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• 1981 Italy subscribed the Antarctic treaty. In 1985 started the activities of the 
Italian National Program for Antarctic researches (PNRA). 

• 1991 Italian Antarctic National Museum has born. 

• 1996 started activites.  

• 3 Main sections: Genova, Siena e Trieste,  

• 6 tematic sections 



• Active participation of our group since 1986, first nucleus of the fungal collection 

• In 2000 the CCFEE has born: Friedmann donated his own collection,  



McMurdo Dry Valleys (about 4800 km2) 
Terrestrial analogue for Mars 

 Aridity less than 50 mm WE precipitation per year 
 UV irradiation 
 Annual mean T always below 0 °C; min T below – 50°C 
 Oligotrophy 
 Winds up to 250 km/h 

Too harsh for life 



• Active participation of our group since 1986, first nucleus of the fungal collection 

• In 2000 the CCFEE has born: Friedmann donated his own collection,  

• The collection has constantly improved (Antarctic expeditions, and worldwide 
sampling in extreme environments) 

• In 2006 has officially born the tematic section of Mycology and the CCFEE 
collection as part of the Italian National Antarctic Museum (MNA) 



Active since 
1996 



Permanent exhibition in the University Museum System 
(SMA), University of Tuscia, Viterbo (I) 



2006 - University of Tuscia – Mycological 

Section  

Antarctic National Museum  

Culture 
Collection of  
Fungi from 
Extreme 
Environments 



CCFEE (Culture Collection of Fungi from Extreme 
Environments) 

1350 fungal strains from 

different extreme environments 

851 black yeasts 

606 rock inhabiting (RIF) 

245 contaminated sites, saltpans, acidic 



Acidic sites 

Saltpans 

Atacama desert, Chile 

Himalaya,  K2 

Monuments 

McMurdo Dry 

Valleys Antarctica 

Human opportunists 

Locations for Black Fungi 

Polluted 

http://gallery.nen.gov.uk/imagelarge80698-.html


Black fungi: sampling amplitude 



Black meristematic fungi; characteristics: 
• Clumpy colonies 
• Heavily melanized 
• Meristematic growth 
• Slow growing 
• Poor morphology 
• Ecology: extremes-lovers 

 
Phylogenetically very diversified 



Why Black fungi? 





Cryomyces antarcticus lives in the closest Mars ambient on Earth 
 
Selected as best model for astrobiological studies and Space experiments 
 
 
 
 
 
 
 
 
 
Tests for stress resistance 
• Desiccation 
• Extreme of T 
• Vacuum 
• … 

• UV-R and Ionizing-R 
 

LIFE 
Lichens and Fungi Experiment 

(Lithopanspermia) 

BIOMEX 
Biology and Mars Experimentsù 

(Biosignatures) 

ESA Space Experiments 



• Limits for life (new boundaries definition) 

• Evolution under extreme conditions 

• Implications for the early evolution of life 

• Astrobiology 



• Limits for life (new boundaries definition) 
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• Description of new taxa 



 

Environmental Pressure, Isolation 

Adaptive radiation 



Friedmanniomyces endolithicus 

Cryomyces antarcticus 

Friedmanniomyces simplex 

Cryomyces minteri 

Recurvomyces mirabilis Elasticomyces elasticus Oleoguttula mirabilis 

Cryomyces funiculosus 

Saxomyces alpinus 

Meristemomyces frigidum  

20 new genera 
 
50 new species 



• Limits for life (new boundaries definition) 
• Evolution under extreme conditions 
• Implications for the early evolution of life 
• Astrobiology 
• Description of new taxa 
• Evolution of patogenicity 
• Extremophiles and possible applications 

(extremozymes, biodeterioration, bioremediation…) 



ITS NJ  
 H.werneckii CBS 107.67

 Hort.werneckii 116.90 CBS

 CBS 373.92Hortaea werneckii

 BMU00057Hortaea werneckii

 CBS 359.66Hortaea werneckii

 110352Hortaea werneckii dH 12843 Gugnani

 Hor.werneckii CBS 115.90

 MZKI B 987Hortaea werneckii

 13416dHHortaea werneckii

 TRN122Hortaea werneckii CBS 117931

 Ho.werneckii CBS 111.31

 dH 12322Hortaea wernekii

 CBS 122.32Hortaea werneckii

 Horta.werneckii CBS 117.90

 MZKI B 675Hortaea werneckii

 Stolenberg M.te Rosa, Alps N13b

 Aconcagua Da003-01X

 100215Trimmatostroma sp.

