
  The genus Cladonia lives on many different habitat and more than 400 species hitherto have been documented. Traditionally, the genus was classified into 7 taxonomic sections by morphology. However, the 

taxonomical classification is not well accord with that of molecular phylogenetic research. The genus has high morphological diversity, yet there has not been a coherent agreement on the delimitation of species. 

The Cladonia gracilis group and allies in the section Cladonia show an extreme phenotypic variety. Cladonia gracilis and Cladonia cornuta which are members of the C. gracilis group have been identified by 

variable characteristics. This study deals with the taxonomic problem between C. gracilis and C. cornuta by confirming the consistent phenotypic characteristics again with molecular phylogeny at species level. 

About 150 specimen were analyzed by 36 morphological and chemical characteristics using the DNA sequences with three loci(ITS rDNA, mtSSU and LSU rDNA). Specimen were collected from various regions 

covering bipolar areas and Korea. Phenotypic data will be discussed with several statistical methods. The study indicates that the homogeneous clade did not form in these species at species level. The results show 

no clear distinction between the two species in terms of secondary metabolites and geographical distribution. The characteristics used for classical diagnosis may be highly homoplasious.  
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Abstract 

 The study indicates that the consistent clade was not constructed in these species among the 

species level.  

 The characteristics used for classical diagnosis may be highly homoplasious, need more further 

study to connect relationship between molecular phylogeny. 

 Cladonia cornuta subspecies strongly form the monophyletic group by synapomorphies. 

 Cladonia cornuta species are mixed up with some of C. borealis group together.  

Figure 1  Molecular Phylogeny of the Cladonia gracilis-cornuta 

complex.  

Select several identified samples from each clade of whole tree (not 

shown), phylogeny of C. gracilis complex was reconstructed. 

Combine NJ and ML method on the base MP tree. Thick branches 

indicate well conserved to all trees over B.V. >70. (CI = 0.944000, RI 

= 0.922222) 

MATERIALS & METHODS 

Usnea aurantiaco-atra  

from King George Island 

  383 Cladonia specimen in this study were acquired from 4 regions (King 

George Island, Antarctica, Punta Arenas, Chile, Korea and Svalbard) from which 

the presence of Cladonia has been widely documented (Stenroos, 1995; Osyczka 

& Olech, 2005; Ø vstedal, 2009; Wang, 2011).  

  36 characters were coded for 13 taxa including an outgroup. Primary thallus or 

upper part of podetia were used to identify chemical substances. With Lethariella 

cladonioides as control, chemical analyses (thin-layer chromatography, TLC) 

were performed according to standardized methods (Culberson 1972; Orange et 

al. 2001) in solvent systems A and C, using Merck TLC silica gel 60.  
 

   The phylogenetic analysis with phenotype was performed using TNT version 

1.1. LSU rDNA, mitochondrial Small Subunit(mtSSU) rDNA and Internal 

transcribed spacer(ITS) rDNA sequences were incorporated into alignments. The 

analysis involved 383 nucleotide sequences(not shown) and reconstructed the 

phylogeny with 212 allied samples. Data for these samples were aligned 

manually with Jphydit. Evolutionary analyses were conducted in MEGA6 and 

PhyML. 

Classical identification included 51 specimens of 

Cladonia gracilis complex. 26 characters used,  

all the characters were selected from the keys  

used in subgroup 

 “Graciles” listed in Table. 2.  
 

Himantormia lugubis  

from King George Island 

Figure 2   

Synapomorphies for phylogeny 

 

 20 selected characters in total 

were coded for 18 taxa including 

an outgroup. Morphological and 

geographical characters were 

used, not with chemical ones. 13 

most parsimonious trees were 

obtained (only 1 shown). Each 

number on the branches indicates 

the morphological characteristics 

listed beside. 

