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ABSTRACT. Nothofagaceae (southern beeches) are a relatively small flowering plant family of trees confined 
to the Southern Hemisphere. The fossil record of the family is abundant and it has been widely used as a test 
case for the classic hypothesis that Antarctica, Patagonia, Australia and New Zealand were once joined together. 
Although the phylogenetic relationships in Nothofagus appear to be well supported, the evolution of some pollen 
morphological traits remains elusive, largely because of the lack of ultrastructural analyses. Here we describe 
the pollen morphology of all extant South American species of Nothofagus, using scanning electron microscopy 
(SEM), transmission electron microscopy (TEM) and light microscopy (LM), and reconstruct ancestral character 
states using a well-supported phylogenetic tree of the family. Our results indicate that the main differences 
between pollen of subgenera Fuscospora (pollen type fusca a) and Nothofagus (pollen type fusca b) are related to 
the size of microspines (distinguishable or not in optical section), and the thickening of colpi margins (thickened 
inwards, or thickened both inwards and outwards). In particular, Nothofagus alessandrii, the only extant South 
American species of subgenus Fuscospora, presents distinctive pollen features that have not been observed in 
any other species of the genus (i.e. a large granular infratectum and spongy apertural endexine). Species of 
subgenus Lophozonia are characterized by having the largest pollen grains, with polygonal outline in polar 
view, microspines distinguishable in optical section, long and non-thickened colpi, and a thin endexine. The 
reconstruction of character states for the node corresponding to the common ancestor to genus Nothofagus leads 
us to conclude that the ancestral form of Nothofagaceae should have had: equatorial diameter < 40 μm, circular 
outline in polar view, microspines distinguishable in optical section, short colpi thickened inwards, and a thin 
endexine. These features are fully consistent with those present in Nothofagidites senectus Dettmann & Play-
ford, the oldest fossil species of Nothofagaceae recorded in Campanian-Maastrichtian sediments of Gondwana.
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INTRODUCTION

Nothofagus Blume, the only member of 
the family Nothofagaceae (Kuprianova 1962), 
comprises ca 42 species of prominent trees of 
the Southern Hemisphere. It grows in forests 
of southeastern Australia including Tasmania, 
New Caledonia, New Guinea, New Zealand, 
and southwestern South America (Romero 
1977). It comprises four subgenera, Lophozo-
nia, Fuscospora, Nothofagus and, Brassospora 

recognized on the basis of cupule morphol-
ogy, leaf architecture and cuticular morphol-
ogy (Hill & Read 1991). Nothofagus has been 
a test case for the hypothesis that Gondwanan 
vicariance can explain major biogeographic 
patterns; for that reason its evolutionary his-
tory has motivated major studies based on its 
pollen morphology, fossil record and cladistic 
biogeography (Sauquet et al. 2012). 
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Phylogenetic relationships of genus Notho-
fagus have been extensively explored on the 
basis of morphological features (Hill & Jor-
dan 1993, Heenan & Smissen 2013) and DNA 
sequences (Martin & Dowd 1993, Setoguchi 
et al. 1997, Manos 1997, Acosta & Premoli 
2010, Premoli et al. 2012, Sauquet et al. 2012). 

Morphological features of Nothofagus pollen 
have been studied in some detail. For example, 
Praglowski (1980, 1982) examined the pollen 
of seven species of Nothofagus and defined 
three types named fusca, menziesii and brassi, 
which differ mainly in features of the colpi. 

Dettmann et al. (1990) studied extant and 
fossil pollen of Nothofagus and found larger 
diversity in fossil pollen grains, distinguishing 
four subtypes in addition to those defined by 
Praglowski (1982). These subtypes were circum-
scribed on the basis of characters of the colpi, out-
line of the pollen, and the ratio between length 
of the colpi and equatorial diameter. Wang et al. 
(2000) confirmed the division into three pollen 
types proposed by Praglowski (1982) from study 
of pollen of 26 species using LM, SEM and MET.

The correspondence between the Nothofa-
gus subgenera and their pollen morphology 
has been explored using a widely accepted 
phylogeny of the family (Manos 1997). How-
ever, an ultrastructural analysis of the pollen 
grains has never been taken into account. The 
main objectives of the present study are to 
(1) provide more extensive knowledge of pol-
len morphology of South American species of 
Nothofagus using light microscopy (LM), scan-
ning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM), including spe-
cies of subgenus Lophozonia which have never 
been observed under SEM and TEM and (2) 
sketch the evolutionary trends of pollen fea-
tures on the maximum likelihood tree provided 
by Sauquet et al. (2012).

MATERIAL AND METHODS

Pollen grains from all South American species 
of Nothofagus (N. alessandrii, N. alpina, N. glauca, 
N. obliqua, N. antarctica, N. betuloides, N. dombeyi, 
N. pumilio and N. nitida) and Betula platyphylla were 
removed from anthers of herbarium specimens from 
CONC, LP and SI (herbarium acronyms follow Index 
Herbariorum http://sciweb.nybg.org/science2/IndexHer-
bariorum.asp).
Specimens studied:
–	 Betula platyphylla var. japonica (Miq.) H. Hara: 

H. Ohashi and Y. Tateishi (SI 187723). 

–	 Nothofagus alessandrii Espinosa: NN (CONC 
155232). 

