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Abstract

- Carolina Acosta Hospitaleche?

Antarctica presents one of the most severe environmental conditions for life. Under these circumstances, cryptogams are the
dominant photosynthetic organisms, among which we find a great richness of lichens. In Antarctic environments, lichens can
grow on rocks or in this case on fossil remains, among the few available substrates. In the present contribution, we examined
all fossil penguins of the Antarctic collection of the Museo de La Plata, as a significant sample of fossil vertebrates. The
selected materials here described come from the Submeseta Formation (Eocene) on Seymour/Marambio Island, located
northeast of the Antarctic Peninsula on the Weddell Sea. Given the scarcity of lichenological studies on this island, and
the results presented here add significantly to our knowledge of the lichen species that occur there with the recognition of
11 taxa with a crustose morphology (epilithic and endolithic), the sampling of lichens growing on fossil bones acquired an

evident importance.
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Introduction

The Antarctic regions present some of the most severe envi-
ronmental conditions endured by plant life, involving habi-
tats characterized by intense cold, physiological drought,
and seasonal limitation of insolation. Antarctica presents
a series of terrestrial ecosystems characterized by a greatly
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reduced flora and fauna, which are isolated from other sys-
tems by extensive ocean barriers (Lee et al. 2017).

Terrestrial ecosystems are restricted to the 4% of ice-
free lands during the summer months (Rudolph 1977, see
also Lee et al. 2017). The severe weather conditions make
Antarctica one of the harshest environments on Earth for
the development of higher plants (Green et al. 2007). These
Antarctic ecosystems are unique since cryptogamic plants
and invertebrate animals are the most abundant groups; and
among them, lichens (lichenized fungi) have a dominant
role (Lindsay 1978; @vstedal and Smith 2001). Crustose,
squamulose, foliose, and fruticose thalli forms, are common
and widespread, constituting communities included in two
subformations: the crustose lichen subformation and the
fruticose lichen and moss cushion subformation (Smith and
Gimingham 1976).

In Antarctica, and many other places, fossil remains act
as a substrate and are susceptible to lichen colonization.
As a consequence, lichen activity damages the structure of
fossils that lose material and become more fragile. In this
context of biodeterioration, some remarkable studies have
been carried out (Fernandez-Jalvo et al. 2002; Thackeray
et al. 2005; Acosta Hospitaleche et al. 2011; Gouiric-Cavalli
et al. 2018; Saitta et al. 2019). However, in a place, like
Seymour Island, where only two lichen species are reported,
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Gyalolechia desertorum (Tomin) Sgchting, Frodén & Arup
and Myriolecis mons-nivis Darb. (@vstedal and Smith 2001),
a lot of work from a lichenological perspective is still nec-
essary. In the present contribution, we examined all fossil
penguins housed in the Antarctic collection of the Museo
de La Plata, as a significant sample of fossil vertebrates of
Seymour Island (Antarctica) looking for traces of lichens.

Materials and methods
Materials

Lichen species described here were obtained from Eocene
penguin bones permanently housed in the collections of the
Divisidon Paleontologia Vertebrados (DPV) of the Museo
de La Plata (MLP), La Plata (Argentina). From the approxi-
mately 10,000 bones examined, a total of 120 specimens
were selected to sample.

Methods

We examined 120 fossil remains looking for the better pre-
served lichen thalli. Lichens were observed under stereo-
scopic microscope Arcano Ztx and light Olympus BH2, and
pictures were taken with a stereoscopic microscope ZEISS
SteREO Discovery.V20.

Morphological and anatomical studies include freehand
cuts of the reproductive structures, in order to observe
ascus and spores. The usual histochemical reactions were
performed: K (KOH 10%), C (NaClO), and I (KI), which
indicates the amyloid reactions of the asci and hamathecium.

For the identification of the species, the following bibliog-
raphy was used: Castello and Nimis (1994), Seppelt et al.
(1998), @vstedal and Smith (2001), Ertz and Diederich
(2004), Olech (2004), Sliwa (2007), Nash et al. (2007), and
Arup (2009). The scientific names were updated according
to the online databases of Index fungorum (https://www.
indexfungorum.org/) and Mycobank (https://www.mycob
ank.org/).

Study area

Materials come from Seymour/Marambio Island (Fig. 1),
a small island located northeast of the Antarctic Peninsula
on the Weddell Sea, West Antarctica. The entire island is
a plateau of fourteen kilometers in length and eight kilo-
meters in width, where the Argentinian Marambio Station
has been established since 1969. The continued presence of
this Station plus the weather conditions of the island, that is,
ice free during the summer season, encouraged an intense
scientific field work in the area. As a result, and after numer-
ous and almost uninterrupted paleontological field works
since 1977, the fossil vertebrate collection from Antarctica
housed in the Museo de La Plata has become the largest in
the whole world. It includes more than 20,000 fossil verte-
brates; among them, bones were revised.