 Tri.sp. CBS 100215 655MC

 Trim.sp.754MC

 CCFEE507 Unidentified black fungus

 Aconcagua Da003-02X

 303.84Pseudotaeniolina globosa

 Pseudotaeniolina globosa CBS 113249

 110353Pseudotaeniolina globosa dH 12840

 Ps.globosa CBS 119923 dH 16905

 P.globosa CBS 109889 AY128700.1

 P.ta Indren, M.te Rosa, Alps L10 5413

 Battleship, Antarctica D016-01aX

 Tarn Flat Antarctica D007-11b

 F.endolithicus CCFEE 5001

 Convoy Range Antarctica D019-08X

 CCFEE5195 Friedmanniomyces endolithicus

 Friedmanniomyces endolithicus CCFEE 5208

 Battheship, Antarctica  D016-06X

 CCFEE5193 Friedmanniomyces endolithicus

 Convoy Range Antarctica D012-01

 CCFEE5184 CBS 116775 Friedmanniomyces...

 M.victoriae

 Mycocalicium victoriae strain RH 7-7

 P.ta Indren M.te Rosa E8 5392

 Antarctic lichen 5320

 Antarctic lichen Samp9 5316

 Tarn Flat Antarctica D007-13X

 Antarctic lichen Samp3

 Aconcagua Da004-15EX

 Aconcagua Da004-16aX

 Tarn Flat Antarctica D007-06

 Aconcagua Da004-06

 Antarctic lichen 5313

 Aconcagua Da004-17(2)X

 Antarctic lichen 5319

 Mycos.juvenisAF309604

 Myc.juvenis AF173299

 My.juvenis AF468881

 STE-U-1005Mycospaerella juvenis

 CBS110503 Mycosphaerella parva

 M. bellula STE-U 2120

 CCFEE5264 Recurvomyces mirabilis

 P.ta Indren, Alps E4 5391

 Battleship Antarctica  D016-03

 Battleship Antarctica  D016-07

 Battleship Antarctica  D016-09bX

 Battleship Antarctica D016-02

 Rec. sp. TRN491

 Colle delle Pisse, Alps C3 5389

 H.santessonii

 Colle delle Pisse, Alps F6 (b )

 Stolengerg, M.te Rosa G13 5394

 Stolenberg, M.te Rosa H3 5401

 TRN211 internal transcribed spacer 1 ...

 M.lla suberosa strain CBS 436.92

 M.lla suberosa strain CBS 436.92(2)