–	 Nothofagus alpina (Poepp. and Endl.) Oerst.: Scha-
javskoy (LP). 

–	 Nothofagus antarctica (G. Forst.) Oerst.: Delucchi 
591 (LP). 

–	 Nothofagus betuloides (Mirb.) Oerst.: Guerrido 
et al. 626 (SI). 

–	 Nothofagus dombeyi (Mirb.) Oerst.: Delucchi 607 
(LP). 

–	 Nothofagus glauca (Phil.) Krasser: Picca 160 (SI).
–	 Nothofagus nitida (Phil.) Krasser: Picca 220 (SI). 
–	 Nothofagus obliqua (Mirb.) Oerst.: Schajavskoy 

(LP).
–	 Nothofagus pumilio (Poepp. and Endl.) Krasser: 

Gentili (LP).
For light microscopy (LM), pollen was acetolysed 

according to Erdtman (1960); the slides were prepared 
by mounting the pollen in glycerol jelly and sealing 
with paraffin. For SEM, acetolysed and non-aceto-
lysed pollen grains were suspended in 90% ethanol, 
mounted on stubs and examined using a Philips XL30 
TMP SEM at the Museo Argentino de Ciencias Natu-
rales “Bernardino Rivadavia”. For TEM, the fresh pol-
len grains were fixed in 1.5% glutaraldehyde and then 
buffered in 2% OsO4 for 2 hours at room temperature; 
they were washed for 30 minutes in distilled water, 
dehydrated in an ethanol series and finally embed-
ded in acetone-Spurr 3:1 for 6 h and twice in Spurr 
for 24 h. Ultrathin sections were cut using a diamond 
knife fitted into a Sorvall Porter-Blum MT2-B ultra-
microtome. Sections were mounted in single grids and 
stained with lead citrate (1 min) and uranyl acetate 
(10 min). The observations were made with a Jeol 
JEM 1200 EX II transmission electron microscope 
from the Servicio Central de Microscopía Electrónica 
of the Facultad de Ciencias Veterinarias, Universidad 
Nacional de La Plata. 

The classical taxonomy of genus Nothofagus 
(Nothofagaceae=Nothofagus) is followed in this contri-
bution (Hill & Read 1991). Terminology used for pol-
len description follows Punt et al. (2007). We selected 
six characters that were found to be variable among 
Nothofagus taxa: equatorial diameter, outline in polar 
view, aperture length, microspines (distinguishable 
or not in optical section), endexine thickening at the 
colpi level, and ratio of endexine/ectexine thickness. 
We avoided using the polar and equatorial diameter 
ratio because Nothofagus pollen grains are oblate to 
per-oblate and are usually observed only in polar view. 
We also avoided using the character “shape of aper-
ture ends” of Dettmann (1990); we instead used the 
character “endexine thickenings at the apertures”. In 
fact, if the endexine is thickened at the apertural level 
the ends of the colpi are well delimited, whereas if the 
endexine is not thickened at the apertural level, the 
ends of the colpi appear as fissures. 

The definition and states of each character together 
with the data matrix are given in Table 1. Equato-
rial diameter, outline in polar view, aperture length, 
microspines and endexine thickening at aperture level 
were measured on 25 pollen grains under LM (Appen-
dix A); and the ratio of endexine/ectexine thickness 
was measured on 10 grains under TEM.
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We reconstructed ancestral character states of 
Nothofagus pollen using Mesquite 3.10 (Maddison 
& Maddison 2016) functions Likelihood Ancestral 
States (ML), under the Mk1 model of evolution, and 
Parsimony Ancestral States (MP) on the published 
phylogenetic tree of Sauquet et al. (2012).

Data for species of subgenus Brassospora were 
taken from Praglowski (1980, 1982) and the Austral-
asian Pollen and Spore Atlas (APSA Members 2007). 
We use the outgroups selected by Sauquet et al. (2012), 
Betula platyphylla Roth. and Fagus grandiflora Ehrh. 
Betula platyphylla (ultrastructure only) data were 
taken from El-Ghazaly (1999), El-Ghazaly and Huys-
mans (2001) and Blackmore et al. (2003), and Fagus 
grandiflora data from Praglowski (1982) and Heenan 
and Smissen (2013). 

RESULTS AND DISCUSSION

Nothofagus pollen grains appear to be 
similar among species, but they show some 
variation in size, shape, apertural features, 
ornamentation and exine structure. These 
characters are distinguishable under LM, 
which is useful when comparing with fossil 
pollen grains. Additionally, details of exine 
structure revealed under TEM reinforce 
the characterization of the features opti-
mized in the phylogenetic tree of Sauquet 
et al. (2012).

