported by Bar
ton ( 1964), while it was considered to be of Early to Middle Miocene age by O rlando 
(1964) who compared with the Ardley flora. On the other hand, Cranwell (1959, 1963 , 
1964) maintained that the palynoflora of Seymour Tertiary rock s was, in all probabili
ty, of Early Tertiary age. 

Recent geological and paleontological investigat ions by many authors have provid
ed much information about the Late Cretaceous and Tertiary sequence in western An
tarctica. A review by Zinsmeister ( 1982) on stratigraphy and by Woodburn & 
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Zinsmeister (1984) on age and correlation have been presented, although no new 
evidence of plant fossils, except for dinoflagellates (Hall, 1977) , has been added to 
previous work. According to Elliot & Trautman (1982) and Woodburn & Zinsmeister 
(1984), Tertiary deposits overlying the Cretaceous are divided into two Formations, the 
La Meseta and the Cross Valley in descending order. Judging from the description of 
Woodburn & Zinsmeister ( 1984), the plant fossi ls described by Dusen (1908) were pro
bably collected from the lower part of the La Meseta Formation, while the pollen
bearing samples investigated by Cranwell (1959) were collected from the Cross Valley 
Formation. 

Evidence from various taxa of marine vertebrate, invertebrate and dinoflagellate 
fossils indicates that the La Meseta Formation is of Late Eocene age except for its 
uppermost part of the Earliest Oligocene and that the Cross Valley Formation is 
Paleocene in age (Woodburn & Zinsmeister, 1984). An unconformity observed be
tween these two Formations may be consistent with a hiatus between the Palocene and 
the Upper Eocene. Thus, we can conclude that the Nothofagus leaf-bearing fl ora of 
Seymour Island (Dusen, 1908) is probably of Late Eocene age, whi le Nothofagus 
pollen-bearing rocks (Cranwell , 1959) are of Paleocene age. Palynomorphs from the 
Cross Valley Formation include many fern spores that are presumed to be recycled 
specimens from the underlying Cretaceous (Senonian) rocks (Cranwell, 1959). Accord
ingly, some of Nothofagus pollen may be redeposited from the Upper Cretaceous. It is 
noteworthy that Hall (1977) described occurrences of Nothofagus pollen with 
microplankton of Late Cretaceous forms from the Upper Cretaceous deposits of 
limited exposure at the northern end of this island. This small exposure was tentat ively 
correlated wit h the typical Sobral Formation of Maastrichtian age in lithology 
(Zinsmeister, 1982). A further palynological investigation is needed to confirm 
whether or not Nothofagus pollen is present in the Cretaceous sediments of Seymour 
Island . 

Although extensively investigated by Argentine, British and Polish expeditions, 
Tertiary stratigraphy and correlation of King George Island have not yet been fully 
clarified . The Nothofagus leaf-bearing flora described by Zastawniak (1981) was 
fou nd in the moraine of Admiralty Bay that comes from the Point Hennequin Forma
tion, preliminary dated as Lower-Middle Miocene age (Birkenmajer, 1980). This leaf 
flora is very depauperate, and it is impossible to compare it with the leaf floras of 
Seymour Island and the Magellan region. Nothofagus pollen-bearing palynoflora of 
the Ezcurra Inlet Group was dated as Late Eocene-Early Oligocene age (Stuchlik , 
1981). This is consistent with the fact that the Ezcurra Inlet Group is strat igraphically 
lower than the Point Hennequin. 

Recycled pollen grai ns of Nothofagus were reported from seafloor sediments of the 
Weddell Sea, east of the Antarctic Peninsula (Truswell, 1983) . This Nothofagus pollen 
is considered to be of Late Cretaceous or Paleocene in age, but the exposed source rock 
has not been confirmed . 

Fossi l angiosperm leaves were recently discovered from the presumed Tertiary 
volcanic sequence in the eastern Elgar Uplands (70° S. lat.) of northern Alexander 
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Island, that is west off the Antarctic Peninsula (Thomson & Burr, 1977). These fossil 
leaves are unfortunately too ill-preserved to identify with certainty, However, so far as 
is seen in illustrated figures (Thomson & Burr, 1977), some leaves appear to be similar 
to those of Nothojagus in marginal serration and secondary venation features. They 
are especially close to N. subjerruginea that is redefined in this paper. If these are true 
Nothojagus, they represent the most southern record among the previously reported 
fossil leaves of Nothojagus. 

Considering paleobotanical invest igations together with stratigraphy, Nothojagus 
in western Antarctica is concluded to be recorded from the Upper Eocene to Lower 
Miocene(? ) by leaves, and from the Paleocene to Lower Oligocene(?) by pollen. A fur
ther investigation may confirm the presence of Late Cretaceous pollen of this genus in 
western Antarctica. 

Distributional Relationships of Nothojagus in Time and Space 
In order to understand the relationships of stratigraphic and latitudinal distri

bution, Nothojagus fossil localities and their sequential occurrence in southern South 
America and western Antarctica have been plotted in relation to time and space, as 
shown in Text-fig. 10. From this figure are excl uded several localities of uncerta in age 
or of no sequential occurrence in the Argentine Patagonian region, where Nothojagus 
leaves or pollen are recorded. Although the fossil record is not always complete, 
Nothojagus pollen is known from the Upper Cretaceous through the Miocene in the 
Magellan region and southward, while its leaves or wood are first known in the Upper 
Eocene or Lower Oligocene. On the other hand, in central Chile (about 400S . lat.) 
Nothojagus pollen appears first in the Late Eocene and its macrofossils are first known 
in the Early Miocene. Such discrepancies of first occurrence of micro- and macro
fossils in time and space are clearly shown in Text-fig. 10, suggesting that N othojagus 
in South America dispersed northward from the southern region, probably from 
western Antarctica. 