Penguin bones are very frequent among fossils from Sey-
mour Island and constitute the most abundant vertebrates
together with shark teeth. Bones examined here, all assigned
to fossil penguins, come from different sites of the island
located from 50 to 200 m.a.s.l. around the Marambio Sta-
tion (Fig. 1). Most of the materials were collected in the
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Fig. 1 Map showing the collection sites in Seymour/Marambio Island, located at the east of the Antarctic Peninsula (West Antarctica)
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locality (DPV) 13/84, a famous fossil site of Seymour Island
initially explored by Otto Nordenskjold (Wiman 1905), and
subsequently by numerous paleontologists (see Acosta Hos-
pitaleche et al. 2017, 2019). Bartonian levels of the Sub-
meseta I Allomember of the Submeseta Formation crop out
on this site and also in the equivalent locality DPV 14/84.
In DPV 16/84, sediments are younger and correspond to
the Priabonian Submeseta Allomember III of the Submeseta
Formation.

Results

In general terms, we observed that taphonomic damage
reaches all the remains collected there. As a consequence,
most of them are disarticulated and fragmented, with evi-
dence of fish predation and scavenging, invertebrate feed-
ing activity, encrusters, and bioerosion occasioned by lichen
activity, among other traces.

After the examination of nearly 10,000 penguin bones,
and given that our main objective was the systematic analy-
sis of the lichens associated with these fossils, we selected
the more complete and fertile lichen specimens, discard-
ing those badly preserved and already sampled. A total of
10 species and a specimen that could only be identified at
genus level were found. All species belong to the Division
Ascomycota and Subdivision Pezizomycotina. A descrip-
tion of each species, the site of collection, distribution, and
ecological data are provided below in the systematic section.

Fungi systematics

Division Ascomycota R.H. Whittaker 1959

Subdivision Pezizomycotina O.E. Erikss. & Winka 1997

Class Lecanoromycetes O.E. Erikss. & Winka 1997

Subclass Lecanoromycetidae P.M. Kirk, P.F. Cannon, J.C.
David & Stalpers ex Miadl., Lutzoni & Lumbsch 2007

Order Caliciales Bessey 1907

Family Caliciaceae Chevall. 1826

Genus Buellia sp. De Not., 1846

Observed material MLP 78-X-26-134.

Provenance Locality DPV 13/84.

Description Thallus inconspicuous. Apothecia to 1 mm
diameter, disc black, pruinose. Thalline excipulum grey.
Asci 8-spored. Spores brown septate ellipsoid 10X 3 um.
Spot tests: all negative. The scarcity of the collected material
prevents the species identification.

Order Lecideales Vain. 1934
Family Lecideaceae Chevall. 1826
Genus Lecidea Ach. 1803
Lecidea andersonii Filson 1974 (Fig. 2a)

Observed material MLP 08-X1-30-28, MLP 13-XI-28-
140, and MLP 13-X1-28-410.

Provenance MLP 13-X1-28-140 from DPV 13/84, MLP
08-XI-30-28, and MLP 13-XI-28-410 from Locality DPV
14/84.

Description Thallus endolithic or as small grey areole,
to 1 cm diam. Hyphae of endolithic thallus with scabrous
surface, c. 2 cm. Black apothecia, often grouped cauli-
flower-like together, to 1.5 mm diameter, proper margin
thin, distinct, often crenulated. Hymenium 40-50um
height, colourless, except by the uppermost part which
is blue-green to brownish-green, composed short, rectan-
gular, radiating hyphae 2-3 pm across, with undulating
walls. Exiple and epithecium N + red. Paraphyses end cell
only slightly enlarged to 2.5 um diam. Spores ellipsoid,
hyaline to 9—-10 x 3-5 pm.

Ecology and distribution bipolar species. In Antarctica:
distributed in Southern Antarctic Peninsula and continen-
tal Antarctica. On rocks.

Order Teloschistales D. Hawksw. & O.E. Erikss. 1986

Family Teloschistaceae Zahlbr. 1898

Genus Athallia Arup, Frodén & Sgchting 2013

Athallia holocarpa (Hoffm.) Arup, Frodén and Sgchting
2013 (Fig. 2b)

Observed material MLP 08-XI1-30-28, MLP 12-1-20-30,
MLP 92-11-2-194, MLP 13-X1-28-140, MLP 78-X-26-106,
MLP 13-X1-28-472, and MLP 14-1-10-170.

Provenance MLP 12-1-20-30, and MLP 92-11-2-194
from Locality DPV 16/84; MLP 78-X-26-106 and MLP
08-XI-30-28 from Locality DPV 14/84; MLP 13-XI-28-
140, MLP 13-X1-28-472, and MLP 14-1-10-170 from
Locality DPV 13/84.