Cladonia gracilis group 

 The lichenized ascomycete Cladonia 

gracilis (L.) Willd. (Cladoniaceae, 

Lecanorales) and its allied species are 

morphologically similar to each other, 

and each species has a high 

intraspecific variation, they are 

considered as a quite difficult group to 

identify until the species level. 

Therefore, the combination of several 

charateristics or geographical 

distribution has been used as the 

criterion for identification. Corticated 

cortex and subulate podetial form are 

the key diagnostic characters. This 

group is treated as several 

infraspecific taxa under C. gracilis 

and the closely related sorediate taxa, 

Cladonia cornuta (L.) Hoffm. 

Table 1.  Character matrix of  

Cladonia gracilis – cornuta complex 

Cladonia gracilis (L.) Willd. 

 2016KGIE-053 
 2016KGIE-061 
 2016KGIE-023 
 2016KGIE-018 
 PCH110121-04 
 PCH110121-03 
 PCH080123-24 
 PCH080116-30 
 PCH080112-40 
 PCH080110-63 
 PCH080110-35 
 LYM100207-38 
 KEH100713-01 
 HSG080123-15 
 HSG080112-15 
 2016KGIE-067 
 2016KGIE-047 
 2016KGIE-034 
 2016KGIE-014 
 2016KGIE-006 
 2016KGIE-027 
 2016KGIE-044 
 2016KGIE-060 
 HSG060722-05 
 HSG080123-14 
 HSG091108-14C 
 LJS070124-16 
 LYM100213-21 
 PCH080110-49 
 PCH080111-20 
 PCH080115-10 
 PCH080123-21 
 PCH110120-08 
 PCH110124-26 
 PCH110131-08 
 2016KGIE-029 

 2016KGIE-033 
 2016KGIE-003 
 2016KGIE-004 
 2016KGIE-021 
 2016KGIE-036 
 2016KGIE-049 
 2016KGIE-068 
 HSG080115-09 
 HSG080123-23 
 LJS070119-28 
 LYM100207-40 
 PCH080110-36 
 PCH080111-08 
 PCH080113-43 
 PCH080116-32 
 PCH080123-28 
 PCH110121-06 
 PCH110127-04 

 HSG080113-23 
 PCH080123-52A 
 ANT050824 
 2016KGIE-045 
 2016KGIE-046 

 ANT050816 
 HSG080110-29 
 HSG080110-38 
 PCH080110-33 
 PCH080112-11 
 PCH080113-49 
 PCH080116-21 

 2016KGIE-005 
 2016KGIE-025 
 2016KGIE-037 
 2016KGIE-050 
 ANT050857 
 HSG080115-11 
 HSG091029-21 
 LJS070122-38 
 LYM100213-13 
 PCH080110-38 
 PCH080111-17 
 PCH080115-07 
 PCH080123-10 
 PCH080123-42 
 PCH110124-27 
 PCH110127-11 

 2016KGIE-012 
 PCH080123-41 
 HSG080123-06 
 HSG060722-14 
 KEH100714-07 
 KEH100714-08 

 LYM100213-19 
 PCH110124-17 

 HSG080111-10 
 PCH110131-14 

 PCH110131-12 
 PCH110131-10 
 PCH080111-07 
 PCH080110-44 
 LYM100213-38 
 HSG080115-10 
 HSG080110-37 

 HSG080123-31 
 HSG080123-36 
 HSG091027-02A 
 HSG091027-48 
 HSG091029-22 
 HSG091110-02 
 PCH080123-07 

 PCH080124-09 
 KEH100713-07 
 HSG091107-27 

 PCH110127-08 
 PCH110120-09 
 PCH080111-18 
 LYM100207-33 
 HSG091110-06 
 HSG091107-17 
 HSG091029-40 
 HSG091027-37 
 HSG091027-18 
 HSG080113-22 
 HSG080113-11 
 ANT050927 