Table 1. Data matrix of exine characters

TAXA 1 2 3 4 5 6

Outgroups
Fagus grandifolia 0 1 2 NA 1 0
Betula platyphylla 0 1 0 0 0 0

Nothofagaceae
Nothofagus

N. antarctica 0 1 0 0 0 0
N. pumilio 0 1 0 0 0 0
N. betuloides 0 1 0 0 0 0
N. nitida 0 1 0 0 0 0
N. dombeyi 0 1 0 0 0 0

Fuscospora
N. truncata 0 0 0 1 1 0
N. cliffortioides 0 0 0 1 1 0
N. fusca 0 0 0 1 1 0
N. solandri 0 0 0 1 1 0
N. gunnii 0 1 0 1 1 0
N. alessandri 0 1 0 1 1 0

Brassospora
N. grandis 0 2 0 1 1 1
N. carrii 0 2 0 1 1 1
N. perryi 0 2 0 1 1 1
N. brassi 0 2 0 1 1 ?
N. resinosa 0 2 0 1 1 1
N. discoidea 0 2 0 1 1 ?
N. balansae 0 2 0 1 1 1
N. baumanniae 0 2 0 1 1 ?
N. codonandra 0 2 0 1 1 ?
N. aequilateralis 0 2 0 1 1 1

Lophozonia
N. alpina 1 0 1 1 2 0
N. glauca 1 1 1 1 2 0
N. obliqua 1 0 1 1 2 0
N. cunninghamii 1 0 1 1 2 0
N. moorei 1 0 1 1 2 0
N. menziesii 1 0 1 1 2 0

Exine characters used in this analysis.
1 – Equatorial diameter < 40 μm (0), > 40 μm (1).
2 – Outline in polar view (amb) polygonal (0), circular (1), star-like (2). 
3 – Aperture length < 11 μm (0), 14–17 μm (1), 25–29 μm (2).
4 – Microspines not distinguishable in optical section (0), distinguishable in optical section (1).
5 – Endexine thickening at aperture level present inwards and outwards (0), present inwards (1), absent (2).
6 – Endexine/ectexine thickness ratio ca 1:10 (0), ca 1:2 (1).
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GENERAL POLLEN MORPHOLOGY

LM

Pollen grains are isopolar, radially symmet-
rical, oblate to peroblate, subcircular to elliptic 
in equatorial view (Pl. 1, fig. 9), with convex or 
nearly straight mesocolpia in polar view (Pl. 1, 
figs 1–8). The equatorial diameter range of 
the analysed species is 26–57 µm; Nothofagus 
alessandrii is the smallest and N. alpina the 
largest (Appendix A). The apertures are 4–7 
stephanocolpate, colpi are narrow and margin-
ate with rounded ends and parallel edges, or 
have a fissurate aspect (as a subtle interrup-
tion of the exine) (Pl. 1, figs 1–3). Pollen grains 
with marginate colpi have the exine thickened 
inwards at the aperture level (Pl. 1, fig. 4) or 
have both inwards- and outwards-thickened 
margins (i.e. protruding above the surface) 
(Pl. 1, figs 5–9). The exine is microechinate and 
the surface is psilate between microspines in 
all species. Sexine and nexine are not distin-
guishable under LM.

SEM

The sculpture consists of minute and 
uneven-sized microspines (Pl. 2–4, figs 2, 
6, 10) which are mostly conical. In Nothofa-
gus glauca and N. alessandrii, the micro-
spines appear to be connected with delicate 
strands of sporopollenin (Pl. 2, fig. 6; Pl. 3, 
fig. 2). In N. alessandrii the microspines are 
conspicuous (Pl. 1, fig. 4).

TEM

The ectexine is 0.5–1 µm thick; it consists 
of a compact tectum 0.2–0.4 µm thick, a thin 
granular infratectum and a continuous foot 
layer as thick as the tectum. The microspines 
are compact and appear to be deep-rooted in 
the endexine (Pl. 2, fig. 7). 

The endexine is 0.1–0.2 µm thick (Pl. 2–4, 
figs 3, 7, 11). In the species of subgenus 
Nothofagus it is thickened both inwards and 
outwards at the colpi level, forming a margin 
(Pl. 3, figs 8, 12; Pl. 4, figs 4, 8, 12). 

Fig. 1. Diagrammatic interpretations of the pollen wall of subgenus Lophozonia (menziessi type) (a – Nothofagus alpina; b – 
N. glauca; c – N. obliqua); d – subgenus Fuscospora (fusca a type, N. alessandrii); e – subgenus Nothofagus (fusca b type). 
Colors used to indicate the different layers were taken from Punt et al. (2007). All diagrams are at the same scale. The thick-
ness of the layers is an average of the measures of all the grains studied

Unauthenticated
Download Date | 1/7/17 7:58 PM



D.A. Fernández et al. / Acta Palaeobotanica 56(2): 223–245, 2016 227

R e m a r k s: in the species of subgenus Notho-
fagus the intine is notably thickened beneath 
the aperture, forming an oncus (Pl. 3, figs 8, 12; 
Pl. 4, fig. 4). In Nothofagus glauca, N. antarc-
tica, N. dombeyi and N. nitida a lamellate 
layer is situated between the endexine and the 
intine (Pl. 2, fig. 8; Pl. 3, figs 8, 12; Pl. 4, fig. 4). 
This layer is comparable with the MGL (mem-
branous granular layer) defined by El-Ghazaly 
and Huysmans (2001).

