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We analyzed a peat-bog sequence from the central region of Tierra del Fuego, southernmost Patagonia, to
reconstruct the environmental changes over the past 15,000 years. Postglacial vegetation was mainly com-
posed by grasslands and shrubby communities with sparsely distributed Nothofagus trees under dry condi-
tions. The predominance of Glomus sp. and Gelasinospora sp. may also indicate less humid conditions related
to the steppe communities. The presence of herbivorous grazers is suggested by the record of ascospores of
coprophilous Sordaria-type and Sporormiella-type throughout the profile. Between 11,200 and 6500 cal yr
BP, the Nothofagus woodland established under warmer and wetter climate than before. However, precip-
itation must have remained below present-day levels. Most fungal remains (Gaeumannomyces sp., Glomus
sp., Gelasinospora sp., Microthyriaceae, Spegazzinia tessarthra, Alternaria sp.) are likely associated with the
development of forest-steppe ecotone communities. Following 6500 cal yr BP, when climate conditions
were more humid and colder than before, the closed-canopy forest dominated the landscape, and
Microthyriaceae remains prevailed among fungi. During the last 1000 years, the record showed open forest
communities accompanied by the presence of Glomus sp. These palaeoenvironmental changes observed
along the sequence suggested variations in the amount of precipitation of westerly origin related to shifts
in the position and/or strength of the southern margin of the westerlies. This study revealed that fungal re-
mains complement pollen/spores analysis by providing important independent information on the
palaeoenvironmental and palaeoclimate conditions that prevailed during the late Pleistocene-Holocene
in the Lago Fagnano area.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Lago Fagnano (54° 34’ S), also known as Lago Kami by the native
inhabitants, lies in the central part of the Isla Grande de Tierra del
Fuego. With a total area of ~560 km?, Lago Fagnano is the largest
ice-free water body close to Antarctica. The region is known to
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have been a large glaciated area of southernmost South America dur-
ing the Last Glacial Maximum (LGM; ca. 25,000 cal yr BP; Rabassa,
2008) because of the proximity to the main ice cap centered on the
Cordillera Darwin (Fuegian Andes; 2000 m a.s.l., 55° S-69° W) from
which the glacier network covered the region (Coronato et al.,
2009). No reliable deglaciation ages are yet available for the studied
area, but basal ages of peat bogs, located ~16 km east of the lake,
yielded minimum-limiting ages for ice retreat between 15,400 and
13,800 cal yr BP (Coronato et al., 2002, 2009; Musotto et al., 2016).
Most previous late-Quaternary palaeoecological studies from
Tierra del Fuego targeted sites in the southernmost part of the island,
along the Canal Beagle lowlands (Heusser, 1989a, 1989b, 1990, 1995,
1998, 2003; Borromei and Quattrocchio, 2008; Pendall et al., 2001;
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Markgraf and Huber, 2010; Borromei et al., 2014), and on several
inner valleys of the Fuegian Andes (Markgraf, 1993; Borromei,
1995; Mauquoy et al., 2004; Borromei et al., 2007, 2010). Several pal-
ynological studies, however, focused on northern and central areas
of the archipelago (Markgraf, 1980; Heusser, 1993, 2003; Heusser
and Rabassa, 1995; Burry et al., 2007; Musotto, 2013; Waldmann et
al., 2014; Musotto et al., 2016). These studies reveal that the
palaeovegetation development in Tierra del Fuego was influenced
by past variations in the temperature and precipitation regimes.
These climatic fluctuations have been related to changes in the lati-
tudinal position and/or strength of the Southern Westerly winds
(SWW), Antarctic sea-ice extension, position of the Antarctic Polar
Front, solar irradiation, or a combination of these factors (Heusser,
2003; Markgraf and Huber, 2010; Waldmann et al., 2010).

Among non-pollen palynomorphs (NPPs), fungal microfossils
provide important palaeoproxy records for environmental change

(van Geel, 2001). Fungal microfossils give useful information about
soil moisture content and substrate (e.g. specific host plants,
decaying organic matter) conditions (Cugny et al.,, 2010). A
multiproxy approach, or one that combines fossil pollen and fungi,
affords a richer understanding of past environmental conditions
(Limaye et al., 2007; Montoya et al., 2010). Changes in late Pleisto-
cene-Holocene fungal types and frequencies remain largely un-
known in Tierra del Fuego despite the widespread use of fungal
remains as supplementary tool in palynology (Mauquoy et al.,
2004; Borromei et al., 2010; Musotto, 2013; Musotto et al., 2012,
2013).

In this paper we present the results of the pollen/spores and fun-
gal remains analyses from the Terra Australis mire (54° 36’ 59.1” S;
67° 46’ 21.5” W; 120 m a.s.l.) (Fig. 1) to document the postglacial
vegetation and environmental changes in the central portion of
Tierra del Fuego island during the last 15,000 years. We hypothesize

- Glaciers
A Steppe 52°S
N Forest-steppe ecotone
Deciduous forest
Terra Mixed forest
A del Evergreen forest
Fuege J Magellanic moorland
ATLANTIC OCEAN
54° S—

Isla de
los Estados

0 100 Km

64° W

Fig. 1. Study area. A) Vegetation map of the Tierra del Fuego island with the mean annual precipitation isohyets (from Tuhkanen, 1992) and the location of the Terra Australis mire (red
star) and sites mentioned in the text: 1. San Pablo 1, 2. La Correntina, 3. Puerto Harberton, 4. Caleta R6balo. C: cold, H: humid, sH: suhhumid, o: oceanic, Al: aridity index. Climate data from
Coronato et al. (2008). B) Photograph of the overall view of the mire. C) Detail photograph of the coring site.
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that because of Tierra del Fuego's location in the path of the SWW,
our palynological data could record changes in the intensity and po-
sition of the SWW during the late Pleistocene-Holocene. We also
evaluate our proxy records with other palaecological evidence from
Tierra del Fuego island to better understand broadscale changes in
environmental and climatic conditions since the Lateglacial.

2. Environmental setting

The Terra Australis mire lies 3 km south of Lago Fagnano coast
and 1 km north of Lago Escondido, in central Tierra del Fuego (Fig.
1A). This 0.913 km? mire has formed over late Quaternary drift.
This drift is composed of till, glacilacustrine and glaciofluvial sedi-
ments emplaced during deglaciation (Coronato et al., 2009). Most
of the outwash bottom valleys in the region have been covered by
peat-bogs and mires, but stratified-drift is present as kames terraces
or isolated hills.

A mixed evergreen-deciduous Nothofagus forest surrounds the bog,
and the ombrogenous (raised) bog surface is formed mainly by Sphag-
num magellanicum and covered by Empetrum rubrum, Nothofagus ant-
arctica, Sphagnum fimbriatum, Cyperaceae, Juncaginaceae, Juncaceae
and lichens (Fig. 1B and C).

3. Present climate and vegetation of Tierra del Fuego

The climate of Tierra del Fuego is influenced by the strength and
location of the prevailing westerlies, in the path of eastward moving
cyclones, not far from the Antarctic ice (Tuhkanen, 1992). The latitu-
dinal position and overall strength of the SWW are determined by
the intensity and latitudinal location of the subtropical high pressure
cells in the Pacific and the circum-Antarctic low pressure belt. The
Fuegian Andes, the only Andean mountain system that extends in a
W-E direction with peaks reaching up to 2500 m a.s.l. in the west,
form a pronounced topographic barrier to atmospheric circulation
in the SWW, causing a progressive rain shadow to the north and
east of the Andes. The climate is cold oceanic humid in the centre
and south of Tierra del Fuego and cold oceanic subhumid towards
the north. Both regions differ in their aridity indices; the northern
limit of the 0.75 isoline is located approximately 30 km south of
the Rio Grande (Coronato et al., 2008) (Fig. 1A). Prevailing winds
are from the W-SW and they are active throughout the year. In the
centre of Tierra del Fuego, average temperatures are between 10 °C
in summer (January) and 0 °C in winter (July) (Tuhkanen, 1992).
Mean annual precipitation ranges from 400 to 500 mm and snowfall
generally occurs between May and October. The location of the Terra
Australis mire, at the foot of the northern slope of Sierras de Alvear,
in the Fuegian Andes, imposes the climatic conditions of mountain
areas, namely a decrease in daylight hours, precipitation originated
by topographic effect and influence of the katabatic winds. Its posi-
tion close to the Lago Fagnano coast favours the passage of humid
air-masses from the Pacific Ocean as the lake acts as a corridor for
the arrival of the SWW into the region.

Modern vegetation in northern Tierra del Fuego corresponds to
the Fuegian-Patagonian steppe, followed southward successively,
by the Subantarctic Deciduous Forest and Subantarctic Evergreen
Forest (Fig. 1A). Steppe of grassland, scrub and heath develops
where mean annual precipitations are <400 mm. The tussock grass-
land of Festuca gracillima covers the area, grading into scrub of
shrubby composites or into dwarf shrub heaths of Empetrum rubrum
(Moore, 1983; Collantes et al., 1999). Contact of steppe with decidu-
ous forest occurs through an ecotone with precipitation values be-
tween 350 and 500 mm yr~! (Tuhkanen, 1992). Subantarctic
Deciduous Forest (Pisano, 1977; Moore, 1983) is represented by
two species of southern beech, Nothofagus pumilio and N. antarctica,
which grow to an average altitudinal limit of 550-600 m a.s.l. and be-
come dominant where precipitation exceeds 450 mm yr~ '. Towards

the south and west of Tierra del Fuego, the annual precipitation rises
to over 700 mm and the Subantarctic Evergreen Forest develops,
which is dominated by Nothofagus betuloides, accompanied by
Drimys winteri, Maytenus magellanica and abundant ferns and
mosses (Moore, 1983). Initially, Nothofagus betuloides forests inter-
mingle with N. pumilio establishing a mosaic that has been termed
Mixed Evergreen-Deciduous Forest (Moore, 1983). Magellanic
Moorland occurs beyond the forest along the exposed outermost
coast under conditions of increased  precipitation
(>1500 mm yr— '), winds and poor drainage. The moorland is typi-
cally treeless, dominated by cushion bogs of Astelia pumila and
Donatia fascicularis. Above the treeline, Andean Tundra is character-
ized by cushion plants (Azorella lycopodioides and Bolax gummifera),
dwarf shrub heaths (Empetrum rubrum), and herb communities
(Pisano, 1977; Heusser, 2003).