Accumulation of recent geological and geophysical evidence from both land and 
the ocean floor suggests a past land connection of South America and western Antarc
tica by Late Cretaceous time, a lthough some different paleogeographic models have 
been proposed by many authors (Dalziel & Elliot , 1973; Barker & Barrell, 1977; 
Harrison et aJ., 1979 ; others). A marsupial mammal fossil (Polypodidae) was very 
recently discovered from the Late Eocene La Meseta Formation of Seymour Island 
(Woodburn & Zinsmeister, 1982). This fossil evidence adds weight to the idea that the 
Antarctic Peninsula was co nnected to the soulhern tip of South America as the disper
sal route of land mammals by the Early Tertiary (Woodburn & Zinsmeister, 1984). 
The Antarctic Peninsula might have been a long and narrow area such as a land bridge, 
that made it possible for N othojaglls to travel northward during Late Cretaceous to 

Early Tertiary time. 
Text-fig. 10 points out another important problem; i.e. , that the first fossil records 

of macrofossils are later than those of pollen both in northern and southern regions. 
Such similar occurrence of Nothojagus leaves and pollen was pointed out in the Ter-
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Text-fig. 10 Distributional Relationships of Nothofagus in Time and Space in South America and Western 
A ntarctica. 
1. Seymour Island 2. King George Island 3. Fuego Island 4. M agellan regi on and southern Santa 
Cruze region 5. Concepcion-Arauco region in Chile 6. Matanzas coastal area in central Chi le 

tiary of Australia (Christophel , 1981; Hill , 1983). The usual reason given for this is 
that Nothofagus produces a prodigious amount of wind-dispersed pollen that can enter 
depositional sites over a great distance beyond the range of potential macrofossils 
(Dadson, 1976). Considering the latitudinal difference of distribution during Late 
Cretaceous and Early Tertiary time, northward dispersal of Nothofagus probably 
started by the Early Tertiary through the Antarctic Peninsula that consisted of a nar
row range of mountains extending northward to the Andean mountain range. The 
lack of Late Cretaceous to Early Eocene megafossils in the Magellan region may in
dicate that Nothofagus inhabited the mountainous areas at that time. Nothofagus 
leaves in the Oligocene-Miocene of the Magellan region occupy more than 80 per cent 
of the total specimens in each locality along with specific diversity, while they are 
rather minor component in the Miocene of central Chile with only two species . These 
leaf-bearing deposits both in the Magellan and central Chilean regions are of neritic, 
even littoral origin, including many marine shells and frequent coal intercalations. 
These facts clearly show that N othofagus dispersed northward since Late Eocene age, 
and that it gradually occupied the lowland adjacent to the sea, where plant remains 
such as leaf and wood easily entered the neritic sediments. The northward dispersal of 
Nothofagus is also consistent with the considerable cooling of temperatures since Late 
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Eocene time, as was indicated by subantarctic sea-water by Shackelton & Kennet 
(I975). 

Past Distribution of Nothojaglls in the 
Southern Hemisphere 

Besides South America, Nothojaglls foss ils have been found from Australia and 
New Zealand, and a few from eastern Antarctica, New Guinea and Deep-Sea Drilling 
cores on the Ninetyeast Ridge and the Campbell Plateau. Most fossils are pollen, and, 
in contrast, leaf fossils are rare. Fossil pollen from the Upper Cretaceous and Tertiary 
deposits has been especially well investigated in Australia and New Zealand by variou s 
authors. Areal records of fossil Nothojaglls in the southern hemisphere, including the 
above-discussed South America, are shown in Text-fig. 11. 
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Text-fig. 11 Dislribu lion of N othofagus Fossi ls in the Southern Hemisphere, based on Polien, Leaves and 
Wood . 
I. Ni netyeast Ridge (DSDP site 214) 2 . Ninetyeast Ridge (DSDP site 254) 3. Campbe ll Pla teau 
(DSDP site 275) 4. Ross Ice Shelf 5. Off George Land (DSDP site 269) 6. Off Wildes Land ( DSDP 
site 268) 7. West Ice Shelf 8. Weddell Sea (recycled specimens) 9. Seymour Island 10. Kin g 
George Island II. Fa lkland Plateau (DSDP sites 327,328,511) 
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Pollen or leaf fragments of Nothojagus have sometimes been reported from the 
Upper Cretaceous or the Tertiary of the northern hemisphere as discussed in earlier. 
Most of them are, however, rejected or questioned by many later workers; all of the 
pollen of Nothojagus from the northern hemisphere is now excluded here. 

Australia and Tasmania 
Paleobotanical studies of the Tertiary are principally pa lynological for both surface 

and borehole rocks in Australia and Tasmania. These works that were pioneered by 
Cookson and her school, were reviewed in respect to Tertiary dieot pollen, associated 
with the location and age of the pollen-bearing sediments (Cookson & Pike, 1954). 
However, foss il pollen of N othojagus was discussed in other papers (Cookson, 1946, 
1959). Since the 1960's Nothojagus-bearing palynofloras from the Tertiary and the 
Upper Cretaceous have been published by many authors (Harris, 1965; Dettmann & 
Playford, 1969; Stover & Partridge, 1973; Hos, 1975; Martin , 1977; Tulip et a!. , 1982; 
and others). Martin (1978, 1982) especia lly reviewed the Tertiary palynoflora I change 
of Austral ia, and described Tertiary Nothojagus that was widespread in eastern and 
southwestern Australia beyond its modern distribution, showing most abundant occur
rence during Late Eocene to Early Oligocene age. Late Cretaceous Nothojagus pollen 
was confirmed in the Gippsland basin of southeastern Austral ia (Stover & Partridge, 
1973; Dettmann & Playford, 1968 , 1969). Of three groups of Nothojagus pollen 
grains, the brassii type pollen first appears in the Upper Cretaceous, thejusea-type ap
pears in the Middle Paleocene and the menziesii type joined them in the lower Middle 
Eocene (Martin , 1982). Pollen grains of these three groups were dominant fossil forms 
in Early Oligocene to Early Miocene palynofloras, but those of the brassii type disap
pear in the P liocene. 

Compared wit h the common occurrence of pollen, leaves of Nothojagus have been 
scarcely known from the Tertiary of Australia. Ettingshausen ( 1888 , 189 1, 1895) 
claimed the presence of northern beech (Fagus) in the Tertiary and the Upper 
Cretaceous of New South Wales, although he compared some o f his fossils with those 
of Nolhojagus. Judging from his illustrated figures, most of these fagaceous leaves are 
doubtfu lly referred to the genus Nothojagus, and only two species described as Fagus 
etheridgei and F. muelleri from the O ligocene(?) of New South Wales may be probable 
Nothojagus. Following Ettingshausen' s work there have been unfortunately few in
vestigat ions of Tertiary leaves from Australia until the 1970' s, and no fossil leaves of 
Nolhojagus were recorded in the Eocene floras of southeastern Australia that a re well 
studied (Christophel & Blackburn , 1978; Christophel, 198 1; Hill, 1982). The first 
discovery of doubtless leaves of Nothojagus was from the Early Eocene-Oligocene to 
Miocene deposits of Tasmania by Hill (1983a, b ; 1984). Based on anatomical com
parisons, he believed that these Tertiary leaves are similar to the extant Nothojagus 
jusca, N. moorei and N. cunninghamii. Alt hough the megafossil record is sti ll in
complete, the first appearance of Nothojagus leaves in southeas tern Australia is late 
than its pollen record that was dated as Late Cretaceous or Paleocene age. 
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New Zealand 
Similar to the case of Australia, Cenophytic investigation in New Zealand has been 

mostly done by palynology which was pioneered by Cranwell. As reviewed by Cranwell 
( 1963), Couper (1960a, b) and Mildenhall (1980), stratigraphic distribution of 
Nolhojagus pollen was well known in New Zealand: the brassii andjusca type groups 
appear together in the Upper Cretaceous, and the menziesii type joined them in the 
Middle Oligocene. T he brassii type pollen whose extant lineage trees are usually con
sidered not to be native to New Zealand, was found there until the Pleistocene 
(Couper, 1960b). 