DIAGNOSTIC FEATURES OF SUBGENERA

Subgenus Lophozonia (menziesii type) 
Pl. 1, figs 1–3; Pl. 2

The pollen has straight or more or less 
convex mesocolpia; the outline in polar view 
is circular to polygonal (Pl. 1, figs 1–3). The 
pollen grains are the largest within the genus 
(Appendix A). Colpi (4–8) are long, reaching 

Fig. 2. Equatorial diameter (a) and outline in polar view (b), of pollen grains of Fagus grandifolia, Betula platyphylla and 
Nothofagus sp. div., optimized onto the ML tree of Sauquet et al. (2012) using the Mesquite program, version 3.10 (Maddison 
& Maddison 2016). Circles at the tips represent the observed character states in each taxon, while the circles of the nodes are 
pie diagrams that indicate the likelihood of each state. The likelihood reconstruction finds the state that maximizes the prob-
ability of arriving at the observed states in the terminal taxa, given the Mk1 model of evolution, and considering all possible 
assignments to the other ancestral states
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15 µm, and have a fissurate appearance. The 
exine is thin (1 µm thick or less). Microspines 
are usually uneven-sized and distinguishable 
in optical section. The endexine/ectexine thick-
ness ratio is ca 1:10 – 1:5 at the mesocolpia 
(equatorial section) (Pl. 2, figs 3, 7, 11). The 
granular infratectum is ca 0.1 µm thick.

R e m a r k s  a n d  c o m p a r i s o n s. N. alpina 
(Pl. 1, fig. 1; Pl. 2, figs 1–4): the foot layer is 
lacking at colpi margins and the endexine is 
disrupted defining a concave surface (Pl. 2, 
fig. 4; Fig. 1a).

N. glauca (Pl. 1, fig. 2; Pl. 2, figs 5–8): the 
colpi appear as an abrupt gap at the ectexine 
level. The colpi margins are poorly defined. 

The microspines have rounded tips and are 
connected by delicate strands; the tectum sur-
face between microspines is scabrate (Pl. 2, 
fig. 6). The endexine is slightly thickened at 
the colpi margins. A lamellate layer is situated 
between the endexine and the intine (Pl. 2, 
fig. 8; Fig. 1b). This layer is comparable with 
the MGL.

N. obliqua (Pl. 1, fig. 3; Pl. 2, figs 9–12): 
an abrupt gap in the ectexine is observed at 
the aperture level. The endexine persists dis-
continuously in the aperture (Pl. 2, fig. 12; 
Fig. 1c). The intine is 1.4 µm thick, with two 
layers, the external (ca 0.7 µm thick) denser 
and darker than the internal. Both layers have 
lamellar texture (Pl. 2, fig. 12; Fig. 1c).

Fig. 3. Pollen grains of Fagus grandifolia, Betula platyphylla and Nothofagus sp. div. Aperture length (a) and microspines 
(distinguishable or not in optical section) (b), optimized onto the ML tree of Sauquet et al. (2012) using Mesquite program
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Subgenus Fuscospora (fusca a type)
Pl. 1, fig. 4; Pl. 3, figs 1–4

The pollen has slightly convex or sometimes 
straight mesocolpia; the outline in polar view 
is circular to subcircular (Pl. 1, fig. 4). The pol-
len grains are the smallest within the genus 
(Appendix A). The colpi (5–7) are short, with 
rounded ends, with inwards-thickened colpi 
margins (Pl. 1, fig. 4; Pl. 3, fig. 4; Fig. 1d). The 
microspines are conspicuous, connected by 
delicate sinuous strands distinguishable under 
SEM (Pl. 3, fig. 2). The exine is thicker than 
that in the menziesii type (Fig. 1d; Appen-
dix A). The endexine/ectexine thickness ratio 
is ca 1:10 at the mesocolpia (equatorial section) 
(Appendix A). The granular infratectum is ca 
0.2 µm thick, with lower density of granules 

than that observed in subgenera Nothofagus 
and Lophozonia (Pl. 3, figs 3, 4). The endexine 
has a spongy appearance at the level of colpi 
margins (Pl. 3, fig. 4).

Subgenus Nothofagus (fusca b type) 
Pl. 1, figs 5–9; Pl. 3, figs 5–12; Pl. 4, figs 1–12

The pollen has slightly convex mesocolpia; 
the outline in polar view is subcircular. The 
equatorial diameter range is 26–40 µm. The 
colpi (4–7) are short, with rounded ends and 
parallel edges, and marginate (Pl. 1, figs 5–9). 
The margins are formed by both inwards- and 
outwards-thickened endexine (Pl. 3, figs 5, 8, 9, 
12; Pl. 4, figs 1, 4, 5, 8, 9, 12; Fig. 1e). The micro-
spines are not distinguishable in optical section 
(Pl. 1, figs 5–9). The exine is thicker than that 

Fig. 4. Pollen grains of Fagus grandifolia, Betula platyphylla and Nothofagus sp. div. Endexine thickening at aperture level 
(a) and endexine/ectexine thickness ratio (b) optimized onto the ML tree of Sauquet et al. (2012) using Mesquite program
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observed in the menziesii type (Appendix A; 
Pl. 3, figs 7, 11; Pl. 4, figs 3, 7, 11; Fig. 1e). The 
endexine/ectexine thickness ratio is ca 1:10 – 
1:5 at the equatorial mesocolpia (Appendix A). 
The granular infratectum is ca 0.1 µm thick 
(Pl. 3, figs 7, 11; Pl. 4, figs 3, 7, 11; Fig. 1e). The 
endexine at colpi level is more compact than 
that in the fusca type (a), and 1–1.5 µm thick 
(Pl. 3, figs 8, 12; Pl. 4, figs 4, 8, 12; Fig. 1e).