Description Thallus inconspicuous or forming thin,
effuse, pale grey crust. Apothecia of 0.3-0.5(1) mm in
diameter, usually very crowded. Disc orange or yellowish
orange, margin concolourous with disc or slightly paler.
Thalline excipulum broad, cortex composed of paraplect-
enchymatous tissue. True excipulum fan-shaped. Hypo-
thecium without oil droplets. Hymenium c. 60 um high,
with medium coarse epipsamma. Paraphyses branched,
apically slightly enlarged to 2.5 11 m. Asci 8-spored.
Spores (13)14-20x 10-14 pm. Septum 4-6 pm. Thallus
K-, apothecia K + violet-red.

Ecology and distribution Cosmopolitan species. In Ant-
arctica: distributed in South Orkney Islands, South Shetland
Islands, and Antarctic Peninsula. Grows mainly on various
enriched siliceous rocks, boulders, and pebbles, but occurs
also on lime-rich stone, slate, mortar, and concrete.

Order Lecanorales Nannf. 1932
Family Lecanoraceae Korb. 1855
Genus Carbonea (Hertel) Hertel 1983
Carbonea vorticosa (Florke) Hertel 1983 (Fig. 2¢)
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Fig. 2 Details of the lichen
found in fossil penguin bones: a
Lecidea andersonii; b Athallia
holocarpa (black arrow) and
Lecanora flotowiana (white
arrow),; ¢ Carbonea vorticosa;
d Myriolecis mons-nivis; e
Candelariella aurella (black
arrow) and Lecidea andersonii
(white arrow); f Sarcogyne
privigna. Variations in tone and
colour correspond to differences
in the maturation or dehydration
degree of the apothecia. Scale
bars represent 1 mm

Observed material MLP 13-X1-28-459, MLP 08-XI-30-
3/12, and MLP 96-1-6-40

Provenance Locality DPV 13/84

Description Thallus is usually lacking or very thin, grey-
ish. Apothecia numerous, sessile, O.I-D.7 mm broad, often
with constricted base. Disc flat or slightly convex, black,
shining. True excipulum slightly raised, brown-black. Hyp-
othecium 70-110 pm brown-black. Hymenium 40-50 um,
epihymenium blue-green. Paraphyses conglutinate, some-
times branched, with tips scarcely thickened. Asci cylin-
dric-clavate, of Lecanora-type. Spores ellipsoid, hyaline to
10-13 X 4.5-5 um. Thallus K-, C-, and Pd-.

Ecology and distribution Cosmopolitan species. In Ant-
arctica: distributed in South Orkney Islands, South Shetland

@ Springer

Islands, Antarctic Peninsula, and continental Antarctica. On
rocks in inland hills.

Genus Myriolecis Clem. 1909

Myriolecis dispersa (Pers.) Sliwa, Zhao Xin and Lumbsch
2015

Observed material MLP 12-1-20-30

Provenance Locality DPV 16/84

Description Thallus endolithic or superficial and then vis-
ible as a very thin membranaceous layer. Apothecia variable
in size (0.3-0.7 mm in diameter), shape, margin structure,
and disc colour. Margin thin, corticate, and in some way den-
tate or thick and +powdery, usually white but in some locali-
ties dark to blackened. Disc pale, greenish-grey, brownish,
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or blackish. Thalline excipulum variable in thickness and
abundance of algae, cortex not well delimited. Epithecium
granulose. Epihymenium brownish or olive, hymenium
50 um. Paraphyses thin, septate, branched, and anastomo-
sed. Spores ellipsoid, hyaline 8—12 X 5—-6 um. Thallus and
apothecial margin K-, C-, P-, or P+ orange.

Ecology and distribution Cosmopolitan species. Distri-
bution in Antarctica: due to taxonomic confusion, the dis-
tribution of this taxon is uncertain. On boulders and stones
of recent glacier moraines or on introduced wood. Main
component of epilithic communities in newly deglaciated
moraines and one of the most important pioneer taxa of
lichens. On a wide range of substrata, including calcare-
ous and siliceous rock, concrete and mortar, dusty bark, and
many man-made substrates, including metal, also commen-
sally on other lichens.

Mpyriolecis mons-nivis (Darb.) Sliwa, Zhao Xin and
Lumbsch 2015 (Fig. 2d)

Observed material MLP 08-XI-30-3/12, MLP 92-1I-2-
194, MLP 14-1-10-170, and MLP 12-XI-1-27/28.

Provenance MLP 08-X1-30-3/12, MLP 12-X1-1-27/28,
and MLP 14-1-10-170 from Locality DPV 13/84; MLP
92-11-2-194 from Locality DPV 16/84.