4. Materials and methods
4.1. Lithology and chronology. Age-depth model

We collected a sediment core from the mire with a Russian-type
peat corer (chamber length 0.5 m and 5 cm diameter). We logged
the lithostratigraphy of the sediments in the field. Six AMS radiocar-
bon dates provided chronologic control for the core. The NSF-Arizona
AMS Laboratory, USA, undertook radiocarbon analysis on peat and
bulk organic matter contained in the basal clays. The radiocarbon
ages were converted to calendar years BP using the Calib 7.1 soft-
ware (Stuiver et al, 2015) and the South Hemisphere curve
(SHcal13) (Hogg et al., 2013) (Table 1). We constructed an age
model for the core using the Bacon programme (Blaauw and
Christen, 2011) (Fig. 2). The Bayesian method determined 95% confi-
dence limits of the age-depth model with the uncertainties of the
calibrated radiocarbon ages, expected sedimentation rates at the
core location (i.e. priors), and Markov Chain Monte Carlo (MCMC)
simulation.

4.2. Tephrochronology

During the coring we identified a tephra layer based on the color-
ation, degree of weathering, lithic content, and shard vesicularity.
We confirmed tephra identification by determining the geochemis-
try of individual glass shards and the relative abundance of
microphenocrysts at the University of Calgary Laboratory for Elec-
tron Microbeam Analysis (UCLEMA). Prior to analysis, organic mat-
ter was removed with hydrogen peroxide, the samples were
washed and wet-sieved through a 230 mesh screen, and the coarse
fraction was mounted in epoxy, polished, and carbon-coated. Inclu-
sion-free glass shards from each sample were analyzed for KO,
Cao0, FeO, SiO,, Na,0, TiO,, MnO, MgO, and Al,05 with a wave-
length-dispersive spectrometer (WDS) JEOL JXA-8200 electron mi-
croprobe. The accelerating voltage was 15.0 kV, the beam current
was 10 nA, and the beam width was 5 um. We adjusted data using
the ZAF matrix correction scheme to account for differences between
the standards and the samples (Armstrong, 1984) and then com-
pared our measurements to microprobe glass geochemistry data re-
ported by Stern (2008).

4.3. Palynological analysis

We collected 1-cm-thick samples from the core at 4 cm intervals
and prepared them using standard techniques (Faegri and Iversen,
1989). To estimate microfossil concentrations per gram of sediment,
Lycopodium clavatum tablets were added to each sample (Stockmarr,
1971). We counted a minimum of 300 terrestrial pollen grains with
the exception of some Late-glacial samples at 710, 700 and 685 cm
depth, with lower pollen sums. The reported frequencies (%) of
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Table 1
Radiocarbon dates and calibrated ages of selected samples from the Terra Australis mire.

Sample depth (cm) Lab. code Uncalibrated age (“C yr BP) 513C (%o) Calibrated years BP (median probability) lorange 20 range
29-30 AA86262 602 + 35 —243 555 532-560 514-569
90-91 AA86256 1154 4+ 36 —243 1012 1014-1056 934-1068
501-502 AA86261 5362 + 43 —26.5 6099 6007-6083 5988-6214
553-554 AA86260 6881 + 48 —26.5 7671 7612-7710 7586-7786
558-559 AA86259 7018 + 46 —269 7808 7740-7858 7691-7879
735-737 AA83314 12,397 + 62 —26.1 14,387 14,163-14,541 14,092-14,771

terrestrial plant taxa were based on a sum of pollen from trees,
shrubs and herbs. Percentages of pollen of wetland herbs and
aquatics, and spores of cryptogams were calculated separately and
related to the sum of terrestrial pollen. “Other shrubs and herbs” in-
cluded taxa with low values (<1%), such as Astelia pumila, Ephedra,
Papilionaceae, Santalaceae, Valeriana and Verbenaceae. Also,
Iridaceae, Liliaceae, Juncaceae and Polypodiaceae were grouped as
“Other aquatics and cryptogams”. Given the difficulty in species sep-
aration, Nothofagus betuloides, N. pumilio and N. antarctica are collec-
tively shown as “Nothofagus dombeyi-type”.

The pollen spectra was subdivided into zones through visual in-
spection considering the major transitions in the pollen stratigraphy,
and supported with a stratigraphically constrained cluster analysis
using Edwards & Cavalli-Sforza's chord distance (TGView 2.0.2,
Grimm, 2004). For the analysis all taxa with percentages of >2% of
the sum of terrestrial pollen were included. Fossil pollen spectra
were compared with modern pollen datasets from surface soil sam-
ples (Heusser, 1989a; Trivi de Mandri et al., 2006; Musotto et al.,
2012) and with present-day vegetation from Tierra del Fuego
(Pisano, 1977; Moore, 1983).

Palynological richness, as estimated by rarefaction analysis, has been
interpreted to represent changes in floristic diversity on the landscape
(Birks and Line, 1992). Therefore, this index allowed us to evaluate veg-
etation structure and dynamics since deglaciation. The analysis was car-
ried out using Psimpoll 4.27 (Bennett, 2009), based on 210 grain
minimum pollen sum (E(T210)).

We tried to assign the fungal microfossils (fm) to modern taxa.
Otherwise we used the informal ‘type’ denomination to label those
fungal remains which have only a superficial morphological resem-
blance with modern taxa (following van Geel, 1978 or Gelorini et
al., 2011, among others). The fungal types were indicated as ‘HdV-
xxx’ (HdV = Hugo de Vries- Laboratory, University of Amsterdam,
The Netherlands) when already described previously by van Geel
and others. A systematic list of the fungal taxa is shown (Appendix

15,0004
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Fig. 2. Age-depth model based on methods described in Blaauw and Christen (2011). The
probability distributions of the '“C age are shown in blue. The dashed red lines denote 95%
confidence limits of the age-depth model.

A). Morphological descriptions and ecological/environmental pref-
erences for the newly distinguished taxa are also provided
(Appendix B). The reader is referred to earlier reports (Musotto et
al., 2012, 2013) for descriptions of all the other fungal remains.
“Microthyriaceae” included both the ascomata identified (mostly as
cf. Microthyrium fagi) as those fragments in poor condition that
could not be assigned to any genus.

5. Results
5.1. Lithology and chronology

The core consisted of bluish gray clays [737-729 cm], light gray
clay lenses interspersed with peat layers [729-720 cm], that were
overlained by 220 cm of dark brown peat consisting mainly of fibrous
remains of vascular plants (Carex and grasses). In this unit [720-
500 cm] we observed woody material [700-696 cm], peat containing
clayey lenses [681-676 cm], and a unit of light brown tephra [558-
554 cm]. From 500 to 92 cm the core consisted of humified dark
brown peat with fibrous material. The upper 92 cm of the core was
composed of light brown unhumified fibrous peat.

Geochemical and petrologic analyses on the tephra sample col-
lected at 557 cm depth indicated a Hudson origin (Table 2). Radio-
carbon dates performed on the under and overlying peat from the
studied core yielded a 20 age range of 7808-7671 cal yr BP. This
age range fall within the proposed age range for the mid-Holocene
tephra (H;) layer erupted from Volcan Hudson, regionally dated
7960-7423 cal yr BP (Stern, 2008).

5.2. Palynological analysis

We subdivided the pollen record into three palynological zones,
TA-1 to TA-3. The first zone (TA-1) contains two distinct subzones
(Fig. 3). Selected pollen types were graphed over the entire sequence
and Lateglacial-early Holocene portion of the pollen spectra in order
to adjust the broad range of concentrations (Fig. 4A and B, respec-
tively). To avoid biased representation of the fungal assemblage at-
tributable to over-dominance of some pollen taxa (e.g. Nothofagus
dombeyi-type), we calculated the main fungal microfossil concentra-
tions (Fig. 5).

5.2.1. Zone TA-1 (735-655 cm; 14,300-11,300 cal yr BP)

5.2.1.1. Pollen frequencies

5.2.1.1.1. Subzone TA-1a (735-690 cm; 14,300-12,400 cal yr BP). This
subzone is dominated by Asteraceae subf. Asteroideae (up to 48%),
Empetrum rubrum (<27%) and Poaceae (16-25%). Acaena (19%),
Asteraceae subf. Mutisieae (15%), Caryophyllaceae (10%) and
Apiaceae (7%) are also present. Nothofagus dombeyi-type reaches
54% at the beginning of the subzone, declines and then increases to
60% near the end of the subzone. Among the aquatic taxa, Cyperaceae
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Table 2
Chemical composition of the tephra sample collected at 557 cm depth from the Terra Australis mire.