R e m a r k s  a n d  c o m p a r i s o n s. N. antar-
ctica (Pl. 1, fig. 5; Pl. 3, figs 5–8), N. dombeyi 
(Pl. 1, fig. 6; Pl. 3, figs 9–12) and N. nitida (Pl. 1, 
fig. 7; Pl. 4, figs 1–4) show a lamellate layer bet-
ween the endexine and the intine comparable 
with the MGL (Pl. 3, figs 8, 12; Pl. 4, fig. 4). 
In particular, N. nitida has an exine less than 
1 µm thick (Appendix A). 

N. pumilio (Pl. 1, fig. 8; Pl. 4, figs 5–8): exine 
less than 1 µm thick (Appendix A).

N. betuloides (Pl. 1, fig. 9; Pl. 4, figs 9–12): 
with microspines stronger than in the other 
species of the subgenus Nothofagus. The 
endexine is sometimes barely distinguishable 
from the intine (Pl. 4, fig. 11). 

PHYLOGENETIC SIGNIFICANCE 
OF EXINE CHARACTERS 

The results of optimizing selected pollen fea-
tures onto the ML tree of Sauquet et al. (2012) 
(Figs 2–4) allow us to formulate hypotheses on 
their evolution across the family. It is worth 
noting that the results obtained with the ML 
method agree with those obtained using MP 
(see supplementary figures). 

Eq u a t o r i a l  d i a m e t e r  (Fig. 2a): small size 
(less than 40 μm) is the ancestral (plesiomor-
phic) character state (p = 0.82) present in the 
outgroups (Betula and Fagus) and retained in 
subgenera Fuscospora, Nothofagus and Brasso-
spora. Equatorial diameter larger than 40 μm 
is a synapomorphy of subgenus Lophozonia.

O u t l i n e  i n  p o l a r  v i e w  (amb) (Fig. 2b): 
circular outline is reconstructed as the ance-
stral character state shared by Betula, Fagus, 
basal species of subgenus Fuscospora (Nothofa-
gus alessandrii and N. gunnii), and Nothofagus 
(p = 0.57). Polygonal outline is a derived state 
that appears as parallelisms in Lophozonia (with 
a reversal to circular in N. glauca) and in Fus-
cospora (N. truncata, N. fusca and N. solandri). 
Subgenus Brassospora has a derived star-like 
outline that is a synapomorphy of this clade. 

A p e r t u r e  l e n g t h (Fig. 3a): the external 
aperture of Fagus is a relatively long colpus 
(l = 25–29 μm). Betula presents a pore (diame-
ter = 1–3 μm). A short aperture (l = 1–11 μm) is 
reconstructed as an ancestral character state 
shared by Betula, Fuscospora, Nothofagus and 
Brassopora (p = 0.70). Medium-sized colpus 
(l = 14–17 μm) is a synapomorphy of subgenus 
Lophozonia.

M i c r o s p i n e s (Fig. 3b): microspines distin-
guishable in optical section is the inferred 
ancestral state in the genus (p = 0.97). Only 
subgenus Nothofagus has microspines not 
distinguishable in optical section, which is 
derived within genus Nothofagus and homo-
plastic with the same state in Betula. Fagus is 
psilate; using SEM the surface is vermicular-
rugulose (Praglowski 1982). 

E n d e x i n e  t h i c k e n i n g s  a t  t h e  a p e r -
t u r e s (Fig. 4a): endexine thickenings (of two 
types) are shared by Betula, Fagus and all the 
ingroup with the exception of subgenus Lopho-
zonia (p = 0.59), which seems to have lost them 
during the early evolution of the family. This 
loss appears to be a synapomorphy of Lopho-
zonia. The apertural endexine is thickened 
inwards in Fagus, Fuscospora and Brassospora, 
while Betula and subgenus Nothofagus shared, 
as a parallelism, apertural endexine thickened 
outwards, protruding above the surface.

E n d e x i n e / e c t e x i n e  t h i c k n e s s  r a t i o 
(Fig. 4b): a thin endexine (endexine/ectexine 
thickness ratio ca 1:10) is reconstructed as an 
ancestral character state present in the out-
groups and retained in subgenera Fuscospora, 
Nothofagus and Lophozonia (p = 0.99). A thicker 
endexine (endexine/ectenxine thickness ratio 
ca 1:2) is a synapomorphy of subgenus Brasso-
spora, this may be functionally or developmen-
tally related to the characteristic star-like, con-
cave polygonal pollen grains of this subgenus. 