 502

 P.ta Indren, Alps L11

 Trimmatostroma microsporum STE-U 1832

 STE-U 1832Trimmatostroma microsporum

 T- abietis dH 13593

 Tr. abietis TRN128

 CBS 290.90Trimmatostroma abietis

 12697Trimmatostroma abietis

 CBS300.81Trimmatostroma salicis

 T. abietis TRN127

 dH 12687Trimmatostroma abietis

 CBS 618.84Trimmatostroma abietis

 279.86Trimmatostroma abietis

 145.97Trimmatostroma abietis

 Batcheloromyces proteae STE-U 1518

 Hortaea acidophila cbs 113389

 5205

 5177

 Stolenberg, Mte Rosa, Alps A2 5385

 5207

 P.ta Indren Alps L14

 Samp5 5312

 TRN60

 TRN433

 TRN80

 E9 5393

 Stolenberg Alps N17

 TRN61

 TRN468

 Samp7 5318

 TRN145

 P.ta Indren Alps O16

 Battleship Antarctica D009-01X

 TRN467

 TRN114

 P.ta Indren Alps O12b

 TRN462

 Aconcagua Da001-01X

 Aconcagua Da001-04X

 Battleship Antarctica D009-01bX

 Ande A2-7(2) 5410

 Kay Island, Antarctica Samp1 5322

 CBS 215.90Capnobotryella renispora

 Cap.renispora

 Bispora acidophilic dH 13119

 dH 12881Acidomyces acidophilum

 899.87Botryomyces caespitosus

 Scytalidium acidophilum CBS 270.74

 Acidomyces acidophilum CBS 335.97

 dH13081Acidomyces acidophilum

 dH 11526Acidomyces acidophilum

 TRN43

 Ortles, Alps Y6

 Colle delle Pisse, M.te Rosa C2 5388

 Davidiella tassiana ATCC 26362

 Cladosporium sphaerospermum

 TRN42

 TRN44

 P.ta Indren, M.te Rosa L1a

 5211

 Stolenberg, M.te Rosa M5(1) 5398

 Stolenberg, M.te Rosa A14a 5386

 P.ta Indren Alps L7 5414

 5299

 Stolenberg M3 5400

 Val de la Mare, Alps X4 5415

 Ande A2-2 5402

 Rhizoscyphus ericae pkc29

 Stolenberg M.te Rosa G8

 Stolenberg M.te Rosa H12

 Colle delle Pisse, Alps F3

 Stolenberg M.te Rosa N16a

 Stolenberg M.te Rosa N7(5)

 Ortles, Alps J3

 Colle delle Pisse, Alps F5(3)

 Stolenberg M.te Rosa A20

 Dothidea insculpta CBS 189.58 18S

 Sydowia polyspora strain CUBC-F1

 A.pullulans 18S rRNA gene (partial) I...

 Botryosphaeria rhodina P130 i

 Acarospora fulvoviridula v

 Umbilicaria flocculosa

 Umbilicaria deusta

 TRN447

 Ande A2-7(1) 5409

 Ortles Alps X11 X

 Battleship, Antarctica 5187

 Linnaeus Terrace D025-08

 5268

 Linnaeus Terrace D025-06X

 Linnaeus Terrace 690

 Linnaeus Terrace 535

 Linnaeus Terrace 534

 B4/b 5387

 TRN213

 TRN270

 TRN492

 TRN156

 TRN529

 TRN520

 5284

 5176

 Tarn Flat Antarctica D007-09bis(2)

 Tarn Flat Antarctica D007-09X

 Tarn Flat Antarctica D007-02X

 Tarn Flat Antarctica D007-10X

 5303A1

 Tarn Flat Antarctica D007-07(2)X

 Phaeococcomyces chersonesos

 457

 Sarc.pet.600.93

 Coniosporium perforans 5.8S rRNA gene...

 S.petr725.95

 Glyphium elatum

 Samp6 5324

 Samp4 5323

 Samp2 5314

 Stolenberg M.ta Rosa G3X

 Stolenberg M.ta Rosa G4

 Phialophora sessilis CBS 243.85

 T2 5397

 P. sessilis CBS 238.93

 Capronia crusticola

 H13 5412

 5317 (S12)

 Stolenberg M.ta Rosa H10 5411

 Starr Nunatak 5326 (S14)

 Antarctic Peninsula 5286

 Ortles Alps Y2

 Val de la Mare Alps Y3 5417

 Cladophialophora minutissima

 TRN485

 TRN527

 Tarn Flat Antarctica D007-12 X
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Unknown Antarctic group  

New group 

Cryomyces 

Acidomyces 

Asexual clade 

Recurvomyces 

Friedmanniomyces 

Pseudotaeniolina 

Hortaea 

Teratosphaeria 
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Davidiella 

Dothidea 
Botryosphaeria 

Capnodiales 

Dothideales 
Botryosphaeriales 

Chaetothyriales 

Dothideomycetes 

Eurotiomycetes 

Antarctica 

Andes 

Alps 

Herpotrichiellaceae 
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182 88 14 36 8 

53 42 234 

Occurrence of RIF in 
the CCFEE 



Dry-cold Dry-hot 

Gueidan et al., 2011 Fungal Biology 115: 986-996 



Morpho-physiological characters 

Meristematic growth 

Oligotrophy 

Melanin production 

EPS 

Simplified thallus 

Loss of sex 

Low metabolic 
competences 

High tolerance low competition 

Edge of life 

Dothideomycetes Eurotiomycetes 

High tolerance, competition 

Degradative 
Pathogenicity 



OUTCOMES 

Dothidealean Chaetothyrialean     

       

Extremophily 
Pollution 

Rocks 

       

Human opportunists 



Natural conditions 

Driving force for spreading 

Pollution 



• T is not apparently per se discriminant at Class level 
 

• By chance very cold sites for RIF are clean (Antarctic, Mountain tops…) 
 
• Hot sites for RIF may be polluted (monuments in urban environments) 
 