Shard Al,03 K0 FeO Na,O MgO Cao MnO Sio, TiO, Total

1 16.201 2.762 5.240 5.230 1.506 3.033 0.207 64.751 1.192 100.122
2 15.971 3.037 4.940 4.667 1.199 2,616 0.181 66.395 1.032 100.038
3 16.058 2.964 4912 4.744 1.291 2.876 0.118 66.305 1.151 100.419
4 16.235 2.850 4.907 4.807 1.461 2916 0.139 65.666 1.259 100.240
5 16.065 2.830 4915 5.101 1.506 2.976 0.120 65.816 1174 100.503
6 16.027 3.019 4.810 4.674 1.208 2.565 0.146 66.381 1.082 99.912
7 16.008 2.999 4.586 4.542 1.183 2430 0.163 66.599 0.987 99.497
8 16.003 2.752 5.084 4.956 1375 3.019 0.164 64.607 1.202 99.162
9 15.901 2.960 4,708 4.780 1.149 2.547 0.208 66.299 1.085 99.637
10 16.084 2.893 5.060 5.163 1.312 2.740 0.136 65.755 1.165 100.308
11 16.166 2.885 5.083 5.262 1.330 2.763 0.208 66.052 1.060 100.809
12 16.532 2.761 5.191 5.000 1.570 3.215 0.140 64.805 1.206 100.420
13 16.227 2.950 4.402 4.839 1.155 2.341 0.149 66.737 1.143 99.943
14 15.931 2928 5.079 4.740 1.326 2.725 0.197 64.549 1.105 98.580
15 16.338 2.730 5.554 4.690 1.576 3.111 0.199 64.966 1.291 100.455
Min 15.901 2.730 4.402 4.542 1.149 2.341 0.118 64.549 0.987 98.580
Max 16.532 3.037 5.554 5.262 1.576 3.215 0.208 66.737 1.291 100.809
Mean 16.116 2.888 4,965 4.880 1.343 2.792 0.165 65.712 1.142 100.003

fluctuates between 12 and 74%, and Myriophyllum is below 4% but
reaches 18% in the middle of the subzone. Palynological richness re-
cords the highest values (17).

5.2.1.1.2. Subzone TA-1b (685-655 cm; 12,400-11,300 cal yr BP).
Poaceae (88%) increases abruptly and attains maximum frequencies
throughout the record accompanied by increases in E. rubrum
(35%). Asteraceae subf. Asteroideae rises to 45% at the beginning
of the subzone and then declines to <9%. Nothofagus dombeyi-type
drops to <22%. Cyperaceae decreases (<37%), and Lycopodium
magellanicum reaches up to 9%. In this subzone, the palynological
richness declines.

5.2.1.2. Pollen concentrations. In the subzone TA-1a total pollen concen-
tration is low (90,000 grains g~ '), contributed mainly by Cyperaceae
(69,300 grains g~ !) and Asteraceae (22,400 grains g !). Total pollen
concentration increases up to 592,000 grains g~ ! during the subzone
TA-1b with the highest values corresponding to Poaceae
(244,100 grains g~ ') and Asteraceae (215,000 grains g~ ') accompa-
nied by E rubrum (54,700 grains g~ ') and Cyperaceae
(36,400 grains g~ ). Nothofagus dombeyi-type concentration reaches
low values throughout the zone (7500 grains g~ !).

Shrubs &

5.2.1.3. Fungal microfossil concentrations. In the zone TA-1 ascospores of
Sordaria-type (5600-6800 fm g~ 1), Sporormiella-type (1900 fm g~ !) and
Gelasinospora sp. (660 fm g~!) are registered. Concentrations of Glomus
sp. (720 fm g~'), Gaeumannomyces sp. (190 fm g~'), Arthrinium
puccinioides (140 fm g~ 1), and Microthyriaceae (110 fm g~ 1) are the low-
est of the entire record.

5.2.2. Zone TA-2 (650-520 cm; 11,300-6600 cal yr BP)

5.2.2.1. Pollen frequencies. This zone displays an abrupt rise in
Nothofagus dombeyi-type from 45 to 78%. Poaceae declines and fluc-
tuates between 9 and 44%. Empetrum rubrum (24%) maintains simi-
lar values relative to the previous subzone (TA-1b). Asteraceae
subf. Asteroideae (<11%) declines while Acaena (<5%) and Gentiana
(<2%) exhibit low abundances. Misodendrum (a hemiparasite on
Nothofagus species) approaches 7.5% and becomes continuous there-
after. Cyperaceae increases up to 48% with a peak of 67%. Lycopodium
magellanicum records up to 14%, then declines (<4%) towards the
end of the zone. Palynological richness remains with similar values
to those recorded in the previous subzone (TA-1b).

5.2.2.2. Pollen concentrations. Total pollen values increase up to
209,000 grains g~ ! with a peak of 332,000 grains g~ '. A decline in
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total concentration at 555 cm depth (26,000 grains g~ !) coincides
with the unit of tephra. Above the tephra, total pollen values increase
up to 850,000 grains g~ !, driven primarily by N. dombeyi-type
(482,000 grains g~ ') and Cyperaceae (200,000 grains g~ '), and sec-
ondarily by Poaceae (84,000 grains g~ ') and Misodendrum
(51,000 grains g~ 1).

5.2.2.3. Fungal microfossil concentrations. Arthrinium puccinioides
(53,700 fm g~ '), Type 810 cf. Byssothecium alpestre (7900 fm g~ 1),
Gaeumannomyces sp. (6400 fm g~ '), and Glomus sp. (2100 fm g~ ') in-
crease their abundances. Ascospores of Sporormiella-type
(<2600 fm g~ ') and Sordaria-type (<1300 fm g~ ') are also recorded.
Gelasinospora sp. (620 fm g~ '), Spegazzinia tessarthra (660 fm g~ 1),
and Alternaria sp. (260 fm g~ ') display low concentration values.

Microthyriaceae reaches 2200 fm g~ ! towards the uppermost part of
this zone.

5.2.3. Zone TA-3 (515-0 cm; 6600-0 cal yr BP)

5.2.3.1. Pollen frequencies. Nothofagus dombeyi-type dominates this zone
(53-99%), Poaceae declines to 7%, and Empetrum rubrum is variable,
reaching frequencies up to 46%. Misodendrum (<5%) persists in low
abundances. Cyperaceae decreases (9%), and Caltha peaks (22%) in the
middle of the zone. Tetroncium magellanicum and Sphagnum are also
present (<10%). Palynological richness is lower than in Zone TA-2.

5.2.3.2. Pollen concentrations. Total concentration records high values
(up to 1,420,000 grains g~ ') and achieves a maximum
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(6,400,000 grains g~ ') at 1300 cal yr BP. The main contributor, N.
dombeyi-type, reaches its highest abundance (6,000,000 grains g~ !)
throughout the sequence. Empetrum rubrum peaks at
390,000 grains g~ ! and Misodendrum records a maximum of
163,000 grains g~ !. Over the last 1000 yr, total concentration de-
creases (150,000 grains g~ ).

5.2.3.3. Fungal microfossil concentrations. The concentration of fungal re-
mains for this uppermost zone is high. The highest abundances of Type
810 cf. Byssothecium alpestre (1,220,000 fm g~ !) and Microthyriaceae
(189,000 fm g~ ') are recorded in this zone. Byssothecium circinans
(18,800 fm g~ ') and Gaeumannomyces sp. (13,300 fm g~ ') exhibit
high abundances. Sordaria-type (7000 fm g~ ') and Sporormiella-type
(7100 fm g~ ') are registered. Spores of Glomus sp. display a maximum
of 5600 fm g~ '. Fragmented conidia of helicosporous fungi
(3300 fm g~ 1), Gelasinospora sp. (1600 fm g~') and Alternaria sp.
(1600 fm g 1) are also present.

6. Discussion
6.1. Palaeoenvironmental evolution at Terra Australis mire

6.1.1. Lateglacial (ca. 14,300-11,500 cal yr BP)-early Holocene (11,500-
8000 cal yr BP)

The pollen assemblage between ~14,300 and 13,100 cal yr BP
(lower subzone TA-1a) is characterized by the highest palynological
richness associated to the development of grasses (Poaceae), shrubs
(Asteraceae subf. Asteroideae, Empetrum rubrum, Asteraceae subfs.
Mutisieae and Cichorioideae), herbs (Acaena, Gunnera, Apiaceae,
Caryophyllaceae, Brassicaceae), and cushion plants (Azorella).
These plant palaeocommunities resemble the present Fuegian
steppe of the northern part of Tierra del Fuego, where precipitation
is <400 mm annually (Moore, 1983; Pisano, 1977). The lowest total
pollen concentration recorded throughout this zone (TA-1) reflects
a sparse vegetation cover, and also the initial low concentration
values (560 grains g~ !) of Nothofagus dombeyi-type pollen imply
the existence of limited numbers of trees in the landscape. The de-
termination of local and regional Nothofagus presence based on pol-
len proportions is controversial because Nothofagus species are
anemophilous and its pollen can be carried far from its emission
sources. The low pollen production of the local vegetation along
with the openness of the landscape could explain in most cases the
record of high proportions of Nothofagus pollen (Fontana and
Bennett, 2012). However, the finding of fungal rests of cf.
Microthyrium fagi ascomata together with increases in Nothofagus
frequencies seems to indicate that some trees grew close to the
site. Nowadays, Microthyrium fagi is one of the most abundant spe-
cies found on dead autumn leaves of N. pumilio (Arambarri and
Gamundi, 1984). Other Microthyriaceae, besides cf. M. fagi, have
been documented in surface samples from Nothofagus deciduous
forest (Musotto et al., 2012). The environmental conditions at the
mire reflect a telmatic stage, as shown by the abundance of sedges
(Cyperaceae) that indicate minerotrophic conditions. The record of
Caltha and Myriophyllum may be associated with the development
of shallow ponds during the initial stages of the peat bog. Among
the fungal remains, the mycorrhizal Glomus sp. is related to open
ground vegetation such as grasses and shrubs. In this sense, the dis-
tribution of Glomus spp. is often associated with arid conditions and
soil erosion processes (Chmura et al., 2006; Kramer et al., 2009;
Gelorini et al., 2011). The finding of ascospores of coprophilous gen-
era like Sordaria-type and Sporormiella-type throughout the profile
suggests the presence of herbivorous grazers (Lopez-Sdez and
Lépez-Merino, 2007). Evidence of Lateglacial herbivores in Tierra
del Fuego was reported by Massone (2004) from an archaeological
site, located about 160 km to the northwest. The remains found in
this site belong to Lama guanicoe (“guanaco”) and representatives

of large, later extinct, South American mammals, such as Hippidion
saldiasi (American horse), Vicugna vicugna (“vicufia”), and Mylodon
darwini (“milodén”). Although there are no palaeontological records
in the studied area, these herbivores might have occurred around
Terra Australis, since the climate and the natural environment
were similar to those reported from the archaeological site.