CONCLUSION

Our study of the pollen morphology of spe-
cies of Nothofagus – some of them previously 
poorly studied, such as N. alpina, N. glauca 
and N. nitida – under LM, SEM and TEM, and 
the optimization of pollen characters on a well 
supported phylogenetic tree, provide a bet-
ter understanding of their evolution within 
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the genus, and also further evidence that the 
South American species cannot be recognized 
to a lower taxonomic level than subgenus on 
the basis of pollen morphology. In general, the 
morphology is in line with that reported in pre-
vious contributions, such as Praglowski (1980, 
1982), Zheng et al. (1999) and Wang et al. 
(2000). Equatorial diameter, outline in polar 
view, ornamentation and apertural morphology 
are the most distinctive features. Concerning 
the pollen of subgenera Fuscospora and Notho-
fagus, regarded as indistinguishable by Manos 
(1997), our examination showed that pollen of 
Fuscospora have microspines distinguishable in 
optical section and endexine thickened inwards 
at colpi level, whereas pollen of species of sub-
genus Nothofagus has microspines not distin-
guishable in optical section and the endexine 
thickened both inwards and, outwards at colpi 
level. N. alessandrii, the only extant South 
American species of subgenus Fuscospora, pre-
sents distinctive ultrastructural features of the 
exine that have not been observed in any other 
species of the genus (e.g. thick granular infra-
tectum, spongy apertural endexine) (Appen-
dix A; Pl. 1, fig. 4; Pl. 3, figs 1–4). 

Morphological differences between the pol-
len grains of the subgenus Lophozonia and the 
rest of the family are noticeable. This subgenus 
has larger pollen grains, a polygonal outline 
in polar view, microspines distinguishable in 
optical section, colpi long, and without endex-
ine thickening and a thin endexine (Appen-
dix A; Pl. 1, figs 1–3; Pl. 2, figs 1–12). 

Reconstruction of character states for the 
node corresponding to the common ancestor of 
genus Nothofagus leads us to conclude that it 
had a small equatorial diameter, circular amb, 
microspines distinguishable in optical section, 
short apertures thickened inwards and a thin 
endexine. These features are fully consistent 
with those recorded in Nothofagidites senectus 
Dettmann & Playford, the oldest fossil species 
of the family, recorded from the Campanian 
and Maastrichtian over wide areas of south-
ern Gondwana (Dettmann et al. 1990). This 
congruence increases confidence in both the 
phylogeny and the fossils as reliable records of 
diversification of the genus.

Future work on fossils of extinct pollen 
types of Nothofagus, including SEM and TEM 
analyses, would provide further evidence to 
explore the evolutionary significance of the 
here analysed pollen characters and to test 

palaeobiogeographic hypotheses related to the 
presence of the subgenus Brassospora in Ceno-
zoic sediments from Patagonia (Dettmann 
et al. 1990).

ACKNOWLEDGEMENTS

We thank: James A. Doyle and an anonymous 
reviewer for their very helpful comments; Isabel 
Farías, Fernanda Faisal and Fabián G. Tricárico for 
their technical assistance; Alicia Marticorena, and the 
authorities of CONC, LP and SI for allowing the use of 
herbarium material for this study and Pablo Picca for 
providing N. glauca material; the Chair of Sistemática 
Teórica (FCEyN, UBA) for their helpful assistance and 
comments. Financial support was provided by Agencia 
Nacional de Promoción Científica y Tecnológica (PICT 
0911) and Facultad de Ciencias Naturales y Museo 
(UNLP) (Beca de Experiencia Laboral, Resolución del 
HCA Nº 07/11).

REFERENCES

ACOSTA M.C. & PREMOLI A.C. 2010. Evidence of 
chloroplast capture in South American Nothofa-
gus (subgenus Nothofagus, Nothofagaceae). Mol. 
Phylogenet. Evol., 54: 235–242. DOI: 10.1016/j.
ympev.2009.08.008

APSA MEMBERS 2007. The Australasian Pollen and 
Spore Atlas V1.0. Australian National University, 
Canberra. Available from: http://apsa.anu.edu.au. 
Accessed November 2015.

BLACKMORE S., STEINMANN J.A.J., HOEN P.P. 
& PUNT W. 2003. The Northwest European Pol-
len Flora, 65 Betulaceae and Corylaceae. Rev. Pal-
aeobot. Palynol., 123: 71–98. DOI: 10.1016/S0034-
6667(02)00156-2 

DETTMANN M.E., POCKNALL D.T., ROMERO E.J. 
& ZAMALOA M. DEL C. 1990. Nothofagidites 
Erdtman ex Potonie 1960: a catalogue of species 
with notes on the paleogeographic distribution of 
Nothofagus Bl (southern beech). N.Z. Geol. Surv. 
Bull., 60: 1–79. 

EL-GHAZALY G. 1999. Development and substruc-
tures of pollen grains wall: 175–200. In: Cresti M. 
et al. (eds), Fertilization in higher plants. Springer-
Verlag. Berlin Heidelberg. DOI: 10.1007/978-3-
642-59969-9_14

EL-GHAZALY G. & HUYSMANS S. 2001. Re-evalua-
tion of a neglected layer in pollen wall development 
with comments on its evolution. Grana, 40: 3–16. 
DOI: 10.1080/00173130152591831

ERDTMAN G. 1960. The acetolysis method. A revised 
description. Sven. Bot. Tidskr., 54: 561–564.