Macrofossils of NOlhojagus have been rarely found in New Zealand (Oliver, 1950). 
All the leaves described as Fagus from the Tertiary of North or South Islands by Unger 
(1864), Ellingshausen ( 189Ia, b) and Pensler (1930) , seem difficult to refer to either 
Fagus or NOlhojagus, because the illustrated figures are too incomplete to compare 
with modern leaves . The first fossil record of NOlhojagus leaves was reported from the 
Upper Miocene of Otago by Oliver (1936); only one species, N. kairoraiensis, which is 
represented by finely serrate margined leaves, is similar to leaves of the extant N. alpina 
and N. glauca of South America, but needs to be reinvestigated for venation 
characters. Several fagaceous leaves from same locality of Otago were described as 
Fagus and Parajagus by Oliver (1936); some of them are probably referable to 
NOlhojagus. For instance, leaves of Fagus novae-zealandica, F. auslralis and F. 
maorica are closely similar to those of NOlhojagus alessandri living in Chile, while 
some leaves of Parajagus appear to resemb le those of N. procera living in Chile. 
However, the original specimens of these fagaceous leaves shou ld be further 
re investigated for their generic relat ionships. Two leaves of NOlhojagus with entire 
margins and looped secondary veins were reported from the Plio-Pleistocene of North 
Island (McQueen, 1954). These leaves may be similar to those of the extant N. solandri 
of New Zealand or some of the tropical species from New Guinea and New Caledonia, 
but they need to be further reinvestigated in detail. 

Recently an important contribution was made to the macrofossi ls of NOlhojagus in 
New Zealand. Four species were described from the Upper Miocene and Pliocene of 
Murchison, South Island (Holden, 198 1). All the fossil leaves illustrated seem to show 
a close resemblance to those of the extant species of New Caledonia in margin and 
venation characters as discussed by Holden (1982). Leaves described as NOlhojagus 
novae-zealandica by him, however, seem different from Oliver's specimens in number 
of secondary veins and marginal teeth, and may rather be included in N. bidensis 
Holden. It is noteworthy with respect to the phytogeographic history that some Late 
Tertiary macrofossils in New Zealand show a simi larity to New Caledonian species 
such as N. discoidea, N. balansae and N. aequilaleralis. No recent work has been 
published on the pre-Miocene megafossils, and further investigation is needed to trace 
NOlhojagus leaves back to the Paleogene of New Zealand. 

Eastern Antarctic Region 
I ( is still not certain that Antarctica was the crad leland or corridor for dicots of the 
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present forests in southern continents which are now separated . The first dicot foss ils 
from eastern Antarctica were found from the NothoJagus pollen bearing erratics in 
Mina Bluff, McMurdo Sound (Cranwell et a!., 1960; Cranwell, 1964a), and later in 
Black Island, McMurdo Sound (Mcintyre & Wilson, 1966; Wilson, 1968). Both 
localities are north of the Ross Ice Shelf. Here NothoJagus pollen is composed of the 
three groups: the brassii, Jusca and menziesii types . These erratics including 
NothoJagus are of Late Eocene age, based on pollen floral composition and accompa
nying microplankton. Recycled NothoJagus pollen grains were also reported widely 
from the surface sediments of the Ross Sea (Wilson, 1968), and from glaciomarine 
sediments in the vicinity of the West Ice Schelf (Kemp, 1972). Recycled fossils are 
spores, pollen and microplankton , which were derived from erosion of the Permian, 
Cretaceous and Tertiary rocks. NothoJagus pollen was presumed to be derived from 
the Upper Eocene (Kemp, 1972). Recycled palynomorphs in the seafloor sediments of 
East Antarctica, from the Ross Ice Shelf via the Schackeleton Ice Shelf to the West Ice 
Shelf, were recently reviewed by Truswell (1983). These pollen and spores are largely of 
Late Jurassic to Tertiary in age, and they include the three type pollen of NothoJagus in 
many sites. 

The age of microfossil assemblage based on recycled specimens is not always easy to 
interpret accurately, unless most of specimens are concentrated in the known limited 
ranges. A Late Cretaceous to Early Tertiary palynomorph assemblage of the Ice Shelf 
described by Kemp (1972) is composed principally of Senonian-Late Eocene pollen 
and Eocene microplankton, and is derived largely from the Upper Eocene rocks as in
ferred by Kemp (1972). On one hand, this assemblage includes some older pollen such 
as Proteacidites ambolesexinus Dett. & Play. and Gambierina edwardsii (Cook. & 
Pike) Harris, that are limited to the Senonian to Paleocene in Australia and New 
Zealand (Stover & Partridge, 1973; Couper, 1960b). The assemblage of the Ice Shelf 
contains three of the groups of NothoJagus pollen, some of whose grains, especially the 
brassii and Jusca types, are confirmed back to the Paleocene or even to the Upper 
Cretaceous in Australia and New Zealand. So far as can be judged from the assemblage 
that was described by Kemp (1972), NothoJagus pollen probably extends back to the 
Upper Cretaceous in the Ice Shelf. 

The recent works of the Deep Sea Drilling Project (Leg 28) on bottom sediments of 
periglacial origin under the Ross Sea confirmed a Late Oligocene flora containing 
NothoJagus pollen, that seems likely to be in situ (Kemp & Barrett, 1975). This pollen 
assemb lage is similar to those of the McMurdo Sound erratics . It is suggested that a 
NothoJagus forest appears to have persisted without any considerable change during 
Late Eocene to Late Oligocene time in eastern Antarctic region. 

