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ABSTRACT
Lichens adapt to the extremely adverse ecological conditions from the warm and wet
areas along Equator to the cold land in polar region, occupying the natural substrates of rock,
soil, trees, in the different habitats of plains, mountains and deserts. The aim of this study was to
compare the climatic conditions and substrates in Bulgarian mountains whether they are suitable
conditions for Usnea аntarctica growth and develop. It is done a comparison to its closest
relative lichens in the Bulgarian flora.
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INTRODUCTION
Lichens adapt to the extremely adverse ecological conditions from the warm and wet areas
along Equator to the cold land in polar region, occupying the natural substrates of rock, soil, trees,
in the different habitats of plains, mountains and deserts. Lichens, as the primary bio-pioneer,
colonize the landscapes in alpine and polar areas (Sancho and Pintado, 2004).
The large genus Usnea is widespread of world-wide and the ratio of the thickness of the
tissues composing the branches (cortex, medulla and central chondroid axis) is an important feature
in delimiting the species of Usnea (Lamb, 1964). Other important criterias are presence or absence,
shape and colour of soredia, relative smoothness, papillosity or annulation of the surface of the
branches. The antarctic species characterized by the strongly yellow thallus with black variegation,
black apothecial discs and exclusively saxicolous habitat (Little, 2009). This lichens to establish and
grow successfully in these environments must have physiological characteristics that are highly
adapted to the harsh conditions (Ott, 2004). Antarctic species of this genus are usually very
conspicuous, often covering rocks with dense tufts or swards. The fruticose lichen U. antarctica are
significant components of Antarctic vegetation, where they have an altitudinal limit in Antarctica of
500 - 2500m (Øvstedal and Smith, 2001). Most lichen species inhabit areas such as bare rock and
stable soil surfaces (Kappen, 2000). The optimum environment is a short distance inland, on gently
sloping stony slopes which are periodically irrigated by trickling snow melt water (Lamb, 1948). U.
antarctica are dependent on a positive carbon balance that is sufficient for growth, differentiation,
reproduction and dispersal. During the development of an Usnea thallus, considerable biomass is
needed to create supporting tissue. The lichen growths are influenced by the environmental factors,
including light, temperature, precipitation, attached substance, and the interaction with other
organisms at immediate vicinity (Li et al., 2014).
The aim of this study was to compare the climatic conditions and substrates in Bulgarian
mountains whether they are suitable conditions for U. аntarctica growth and develop.
MATERIAL AND METHOD
U. аntarctica was collected on January 2013, near the Bulgarian research base "St. Kliment
Ohridski" on Livingston Island, part of the Antarctic archipelago South Shetland Islands, West
Antarctica - northing: 62°39'20.68"S easting: 60°20'49.63"W, height (mean sea level): 90 m (fig.
1). The South Shetland Islands are characterized by a summer period of four months with positive
mean air temperatures mean < 2° C (Smith, 1984) and receive c. 400 mm precipitation. Small
stones (c. 1 cm2 in cross sectional area) were collected from the natural habitat of U. antarctica. The
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stones were moistened before inoculation. In collection of lichen is preserved with its fixing part
and placed into Petri dishes on cellulose wadding and hydrated by regular spraying with
demineralized water. The specimens are stored in the herbarium of the section "Botanica" in
department "Biology and Aquaculture" of Trakia University - Stara Zagora.