 PCH080116-20 
 HSG060721-10 
 HSG060722-08 

 HSG080123-18 
 HSG091027-15 

 HSG091027-16 
 HSG091027-17 
 HSG091027-28 
 HSG091027-46 
 HSG091029-39 
 KEH100716-04 
 LYM100207-41 
 PCH080123-14 

 HSG091030-02 
 HSG091110-03 
 HSG080123-21 

 HSG091027-08 
 HSG091107-18 
 HSG091107-19 
 HSG091110-04 

 HSG080123-17 
 HSG091112-29 

 HSG080110-33 
 HSG091027-50 
 LJS070122-37 
 LYM100207-02 
 LYM100207-35 

 KEH100713-12 
 KEH100716-08 
 HSG080123-39 
 HSG091029-32A 
 HSG091029-33 
 HSG091029-34C 
 HSG091107-30 
 HSG091112-22 
 HSG091112-24 

 KEH100713-02 
 KEH100717-14 
 KEH100717-17 
 KEH100717-11 
 HSG080116-16 
 HSG060727-45 

 HL090806-03 
 KEH100713-13 
 HL090805-05 

 PCH110121-11 
 LYM100213-36 
 HSG080113-07 
 HSG080112-08 
 HSG080110-40 
 HSG080110-35 
 HL090809-03 
 HL090806-10 

 HSG080123-08 
 HSG080123-22 

 HSG080123-07 
 HSG080123-10 
 PCH080123-08 
 PCH080123-20 
 PCH080123-50 

 2016KGIE-002 
 2016KGIE-040 

 2016KGIE-009 
 2016KGIE-013 
 2016KGIE-054 
 2016KGIE-031 

 2016KGIE-039 
 HSG091107-07B 
 HSG091107-07C 
 HSG091107-08 
 HSG091107-11 
 HSG091107-13 
 HSG091107-14B 
 HSG091107-29A 
 HSG091107-29B 
 HSG091111-02A 
 HSG091111-02B 
 HSG091111-04 
 HSG091112-01 
 HSG091112-09 
 HSG091112-18 
 HSG091112-20 
 HSG091112-23 
 HSG091112-43 
 LJS070116-08 
 LJS070123-05 
 LYM100213-27 
 PCH080116-35 
 PCH080123-45 
 PCH080123-62 
 PCH110131-11 