HEENAN P.B. & SMISSEN R.D. 2013. Revised cir-
cumscription of Nothofagus and recognition of the 
segregate genera Fuscospora, Lophozonia and Tri-
syngyne (Nothofagaceae). Phytotaxa, 146: 1–31. 
DOI: 10.11646/phytotaxa.146.1.1

Unauthenticated
Download Date | 1/7/17 7:58 PM



232 D.A. Fernández et al. / Acta Palaeobotanica 56(2): 223–245, 2016

HILL R.S. & JORDAN G.J. 1993. The evolutionary 
history of Nothofagus (Nothofagaceae). Austral. 
Syst. Bot., 6: 111–126. DOI: 10.1071/SB9930111

HILL R.S. & READ J. 1991. A revised infrageneric clas-
sification of Nothofagus (Fagaceae). Bot. J. Linn. 
Soc., 105: 37–72. DOI: 10.1111/j.1095-8339.1991.
tb00199.x

KUPRIANOVA A.L. 1962. Palynological data and the 
systematics of the Fagales and Urticales. Soviet 
Reports from the First International Palynologi-
cal Conference. Union of Soviet Socialist Republics 
Academy of Science.

MADDISON W.P. & MADDISON D.R. 2016. Mes-
quite: a modular system for evolutionary analysis. 
Version 3.10. http://mesquiteproject.org. Accessed 
February 2016.

MANOS P.S. 1997. Systematics of Nothofagus (Notho-
fagaceae) based on rDNA spacer sequences (ITS): 
taxonomic congruence with morphology and plas-
tid sequences. Am. J. Bot., 84: 1137–1155. DOI: 
10.2307/2446156

MARTIN P.G. & DOWD J.M. 1993. Using sequences 
of rbcL to study phylogeny and biogeography of 
Nothofagus species. Austral. Syst. Bot., 6: 441–447. 
DOI: 10.1071/SB9930441 

PRAGLOWSKI J. 1980. Transition within the exine 
of Nothofagus Blume. Rev. Palaeobot. Palynol., 32: 
369–375. DOI: 10.1016/0034-6667(81)90018-X

PRAGLOWSKI J. 1982. Fagaceae L.: Fagoidae. World 
Pollen and Spore Flora, 11: 1–28.

PREMOLI A.C., MATHIASEN P., ACOSTA M.C. 
& RAMOS V.A. 2012. Phylogeographically con-
cordant chloroplast DNA divergence in sympa-
tric Nothofagus s.s. How deep can it be? New 
Phytol., 193: 261–275. DOI: 10.1111/j.1469-8137. 
2011.03861.x

PUNT W., HOEN P.P., BLACKMORE S., NILSSON S. 
& LE THOMAS A. 2007. Glossary of pollen and 
spore terminology. Rev. Palaeobot. Palynol., 143: 
1–81. DOI: 10.1016/j.revpalbo.2006.06.008

ROMERO E.J. 1977. Polen de gimnospermas y fagá-
ceas de la Formación Río Turbio (Eoceno), Santa 
Cruz, Argentina. Fundación para la Educación, la 
Ciencia y la Cultura, Buenos Aires. 

SAUQUET H., HO S.Y.W. & GANDOLFO M.A. et al. 
2012. Testing the impact of calibration of molecular 
divergence times using a fossil-rich group: the case 
of Nothofagus (Fagales). Syst. Biol., 61: 289–313. 
DOI: 10.1093/sysbio/syr116

SETOGUCHI H., ONO M., DOI Y., KOYAMA H. 
& TSUDA M. 1997. Molecular phylogeny of Nothof-
agus (Nothofagaceae) based on the atpB-rbcL inter-
genic spacer of the chloroplast DNA. J. Plant Res., 
110: 469–484. DOI: 10.1007/BF02506808

WANG P.L., PU F.T. & ZHENG Z.H. 2000. Pollen mor-
phology of the genus Nothofagus and its taxonomic 
significance. Acta Phytotax. Sin., 38: 452–461.

ZHENG Z.H., WANG P.L. & PU F.D. 1999. A com-
parative study on pollen exine ultrastructure of 
Nothofagus and the other genera of Fagaceae. Acta 
Phytotax. Sin., 37: 253–258.

Unauthenticated
Download Date | 1/7/17 7:58 PM



P L A T E S

Unauthenticated
Download Date | 1/7/17 7:58 PM



234 D.A. Fernández et al. / Acta Palaeobotanica 56(2): 223–245, 2016

Plate 1

Pollen of genus Nothofagus under LM. Most grains are in polar view 

1.	 Nothofagus alpina (Schajavskoy, LP)
2.	 Nothofagus glauca (Picca 160, SI)
3.	 Nothofagus obliqua (Schajavskoy, LP)
4.	 Nothofagus alessandrii (NN, CONC 155232)
5.	 Nothofagus antarctica (Delucchi 591, LP)
6.	 Nothofagus dombeyi (Delucchi 607, LP)
7.	 Nothofagus nitida (Picca 220, SI)
8.	 Nothofagus pumilio (Gentili, LP)
9.	 Nothofagus betuloides (Guerrido et al. 626, SI). Subequatorial view