Description. Thallus present only under and near apo-
thecia, yellowish. Apothecia 0.5-1.3 mm in diameter, few
compressed together. Thalline margin very thin to almost
excluded, yellowish. Disc black. Thalline excipulum with
abundant algae, cortex not well delimited, uniform. True
excipulum distinct, thin. Epithecium granulose. Hymenium
60 pm, epihymenium bluish-green (N +red). Hypothecium
distinct. Paraphyses slightly branched, thin. Asci 8-spored.
Spores ellipsoid, hyaline to 10-11x5-5.5 pm. Thallus and
apothecial margin K-, C-, and P-.

Ecology and distribution Endemic from Antarctica, dis-
tributed in Antarctic Peninsula and South Shetland Islands.
In snow bed communities.

Genus Lecanora Ach. 1809

Lecanora flotowiana Spreng. 1820 (Fig. 2b)

Observed material MLP 08-XI1-30-28, MLP 13-XI-28-
472, and MLP 14-1-10-170.

Provenance MLP 08-XI-30-28 from Locality DVP 14/84;
MLP 13-X1-28-472 from Locality DPV 13/84.

Description. Thallus endolithic or very poorly devel-
oped, as a very thin film without a cortex. Apothecia vari-
able in size, up to 2.5(3) mm in diameter, often clustered,
cauliflower-like, + stalked. Disc dark brown, flat to +con-
vex, + pruinose. Thalline margin thin or thick, pale grey,
sometimes crenulate. True margin up to 20 um thick, com-
posed of elongated cells running parallel to the paraphyses.
Hymenium colourless, epithecium brown. Hypothecium
5-0 um high, hyaline, composed of irregular to isodiamet-
ric, short, adglutinated cells. Small crystals occur in cortex

in lower parts of the apothecia. Spores ellipsoid, hyaline
1015 x 5-7 um. Paraphyses thick, straight. Thallus and apo-
thecial K-, C-. Ecology and distribution Cosmopolitan spe-
cies. Distribution in Antarctica comprises Bouveteya, South
Sandwich Islands, South Orkney Islands, South Shetland
Islands, and Antarctic Peninsula. On rock walls and stones,
prefers drier rather, close to bird nests.

Class Candelariomycetes Voglmayr & Jaklitsch 2018

Subclass Candelariomycetidae Miadl. et al. ex Timdal &
M. Westb. 2016

Order Candelariales Miadl., Lutzoni & Lumbsch 2007

Family Candelariaceae Hakul. 1954

Genus Candelariella Miill. Arg. 1894

Candelariella aurella (Hoftm.) Zahlbr. 1928 (Fig. 2e)

Observed material MLP 12-1-20-30, MLP 13-X1-28-442,
MLP 13-XI-28-140, and MLP 13-XI-28-410.

Provenance MLP 13-X1-28-140 and MLP 13-XI-28-442
from Locality DPV 13/84; MLP 13-X1-28-410 from Locality
DPV 14/84; and MLP 12-1-20-30 from Locality DPV 16/84.

Description Thallus crustose, granulose, + dispersed,
usually lacking, yellow, lemon-yellow to greenish-yellow.
Apothecia frequent 0.2—1.2 mm in diameter. Thalline margin
entire to slightly crenulate, thin to disappearing. Disc flat to
slightly convex, darker thin margin, often greenish-yellow.
Asci 8-spored. Paraphyses unbranched. Spores oblong,
ellipsoid, straight or slightly curved, usually unicellular,
12-25%5-7.5 pm.

Ecology and distribution Cosmopolitan species. In Ant-
arctica: South Orkney Islands and South Shetland Islands.
Mostly on calcium-rich rocks, on rocks in ornitocoprophil-
ous communities one of the main components of epilithic
communities on recent glacier moraines, sometimes on bark
or wood.

Subclass Acarosporomycetidae V. Reeb, Lutzoni & Cl. Roux
2004

Order Acarosporales V. Reeb, Lutzoni & Cl. Roux 2007

Family Acarosporaceae Zahlbr. 1906

Genus Sarcogyne Flot. 1851

Sarcogyne privigna (Ach.) A. Massal 1854 (Fig. 2f)

Observed material MLP 84-11-1-214, MLP 13-XI-28-
410, MLP 78-X-26-134/140, and MLP 12-1-20-30.

Provenance MLP 13-X1-28-140 and MLP 84-1I-1-214
from DPV 13/84; MLP 13-X1-28-410 from DPV 14/84; and
MLP 12-1-20-30 from DPV 16/84.