Between ~13,100 and 12,400 cal yr BP (upper subzone TA-1a),
the increase in frequency and concentration values of Nothofagus
along with fungal remains that are well-known epiphyllous suggest
greater proximity of Nothofagus under moderating climatic condi-
tions at the site.

Following 12,400 cal yr BP (subzone TA-1b), the decrease in
Nothofagus pollen occurred in conjunction with the expansion of
grasses, shrubs (Asteraceae subf. Asteroideae, Empetrum rubrum),
cushion plants (Azorella), and herbs (Apiaceae, Acaena) accompa-
nied by a decline of sedges and an increase of Glomus spores.
Taken together, these data suggest low-humidity environments.
Glomus species occur in rhizospheric soils around the most frequent
grasses of Tierra del Fuego (Mendoza et al., 2002). Surface samples
of the Fuegian steppe, located ~80 km north the studied site, also
contain Glomus spores (Musotto et al.,, 2012). The record of
Gelasinospora sp. for subzone TA-1b may indicate less humid condi-
tions related to the steppe communities. Gelasinospora species are
ubicuous, being terricolous, carbonicolous and lignicolous, with
only a few coprophilous species (Cai et al., 2006; van Geel and
Aptroot, 2006). Its finding could be related to the occurrence of
fires, highly probable when the above mentioned conditions are
met. Maxima in the frequency curves of Gelasinospora sp. have
been reported from several Holocene peat deposits formed under
relatively dry and oligotrophic conditions; these same peats often
contain charred plant remains (van Geel and Aptroot, 2006).

An increase of Nothofagus commenced by about 11,200 cal yr BP
(zone TA-2), combined with open ground vegetation of grasses,
herbs (Acaena, Gunnera, Gentiana), dwarf shrub heaths (E. rubrum),
scrubs (Asteraceae subf. Asteroidae), and ferns (Lycopodium
magellanicum), suggesting conditions characteristic of a forest-
steppe ecotone. A general decrease in palynological richness is asso-
ciated to the reduction of the open tracts in the landscape. Nowa-
days, analogous vegetation communities develop in the northern
Lago Fagnano area, where annual precipitation varies between 350
and 500 mm and summer temperatures average 10 °C (Tuhkanen,
1992). The increase in frequency (up to 6%) and concentration (up
to 11,100 grains g~ ') values of the beech hemiparasite
Misodendrum, in addition to the presence of Spegazzinia tessarthra
conidia, argues for the local presence of Nothofagus. Spegazzinia
tessarthra has been found on many kinds of plants as well as in soil
and wood of N. pumilio from Tierra del Fuego (Godeas and
Arambarri, 2007). The fungal assemblage was also characterized by
the records of Arthrinium puccinioides, Gaeumannomyces sp., Glomus
sp., Gelasinospora sp., and Alternaria sp. The increase of
dematiaceous spores of A. puccinioides was probably associated
with the development of sedges surrounding the peatland. This
fungus usually grows on dead leaves of various species of
Cyperaceae (Saccardo, 1886; Ellis, 1971). The fungus occurs in Tierra
del Fuego (Ellis, 1971; Musotto et al., 2012). Moreover, the record of
hyphopodia of Gaeumannomyces sp. was related to the prevalence of
grasses and sedges in the mire. According to Walker (1980), this
fungus is a parasite on roots, crowns and lower stems and leaf
sheaths of Poaceae and Cyperaceae. The presence of Alternaria sp.
might be linked to the development of forest communities and
locally more humid conditions. Alternaria species are common sap-
rophytes and often occur on decaying plant tissues (Ellis, 1971). In
Tierra del Fuego, these fungi develop in soils of Nothofagus forests
(Martinez et al.,, 2001; Musotto et al.,, 2012) as well as in a
Donatia-Astelia cushion bogs located in eastern Tierra del Fuego
(Paredes et al., 2014).
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6.1.2. Mid-Holocene (8000-4000 cal yr BP)-late Holocene (4000-0 cal yr
BP)

Following 7700 cal yr BP (zone TA-2), total pollen concentration
values (26,000 grains g~ !) abruptly declined in coincidence with
the deposition of the tephra layer originating from the Hudson H;
eruption. Large concentration of grasses, scrubs (Asteraceae subf.
Asteroideae), herbs (Gunnera, Gentiana), and sedges occur after the
tephra fall perhaps as a consequence of the large input of nutrients
leached from the surroundings into the mire. Gaeumannomyces sp.
may be associated with the development of local grasses and sedges.

The development of a closed-canopy Nothofagus forest after
~6500 cal yr BP is inferred by the increase in arboreal pollen frequen-
cies and concentrations (zone TA-3). The understory and/or forest
edges are represented by the light-demanding grasses, scrubs
(Asteraceae subf. Asteroideae), and other herbs (Caltha, Acaena,
Gunnera). Values of palynological richness show a decreasing ten-
dency related to the spread of forest communities. According to
Birks and Line (1992), in forested environments pollen dispersal
below the canopy is restricted, and the vegetation richness is not
well represented palynologically. In addition, the high pollen pro-
duction of anemophilous trees (e.g. Nothofagus) results in the domi-
nance of their pollen types, reducing the probability of finding rare
taxa. Variations in the Nothofagus densities are indicative of discon-
tinuities in the forest canopy, and the persistence of Misodendrum
pollen (163,000 grains g~ ') suggests that more parts of the forest
had been affected by this parasite. The intensity of Misodendrum in-
festation is dependent upon light and host availability, being maxi-
mal under high luminosity conditions and intermediate Nothofagus
densities (Moreno et al., 2014). Studies of damage caused by mistle-
toe Misodendrum punctulatum on N. pumilio forests located in a re-
gion with 500 mm of rain per year, show that the excessive
infection reduces growth rates by water stress and produces a clear
effect on canopy shape (Henriquez-Velasquez et al., 2012). Probably,
the closest analogue for these plant communities would be the Sub-
antarctic Deciduous Forest that occurs in the south of Tierra del
Fuego where precipitation is between 450 and 650 mm yr~ ! and
mean summer temperature averages 10 °C (Tuhkanen, 1992). At
this time, the bog communities also changed towards ombrotrophic
conditions when species like Sphagnum magellanicum colonized the
bog surface. Sphagnum has a pattern of irregular sporulation, a po-
tential reason why its spores were virtually absent in samples with
high macroremain content (Heusser and Rabassa, 1995). Sphagnum
bogs occur today on the lee side of the Andes as well as throughout
the cool-temperate deciduous and evergreen forest ecoregions of
Tierra del Fuego when precipitation exceeds 400 mm yr—' (Loisel
and Yu, 2013). The occurrence of Empetrum rubrum reflects hydro-
logic conditions within the bog, since this species grows on dry hum-
mocks, whereas sedges develop in submerged bog settings (Birks
and Birks, 1980; Markgraf and Huber, 2010). The presence of grasses
and sedges may also be related to a marginal position with nearby
minerogenic soils (Birks and Birks, 1980; Musotto et al., 2012). Var-
iations in the water-table level at the site were inferred by Caltha
taxon including species that grow in damp areas where groundwater
table is near the surface (Moore, 1983). Among the fungal microfos-
sils, Microthyriaceae remains (mainly cf. M. fagi) are dominant prob-
ably associated to the development of forest communities. Besides,
microthyriaceous reproductive bodies correlate well with humid cli-
mates and heavy rainfall that is considered essential for their abun-
dance and rapid spread (Limaye et al., 2007). The fungal
association is also characterized by the records of Type 810 cf.
Byssothecium alpestre, Byssothecium circinans, Gaeumannomyces sp.,
helicosporous fungi, and Alternaria sp., suggesting wet environmen-
tal conditions linked to the development of forest communities.
Byssothecium circinans is a saprobe or weak parasite on woody sub-
strates; their fossil ascospores have been reported in Holocene peat
deposits formed under oligo-mesotrophic conditions (van Geel and

Aptroot, 2006). Helicosporous hyphomycetes include a group of
microfungi growing on plant litter, rotten wood, decaying twigs in
moist places or around water (Zhao et al., 2007). During the last
1000 years, the decline in arboreal pollen concentration along with
increase in Empetrum rubrum pollen are indicative of a reduction of
Nothofagus forest and a drier bog surface. The decrease in
Microthyriaceae and the record of Glomus sp. also suggest less
humid local conditions during that time.

6.2. Comparison with other palaeoclimate records

The basal age of peat-bogs located into the terminal position of
the Fagnano palaeoglacier during the LGM, with a distance approxi-
mately 16 km east from the eastern head of the lake, yield 15,400-
14,400 cal yr BP (Coronato et al.,, 2002, 2009; Musotto, 2013;
Musotto et al., 2016), indicating a westward retreat of the ice and
the existence of ice-free lands in this part of the valley during the
Lateglacial times. Also, by 14,770 cal yr BP, the ice front recedes
from the southern-central coast of Lago Fagnano, at the Terra
Australis site. In southern Tierra del Fuego, the minimum radiocar-
bon age for the Beagle glacier recession is 17,710 cal yr BP at Puerto
Harberton, approximately 25 km inside the glacier maximum cen-
tered on Isla Picton, at the eastern mouth of the Canal Beagle
(Heusser, 1998).