New Guinea 
The fossil record in New Guinea should play an important role in the 

phytogeographic discussions of the genus NothoJagus, because all the extant species of 
this island have the brassii-type pollen that has been considered to be older than the 
other two types by palynologists . However, there have been unfortunately very few 
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paleobotanical investigations of the Upper Cretaceous and Tertiary of New Gu inea. 
Fossil Nothojagus pollen of the brassii-type was first reported from the Pliocene and 
o nward in this island by Couper (I 960b) . Recently abundant pollen grains of this 
genus, along with many tropical genera of dieOls, were reported in borehole cores drill

ed in the Central Delta region of Papua (Khan, 1974, 1976). The brassii-type pollen 
commonly occurred there from the upper-Lower Miocene through the Pleistocene, and 
is especia lly abundant during the Lower Pliocene. A few grai ns o f thejusca-type pollen 
were also found in the Pliocene; but it is probable that they derived by long-wind
dispersal from Australian trees at that time (Khan, 1974). No further investigation has 
been do ne for the pre-Miocene rocks in New Guinea. 

Other Regions 
Five species of Nothojagus are living in New Caledonia today, where a fossi l record 

has naturally been expected, considering the geological history of this island. However, 
there have been no paleobotanical studies in New Caledonia up to the present. 

Recent works of the Deep Sea Drilling Project (Leg 22) confirmed the sed iments of 
Paleocene through Pliocene age on the crest of the Ninetyeast Ridge. Pollen 
assemblages were found at two sites, from the Paleocene, si te 214 (Kemp, 1974) and 
the Oligocene, site 254 (Harris, 1974). These two palynomorph assemblages include 
Nothojagus pollen, although extremely rare. Most of these palynomorphs are compos
ed of ferns, conifers and angiosperms wh ich are closely related to Tertiary elements of 
Austral ia or New Zealand. Indian or Indomalaysian Tertiary elements are very few. 
Considering this flori stic composition together with recent geological and geophysical 
in formation, Kemp & Harris (1975) concluded that sites of the Ninetyeast Ridge were 
oceanic is lands closer to a southern landmass during Early Tertiary time. 

In another dr illing site 275 on the southeastern Campbell Plateau Nothojagus 
pollen occurs from the Upper Cretaceous; and this pollen assemblage is very simila r to 
assemblages of southern New Zeala nd (Wi lson, 1975). Upper Cretaceous sedi ments of 
site 275 are of marine origin, but were deposited close lO land since they contain much 

terrestrial plant debris . 
On the Kerguelen Islands far south of the Indian Ocean (about 48°S. lat. and 68°E. 

long.) a leaf flo ra from the probable Lower Miocene lignite-bearing deposits have been 
reponed. These plant remains include ferns, Araucaria, and fragmentary dieot leaves 
(Seward & Conway, 1934). No Nothojagus leaves have been confirmed. The 
palynomorph flora of the lignite a lso principa lly consists of fern spores, conifer pollen 
and a few angiosperm pollen grains (Mechkova, 1969) . A single grain of Nothojagus 
pollen was recorded from two localities; however, it is questionab le whether or not this 

grain was in situ in the islands. 

Stratigraphic and Geographic Distribution in the Southern Hemisphere 
The bibliographic survey that was reviewed above, su mmarizes the stratigraphic 

distribution of NothojagLis fossils in the southern hem isphere, as shown in Text-fig. 
12. Simi lar to the case of South America d iscussed in an early section, fossi l records of 
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The capi tal letters (8, F, M) show the first appearance age of each type patten. B: brassii-type F: fusca
type, M: menziesii-type 

Nothojagus pollen are known from the Upper Cretaceous through the Tertiary in 
Australia and New Zealand, while leaf fossils occurred first from the Eocene-Oligocene 
and upward. In eastern Antarctica only pollen from the Upper Oligocene rocks is 
presumed to be in situ. Furthermore, Nothojagus pollen is found widely from erratics 
and grab samples around the Ross Sea and the Ice Shelf, although these are confirmed 
to have been derived mainly from erosion of the Upper Eocene to Oligocene rocks. Its 
pollen is presumed to extend back to the Upper Cretaceous. Such palynological 
evidence in eastern Antarctica along with leaf and pollen fossils of western Antarctica 
suggests that a probable Nothojagus-bearing forest widely covered the Antarctica land
mass during Eocene-Oligocene time (Kemp, 1972; Kemp & Barrett, 1975), and that 
Nothojagus was likely native there even in Late Cretaceous time. 

In contrast with the older occurrence and diversity of Australia, New Zealand and 
eastern Antarctica, pollen has only been known first in late-Early Miocene age with less 
diversity in New Guinea. Thus, the geographic and stratigraphic distribution of fossils 
from eastern Antarctica through Australia and New Zealand to New Guinea probably 
indicates that Nothojagus is southern in origin, and that it seems to have gradually 
dispersed northward, as in South America . 
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Both living and fossil pollen are divided into three types which have been con
sidered to represent separate phylogentic groups by palynologists. The brassii type 
pollen is produced from all the extant tropical species of New Guinea and New 
Caledonia, some of which are also believed to be primitive ones in cupule characters 
within this genus by Steenis (1954, 1971). It has been well shown through a number of 
palynological investigations that the first appearances of these three types were dif
ferent on each cominent or even within a continent. The northern origin theory of the 
genus Nolhojagus well documented by Steenis (1971, 1972), was partly supported by 
the fact that the brassii type is usually older than the other two types in all regions of 
the southern hemisphere except for New Guinea. Such a fossil occurrence is consistent 
with the results of my bibliographic survey based on many recent paleobotanical infor
mation. Although paleobotanical investigation has been insufficient, the reason 
NOlhojagus pollen has not been found from pre-Miocene rocks in New Guinea is 
unknown. Furthermore, it is puzzling that although fossil pollen of all the three types 
are widely recorded in Australia, New Zea land, Antarctica and southern South 
America, only the brassii type has been found since the Middle Tertiary of New Guinea. 
If Southeast Asia including New Guinea is the "cradle" of the genus NOlhojagus, the 
above questions need to be answered through further investigation. 