OUTPUTS 



Monte Rosa, Italy 

Linnaeus Terrace, Antarctica 

Mount Aconcagua, Argentina 

Battleship Promontory,  
Antarctica 

Cold sites for Rock-
inhabiting black fungi 

Svalbard 

Greenland 

K2 



Hot sites for Rock-inhabiting black fungi 

Cliff, Sardinia, Italy 
La Cabrera, Spain 

Algerian desert 

Atacama desert 

Utah Parks 

Monuments 



• T is not apparently per se discriminant at Class level 
 

• By chance very cold sites for RIF are clean (Antarctic, Mountain tops…) 
 
• Hot sites for RIF may be polluted (monuments in urban environments) 
 
• RIF are normally extremely simplified: no spores, no sexuality 

OUTPUTS 



• T is apparently per se discriminant at Class level 
 

• By chance very cold sites are clean (Antarctic, Mountain tops…) 
 
• Hot sites may be polluted (monuments in urban environments) 
 
• RIF are extremely simplified: no spores, no sexuality 
 

• Is there a T-relation at lower taxonomic rank? 
 
• What is the amplitude of the spreading for RIF? 
 
• Have they sufficient genetic variability? 

OUTPUTS 

QUESTIONS 
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Genus Friedmanniomyces  
• 2 species (over 50 isolates). Very restricted 

distribution; Antarctic only (Victoria Land) 
• Genetic variability (4.5%) 
 

Friedmanniomyces endolithicus 



Genus Monticola (1 species) 
 
• 5 isolates. Very restricted distribution; 

Alps 

Monticola elongata 



Genus Elasticomyces  (1 
species) 
•24 isolates in CCFEE  
•disperse distribution  
•cold locations  
•high intraspecific variability 
(4% ITS) 

Elasticomyces elasticus 



100 

Genus Recurvomyces  
(1 species) 
  
•7 isolates in CCFEE  
•Disperse distribution  
•Cold locations  

Recurvomyces mirabilis 



Genus Meristemomyces  
(1 species) 
 
•5 isolates in CCFEE Aconcagua, Mt. 
Rosa 

Meristemomyces frigidum  



Genus Incertomyces (2 species) 
 

• Alps, Monte Rosa 
•Cold only 

Incertomyces perditus 



Genus Oleoguttula (3 species, 2 
undescribed) 8 isolates. Antarctica 

Oleoguttula mirabilis 



Genus Rachicladosporium (6 RIF 
species) 7 isolates. Antarctica, Alps 

Rachicladosporium from plants distantly 
related 

Rachicladosporium mcmurdoi 



Genus Extremus (1 species) 7 isolates; 
Antarctica and Europe. E. antarcticus cold 
only, wide distribution. 

Extremus antarcticus 



• Genus Vermiconia (4 species) 15 
isolates. Antarctica, Alps, Spain, 
Sardinia (Italy) 

• V. calcicola genetic variability 4.2% 

Vermiconia foris 



Genus Constantinomyces (4 
species Spain; 1, undescribed 
Antarctica) 

Constantinomyces virgultus 



Genus Lapidomyces (2 species) 
Spain 

Lapidomyces hispanicus 



Genus Petrophila (1 species) 
Spain 

Petrophila incerta 



Genus Saxophila (1 species) 
Sardinia (Italy) 

Saxophila tyrrhenica 
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Genus Saxomyces (2 species), 7 
isolates, Alps Italy 

Saxomyces alpinus 



Cryomyces spp. 
 
•14 isolates in CCFEE (7 Antarctica) 
•Alps, McMurdo Dry Valleys Antarctica 
•cold only 
•ITS variability C. antarcticus 1.3% 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Antarctica 

Alps 

          Alps 

Cryomyces antarcticus 



Genus Perusta (2 species) Spain 

Perusta inaequalis 



Genus Coniosporium (2 species) 
Sicily (IT), Delos (Greece), Crimea 

Coniosporium uncinatum 
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Knufia chersonesos T4N12b(A) 

 Knufia chersonesos 
Knufia chersonesos 
 Knufia chersonesos CCFEE 5705 

  Knufia chersonesos CCFEE 5777 
 Knufia chersonesos CCFEE 5709 
 Knufia chersonesos CCFEE 5702 
 Knufia chersonesos CCFEE 5776 
Knufia chersonesos UAMH 8970 

 CCFEE 5939 Knufia sp.  
 Knufia chersonesos CBS 725.95 
 Knufia chersonesos CCFEE 5740 
 Knufia chersonesos Da055-01 
 Knufia chersonesos CBS600.93 

 Knufia chersonesos Da139-05  

 Da026-03 NEW 
 CCFEE 5556 
 CCFEE 457 

 Knufia perforans 
Coniosporium sp. CBS 120353 
Knufia perforans perforans) 

 CCFEE 5893 Knufia sp. 
 CCFEE 5897 Knufia sp. 
 CCFEE 5923 Knufia sp.. 
 CCFEE 5886 Knufia sp.. 
 CCFEE 5892 Knufia sp.. 
 CCFEE 5902 Knufia sp. 
 5564CCFEE Knufia sp.. 
CCFEE 5323 Knufia sp.. 