During the Lateglacial period, an impoverished vegetation domi-
nated by grasses, herbs, scrubs and heaths with scarce Nothofagus
trees developed throughout both sides of the Andes in Tierra del
Fuego island (Markgraf, 1993; Heusser, 2003; Musotto et al., 2016).
The Terra Australis and La Correntina sites documented low
Nothofagus abundances implying that scattered trees may have
been present in the Lago Fagnano area after glacial retreat
(Musotto et al., 2016; this paper). The arboreal vegetation was also
poorly represented in the eastern end of Canal Beagle, as indicated
by low influx values of Nothofagus pollen (<350 grains cm~?2 per
year) from the Puerto Harberton pollen sequence (Heusser, 1989b),
and almost nil pollen influx of Nothofagus trees at the Caleta R6balo
site (on Isla Navarino) (Heusser, 1989a). These findings allude to
the survival of trees in multiple glacial refugia during the LGM. This
hypothesis is supported by genetic polymorphisms and ecological
niche modeling (ENM) from Tierra del Fuego forest populations
(Premoli et al., 2010).

According to palaeoclimate data, the Lateglacial interval was
characterized by several abrupt climate change events such as the
Antarctic Cold Reversal (ACR, 14,500-12,900 cal yr BP; Blunier et
al.,, 1997), and the Younger Dryas chronozone (YD, 12,800-
11,700 cal yr BP; Rasmussen et al., 2006). The geological evidences
from Fuegian Andes show that cirque glaciers first advanced at
about 14,830-12,850 cal yr BP near Ushuaia, during the ACR, and
may have later advanced or stabilized in the YD chronozone
(Menounos et al., 2013). These latter data indicate that, by 12,500
and 11,230 cal yr BP, glaciers north and west of Ushuaia were no
larger than those at the maximum of the Little Ice Age (LIA,
<1000 cal yr BP) and never extended significantly past LIA limits
through the Holocene (Menounos et al., 2013).

The Nothofagus pollen recorded in the Lago Fagnano area
(Musotto et al., 2016; this paper) as well as along the Canal Beagle
(Heusser, 1998; Markgraf and Huber, 2010) show variable behavior
during the Lateglacial interval as a consequence of fluctuations in
the temperature and effective moisture. Weber et al. (2014) identi-
fied five phases of enhanced iceberg flux from various parts of the
Antarctic Ice Sheet (AIS) during the ACR as well as the YD chron.
The increased iceberg flux from the AIS during these events led to
the enhanced sea-ice extent around Antarctica, and the northward
displacement of the southern margin of SWW belt (Zimmermann
etal, 2015). Thus, fluctuations in the Nothofagus pollen records dur-
ing the Lateglacial period and by inference the regional climate may
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have been controlled in some degree by the coupled atmospheric-ice
sheet Antarctic climate system. Low Nothofagus abundances imply-
ing intervals of cold/dry climate conditions may reflect a LGM-north-
ward position of the southern margin of the SWW. Conversely,
increases in Nothofagus may signal intervals of cool/wet climatic
conditions due to a poleward migration of the southern margin of
the SWW from its LGM-northward position. Similar shifts in the po-
sition of SWW's southern limit during the Lateglacial have been re-
ported from the Ultima Esperanza area in the SW Chilean Patagonia
(51°-52° S, 72° W) (Moreno et al., 2012) and from Laguna Potrok
Aike (52° S, 70° W) in southern Argentinean Patagonia
(Zimmermann et al., 2015).

During the early Holocene, pollen data from central and southern
parts of Tierra del Fuego on the Pacific slope (Heusser, 2003;
Markgraf and Huber, 2010; this paper) reveal that Nothofagus forests
expanded in concert with steppe communities after 11,500 cal yr BP,
due to higher-than-present temperatures and dry climatic condi-
tions; these conditions are inferred to result from the weakening
and southward shift of the SWW (Whitlock et al., 2007; Moreno et
al., 2012). High fire activity during this time may have likewise
favoured open forests (Markgraf and Huber, 2010). Fire occurrences
in Tierra del Fuego have been attributed to greater climate variabili-
ty, an overall decrease in precipitation of westerly origin (Whitlock
et al., 2007), and deliberate burning by Paleoindian hunters
(Heusser, 1994). Later, by 9500 cal yr BP, the forest-steppe ecotone
developed on the Atlantic slope (Heusser, 2003; Musotto et al.,
2016) under lower moisture levels. The prevalence of Glomus sp.
and Gelasinospora sp. seen in Terra Australis and La Correntina
(Musotto et al., 2013) palynological profiles stem from dry condi-
tions. The latter fungal microfossil is also indirectly associated with
fire events in the area during this time.

The Nothofagus woodland vegetation and fires lasted up to
7000 cal yr BP after which a closed-canopy Nothofagus forest ex-
panded at the Terra Australis site and along Canal Beagle lowlands
(Heusser, 2003; Markgraf and Huber, 2010). After about 5500 cal yr
BP, the closed-canopy Nothofagus forest approached the Lago
Fagnano area located on the Atlantic side of the Fuegian Andes
(Markgraf, 1983; Heusser, 2003; Musotto et al., 2016), and by
1400 cal yr BP, the northwest of the island (Heusser, 1993). The cli-
mate change towards colder and wetter conditions during the late
Holocene implied strengthened SWW that promoted high levels of
effective moisture in the region. In this sense, the high abundance
of Microthyriaceae fungal remains in the studied profile supports
the presence of humid environments.

7. Conclusions

The palynological record from the Terra Australis mire provides
evidence for past environmental and climate changes since deglaci-
ation in the central part of the Tierra del Fuego island. The following
conclusions can be drawn from our analysis:

Postglacial vegetation pattern recorded in the Terra Australis mire
is in good agreement with palaeoenvironmental data from south-
ern Tierra del Fuego, probably due to its location between hills at
the foot of the Fuegian Andes valleys, on the Pacific (windward
side) slope.

By 14,300 cal yr BP the southern-central coast of Lago Fagnano was
free of ice and glaciolacustrine and glaciofluvial environments de-
veloped. Postglacial vegetation included grasses, herbs and shrubs
with scarce Nothofagus trees. The record of remains of cf.
Microthyrium fagi points to the presence of some trees close to
the peatland.

Between 11,200 and 6500 cal yr BP, Nothofagus-dominated wood-
land expanded in response to warm, dry conditions. Most fungal
remains (Gaeumannomyces sp., Glomus sp., Microthyriaceae,

Spegazzinia tessarthra, Alternaria sp.) are likely associated with
the development of forest-steppe ecotone communities. Asco-
spores of Gelasinospora sp. may also be indirectly related to fire oc-
currences.

Following 6500 cal yr BP, closed-canopy forest dominated the
landscape when climate conditions cooled and became wetter.
These changes in vegetation coincide with an increase in
microthyriaceous reproductive bodies remains (mainly cf. M. fagi).
After 1000 cal yr BP, a shift towards locally less humid environ-
mental conditions was inferred by the opening of the forest along
with the occurrence of spores of Glomus sp.

Vegetation and environmental changes are related to variations in
the amount of precipitation of westerly origin attributed to chang-
es in the wind intensity and/or position of the southern margin of
the SWW belt.
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Appendix A. Fungal taxa list.

Phylum GLOMEROMYCOTA C. Walker & A. Schiiler, 2001

Glomus sp. (Type HdV-1103) (Plate I, 1)

Phylum ASCOMYCOTA Cavalier-Smith, 1998

Byssothecium circinans Fuckel, 1861 (Type HdV-16A) (Plate I, 2)

Gaeumannomyces sp. (Type HdV-126) (Plate I, 3)

Gelasinospora sp. (Type HdV-1) (Plate I, 4)

cf. Microthyrium fagi Ellis, 1977 (Plate I, 13-17)

Sordaria-type (fide van Geel et al.,, 2003) (Type HdV-55A) (Plate I, 5)

Sporormiella-type (fide van Geel et al., 2003) (Type HdV-113) (Plate
I, 6)

Type 810 cf. Byssothecium alpestre (Toth) Boise, 1989 (fide Mauquoy
et al.,, 2004) (Plate I, 7)

Mitosporic fungi

Alternaria sp. (Plate I, 8)

Arthrinium puccinioides Kunze & Schmidt, 1823 (Plate I, 11)

Spegazzinia tessarthra Berkeley & M.A. Curtis, 1886 (Type HdV-
1018A-B) (Plate I, 9-10)

Helicosporous conidium indet. 1 (Plate I, 12)

Appendix B. Descriptions of newly distinguished fungal microfossils
from Terra Australis mire

Byssothecium circinans Fuckel 1861 (Type HdV-16A) (Plate I, 2)

Ascospores ellipsoidal, 3-septate, constricted at septa, brown, 46—
49 x 19-25 um; surface covered with large and undulating, wart-like
projections. Central cells dark brown, large (15-24 x 13-17 um); end
cells subhyaline and small (3-6 um long, 8-12 um wide). Wall
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formed by two layers, outer layer (2-4 um) thicker than the inner
one (ca. 1 um). Studied material: UNSP TTA 4063: X44/2, 4074:
N36/4, 4079: Y37.

Comments. Byssothecium species are commonly found on plant sub-
strates, both on terrestrial as aquatic habitats. Boise (1983) found it as-
sociated with Medicago sativa, a plant species which is common in the
studied area. Byssothecium circinans ascospores are frequently regis-
tered in Quaternary peat deposits in several parts of the world such as
the Netherlands (van Geel, 1978; van Geel et al., 1981), North Western
Iberian Peninsula (Mighall et al., 2006), Southern Brazil (Medeanic and
Silva, 2010) and Venezuelan Andes (Montoya et al.,, 2010).