55/64 

61/76 

*/67 

69/78 

86/95 

53/62 

60/77 

62/41 

22/45 

49/61 

77/98 

100/98 

97/91 
95/94 

99/100 

90/99 

60/77 

64/71 

100/100 

99/99 

74/75 

100/91 

57/75 

86/95 

63/76 

96/87 

78/75 

58/72 

64/76 

96/99 

76/87 

72/69 

99/99 

0.002 

 HSG080110-33 
 2016KGIE-033 

 PCH080123-41 
 2016KGIE-012 

 PCH110124-27 
 PCH110124-26 
 PCH110121-06 
 PCH110121-04 
 PCH110120-08 
 PCH080123-28 
 PCH080123-21 

 PCH080116-30 
 PCH080113-43 
 PCH080111-17 
 PCH080110-49 
 LYM100213-13 
 LJS070124-16 
 KEH100713-01 

 HSG080123-23 
 HSG080115-09 
 ANT050857 
 2016KGIE-060 
 2016KGIE-047 
 2016KGIE-036 
 2016KGIE-027 

 2016KGIE-021 
 2016KGIE-006 
 2016KGIE-003 
 2016KGIE-004 
 2016KGIE-014 
 2016KGIE-023 
 2016KGIE-029 
 2016KGIE-037 

 2016KGIE-049 
 2016KGIE-067 
 HSG060722-05 
 HSG080115-11 
 HSG091029-21 
 LJS070119-28 
 LYM100207-38 

 LYM100213-21 
 PCH080110-63 
 PCH080111-20 
 PCH080115-07 
 PCH080116-32 
 2016KGIE-053 
 2016KGIE-061 

 HSG080123-15 
 2016KGIE-005 
 2016KGIE-018 
 2016KGIE-025 
 2016KGIE-034 
 2016KGIE-044 
 2016KGIE-050 
 2016KGIE-068 

 HSG080112-15 
 HSG080123-14 
 HSG091108-14C 
 LJS070122-38 
 LYM100207-40 
 PCH080110-35 
 PCH080111-08 

 PCH080112-40 
 PCH080115-10 
 PCH080123-10 
 PCH080123-24 
 PCH080123-42 
 PCH110121-03 
 PCH110127-04 

 PCH110127-11 
 PCH110131-08 

 PCH080123-52A 
 ANT050824 
 HSG060722-14 
 KEH100714-07 
 KEH100714-08 

 HSG080113-23 
 HSG080123-06 

 ANT050816 
 2016KGIE-045 
 2016KGIE-046 
 HSG080110-29 
 HSG080110-38 
 PCH080110-33 

 PCH080112-11 
 PCH080113-49 
 PCH080116-21 
 HSG091107-07B 
 HSG091107-29A 
 HSG091111-04 
 HSG091112-09 

 HSG091112-18 
 HSG091112-20 
 HSG091112-23 
 HSG091112-43 
 LJS070116-08 
 LJS070123-05 
 LYM100213-27 

 PCH080116-35 
 PCH080123-62 
 PCH110131-11 

 HSG091112-01 
 PCH080123-45 
 HSG091111-02B 
 HSG091111-02A 

 HSG091107-29B 
 HSG091107-14B 
 HSG091107-13 
 HSG091107-11 
 HSG091107-08 
 HSG091107-07C 

 2016KGIE-013 
 2016KGIE-039 

 2016KGIE-009 
 2016KGIE-002 

 2016KGIE-040 
 2016KGIE-054 
 2016KGIE-031 

 PCH080110-36 

61/63 

61/64 

100/72 

94/73 

60/58 

62/52 

64 

97/73 

94 

0.002 

Cladonia cornuta (L.) Hoffm. 

1. Primary thallus with micropropagules (0) or not (1) 

2. Podetia present (0) or not (1) 

3. Podetia unbranched (0) or with occasional branches (1) 

4. Podetia less than 5cm (0) or over than 5cm (1) 

5. Podetia upper part color glaucous (0) or brownish (1) 

6. Podetia upper part corticate (0) or not (1) 

7. Podetia basal part corticate (0) or not (1) 

8. Podetia upper part sorediate (0) or not (1) 

9. Podetia basal part sorediate (0) or not (1) 

10. Podetia with squamules (0) or not (1) including microsquamules 

11. Podetia spilited (0) or not (1) 

12. Podetia with white medullary spots (0) or not (1) 

13. Podetial base color yellowish (0) or brownish (1) 

14. Lateral perforation (0) or not (1) 

15. Scyphi present (0) or absent (1) 

16. Scyphi obligatory (0) or facultative (1) 

17. Scyphi proliferating from margins (0) or from the center (1) 

18. Scyphi narrow (0) or wide (1) 

19. On soil (0), moss (1) or bark(2) 

20. Apothecia/pycnidia reddish (1) or brownish (1) 

  King George Island, the largest of the South Shetland Islands belonging to the 

maritime Antarctic zone, is located at the northern tip of the Antarctic Peninsula. 

There are two vascular plants and diverse bryophytes and lichens (Ø vstedal et 

al., 2001). This island is one of the most appropriate places for studying the 

evolution of lichenized fungi of Antarctica because of its geographical locality 

and diversity of lichens. 

  The taxonomy of Antarctic lichens, 427 species in Antarctica and South 

Georgia were reported. Kim et al (2006) reported 62 lichenized fungi around the 

Korean Antarctic Scientific Station(King Sejong St.) located on Barton 

peninsula, King George Island. 

Ochrolechia frigida 

from King George Island 
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