CCFEE 5324 Knufia sp.. 
CCFEE 5314 Knufia sp.. 
Knufia cryptophialidica DAOM 216555 

 Sarcinomyces sp. MA 4705 
 CCFEE 5710 
 Sarcinomyces sp. MA 4676 
 Sarcinomyces sp. MA 4598 
 Sarcinomyces sp. MA 4638 
 Sarcinomyces sp. MA 4906 
 CCFEE 5711 
 CCFEE 5738 
 CCFEE 5739 
 CCFEE 5768 
 CCFEE 5938 

 CCFEE 5478 
 CCFEE 5493 

 CCFEE 5908 Unknown Chaetothyriales 
 CCFEE 5884 Unknown Chaetothyriales 
 CCFEE 5925 Unknown Chaetothyriales 

 CCFEE 5928 Unknown Chaetothyriales 
 CCFEE 5894 Unknown Chaetothyriales 
 CCFEE 5550 

 Phaeococcomyces catenatus strain UAMH 4357 
 Phaeococcomyces catenatus 

 P. sessilis CBS 238.93 
 Phialophora sessilis CBS 243.85 

 CCFEE 5397 
 CCFEE 5397 

 CCFEE 5587 
 Exophiala xenobiotica CBS 117653 

 Exophiala xenobiotica CBS 117753 
 Exophiala jeanselmei CBS 528.76 

 5953 

 Capronia crusticola 
 Exophiala dermatitidis CBS 130575 
 Exophiala dermatitidis CBS 115663 

 CCFEE 5412 
 CCFEE 5607 
 H13 5412 
 H6(a) NEW 

 CCFEE 5411 
 CCFEE 5531 

 CCFEE 5326 
 CCFEE 5317) 

 CCFEE 5533 
 D007-12 
 CCFEE 5497 
 CCFEE 5497 

 CCFEE 5548 
 Da037a-11 

 CCFEE 5597 
 CCFEE 5597 
 CCFEE 5286 

 CCFEE 5464 
 TRN527 
 TRN485 
 Cladophialophora minutissima 
 CCFEE 5417 
 CCFEE 5963 

 CCFEE 5965 
 A.pullulans  

 5558CCFEE  
 Sydowia eucalypti 

 Sydowia polyspora strain CUBC-F1 
 Dothidea insculpta CBS 189.58 18S 

 Dothidea sambuci strain DAOM 231303 
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Knufia chersonesos 

Phaeococcomyces nigrigans 

Exophiala 

? 

Phialophora sessilis 

Dothideomycetes (outgroup) 
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Genus Bradymyces (1 RIF 
species) 2 isolates, Alps, Italy 

Bradymyces alpinus 



Genus Lithohypha (1 RIF species) 
7 isolates, Vatican marble 
monuments 

Lithohypha guttulata 



Genus Knufia (6 RIF species) 
Mediterranean 

Isolated but not yet described from the cold 

Knufia karalitana 



Considerations 
based on Dothideomycetes 

• T-  association is a character spanning entire genera of RIF 
 9 genera cold (Friedmanniomyces, Elasticomyces, Recurvomyces, Monticola, Incertomyces, 

Oleoguttula, Extremus, Meristemomyces, Rachicladosporium) 
 

 3 genera hot (Lapidomyces, Petrophila, Saxophila) 

 

 2 genera cold & hot but species related with T (Constantinomyces, 

Vermiconia) 

 
• Some taxa show disperse distribution, other are spreading in very 

restricted areas. Dispersal may be efficient but settlement limited 
by conditions (COLD/HOT). 

 
•  High genetic variability (round 4.5%): accumulation of 

mutations/parasexuality? 
 



Conclusions 

 Slow growth 

 Inactive life (starvation, dehydration, freezing…) 

 No sexuality 

They are spreading, adapting and actively evolving 
even at the cold edge for life 
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