Description Thallus endolithic. Apothecia usually
irregular, 1-3 mm wide, disc black to blackish red, plane;
margin black, often very prominent, sometimes flexuous,
often undulate; epihymenium pale brown-orange, not car-
bonaceous, 8—10(— 12) pm thick hymenium, orange to pale
yellow, 60—85(— 110) um tall; paraphyses simple, hypothe-
cium hyaline to pale yellow or very pale brown, 15-35 um
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thick; asci clavate, 45-55% 10-12 pum, 100 + -spored;
ascospores hyaline, simple, cylindrical, or rarely ellipsoid,
3-5(—5.5) X 1-2 um. Spot tests: all negative.

Ecology and distribution Cosmopolitan species. On wet
rocks; on acidic and carbonaceous rocks, often in washes,
drainages, the flood plains of rivers or on surfaces where it
is inundated during storms.

Class Eurotiomycetes O.E. Erikss. & Winka 1997

Subclass Chaetothyriomycetidae Doweld 2001

Order Verrucariales Mattick ex D. Hawksw. & O.E.
Erikss. 1986

Family Verrucariaceae Eschw. 1824

Genus Staurothele Norman 1852

Staurothele aff. frustulenta Vain 1921 (Fig. 3a)

Observed material MLP 96-1-6-40

Provenance Locality DPV 13/84

Description Thallus crustose, verrucose to + areolate,
thin, black or blackish-brown. Perithecial warts, c. 0.5 mm
in diameter. Involucrellum continuous, black-brown. Asci
1-spored. Spores murifonn with many cells, when mature
dark brown, 50-60 X% 16—20 um. Hymenial algae cells
5-6 x4 um. Spot tests: all negative.

Ecology and distribution Bipolar species. In Antarctica
only known from Alexander Island (Antarctic Peninsula)
and Livingston Island (South Shetland Islands). On rocks
and stones in moist sites, mainly in melt channels.

Pezizomycotina O.E. Erikss. & Winka 1997

Incertae sedis

Genus Oevstedalia Ertz & Diederich. 2004

Oevstedalia antarctica (C. W. Dodge) Ertz & Diederich.,
2004 (Fig. 3b)

Observed material MLP 13-X1-28-410.

Provenance Locality DPV 14/84.

Description. Thallus crustose, composed of colonies
or coalescing, brown. Algae chlorococcoid in clusters.
Perithecia immersed in thallus. Perithecial wall pale red-
dish brown in the upper side, exposed part, almost hyaline
below, basally and laterally 40—-80 pm thick, apically up to

Fig. 3 Details of the lichen
found in fossil penguin bones:
a Staurothele aff frustulenta; b
Oevstedalia antarctica, and a
vertical fissure on the bone sur-
face filled by small apothecia.
Variations in tone and colour
correspond to differences in
the maturation or dehydration
degree of the apothecia. Scale
bars represent 1 mm
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110 pm. Pseudoparaphyses up to 35 pm long, 0.8—1 pm
diam. Asci subcylindrical, variable in length, when mature
up to 250 pm in length and 20-33 pm in diam.; living asci
with 8 conidial ‘balls’ filled with ascoconidia. Ascoconidia
3.7-4.5%2-2.5 pm. (Ertz and Diederich 2004).

Ecology and distribution Endemic from Antarctica, dis-
tributed in South Shetland Islands, Antarctic Peninsula, and
continental Antarctica. Collected on wood, rocks, detritus,
and whale bones, and seems to be not rare, and widespread.

Discussion and conclusions

The substrate where lichen grew corresponds to fossil pen-
guin bones that lived in Antarctica between the Ypresian and
Bartonian ages (Eocene). After transportation and unburial,
these fossils suffer a series of taphonomic processes, among
which the lichen attack is included. The unconsolidated sedi-
ments carrying these fossils are mostly sands and lutites,
while vertebrate remains, such as the penguin bones exam-
ined here, are commonly preserved as calcium phosphate.
All reported lichens in this contribution presented a crustose
growth both (epilithic and endolithic), which are expected
for this area (@vstedal and Smith 2001). Excepting Myriol-
ecis mons-nivis, which was previously reported for Seymour
Island (@vstedal and Smith 2001), the other species here
described were previously found only in the Antarctic Pen-
insula (@vstedal and Smith 2001, 2004; Ertz and Diederich
2004; Olech 2004) and constitute new reports for this island.