Age-determination of a pollen flora in geologically unknown region is based mainly 
on the correlation with the previously known range of pollen species. If the diversifica
tion or immigration rate of NOlhojagus was different on each continent during the Ter
tiary, such methods for age assignment apt to produce unreliable conclusions. The age 
of all NOlhojagus-bearing pollen floras have not always been cross-referenced by ac
companying microfossils of other taxa. The fossil record shown in Text-fig. 12 suggests 
a differentia l development and migration within the genus NOlhojagus in the southern 
hemisphere, although age determination of fossil floras has st ill been unsatisfactory in 
some regions. The brassii type appeared first in Late Cretaceous time was followed by 
the other two types in both Australia and South America. In New Zealand the brassii 
type was slightly older than thejusca type during Late Cretaceous time', and was join
ed by the menziesii type in Early O ligocene time. The brassii type in both eastern and 
western Antarctica, is associated with the/usca type in first appearance, but this is pro
bably due to lack of con firmed Late Cretacaeous or early Tertiary sediments. The first 
appearance of the jusca type is in the Maastrichtian of New Zealand, and in the 
Paleocene or the Lower Eocene in other temperate regions except for eastern Antarc
tica where pre-Late Eocene rocks have not yet been confirmed. On onc hand, the men
ziesii type is usually you nger than the other two types in all regions, and its first ap
pearance was different in age in each region. It is found in the Middle Paleocene of 
New Zealand, and in the Lower Eocene or Early Oligocene in most other regions . 
Furthermore, it is of interest to note that each pollen type is somewhat different in its 
occurrence even within Australia . In southeastern Australia thejusca type appears first 
in the Late Pa leocene and the menziesii type appears in the Middle Eocene (Stover & 

• According to Muller (1981). the /usca type pollen appears in the Maestrichtian, while the brassii type is 
recorded from the Campanian. 
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Partridge, 1973). On the other hand, thejusca type was recorded first from the Lower 
Eocene(?), but the menziesii type is absent throuth the Tertiary in southwestern 
Australia (Hos, 1975). 

It is very significant that only the brassii type of Nothojagus pollen was found in 
the Paleocene (site 254) and Oligocene (site 214) on the Ninetyeast Ridge, which was 
formerly a group of oceanic islands situated further southward (Kemp & Harris, 1975). 
These palynofloras contain pollen grains of the Myrtaceae, Restionaceae, Proteaceae 
and others, all of which a re not of a wind-dispersed origin. This fact suggests that 
Nothojagus migrated to the Ninetyeast Ridge region through a land-connection from a 
southern landmass during Late Cretaceous or Earlier Tertiary time. The post-
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Paleocene sediments of southern site 254 and the post-late Oligocene of northern site 
214 are composed entirely of calcareous ooze in contrast with the terrestrial or shallow 
sea sediments of Paleocene and Oligocene age of each section. The fossil record clearly 
indicates that the fusca and menziesii types did not occur on the Ninetyeast "oceanic 
islands" by Late Oligocene time, when the north-south trending ridge was whole 
submerged under the sea with a considerably northward shift. 

By contrast, only the brassii type has been recorded from the post-Oligocene rocks 
in New Guinea, that is now nearly at same southern lat itude as the Ninetyeast Ridge. 
Recent paleogeologic maps (Dow, 1977) show that the entire region of New Guinea is 
considered La have been under water during the Cretaceous, and that land areas ap
peared in the Late Eocene, separating northward from Austra lia . Thus, the absence of 
Nolhojagus in New Guinea before Late Eocene age is consistent with the fossi l record. 

The accumulation of geological and geophysical evidence from both land and the 
ocean floor has postu lated a renewed idea that the southern continents were once 
united into a major landmass, termed Gondwanaland, which subsequently fragmented 
into the present-day continents of the southern hemisphere, a lthough the schemes 
presented by various authors are different in their age and position of displacement. 
The above discussion of the fossil record in the southern continents and on the ocean 
ridges and plateaus indicates that Nolhojagus originated in the assembled southern 
continents, and then dispersal and diversification of Nolhojagus progressed gradually 
northward (Text-fig. 13). Even considering the lack of an exact age for pollen floras, 
widespread NOlhojagus is well represented in the pollen record with specific diversity in 
New Zealand, Australia, southern South America and even in Antarctica during 
Eocene to Early Oligocene time, where its diversification seems to have been different 
in time and space. It is noteworthy that the first record of leaf fossils in Tasmania, 
western Antarctica and South America corresponds with a time of considerable diver
sification shown by pollen. However, it should be further ascertained whether or not 
Cretaceous pollen referred to the brassii type is directly related to the extant tropical 
species of New Guinea and New Caledonia. 

Morphological Relationships of 
Extant Species of Nothojagus 

The distribut ional history of a certain genus of animals or plants must be compati-

Exp lanalion of P lair I 
(All figures x 10) 
fig. I Nothofagus a/pilla (Poepp. & Endl.) Oerst. Quilacoya, south of Concepcion, Chi le. call. by T. Tanai; 

HUPB Ref. Colleclion no. 1785. 
Fig. 2 NOlhofagus alessandri Espinosa. Emperado, Tapar. Chile. call. by P . Gutierrez M. (MNHN Chile 

SGO 73603): HUPB Ref. Collection no. 2179. 
fig . 3 NOlhofagusg/allco(Phil.) Krasser. CONAF Arboretum, Cu llen, Chile. ca ll. byT. Tanai; HUPB Ref. 

Co llection no. 1986. 
fig. 4 NorJlOfaglis procera (Poepp. & Endl.) Oerst. San Manin, Neuquen, Argentine. ca ll. by A. Bukan 

26473 (NSM Herb. 272269); HUPB Ref. Collection no. 1967. 
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ble with the infrageneric phylogeny which is based on the taxonomy. In other words, 
the interspecific re la tionships within a genus should be well expla ined by the past and 
present distribution o f tha t genus. For this reason biogeography must be regarded as an 
integrated pa rt of sys tematics, and indeed changes in bi ogeography have followed the 
changes in taxonomic theory (Humphries, 198 1). The phytogeographic interpre tat ion 
of Nothojagus fossil record needs to be considered further in connection with the inter
relationships of ex tant species . Nearly a ll the species of this genus have been well in· 
vestigated in morphological characters, both internal and ex ternal, by various authors. 

It is not the purpose of this chapter to discuss the evalua tion of these morphologic 
characters for use in phylogeny, but to compare the above-noted grouping by leaf ar
chitecture with other important characters previously used (Table 3) . 

Leaf character, deciduous or persistent (evergreen) , has been considered to be an 
important character for dividing N othojaglls into two sections by Steenis (1953 ). As 
described in the preceding pages, the venation character genera lly corresponds with the 
leaf type, and is closely related between fossil and extant leaves . Groups I and II that 
are characteri zed by poorly organized and thin veined a reola tion, belong to the section 
Notho fagus, a lthough they are distinguishable in leaf margin . On one hand, groups I I I 
to V that are characterized by a marked fimbrial ve in and thick-veined areoiatio n, 
belo ng to the evergreen sectio n, Calusparassus , and these three groups are funher 
separable by leaf margin and secondary vena tion characters. 