Spegazzinia tessarthra Berkeley & M.A. Curtis 1886 (Type HdV-
1018A-B) (Plate I, 9-10)

Conidia of Type A cruciately (cross-shaped) septate, equally and
symmetrically 4-celled, dark brown, 14-15 x 16-18 um; wall about
1 pum thick, echinate (spines up to 3 um long). Studied material: UNSP
TTA 3698: H29/2, B44/4.

Comments. Only Type A conidia were observed. This is a cosmopol-
itan species frequently recorded on dead leaves and stems of many
plants (Ellis, 1971). It has been reported in lake sediments from south-
eastern Kenya by Gelorini et al. (2011). Spegazzinia tessarthra has also
been isolated as an endophyte from the lichen Heterodermia flabellata
(Tripathi et al., 2014).

Helicosporous conidium indet. 1 (Plate [, 12)

Fragment of helicoid conidium, multiseptate, not constricted at
septa, pale brown, 41 x 28 pm; conidial filament 5-6 yum diam., tightly
coiled 5 times. Wall slightly punctate, ca. 1 um thick. Studied material:
UNSP TTA 3826: U45.

Comments. This material resembles conidia of Inesiosporium
R.F.Castafieda & W.Gams 1997, but it was not assigned to any genus be-
cause only a small part of a conidium was found. Helicosporous hypho-
mycetes occur frequently in aquatic environments (Zhao et al., 2007).
Several helicosporic fungi have been described from plant debris in riv-
ers of Tierra del Fuego (Godeas and Arambarri, 1993).

Appendix C. Supplementary data

Supplementary data associated with this article can be found in the
online version, at http://dx.doi.org/10.1016/j.revpalbo.2016.11.016.
These data include the Google map of the most important areas de-
scribed in this article.

References

Arambarri, AM., Gamundi, L], 1984. Micoflora de la hojarasca de Nothofagus pumilio y N.
oblicua II. Darwiniana 25 (1-4), 255-265.

Armstrong, ].T., 1984. Quantitative analysis of silicate and oxide minerals: a reevaluation
of ZAF corrections and proposal for new Bence-Albee coefficients. Microbeam Anal.
208-212.

Bennett, K.D., 2009. Psimpoll 4.27: C Program for Plotting Pollen Diagrams and Analyzing
Pollen Data. (Available online from Queen's University of Belfast, Department of Ar-
chaeology and Palaeoecology. http://www.chrono.qub.ac.uk/psimpoll/psimpoll.html;
last accessed November 2014).

Birks, H.J., Birks, H.H., 1980. Quaternary Palaeoecology. Arnold (Publishers) Limited, Lon-
don (289 pp.).

Birks, H.J., Line, ].M., 1992. The use of rarefaction analysis for estimating palynological
richness from Quaternary pollen-analytical data. The Holocene 2 (1), 1-10.

Blaauw, M., Christen, J.A., 2011. Flexible paleoclimate age-depth models using an
autoregressive gamma process. Bayesian Anal. 6, 457-474.

Blunier, T., Schwander, ]., Stauffer, B., Stocker, T., Dallenbach, A., Indermuhle, A., Tschumi,
J., Chappellaz, J., Raynaud, D., Barnola, J.M., 1997. Timing of the Antarctic cold reversal

and the atmospheric CO, increase with respect to the Younger Dryas event. Geophys.
Res. Lett. 24, 2683-2686.

Boise, J., 1983. On Trematosphaeria circinans and reinstatement of the genus Byssothecium.
Mycologia 75, 666-669.

Borromei, A.M., 1995. Andlisis polinico de una turbera holocénica en el Valle de Andorra,
Tierra del Fuego, Argentina. Rev. Chil. Hist. Nat. 68, 311-319.

Borromei, A.M., Quattrocchio, M., 2008. Late and Postglacial Paleoenvironments of Tierra
del Fuego: terrestrial and marine palynological evidence. In: Rabassa, J. (Ed.), The Late
Cenozoic of Patagonia and Tierra del FuegoDevelopments in Quaternary Science 11.
Elsevier, pp. 369-381.

Borromei, A.M., Coronato, A., Quattrocchio, M., Rabassa, ]., Grill, S., Roig, C., 2007. Late
Pleistocene-Holocene environments in Valle Carbajal, Tierra del Fuego, Argentina.
J. South Am. Earth Sci. 23, 321-335.

Borromei, A.M., Coronato, A., Franzén, L.G., Ponce, J.F., Lopez Saez, ].A., Maidana, N.,
Rabassa, J., Candel, M.A., 2010. Multiproxy record of Holocene paleoenvironmental
change, Tierra del Fuego, Argentina. Palaeogeogr. Palaeoclimatol. Palaeoecol. 286,
1-16.

Borromei, A.M., Ponce, J.F., Coronato, A., Candel, M.S., Olivera, D., Okuda, M., 2014.
Reconstruccion de la vegetacion posglacial y su relacion con el ascenso relativo del
nivel del mar en el extremo este del canal Beagle, Tierra del Fuego. Andean Geol.
41 (2), 362-379.

Burry, LS., Trivi de Mandri, M.E., D'Antoni, H.L,, 2007. Modern analogues and past envi-
ronments in central Tierra del Fuego, Argentina. An. Inst. Patagon 35, 5-14.

Cai, L, Jeewon, R., Hyde, K.D., 2006. Phylogenetic investigations of Sordariaceae based on
multiple gene sequences and morphology. Mycol. Res. 110, 137-150.

Chmura, G.L, Stone, P.A., Ross, M.S., 2006. Non-pollen microfossils in Everglades sedi-
ments. Rev. Palaeobot. Palynol. 141, 103-119.

Collantes, M.B., Anchorena, J.A., Cingolani, A.M., 1999. The steppes of Tierra del Fuego: flo-
ristic and growthform patterns controlled by soil fertility and moisture. Plant Ecol.
140, 61-75.

Coronato, A., Roig, C., Mir, X., 2002. Geoformas glaciarias de la regién oriental del Lago
Fagnano, Tierra del Fuego, Argentina. Actas del XV Congreso Geoldgico Argentino,
Il Asociacién Geoldgica Argentina, Buenos Aires, pp. 457-462.

Coronato, A., Coronato, F., Mazzoni, E., Vizquez, M., 2008. The physical geography of Pat-
agonia and Tierra del Fuego. In: Rabassa, J. (Ed.), Late Cenozoic of Patagonia and
Tierra del Fuego. Developments in Quaternary Sciences, Elsevier, Amsterdam,
pp. 13-55.

Coronato, A, Seppdld, M., Ponce, J.F., Rabassa, J., 2009. Glacial geomorphology of the Pleis-
tocene Lake Fagnano ice lobe, Tierra del Fuego, southern South America. Geomor-
phology 112, 67-81.

Cugny, C.,, Mazier, F., Galop, D., 2010. Modern and fossil non-pollen palynomorphs from
the Basque mountains (western Pyrenees, France): the use of coprophilous fungi to
reconstruct pastoral activity. Veg. Hist. Archaeobot. 19, 391-408.

Ellis, M.B., 1971. Dematiaceous Hyphomycetes. Commonwealth Mycological Institute,
Kew, England (608 pp.).

Faegri, K., Iversen, ]., 1989. Textbook of Pollen Analysis. fourth ed. John Willey and Sons,
Copenhague.

Fontana, S.L.,, Bennett, K.D., 2012. Postglacial vegetation dynamics of western Tierra del
Fuego. The Holocene 22 (11), 1337-1350.

Gelorini, V., Verbeken, A., van Geel, B., Cocquyt, C., Verschuren, D., 2011. Modern
nonpollen palynomorph (NPP) diversity in East African lake sediments. Rev.
Palaeobot. Palynol. 164, 143-173.

Godeas, A.M., Arambarri, AM., 1993. Fungi, Fungi Imperfecti, Hyphomycetales.
Hifomicetes acuaticos. In: Guarrera, S.A., Gamundi de Amos, L., Matteri, C.M. (Eds.),
Flora Criptogamica de Tierra Del Fuego XII (2). SIGMA, Buenos Aires, pp. 1-60.

Godeas, A.M., Arambarri, A.M., 2007. Hifomicetes lignicolas de Tierra del Fuego (Fungi,
Fungi Imperfecti, Hyphomycetales). Bol. Soc. Argent. Bot. 42 (1-2), 59-69.

Grimm, E., 2004. Tilia and TGView 2.0.2. Software. Illinois State Museum. Research and
Collection Center, Springfield, USA.

Henriquez-Velasquez, C.,, Henriquez, ].M., Aravena, J.C,, 2012. Damage caused by mistletoe
Misodendrum punctulatum Banks Ex Dc. on architecture and radial growth of
Nothofagus pumilio (Poepp. et Endl.) Krasser forests of southern Chile. Aust. Ecol.
37,816-824.

Heusser, CJ., 1989a. Late Quaternary vegetation and climate of Southern Tierra del Fuego.
Quat. Res. 31, 396-406.

Heusser, CJ., 1989b. Climate and chronology of Antarctica and adjacent South America
over the past 30,000 yr. Palaeogeogr. Palaeoclimatol. Palaeoecol. 76, 31-37.

Heusser, CJ., 1990. Late-glacial and Holocene vegetation and climate of Subantarctic
South America. Rev. Palaeobot. Palynol. 65, 9-15.

Heusser, CJ., 1993. Late Quaternary forest-steppe contact zone, Isla Grande de Tierra del
Fuego, subantarctic South America. Quat. Sci. Rev. 12, 169-177.

Heusser, CJ., 1994. Paleoindians and fire during the late Quaternary in southern South
America. Rev. Chil. Hist. Nat. 67, 435-443.

Heusser, CJ., 1995. Palaeoecology of a Donatia-Astelia cushion bog, Magellanic Moorland-
Subantartic Evergreen Forest transition, southern Tierra del Fuego, Argentina. Rev.
Palaeobot. Palynol. 89, 429-440.