The lichens assemblage examined here comprises two
species endemic from Antarctica, two with a bipolar dis-
tribution and others cosmopolitan. The Antarctic species
Oevstedalia antarctica and Myriolecis mons-nivis have been
cited growing on different kinds of surfaces, probing their
generalist condition regarding the substrate preferences. On
the other hand, Lecidea andersonii, the bipolar species, is
also found in Norway and Iceland (Ruprecht et al. 2010), and
Staurothele aff. frustulenta, previously considered as a bipo-
lar taxon, and cited for Antarctica and Scandinavia (@vstedal




Polar Biology

and Smith 2001), has been recently found in Italy (Nimis
and Martellos 2017), South Korea, and Argentina, show-
ing a wider distribution than previously thought. In both
last countries, Staurothele aff. frustulenta was growing in
concrete (Rosato 2006; Kondratyuk et al. 2017), a substrate
completely different than fossil bones. The cosmopolitan
species, Myriolecis dispersa and Candelariella aurella do
not seem to have a preference in the substrate on which they
grow, since they have been found growing on concrete in
urban environments (Sliwa 2007; Garcia 2018) and also on
fossil bones, like the cases presented here.

All the species described here prefer well-lit places (Dvs-
tedal and Smith 2001; Arup 2009), which is expected since
in the absence of vascular plants, lichens must be adapted
to receive direct solar radiation. Their endolithic condi-
tion could be an important advantageous to withstand the
extreme cold, since most of the thallus would be protected
inside the rocks (Pointing and Belnap 2012; Wierzchos et al.
2013; de los Rios et al. 2014; Wierzchos et al 2015), or
bones in these cases.

In the summer season, the rock surface prevents the thal-
lus from suffering sudden changes in temperature due to the
action of the wind, which can be very windy in Antarctica
(Friedmann 1982). However, endolithic growth can also be
interpreted as a successful strategy to avoid high light inten-
sities which may damage photosynthesis (Tretiach 1995),
or as a strategy to avoid competition. Endolithic growth
provides access to an otherwise sparsely inhabited habitat,
not sharing the space with epilithic species (Bungartz et al.
2004).

Although bones do not provide a continuous and stable
substrate for lichens, they frequently grow on the surface of
fossil bones, and many species are particularly found within
them. Independently of fossil size, we found lichen in small
bone fragments (e.g. broken phalanges) and also in larger
elements, such as femora and coracoids that belonged to
giant penguins. However, we noticed that weathered sur-
faces with exposed trabecular tissues, surficial fissures, and
fractures (see for example Fig. 2b) are the preferred sub-
strate, providing probably a more protected place against
the extreme environmental conditions dominated by snow
and strong winds.

Crustaceous morphologies (epilithic and endolithic)
could be more resistant to mechanical action, contrary to
morphologies with greater thallus development (foliose
and fruticose), which are more affected. The predominance
of endolithic over epilithic lichen species is also explained
by the mechanical damage produced by the action of the
wind and snow plus the transport. However, it could be
also a strategy to avoid competition in reduced substrate
surfaces. Endolithic lichens are characterized by lower
biomass than epilithic ones, and maximum hydration of
the thallus is reached at levels five times lower (Tretiach

1995). Therefore, the optimal content of thallus water for
photosynthesis and respiration is lower in endolithic than
that in epilithic lichens (Tretiach and Pecchiari 1995), and
also the endolithic growth structure increases porosity and
probably allows more moisture to accumulate (Bungartz
et al. 2004).

Whereas weather conditions are similar in the whole
James Ross Basin, it means, in the Seymour/Marambio,
Cockburn, Snow Hill, Vega, and James Ross islands, the
topography and presence of glaciers in some areas deter-
mine strong differences in the substrate. Some of the lichen
species were described from bones collected in Seymour
Island, also grow in the nearby Cockburn Island, an even
smaller island also without glaciers and snow during sum-
mer. However, given the presence of a more consolidated
substrate in the surficial deposits (rocks, not bones) of the
latter, we observed that lichens are extremely more abun-
dant in Cockburn Island. The unconsolidated condition of
the sediments exposed in Seymour Island attempts against
the settlement of extended lichen communities.

In this context, fossil bones are an important source for
the study of lichens richness, providing a suitable substrate
for growing and protecting them from extreme conditions.
Besides, considering that most of the biological studies,
including lichenological sampling, are developed on the
west side on the Antarctic Peninsula (e.g. Pannewitz et al.
2003; Olech 2004; Rodriguez et al. 2018), fossils already
housed in collections became even more important, pro-
viding a unique possibility to study them in their original
substrate.

Acknowledgements Antarctic field trip was completely funded by
Direccién Nacional del Antartico and the Instituto Antartico Argen-
tino, and logistic support in the field was provided by Fuerza Aérea
Argentina. Partial help was provided by the Consejo Nacional de Inves-
tigaciones Cientificas y Tecnoldgicas, Agencia Nacional de Promocion
Cientifica y Tecnolégica (PICT 2017-0607) and Universidad Nacional
de La Plata (N838). CAH is particularly grateful to Oceanwide Expedi-
tions, Vlissingen (NL) for financial support. Helpful comments of the
reviewers Helen Peat, Paula Casanovas, and Leandro Pérez improved
the manuscript.