The natu re o f vernation is ano ther character by which two sectio ns are divided ; the 
deciduous species of N othojagus are plicate in vernation type, while the evergreen 
species are na t or folded along the midrib (Steenis, 1953). Recently the vernation of 15 
extratropical and 8 tropical species was investigated by Phili pson & Philipson (1 979). 
A ll the deciduo us species show plicate vernat io n, but evergreen species are diss imilar in 
verna tion type: a ll t ropical species (subsection Quad ripartitae and Tripa rtitae) have 
plane and revolute vernat io n. Group III shows plane vernation, and group IV is divid
ed into two: subgroup IV-a and IV-c a re plane, and subgroup IV-b is revolute in verna
ti on. 

Lobation o f cupules, especia lly lobe number, is also an important character for the 
classification of Nothojagus; Steenis (1 953) classified the evergreen species into th ree 
subsections. All the species of groups III and IV have a 4-lobed cupule except for two 
species (N. solandri and N. c/ifjorlioides), while a ll tropical species of grou p V have 

ExphlnUlion of Plalc 2 
(A ll figures x 10 ) 

Fig. I NOfhofagus ob/iqua (M irb.) Oerst. T emuco. Chile. coil. by T . T anai; H UP B Ref. Collecti on no. 
1808. 

Fig. 2 Norhofaglls gWlIlii (Hook. f. ) OersL Royal Tasm. Bolo Gardens. A ustralia. coil. by A .i\'1. Gray; 
H U PB Ref. COllec tion no. 1954. 

Fig. 3 Norhofagus allfarcrica (ForsL ) Oerst. Milodon Cave, Puerto Natales, Chile. coli. by T . Tanai ; H U PB 
Ref. Colleci ton no. 1958 . 

Fig. 4 NOfhofaglls pllmilio (Poepp. & End!.) Oerst. Fuerto Burnes, M agallanes , Chile. colI. by T . Tanai ; 
H U PB Collection no. 1788. 
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Table 3. Compa rison of Some Selected Morphological C ha racters in Extalll Species of the Genus 
Nothojaglls 

E.\lanl Spt.,,\:ICS 

N. u/t's!;{Jlldfi 
N. prOl:eru 
N. ufpmu 
N. gil/lieu 
N.oblilfllll 

N. gllflllll 

II N. all/ufc/iea 
N. plmlllio 

N. Ilaida 

"' N. dOIll~yi 
N. bel/lloidfS 

tv.:. N. i"scll 
N. !rIllICllla 

N. me/l~iesj, 
IV IV·b N. cllnnmglulIIl11 

N.llloorei 
......... -... .. . .... . -..... 

IV·e 
N. chffor/ioides 
N. solandr, 

N. brassii 
N. slUrkellborghti 
N. corru 
N. f/a l'iralllt'CI 
N. grlllU"S 

V·a N. rllbro 
N. " 'orllll'r5fl')'i 
N. pI/lie; 

V N. ueQw/alerufis 
N. balllllo/uJ;Oe 
N. codO//Olldra 

........ ....... .............. 
N. mula 
N. Pl'u)'; 
N. boloflSol' 

V·b N. CrI'II01U 

N. lliscoult'CI 
N. pselldoresinoso 
N. rl'smoso 

U'af 
ab~d5~ion 

dl:l:idUOU5 

deciduous 
declduollS 
d.:ciduoU5 
doxiduous 

dl'CidllOllS 

deciduous 
deciduous 

persistent 
persistent 
perSistent 

persistent 
)X'"rsiSlcnl 

persistent 
persistent 
pcrsislCni 

Vcrnmion 

phcale 
plicale 
plkal..: 
phC~lC 

plkmc 

plicale 
plicalI.' 
plicate 

plane 
plane 
plane 

Il"ol\llc 
fc,'olllie 

plane 
plane 
plane 

Cnpull.' 
pan~ "'" Number 

J 
J.J 
J 

Pollen 
t)'pc 

fusca 
fusca 
menziesii 
menziesi i 
mellziesii 

fusea 
fu sca 
fusca 

fusca 
Fusca 
fusca 

Fusca 
Fusca 

menziesii 
mcn~iesli 

mcn~iesii 

Trachcid 
in "ood 

presC i1l 
present 
prc~cnl 

present 
present 

prCSCI1l 

prcscm 
prcscn! 

prc.scRt 
presem 
prcsem 

pre.scn! 
prescm 

pre!rC1l1 
prcscm 
pre!rCm 

.. . -.. ... .. -..... ...... ... . ........ .. ••. •. • ........ ..... .. . ..... ........ .... . .... ............... 
persislI:m r"olme Fu.sca pr~Rt 

persistcnt rc,olutc Fusca prescnl 

perSistent cOllduplicalc brassij absem 
JX"rsistcm conduplieale brassii abselll 
persislenl conduplicatc brassii absent 
persistcnt condupticalc brassii absclll 
persistclIl conduplkale b rass ii absent 
persiSlent conduplica lc brassii absem 
persiSlent conduplkalC brass;i absent 
JX"rsistclIl condupl icalc brassii absenl 
JX"rsistcm conuupJicatc brass ii abselll 
pers;slcnt eonuuplieate brass;i absent 
persiStelll conduplie:uc brassii absent 

........ .. ..... .. .. ...... .. 
persistcnt cond uplieatc br.mii absen! 
persistcnt conduplicatc brassii absent 
persis[(:nt conduphcatc brassii absent 
per5istelll conduphcatc brassi; aDsent 
persistent conduplicatc brassii aDsent 
persistent l'Ondnplic:uc brassii aDseIll 
persistent oonduphcatc ttllpular brassii absem 

2-lobed cupules. On one hand, except for one species (N. pumilia) of group II all 
deciduous species (groups I and II) have 4-lobed cupules, although the nature of 
lamellae is different from the 4-lobed cupu les of groups III and IV. 

Explanation of Plale 3 
(All figures x 10) 
Fig. I NOlhojaglisllilida(Phil.) Krasser. Chiloe, Rio Yeleho, C hile . coil. by E. Bernat h; MNHN C hile Her

barium collect ion; HUPB Ref. Collection no . 1766. 
Fig. 2 NOlhojaglls dombeyi (Mirb.) Oerst. Lota Park, Lo ta, C hile. coll. by T. Tanai; HUPB Re r. Collect ion 

no. 1784. 
Fig. 3 NOlhojagus belu/oides (Mirb .) Oerst. Loreto, Punta Arenas, Chile. coil. by T. Tanai ; HUPB Ref. 

Collection no. 1787. 
f·ig. 4 NOlhojagus clijjorlioides ( Hoo k. f.) Oerst. Craigieburn, South Island, New Zealand. coil. by A. 