Figure 1. Collection of U. antarctica from the rock substance
RESULTS AND DISCUSSION
The substance of Antarctica composed mainly of basalt, basaltic andesite, volcaniclastic
sedimentary rocks and pyroclastic rocks ( Li et al., 1999). Nearest to these rocks of Antarctica have
been established in Bulgaria Rhodope Mountain and Rila Mountain. It is constructed from
Archaean and Proterozoic old metamorphic rocks, sedimentary, volcaniclastic rocks – andesite,
pyroclastic, granite, marble. Except to the rock substrate was found that U. antarctica can be
developed on a wooden substrate (Chen, 1996). In general, the wood block was not suitable for the
lichen to grow on it at beginning years, and it is assumed that the lichens colonized the block at
least 5 years later. U. antarctica grow and on a moraine (Sancho and Pintado, 2004). Similar
wooden substrate and moraine also have in Rhodope and Rila Mountains in Bulgaria.
An increase of the mean surface temperature of 1–5°C is a key prediction of climate change in
the Antarctic (IPCC, 2001). The global warming resulted in a global increase of temperature in
relation to the growths of lichens of U. antarctica. The lichens grow in Antarctic mainly controlled
by two factors, temperature and precipitation. When the two factors changed, the lichen growth
would be influenced significantly. Average temperatures in the Rhodope Mountain during winter
are around 0°C, while in the lower parts reach the 2°C. In Rila Mountains have negative
temperatures remain around 9 months at an average monthly temperature of - 11,6 °C. Positive
temperatures are less than 10 degrees. These temperature conditions correspond to the temperature
development of lichens in Antarctica. Besides the substrate, temperature and precipitation during
the winter period are also suitable for the development of U. antarctica. In the high mountain parts
of Rila the relative humidity is often in the range of 80 to 85%. Another factor is the altitude at
which meeting the species. It was found that it is 500 m., but there also are higher, which coincides
with the altitude of both our mountains. Favourable environmental conditions, particularly
irradiance, temperature and water availability are a prerequisite for successful growth for U.
antarctica (Ott, 2004). Compared with growth rates of lichens from temperate European regions the
early development of U. antarctica is extraordinarily slow, taking 5–6 years until an adult thallus
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has been formed. The low photobiont content in the juvenile stages probably limits the growth rate.
It is suggested that juvenile development of U. antarctica is controlled by a combination of
ecophysiological and morphological adaptations in extreme environments such as the terrestrial
habitats of the Antarctic (Ott, 2004).
U. antarctica and Rhizocarpon geographicum are multi-stage species, which growth in
Antarctic region (Favero-Longo et al. 2012).
An interesting fact is that a close relative of U. antarctica is R. geographicum, which is
spread everywhere in the Antarctic and in the Bulgarian mountains (fig. 2, fig. 3). The comparison
between the two close species shows that the substrate in both species is a rock - sedimentary,
volcaniclastic, silicates (table 1). Resemble and in that talus and their middle are not colored by
KOH. They differ in the talus - at U. antarctica is brush, while R. geographicum - crust. Both
species have black apotetsii.

Figure 2. Usnea antarctica Du Rietz

Figure 3. Rhizocarpon geographicum (L.) DC
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Table 1. Comparison between U. antarctica and R. geographicum
Features
Usnea antarctica
Rhizocarpon geographicum
Substratum
rock
sedimentary, rock silicates
volcaniclastic
Geographical range
Circumpolar Antarctic, New broadly
distributed
Zealand, southernmost South Circumpolar Antarctic, South
America, Falkland Is.
America,
Falkland
Is.,
Bulgaria etc.
Thallus
erect, sparingly to copiously greeny, cracked of small flat
branched
fields
Apothecia
rare, 5 - 8 mm. diameter, bare, 0.5 – 1 mm. diameter,
black/ brown
black
КOH coloring
medulla and talus are not medulla and talus are not
colors by KOH.
colors by KOH.
Other species common in the Antarctic and in Bulgaria are Cladonia rangiferina and
Stereocaulon alpinum, which grow well in the Antarctic and the alpine parts of the mountains in
Bulgaria and are of fruticose lichen group.
CONCLUSION
We know a little about Antarctic lichen species growth, reproduction and the method
which use to colonise new areas. Our climate conditions and combination of environmental
factors in the Rila and Rhodope Mountains - humidity, temperature and substrate are theoretically
suitable for the development of the lichen. Additionally, the spread of R. geographicum in our
mountains suggests the possible development of U. antarctica. Therefore it would be interesting to
cultivate this lichen in our mountains and analyze whether would adapt and evolve.
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