Funding Partial help was provided by the Consejo Nacional de Inves-
tigaciones Cientificas y Tecnoldgicas, Agencia Nacional de Promocion
Cientifica y Tecnolégica (PICT 2017-0607) and Universidad Nacional
de La Plata (N838). CAH is particularly grateful to Oceanwide Expedi-
tions, Vlissingen (NL) for financial support.

Data availability Materials reviewed in this work are housed in the col-
lection of the Division Paleontologia Vertebrados (DPV) of the Museo
de La Plata (MLP), La Plata (Argentina): MLP 78-X-26-134; MLP
08-XI1-30-28; MLP 13-X1-28-140; MLP 13-XI-28-410; MLP 12-1-
20-30; MLP 92-11-2-194; MLP 78-X-26-106; MLP 13-X1-28-472;
MLP 14-1-10-170; MLP 13-XI-28-459; MLP 08-XI-30-3/12; MLP
96-1-6-40; MLP 12-1-20-30; MLP 08-X1-30-3/12; MLP 14-1-10-170;
MLP 12-XI-1-27/28; MLP 13-XI-28-442; MLP 84-11-1-214; and MLP
78-X-26-134/140.

@ Springer



Polar Biology

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The senior Curator of the Division Paleontologia Ver-
tebrados (Museo de La Plata) from La Plata city (Argentina) allowed
the authors the access to the penguin bones used in the present analy-
sis, and the permission for the results publication, all according to the
Argentinian laws and requirements, in consonance with the Antarctic
Treaty.

Consent to participate All the authors declare having consented to the
participation of this manuscript.

Consent for publication All the authors declare their consent to the
publication of this manuscript.

References

Acosta Hospitaleche C, Hagstrom J, Reguero M, Mors T (2017)
Historical perspective of Otto Nordenskjold’s Antarctic pen-
guin fossil collection and Carl Wiman’s contribution. Polar Rec
53:364-375

Acosta Hospitaleche C, Marquez G, Pérez LM, Rosato V, Cione
AL (2011) Lichen Bioerosion on Fossil Vertebrates from the
Cenozoic of Patagonia and Antarctica. Ichnos 18:1-8

Acosta Hospitaleche C, Jadwiszczak P, Clarke J, Cenizo M (2019)
The fossil record of birds from the James Ross Basin, West
Antarctica. Adv Padol Sci 30:251-273

Arup U (2009) The Caloplaca holocarpa group in the Nordic coun-
tries, except Iceland. Lichenologist 41:111-130

Bungartz F, Garvie LA, Nash TH III (2004) Anatomy of the endo-
lithic Sonoran Desert lichen Verrucaria rubrocincta Breuss:
implications for biodeterioration and biomineralization.
Lichenologist 36:55-73

Castello M, Nimis PL (1994) Critical notes on the genus Candelari-
ella (Lichenes) in Antarctica. Acta Bot Fen 150:5-10

de los Rios A, Wierzchos J, Ascaso C (2014) The lithic microbial
ecosystems of Antarctica’s McMurdo Dry Valleys. Antarctic
Sci 26:459-477

Ertz D, Diederich P (2004) Revision of Trimmatothele (Verrucari-
aceae), and description of Oevstedalia for Trimmatothelopsis
antarctica, a new lichen genus with true ascoconidia. Mycol
Prog 3:229-236

Fernandez-Jalvo Y, Sanchez-Chillén B, Andrews P, Fernandez-
Lépez S, Alcala Martinez L (2002) Morphological taphonomic
transformations of fossil bones in continental environments,
and repercussions on their chemical composition. Archacom-
etry 44:353-361

Friedmann EI (1982) Endolithic microorganisms in the Antarctic
cold desert. Science 215:1045-1053

Garcia R (2018) Contribucidn al estudio de la liquenobiota del pat-
rimonio edilicio de la provincia de Buenos Aires (Argentina).
Dissertation, Universidad Nacional de La Plata

Gouiric-Cavalli S, Rasia LL, Marquez GJ, Rosato V, Scasso RA,
Reguero M (2018) First pachycormiform (Actinopterygii, Pach-
ycormiformes) remains from the Late Jurassic of the Antarctic
Peninsula and remarks on bone alteration by recent bioeroders.
J Vertebr Paleontol 38:1-10

Green TGA, Schroeter B, Sancho LG (2007) Plant life in Antarctica.
In: Pugnaire FI (ed) Handbook of functional plant ecology. Mar-
cel Dekker Inc., New York, pp 389-434

@ Springer

Kondratyuk SY, L6kos L, Halda JP, Roux C, Upreti DK, Schumm
F, Mishra GK, Nayaka S, Farkas E, Park JS, Lee BG, Liu D,
Woo JJ, Hur JS (2017) New and noteworthy lichen-forming and
lichenicolous fungi 6. Acta Bot Hung 59:137-260