Sakai; HUPB Rer. Collection no. 1858 . 
• "ig.S NOll/ojagus so/alldri (Hook. r.) Oersl. C raigiebufll, South Isla nd , New Zealand. coli. by A. Sakai; 

HUPB Re r. Collection no. 1858. 
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The fructification of Nothojagus mostly has plural nutlets in a single cupule. 
Nutlets are dimerous or trimerous in shape. With a few exceptions (N. alessandri, N. 
pumilio, N. dombeyi and N. solandri) all the species of groups I to IV have three 
nutlets in a cupule, that are two trimerous and a single dimerous. All tropical species of 
Group V have only one dimerous nut in a single cupule, except for four species (N. 
brassii, N. starkenborghii, N. nuda and N. perryi), in which the cupule has three 
dimerous nutlets. An exceptional temperate species. N. pumilia. has a single nutlet in a 
cupule, but its nutlet is trimerous. An extratropicai evergreen species, N. solandri, has 
two nutlets that are composed of a dimerous and trimerous shapes. 

Nothojagus pollen, both living and fossil, is classified into three types. The species 
groups by pollen type are not always consistent with the infrageneric taxonomy of 
Nothojagus, that has been usually accepted by most taxonomists, although their divi
sion of pollen types is clearly identified. However, all tropical species (group V) have 
the brassii type pollen without exception. Groups II and III show the jusca type in 
pollen, while groups I and IV contain both the jusca and menziesii types. 

Investigating wood anatomy of 22 extant species of Nothojagus, Dadswell & Ingle 
(1954) showed that there is a marked difference between tropical and extra tropical 
species. Wood of the former is usually distinguishable from that of the latter in having 
larger and fewer vessels, numerous irregularly spaced bands of parenchyma 2- 6 cells 
wide, prominent crystals in parenchyma cells, and absence of tracheids. The difference 
between the tropical and extra tropical groups is further observed by a fungi that is 
parastic to Nothojagus. Cyttaria Berk ., a fungal genus, consists of obligate parasites 
forming stem galls only on the twigs or branches of Nothojagus. It is noteworthy that 
Cyttaria is known to be restricted to extant extratropical species, and has not been 
known from tropical species (Korf, 1983). 

The above-noted comparison of some important morphological characters of 
Nothojagus as summarized in Table 3, shows that the species grouping defined by leaf 
architecture is compatible with the distribution of various morphological characters 
among extant species, and that the tropical group from New Guinea and New 
Caledonia is pronouncedly different from the extratropical group as previously ex
pressed by many workers. Hjelmqvist (1963) stressed that the tropical group belongs to 
a special line of development, quite separate from the extratropical group, based on 
comparative morphology of many organs. It is, however, rather difficult only by mor-

Explanation of Plate 4 
(All f igures x 10) 
Fig. I Norhojagus frlll/Cara (Co lenso ) Cockaync. Christchurch , New Zealand. colI. by P. Wardle; HUPB 

Ref. Collection no. 1953. 
Fig. 2 Norhojagusjllsca (H ook. L) Oem. Jackson, South Island, New Zealand. coil. by A. Sakai ; H U PB 

Ref. Collecti on no. 1859. 
Fig. 3 NOlhoJagus m enziesii ( Hook. f. ) O erst. Christchurch, New Zealand. co il. by P. Wardle; H UPB Ref. 

Collecti on no. 1957 . 
• "igs. 4, 5 NOlhoJagus clUlfl illghamii (Hook. f. ) Oerst. M elba Gully Park, Victoria, A ustralia . coil. by T . 

T anai; H U PB Ref. Collection no. 19.56. 
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phological characters to determine definitely whether the extant tropical group is a li v
ing relict of the former widely-distributed Nothojagus or an advanced member derived 
from the exnatropical one. 

Concluding Remarks 

Most phytogeographical considerations except vicariance-cladistic analysis have 
been concluded that the center of Nothojagus origin was in the tropics, from where 
Nothojagus diversified southward. This assumption has been partly supported by the 
fact that the brassii type pollen is usually older in fossil occurrence than the other two 
types in all regions of the southern hemisphere. However, the northern origin theory is 
inconsistent with paleobotanical and geological facts: the absence of pre-Miocene 
brassii type pollen in New Guinea, the recent knowledge of past geological and 
paleogeographical setting of New Guinea, and the lack of older records of fossil leaves 
similar to the tropical group in any region. 

The evolutionary scheme of cupular and floral characters proposed by Steen is 
(1953) and Melville (1973) is plausible for infrageneric phylogeny of this genus, 
although they (Steenis, 1971; Melville, 1982) considered the tropical group as a relict 
member. Their scheme is acceptable as general evolutionary trend in the genus 
Nothojagus that reduction of a secondary flower from a trimerous to a dimerous con
dition resulted in fusion between the corresponding pair of valves (Forman, 1966). 
Paleobotanical and geological evidence as already discussed in detail, shows that the 
extratropical compelx was widely distributed in the assembled southern continents, 
preceding the appearance of the tropical group. It is probable that Late Cretaceous and 
older Tertiary pollen referred to the brassii type is not related directly to the extant 
brassii type group, but represents pollen of an ancestral complex of Nothojagus. 

Considering the morphologic characters together with fossi l records, a phylogenetic 
relationship of extant Nothojagus species are proposed here. As shown in Text-fig. 14, 
this scheme is generally consistent with fragmentation of the southern continents that 
has been recently described by many authors (Smith & Briden, 1977; Owen, 1983). The 
ancestor of the tropical group was probably derived from the extratropical group dur
ing Early Tertiary time, when New Guinea and New Caledonia were once situated fur
ther sou thward. The extant tropical group (subsection Bipartitae) is probably a group 

Exphllmlion of Plate 5 
(All figures x 10) 
Fig. I No/llo/agus moore; (F. Muell) Krasscr. Springbrook, SOllthport, Q' ld, Australia. call. by R. Schodde 

5603 (Roy. Bot. Gard. Sydney Herb. collection); HUPB ReL Collecti on no. 1955 . 
• 'ig. 2 NOfhoJagusJfaviramea Stecnis. Genora MIS., New Guinea. call. by C. Vcrstecgh (BW 10253); HUPB 

Ref. Collection no. 2188. 
"'ig. 3 Not/iojaglls brassii Steen is. Chimbu, East High lands. New Guinea. colI. by R.G. Robbins 659 (Lac 

Herb.); HUPB Ref. Collection no. 1959. 
Fig. 4 NorhoJagus pulfe; Stcenis. Wabag, West High lands, New Gu inea. coll. by J.5. Womersley (NGF 