Plate I. Fungal microfossils found at the Terra Australis mire. Each photograph indicates the sample number, and England Finder coordinates. 1. Glomus sp. (HdV-1103), UNSP TA 3652:
S48; 2. Byssothecium circinans (HdV-16A), UNSP TA 4079: Y37. 3. Gaeumannomyces sp. (HdV-126) hyphopodium, UNSP TA 3738: Y41; 4. Gelasinospora sp. (HdV-1), UNSP TA 3672: D33/1;
5.Sordaria-type (HdV-55A), UNSP TA 3774: J44/4; 6. Separate ascospore-cell of Sporormiella-type (HdV-113), UNSP TA 4083: Z36/3; 7. Type 810 cf. Byssothecium alpestre (fide Mauquoy et
al., 2004) UNSP TA 3795: Y27/1; 8. Alternaria sp., UNSP TA 3675: X40; 9-10. Spegazzinia tessarthra (HAV-1018A-B) (9: UNSP TA 3698: H29/2, 10: UNSP TA 3698: B44/4); 11. Arthrinium
puccinioides, UNSP TA 4000: U38/4; 12. Fragment of helicosporous conidium indet. 1, UNSP TA 3826: U45; 13. Entire reproductive body of cf. Microthyrium fagi, UNSP TA 3804: S38/1; 14—
16. Remains of cf. Microthyrium fagi (14: UNSP TA 3958: X46, 15: UNSP TA 4081: W46, 16: UNSP TA 3823: Z42); 17-19. Fragments of unidentified ascomata with scutellum composed of
isodiametrical to cylindrical cells (17: UNSP TA 3809: R33/1, 18: UNSP TA 4062b: X33, 19: UNSP TA 4061: K47); 20. Unidentified body remain, UNSP TA 3977: Z48/4. Scale bars: 1-12 =

5 um, 13-20 = 10 pm.


http://dx.doi.org/10.1016/j.revpalbo.2016.11.016
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0005
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0005
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0010
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0010
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0010
http://www.chrono.qub.ac.uk/psimpoll/psimpoll.html
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0020
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0020
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0025
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0025
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0030
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0030
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0035
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0035
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0035
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0035
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0040
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0040
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0045
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0045
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0050
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0050
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0050
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0050
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0055
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0055
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0055
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0060
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0060
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0060
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0065
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0065
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0065
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0070
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0070
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0075
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0075
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0080
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0080
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0085
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0085
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0085
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0090
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0090
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0090
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0095
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0095
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0095
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0095
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0100
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0100
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0100
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0105
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0105
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0105
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0110
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0110
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0115
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0115
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0120
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0120
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0125
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0125
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0125
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0130
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0130
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0130
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0135
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0135
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0140
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0140
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0145
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0145
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0145
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0145
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0150
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0150
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0155
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0155
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0160
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0160
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0165
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0165
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0170
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0170
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0175
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0175
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0175

54 L.L Musotto et al. / Review of Palaeobotany and Palynology 238 (2017) 43-54

Heusser, CJ., 1998. Deglacial paleoclimate of the American sector of the Southern Ocean:
Late Glacial-Holocene records from the latitude of Canal Beagle (55°S), Argentine
Tierra del Fuego. Palaeogeogr. Palaeoclimatol. Palaeoecol. 141, 277-301.

Heusser, CJ., 2003. Ice Age Southern Andes — A Chronicle of Paleoecological Events. De-
velopments in Quaternary Science 3. Elsevier, Amsterdam (240 pp.).

Heusser, CJ., Rabassa, J.0., 1995. Late Holocene forest-steppe interaction at Cabo San
Pablo, Isla Grande de Tierra del Fuego, Argentina. Quat. S. Am. Antarctic Peninsula
9,173-182.

Hogg, A.G., Hua, Q., Blackwell, P.G., Buck, CE., Guilderson, T.P., Heaton, T,J., Niu, M., Palmer,
J.G., Reimer, P.J., Reimer, RW., Turney, C.5.M., Zimmerman, S.R.H., 2013. SHCal13
Southern Hemisphere calibration, 0-50,000 years cal BP. Radiocarbon 55, 1889-1903.

Kramer, A., Herzschuh, U., Mischke, S., Zhang, C., 2009. Late Quaternary environmental
history of the south-eastern Tibetan Plateau inferred from the Lake Naleng non-pol-
len palynomorph record. Veg. Hist. Archaeobot. 19, 453-468.

Limaye, R.B.,, Kumaran, K.P.N., Nair, K.M., Padmalal, D., 2007. Non-pollen palynomorphs as
potential palaeoenvironmental indicators in the Late Quaternary sediments of the
west coast of India. Curr. Sci. 92 (10), 1370-1382.

Loisel, J., Yu, Z., 2013. Holocene peatland carbon dynamics in Patagonia. Quat. Sci. Rev. 69,
125-141.

L6pez-Saez, ].A., Lopez-Merino, L., 2007. Coprophilous fungi as a source of information of
anthropic activities during the prehistory in the Amblés Valley (Avila, Spain): the
archaeopalynological record. Rev. Esp. Micropaleontol. 8 (1-2), 49-75.

Markgraf, V., 1980. New Data on the Late and Postglacial Vegetation History of La Mision,
Tierra del Fuego, Argentina. IV International Palynological Conference 3 pp. 68-74.

Markgraf, V., 1983. Late and postglacial vegetational and paleoclimatic changes in subant-
arctic, temperate and arid environments in Argentina. Palynology 7, 43-70.

Markgraf, V., 1993. Paleoenvironments and paleoclimates in Tierra del Fuego and south-
ernmost Patagonia, South America. Palaeogeogr. Palaeoclimatol. Palaeoecol. 102,
53-68.

Markgraf, V., Huber, U.M,, 2010. Late and postglacial vegetation and fire history in South-
ern Patagonia and Tierra del Fuego. Palaeogeogr. Palaeoclimatol. Palaeoecol. 297,
351-366.

Martinez, A.E., Chiocchio, V.M., Godeas, A.M., 2001. Cellulolytic Hyphomycetes on soil of
Nothofagus forests in Tierra del Fuego. Gayana Bot. 58 (2), 123-132.

Massone, M., 2004. Los cazadores después del hielo. Coleccién Antropologia N° VII, Centro
de Investigaciones Diego Barros Arana, Direccién de Bibliotecas. Archivos y museos,
Santiago (183 pp.).

Mauquoy, D., Blaauw, M., van Geel, B., Borromei, A., Quattrocchio, M., Chambers, F.,
Possnert, G., 2004. Late-Holocene climatic changes in Tierra del Fuego based on
multi-proxy analyses of peat deposits. Quat. Res. 61, 148-158.

Medeanic, S., Silva, M.B., 2010. Indicative value of non-pollen palynomorphs (NPPs) and
palynofacies for palaeoreconstructions: Holocene peat, Brazil. Int. J. Coal Geol. 84,
248-257.

Mendoza, RE., Goldmann, V., Rivas, J., Escudero, V., Pagani, E., Collantes, M., Marban, L.,
2002. Poblaciones de hongos micorrizicos arbusculares en relacion con las
propiedades del suelo y de la planta hospedante en pastizales de Tierra del Fuego.
Ecol. Aust. 12, 105-116.

Menounos, B., Clague, ]J., Osborn, G., Thompson Davis, P., Ponce, J.F., Goehring, B., Maurer,
M., Rabassa, J.0., Coronato, A., Marr, R., 2013. Latest Pleistocene and Holocene glacier
fluctuations in southernmost Tierra del Fuego, Argentina. Quat. Sci. Rev. 77, 70-79.

Mighall, T.M., Martinez Cortizas, A., Biester, H., Turner, S.E., 2006. Proxy climate and veg-
etation changes during the last five millennia in NW Iberia: pollen and non-pollen
palynomorph data from two ombrotrophic peat bogs in the North Western Iberian
Peninsula. Rev. Palaeobot. Palynol. 141, 203-223.

Montoya, E., Rull, V., van Geel, B., 2010. Non-pollen palynomorphs from surface sediments
along an altitudinal transect of the Venezuelan Andes. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 297, 169-183.

Moore, D.M., 1983. Flora of Tierra del Fuego. Nelson, Oswestry (396 pp.).

Moreno, P.L, Villa-Martinez, R., Cardenas, M.L., Sagredo, E.A., 2012. Deglacial changes of
the southern margin of the southern westerly winds revealed by terrestrial records
from SW Patagonia (52° S). Quat. Sci. Rev. 41, 1-21.

Moreno, P.L, Vilanova, I, Villa-Martinez, R., Garreaud, R.D., Rojas, M., De Pol-Holz, R., 2014.
Southern Annular Mode-like changes in southwestern Patagonia at centennial time-
scales over the last three millennia. Nat. Commun. 5, 4375.

Musotto, L.L., 2013. Paleoambientes y paleoclimas del Cuaternario tardio en turberas del
centro de laIsla Grande de Tierra del Fuego en base al andlisis palinoldgico. Ph.D. The-
sis, Unpublished. Universidad Nacional del Sur, Bahia Blanca, 220 p.

Musotto, L.L., Bianchinotti, M.V., Borromei, A.M., 2012. Pollen and fungal remains as envi-
ronmental indicators in surface sediments of Isla Grande de Tierra del Fuego, south-
ernmost Patagonia. Palynology 36, 162-179.

Musotto, L.L,, Bianchinotti, M.V., Borromei, A.M., 2013. Inferencias paleoecolégicas a partir
del andlisis de microf6siles fingicos en una turbera pleistoceno-holocena de Tierra
del Fuego (Argentina). Rev. Mus. Arg. Cienc. Nat. 15 (1), 89-98.