Lee JR, Raymond B, Bracegirdle TJ, Chades I, Fuller RA, Shaw JD,
Terauds A (2017) Climate change drives expansion of Antarctic
ice-free habitat. Nature 547:49-54

Lindsay DC (1978) The role of lichens in Antarctic ecosystems.
Bryologist 81:268-276

Nash TH, Ryan BD, Gries C, Bungartz F (2007) Lichen flora of
the greater Sonoran Desert Region. Arizona State University,
Lichens Unlimited

Nimis PL, Martellos S (2017) ITALIC - The Information System
on Italian Lichens. Version 5.0. University of Trieste, Dept. of
Biology. http://dryades.units.it/italic. Accessed 26 November
2019

Olech M (2004) Lichens of King George Island. Institute of Botany
of the Jagiellonian University , Krakow

@vstedal DO, Smith RI (2001) Lichens of Antarctica and South
Georgia: a guide to their identification and ecology. Studies in
Polar research. Cambridge University Press, Cambridge

@vstedal DO, Smith RI (2004) Additions and corrections to Lichens
of Antarctica and South Georgia. Cryptogam Mycol 25:323-331

Pannewitz S, Schlensog M, Green TA, Sancho LG, Schroeter B
(2003) Are lichens active under snow in continental Antarctica?
Oecologia 135:30-38

Pointing SB, Belnap J (2012) Microbial colonization and controls in
dryland systems. Nat Rev Microbiol 10:551-562

Rodriguez JM, Passo A, Chiapella JO (2018) Lichen species assem-
blage gradient in South Shetlands Islands, Antarctica: rela-
tionship to deglaciation and microsite conditions. Polar Biol
41:2523-2531

Rosato VG (2006) Diversity and distribution of lichens on mortar
and concrete in Buenos Aires province, Argentina. Darwiniana
44:89-97

Rudolph ED (1977) Antarctic terrestrial ecosystems. In: Institute
of Polar Studies (ed) A framework for assessing environmental
impacts of possible Antarctic mineral developments, Part 2,
Appendix: D1-D59. Columbus, Ohio State University

Ruprecht U, Lumbsch HT, Brunauer G, Green TG, Tiirk R (2010)
Diversity of Lecidea (Lecideaceae, Ascomycota) species
revealed by molecular data and morphological characters. Ant-
arct Sci 22:727-741

Saitta ET, Liang R, Lau MCY, Brown CM, Longrich NR, Kaye TG,
Novak BJ, Salzberg SL, Norell MA, Abbott GD, Dickinson MR,
Vinther J, Bull ID, Brooker RA, Martin P, Donohoe P, Knowles
TDJ, Penkman KEH, Onstott T (2019) Cretaceous dinosaur
bone contains recent organic material and provides an environ-
ment conducive to microbial communities. eLife 8:e46205

Seppelt RD, Nimis PL, Castello M (1998) The genus Sarcogyne
(Acarosporaceae) in Antarctica. Lichenologist 30:249-258

Sliwa L (2007) A revision of the Lecanora dispersa complex in
North America. Pol Bot J 52:1-70

Smith RI, Gjmjngham CH (1976) Classification of cryptogamic
communities in the maritime Antarctic. Bull Brit Antarc Surv
43:25-47

Thackeray JF, Sénégas F, Laden G (2005) Manganese dioxide stain-
ing on hominid crania from Sterkfontein and Swartkrans: pos-
sible associations with lichen. S AfrJ Sci 101:28

Tretiach M (1995) Ecophysiology of calcicolous endolithic lichens:
progress and problems. G Bot Ital 129:159-184

Wierzchos J, DiRuggiero J, Vitek P, Artieda O, Souza-Egipsy V,
Skaloud P, Tisza M, Davila AF, Vilchez C, Garbayo I, Ascaso C
(2015) Adaptation strategies of endolithic chlorophototrophs to
survive the hyperarid and extreme solar radiation environment
of the Atacama Desert. Front Microbiol 10:934


http://dryades.units.it/italic

Polar Biology

Wierzchos J, Davila AF, Artieda O, Cdmara-Gallego B et al (2013)
Ignimbrite as a substrate for endolithic life in the hyper-arid
Atacama Desert; implications for the search for life on Mars.
Icarus 224:334-346

Wiman C (1905) Vorldufige Mitteilung iiber die alttertidren Vertebraten
der Seymourinsel. Bull Geol Inst Uppsala 6:247-253

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Richness of lichens growing on Eocene fossil penguin remains from Antarctica
	Abstract
	Introduction
	Materials and methods
	Materials
	Methods

	Study area
	Results
	Fungi systematics
	Discussion and conclusions
	Acknowledgements 
	References