15252); HUPB Ref. Collection no. 1960. 
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Text-fig. 14 A Biogeographic History and P hylogeny of the Genus NOlhojogus proposed by Ihe Author. 
Numbers of Greek letler correspond wit h Ihe leaf groups designated by the author. SA: South America, 
ANT: Antarctica, AU$: Austra[ia, TA$: Tasman ia, NZ: New Zealand, NG: New Guinea, NC: New 
Caledonia 

that adapted to warm and humid climate as the both islands shifted northward to their 
present position during Late Tertiary time. 
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F·igs. t, 3, 5- 10 NOlhofagus subferruginea (Dusen) TanaL Las Minas, west of Punta Arenas, Magallanes, 

Chile. HUMP hypotypes nos. 26289-26296. 
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(en largeme nt of fig. 10). x 10 
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EX IJlana tion o r Plate 10 
(All figures in natura l size unless otherwide stated) 
. ' igs. 1-3. S. 6 , 8-10 NOlhojaglis magelhael/ica (Enge lhardt) Duscn. Las Minas, west of Punta Arenas, 

Magallanes, C hi le. HUMP hypotypes nos. 2655b, 26268-26274. Fig. 5 x 2 
Figs. 4. 7 Nothojaglls magelhaenica (Engelhardt) Dusen. Rio C hico, west of ESlacion San Sebastia n, Fucgo 

Island, Chi le. HUMP hypotypes nos. 26276, 26277. 
Fig. II Showing the tertia ry venation of Nothojaglfs magelhaenica . (HUMP no. 26275), x 10 
Fig. 12 Showin g the marginal serratio n a nd secondary vei n tcrmination of NOlhojaglls magelhael/ica. 

(HUMP no. 26275). x 10 
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Ex pla nat ion of P la te I I 
(The comparison of the venation details between fossil lcaves and their modern equivalents) 
""ig. I Showing the areoles and ultimate vein lets of NOlhojagus magelhaeflica (Engelhardt) Dusen. (HUMP 

no. 26275). x 30 
Hg. 2 Showing the areoles and the ultimate veiniet s o f the extant Nothojagus ob/iqua (Mirb.) Oerst. (HUPS 

Ref. Collection no. 1809) . x 30 
Fig. 3 Showing the tertia ry and higher·order venation of Norhojagus sllbjerruginea (pI. 9, fig. 9, HUMP 

no. 26295). x JO 
""ig. 4 Showing the tertiary and higher-order venation of the extant Nothojagus alessalldri Espinosa. ( H UPB 

Ref. Collection no. 2179) . x JO 
Fig. 5 Showing the areoles and ultimate veinlets of NOlhojagus subjerruginea (pI. 9, fig . 9, HUM P no. 

26295). X 30 
Fig. 6 Showing the areoles and ultimate vei n\et s of the extant Nothojagus alessalldri Espinosa. ( H UPS Ref. 

Collect ion no. 2179) . x30 
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Explana ti on of Pla le 12 
(All figures in natura l size unless ot herwide stated) 
Figs. I , 2. 8, 10 NOlhojaglls densinervosa Dusen. Las Minas, west of Punta Arenas, Maga llanes. Chi le. 

HUMP hypotypes nos. 26252-26254. 26255a . Fig. 1 x2.5 
f igs. 3. 5, 6, 9 NOlilojaglls densinervosa Duscn. Rio Chico, west or San Sebastian, Fuego Island, Chi le. 

HUM P hypotypes nos. 26256-26259. Fig. 3 X 2 
Figs. 4. 7 NOlhojaglls deflsillervosa Duscn. Laguna Lynch, west of Punta Arenas, Maga llanes, Chile. 

HUMP hypoty pes nos. 26260, 26261. Fig. 7 x 1.5 
Figs. II , 12 Showing the marginal crenation and secondary vein termination of NOlhojagus densinervosa. 

Fig. I I (HUMP no. 26252; pI. 12. fig. I) , Fig. 12 (HUMP no. 26254; pI. 12, fig. 8). x 10 
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Explanation of Plate 13 
(All figures in natural size unless otherwise stated) 
Figs. 1-3, 6, 7, 10, II NOlhofagus simplicidells Dusen. Rio Chico, west of Estacion San Sebastian, Fuego 

Island, Chile. HUMP hypotypes nos. 26281-26287. 
Fig. 4 NOlhofaglls dicksoni (Dusen) Tanai. Luguna Lynch, west of Punta Arenas, Magallancs, Chile. 

HUMP hypotypc no. 26262. 
Figs. S, 9, 14 NOlho/agus gonzalezi Tanai. Matanzas, southwest of Santiago, Chi le. HUMP holotype no. 

25265 (Fig. 5), paratypes nos. 25266, 26267. 
J-' igs.8, 13 Nothofagus dicksOlli (Dusen) TanaL Las Minas, west of Punta Arenas, Maga llanes. Ch ile. 

HUMP hypotypes nos. 26263, 26264 . 
f ·ig. 12 NOlhofagus simplicidens Dusen. Las Minas, west of Punta Arenas. Magallanes, Chi le. HUMP 

hypot ype no. 26288. 
f ·jg. IS Showing the marginal serration and tertiary venation of NotJlOfagus simpJicidens (En largement of 

fig. 10). x 6.8 
Fig. 16 Showing the marginal se rration and thc secondary vei n termination Of NOlhofaglls gonzalezi 

(Enlargement of fig. 5). x 6.8 
Fig. 17 Showing the marginal serration and the secondary vein termination of NOlhofaglls dicksoni 

(EnlargemclH of fig. 4). x 6.8 
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Expla nation of Plate 14 
(All figures in natural size unless otherwise slated) 
Figs. I, 6 NOlhojaglls serrulata Dusen. Las Minas, west of Punta Arenas, Magallanes, Chile. HUMP 

hypotype no . 26278a, b. 
Figs. 2, 7 NOfhojagus serrulata Dusen. Rio Chico, west of Estacion San Sebastian, Fuego Island, Ch ile. 

HUMP hypotypes nos. 26279, 26280. 
Figs. 3-5, 8-10 Nothojaglls variabilis Dusen. Las Minas, west of Punta Arenas, Maga llanes, Chile. HUMP 

hypotypes, nos. 26300a. b. 26301-26304a, b. Fig. 3 x 2; Figs. 4, 5, 9 x 1.5 
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(E nlargemen t of fig. I ). x 10 
Fig. 6 Showi ng the areolcs o f NOlho/aglls crefllllala (Enla rgement of fig. I). x 30 
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