Musotto, L.L., Borromei, A.M., Coronato, A., Menounos, B., Osborn, G., Marr, R, 2016. Late
Pleistocene and Holocene palaesoenvironmental changes in central Tierra del Fuego
(~54°S) inferred from pollen analysis. Veg. Hist. Archaeobot. 25, 117-130.

Paredes, N.I., Consolo, V.F., Pancotto, V.A,, Fritz, C., Barrera, M.D., Arambarri, A.M., Salerno,
G.L, 2014. Microfungal composition in an Astelia-Donatia cushion peatland in Tierra
del Fuego, Argentina. Darwiniana 2 (1), 112-124.

Pendall, E., Markgraf, V., White, JW.C,, Dreier, M., 2001. Multiproxy record of late Pleisto-
cene-Holocene climate and vegetation changes from a peat bog in Patagonia. Quat.
Res. 55, 168-178.

Pisano, E., 1977. Fitogeografia de Fuego-Patagonia Chilena. I. — Comunidades vegetales
entre las latitudes 52° y 56° S. An. Inst. Patagon 8, 121-250.

Premoli, A.C., Mathiasen, P., Kitzberger, T., 2010. Southern-most Nothofagus trees endur-
ing ice ages: genetic evidence and ecological niche retrodiction reveal high latitude
(54° S) glacial refugia. Palaeogeogr. Palaeoclimatol. Palaeoecol. 298, 247-256.

Rabassa, J., 2008. Late Cenozoic glaciations in Patagonia and Tierra del Fuego. In: Rabassa,
] (Ed.), Late Cenozoic of Patagonia and Tierra del Fuego. Developments in Quaternary
Sciences, Elsevier, Amsterdam, pp. 151-204.

Rasmussen, S.0., Andersen, K.K., Svensson, A.M.,, Steffensen, J.P., Vinther, B.M., Clausen,
H.B,, Siggaard-Andersen, M.L., Johnsen, S.J., Larsen, L.B., Dahl-Jensen, D., Bigler, M.,
Rothlisberger, R., Fischer, H., Goto-Azuma, K., Hansson, M.E., Ruth, U., 2006. A new
Greenland ice core chronology for the last glacial termination. ]. Geophys. Res.-
Atmos. 111, D06102 (doi:06110.01029/02005]D006079).

Saccardo, P.A,, 1886. Syll. Fung. 4, 1-807.

Stern, C.R., 2008. Holocene tephrochronology record of large explosive eruptions in the
southernmost Patagonian Andes. Bull. Volcanol. 70, 435-454.

Stockmarr, J., 1971. Tablets with spores used in absolute pollen analysis. Pollen Spores 13,
615-621.

Stuiver, M., Reimer, P.J., Reimer, R.W., 2015. Calib 7.1. http://calib.qub.ac.uk/calib/.

Tripathi, M., Gupta, R.C,, Joshi, Y., 2014. Spegazzinia tessarthra isolated as a true endophyte
from lichen Heterodermia flabellate. Indian Phytopathol. 67 (1), 109-110.

Trivi de Mandri, M.E., Burry, L.S., D'Antoni, H.L., 2006. Dispersién-depositacién del polen
actual en Tierra del Fuego, Argentina. Rev. Mex. Biodivers. 77, 89-95.

Tuhkanen, S., 1992. The climate of Tierra del Fuego from a vegetation geographical point
of view and its ecoclimatic counterparts elsewhere. Acta Bot. Fenn. 125, 4-17.

van Geel, B., 1978. A palaeoecological study of Holocene peat bog sections in Germany
and the Netherlands. Rev. Palaeobot. Palynol. 25, 1-120.

van Geel, B., 2001. Non-pollen palynomorphs. In: Smol, J.P., Birks, HJ.B., Last, W.M. (Eds.),
Tracking Environmental Change Using Lake SedimentsTerrestrial, Algal and Siliceous
Indicators vol. 3. Kluwer Academic Press, Dordrecht, pp. 99-119.

van Geel, B., Aptroot, A., 2006. Fossil ascomycetes in Quaternary deposits. Nova Hedwig.
82, 313-329.

van Geel, B., Bohncke, S.J.P., Dee, H., 1981. A palaeoecological study of an upper Late Gla-
cial and Holocene sequence from “De Borchert”, The Netherlands. Rev. Palaeobot.
Palynol. 31, 367-448.

Waldmann, N., Ariztegui, D., Anselmetti, F.S., Austin Jr., ].A., Moy, C.M.,, Stern, C., Recasens,
C., Dunbar, R.B., 2010. Holocene climatic fluctuations and positioning of the Southern
Hemisphere Westerlies in Tierra del Fuego (54° S), Patagonia. ]. Quat. Sci. 25 (7),
1063-1075.

Waldmann, N., Borromei, A.M., Recasens, C., Olivera, D., Martinez, M.A., Maidana, N.I,,
Ariztegui, D., Austin Jr., J.A., Anselmetti, F.S., Moy, C.M., 2014. Integrated reconstruc-
tion of Holocene millennial-scale environmental changes in Tierra del Fuego, south-
ernmost South America. Palaeogeogr. Palaeoclimatol. Palaeoecol. 399, 294-3009.

Walker, J.C., 1980. Gaeumannomyces, Linocarpon, Ophiobolus and several other genera of
scolecospored ascomycetes and Phialophora conidial states, with a note on
hyphopodia. Mycotaxon 11 (1), 1-129.

Weber, M.E,, Clark, P.U., Kuhn, G., Timmermann, A, Sprenk, D., Gladstone, R., Zhang, X.,
Lohmann, G., Menviel, L., Chikamoto, M.O., Friedrich, T., Ohlwein, C., 2014. Millenni-
al-scale variability in Antarctic ice-sheet discharge during the last deglaciation. Na-
ture 510 (7503), 134-138.

Whitlock, C., Moreno, P., Bartlein, P., 2007. Climatic controls of Holocene fire patterns in
southern South America. Quat. Res. 68, 28-36.

Zhao, G.Z., Liu, X.Z., Wu, W.P,, 2007. Helicosporous hyphomycetes from China. Fungal Di-
vers. 26, 313-524.

Zimmermann, C., Jouve, G., Pienitz, R., Francus, P., Maidana, N.I., 2015. Late Glacial and
Early Holocene cyclic changes in paleowind conditions and lake levels inferred
from diatom assemblage shifts in Laguna Potrok Aike sediments (southern Patagonia,
Argentina). Palaeogeogr. Palaeoclimatol. Palaeoecol. 427, 20-31.


http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0180
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0180
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0180
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0185
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0185
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0190
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0190
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0190
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0195
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0195
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0200
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0200
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0200
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0205
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0205
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0205
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0210
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0210
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0215
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0215
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0215
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0220
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0220
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0225
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0225
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0230
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0230
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0230
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0235
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0235
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0235
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0240
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0240
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0245
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0245
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0245
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0250
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0250
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0255
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0255
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0255
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0260
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0260
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0260
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0265
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0265
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0270
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0270
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0270
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0270
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0275
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0275
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0275
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0280
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0285
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0285
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0285
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0290
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0290
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0295
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0295
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0295
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0300
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0300
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0300
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0305
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0305
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0305
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0305
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0310
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0310
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0315
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0315
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0315
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0320
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0320
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0325
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0325
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0325
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0330
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0330
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0330
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0335
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0335
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0335
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0340
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0345
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0345
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0350
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0350
http://calib.qub.ac.uk/calib/
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0360
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0360
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0365
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0365
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0370
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0370
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0375
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0375
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0380
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0380
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0380
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0385
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0385
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0390
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0390
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0390
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0395
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0395
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0395
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0400
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0400
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0400
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0405
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0405
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0405
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0410
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0410
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0410
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0415
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0415
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0420
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0420
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0425
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0425
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0425
http://refhub.elsevier.com/S0034-6667(16)30231-7/rf0425

	Postglacial environments in the southern coast of Lago Fagnano, central Tierra del Fuego, Argentina, based on pollen and fu...
	1. Introduction
	2. Environmental setting
	3. Present climate and vegetation of Tierra del Fuego
	4. Materials and methods
	4.1. Lithology and chronology. Age-depth model
	4.2. Tephrochronology
	4.3. Palynological analysis

	5. Results
	5.1. Lithology and chronology
	5.2. Palynological analysis
	5.2.1. Zone TA-1 (735–655cm; 14,300–11,300calyr BP)
	5.2.1.1. Pollen frequencies
	5.2.1.1.1. Subzone TA-1a (735–690cm; 14,300–12,400calyr BP)
	5.2.1.1.2. Subzone TA-1b (685–655cm; 12,400–11,300calyr BP)

	5.2.1.2. Pollen concentrations
	5.2.1.3. Fungal microfossil concentrations


	5.2.2. Zone TA-2 (650–520cm; 11,300–6600calyr BP)
	Outline placeholder
	5.2.2.1. Pollen frequencies
	5.2.2.2. Pollen concentrations
	5.2.2.3. Fungal microfossil concentrations

	5.2.3. Zone TA-3 (515–0cm; 6600–0calyr BP)
	5.2.3.1. Pollen frequencies
	5.2.3.2. Pollen concentrations
	5.2.3.3. Fungal microfossil concentrations



	6. Discussion
	6.1. Palaeoenvironmental evolution at Terra Australis mire
	6.1.1. Lateglacial (ca. 14,300–11,500calyr BP)–early Holocene (11,500–8000calyr BP)
	6.1.2. Mid-Holocene (8000–4000calyr BP)–late Holocene (4000–0calyr BP)

	6.2. Comparison with other palaeoclimate records

	7. Conclusions
	Acknowledgements
	Appendix A. Fungal taxa list.
	Appendix B. Descriptions of newly distinguished fungal microfossils from Terra Australis mire
	Appendix C. Supplementary data
	References