Scale bar: 10 μm
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Plate 2

Pollen of subgenus Lophozonia

	1–4.	 Nothofagus alpina (Schajavskoy, LP) 
	 1.	 SEM, polar view showing apertures (arrows)
	 2.	 SEM, detail of microspines
	 3.	 TEM, exine section of mesocolpium showing the thin granular infratectum and the microspines deep-

rooted in the endexine
	 4.	 SEM, aperture showing the disrupted endexine (arrows)
	5–8.	 Nothofagus glauca (Picca 160, SI) 
	 5.	 SEM, subequatorial view showing apertures (arrows)
	 6.	 SEM, microspines are connected by delicate strands (arrows)
	 7.	 TEM, exine section of mesocolpium showing the thin granular infratectum and the microspines deep-

rooted in the endexine
	 8.	 SEM, aperture showing the lamellate layer (arrows)
	9–12.	Nothofagus obliqua (Schajavskoy, LP) 
	 9.	 SEM, polar view
	 10.	 SEM, detail of microspines
	 11.	 TEM, exine section of mesocolpium showing the thin granular infratectum and the microspines deep-

rooted in the endexine
	 12.	 SEM, aperture showing endexine remains (arrows)

Abbreviations: In – intine; E – endexine; F – foot layer; G – granular infratectum; T – tectum; Ms – microspines. 

Scale bars of 1, 5 and 9: 10 μm; of 2–4, 6–8 and 10–12: 2 μm
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Plate 3 

Pollen of subgenus Fuscospora and Nothofagus

	1–4.	 Nothofagus alessandrii (NN, CONC 155232)
	 1.	 SEM, subequatorial view
	 2.	 SEM, microspines are connected by delicate strands (arrows)
	 3.	 TEM, exine section of mesocolpium showing the relatively thick granular infratectum. Section is not per-

pendicular to the surface
	 4.	 SEM, aperture showing the endexine with spongy appearance (arrows)
	5–8.	 Nothofagus antarctica (Delucchi 591, LP)
	 5.	 SEM, subequatorial view
	 6.	 SEM, detail of microspines
	 7.	 TEM, exine section of mesocolpium
	 8.	 SEM, aperture showing the endexine thickenings and the lamellate layer between the endexine and the 

intine (arrows)
	9–12.	Nothofagus dombeyi (Delucchi 607, LP)
	 9.	 SEM, subpolar view
	 10.	 SEM, detail of microspines
	 11.	 TEM, exine section of mesocolpium
	 12.	 SEM, aperture showing the endexine thickenings and the lamellate layer between the endexine and the 

intine (arrows)

Abbreviations: In – intine; E – endexine; F – foot layer; G – granular infratectum; T – tectum; Ms – microspines. 

Scale bars of 1, 5 and 9: 5 μm; of 2, 6 and 10: 2 μm; of 3, 4, 7, 8, 11 and 12: 1 μm
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Plate 4

Pollen of subgenus Nothofagus

	1–4.	 Nothofagus nitida (Picca 220, SI)
	 1.	 SEM, polar view
	 2.	 SEM, detail of microspines
	 3.	 TEM, exine section of mesocolpium
	 4.	 SEM, aperture showing the endexine thickenings and the lamellate layer between the endexine and the 

intine (arrows)
	5–8.	 Nothofagus pumilio (Gentili, LP)
	 5.	 SEM, subpolar view
	 6.	 SEM, detail of microspines
	 7.	 TEM, exine section of mesocolpium
	 8.	 SEM, aperture showing the endexine thickenings (arrows)
	9–12.	Nothofagus betuloides (Guerrido et al. 626, SI)
	 9.	 SEM, subequatorial view
	 10.	 SEM, detail of microspines
	 11.	 TEM, exine section of mesocolpium showing the endexine barely distinguishable from the intine (arrows) 
	 12.	 SEM, aperture showing the endexine thickenings

Abbreviations: In – intine; E – endexine; F – foot layer; G – granular infratectum; T – tectum; Ms – microspines. 

Scale bars of 1 and 5: 10 μm; of 9: 5 μm; of 2–4, 6, 8, 10 and 12: 2 μm; of 7 and 11: 1 μm
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SUPPLEMENTARY FIGURES

Optimization using MP method

SFig. 1. Pollen grains of Fagus grandifolia, Betula platyphylla and Nothofagus sp. div. Equatorial diameter (a) and outline 
in polar view (b) optimized onto the ML tree of Sauquet et al. (2012) using Mesquite program
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SFig. 2. Pollen grains of Fagus grandifolia, Betula platyphylla and Nothofagus sp. div. Aperture length (a) and microspines 
(distinguishable or not in optical section) (b), optimized onto the ML tree of Sauquet et al. (2012) using Mesquite program
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SFig. 3. Pollen grains of Fagus grandifolia, Betula platyphylla and Nothofagus sp. div. Endexine thickening at aperture level 
(a) and endexine/ectexine thickness ratio (b), optimized onto the ML tree of Sauquet et al. (2012) using Mesquite program
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