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Many groups of lichens are difficult to identify due to their phenotypical plasticity. Molecular methods are therefore 
increasingly used not only to elucidate phylogenetic relationships among taxa, but also to assign individuals to spe-
cies. Most members of the genus Cladonia are conspicuous and frequently collected, but notoriously variable. At the 
same time the genus comprises species that have to be regularly monitored under EU legislation. A “DNA barcoding” 
approach could thus be very helpful to correctly identify taxa. The internal transcribed spacer region of the ribosomal 
RNA repeat has been proposed as a universal barcoding marker for fungi. However, it has also been shown that data 
from this locus alone might be insufficient to reliably distinguish members of Cladonia. Taking the two similar species 
C. rangiferina and C. stygia as an example, we tested the suitability of ITS and five additional gene loci to distinguish 
species of Cladonia subgenus Cladina. Infraspecific variability was high in most of the investigated loci. Bayesian 
species delimitation using a multispecies coalescent approach based on multilocus DNA sequence data allowed us 
to separate the two species with high statistical support. The clustering of samples was also supported by phenotypic 
differences between the groups and a phylogenetic analysis. This allowed us to test the usefulness of single gene loci 
as barcoding markers on an objective basis. The only locus, for which minimum interspecific divergence exceeded 
maximum infraspecific variability in both species, was the small subunit of the mitochondrial ribosomal RNA repeat. 
Whether this locus should be suggested as an alternative or additional barcoding marker for the separation of Cladonia 
species needs to be tested with a broader taxonomic sample.

Zusammenfassung: Kanz, B., Brackel, W. v., Cezanne, R., Eichler, M., Hohmann, M.-L., Teuber , D. & 
Printzen, C. 2015. DNA-Barcodes zur Unterscheidung von Rentierflechten: eine Fallstudie mit Cladonia rangiferi-
na und C. stygia. – Herzogia 28: 445 – 464.
Viele Flechtengruppen sind wegen ihrer phänotypischen Plastizität schwer zu bestimmen. Molekulare Methoden wer-
den deshalb zunehmend nicht nur verwendet, um Phylogenien zu rekonstruieren, sondern auch um Individuen einer 
Art zuzuordnen. Die meisten Arten der Gattung Cladonia sind auffällig und werden häufig gesammelt, sind aber be-
rüchtigt für ihre Variabilität. Gleichzeitig enthält die Gattung Arten, deren Erhaltungszustand nach der FFH-Richtlinie 
der EU regelmäßig überwacht werden muss. Ein „DNA-Barcoding“ Ansatz könnte bei der sicheren Bestimmung 
dieser Arten sehr hilfreich sein. Als universeller Barcoding-Marker für Pilze ist die „Internal Transcribed Spacer“ 
(ITS) Region der ribosomalen RNA vorgeschlagen worden. Es wurde jedoch auch gezeigt, dass Daten alleine von 
diesem Genlocus nicht ausreichen, um Cladonia-Arten zuverlässig zu unterscheiden. Am Beispiel der beiden sehr 
ähnlichen Arten Cladonia rangiferina und C. stygia untersuchen wir, inwieweit ITS und fünf weitere Genloci sich 
zur Unterscheidung von Arten aus Cladonia subgenus Cladina eignen. Die meisten untersuchten Genloci zeigen 
hohe infraspezifische Variabilität. Bayes’sche Artabgrenzung mittels einer Multispecies-Koaleszenzanalyse erlaubt, 
die beiden Arten mit hoher statistischer Unterstützung zu unterscheiden. Die Zuordnung der Proben zu den beiden 
Taxa wird auch durch phänotypische Unterschiede und phylogenetische Analysen bestätigt. Dies ermöglicht es, die 
Nützlichkeit einzelner Genloci als Barcoding-Marker auf einer objektiven Grundlage zu überprüfen. Der einzige 
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Genlocus, bei dem die minimale interspezifische Divergenz die maximale infraspezifische Variabilität beider Arten 
überschritt, war die kleine Untereinheit der mitochondrialen ribosomalen RNA. Ob dieser Genlocus als alternativer 
oder zusätzlicher Barcoding-Marker zur Unterscheidung von Cladonia-Arten herangezogen werden kann, sollte auf 
der Grundlage einer größeren Stichprobe untersucht werden.
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Introduction
Most lichen species are phenotypically variable and consequently display only a few taxo-
nomically useful characters. This, together with a lack of comprehensive identification keys 
for most geographic areas, makes them difficult to identify. Hence, even the most conspicuous 
species are often ignored in biodiversity assessments and by phytosociologists, the more so 
as even specialists disagree on the delimitation of many taxa. The availability of molecu-
lar genetic data has raised hopes of easier and unambiguous identification of species but at 
the same time showed that the diversity in many groups might be grossly underestimated at 
present (Crespo & Lumbsch 2010, Lücking et al. 2014). The assignment of individuals to 
species based on short DNA sequences from a single locus has been termed “DNA barcod-
ing” (Hebert et al. 2003). For fungi, the internal transcribed spacer region of the ribosomal 
RNA repeat has recently been suggested as a suitable barcoding locus (Schoch et al. 2012). 
To date, the BOLD database (Ratnasingham & Hebert 2007) contains c. 15.000 barcodes 
for lichens, most of them from the Lecanoromycetes (URL: http://boldsystems.org/index.php/
TaxBrowser_Home, accessed 12 February 2015). 
The basic principle of DNA barcoding involves the clustering of genetically similar organ-
isms into groups which are separated by genetic differences from other groups (Goldstein 
& DeSalle 2010). Groups in this sense may be well supported clades on phylogenetic trees 
or organisms sharing diagnostic nucleotides in certain positions, for example, Parmelia ser-
rana A.Crespo et al. was described on the basis of phylogenetic analyses showing its mono-
phyly within the P. saxatilis complex (Molina et al. 2004), while the original diagnosis for P. 
encryptata A.Crepso et al. makes reference to synapomorphic nucleotide states at particular 
positions of the ITS sequence (Molina et al. 2011). A problem with these approaches is the 
fact that practically all species show genetic variation, making it necessary to define a thresh-
old of genetic differentiation above which groups are considered to belong to different spe-
cies. This “threshold problem” is obvious in phylogenetic trees. Fully resolved dichotomous 
trees contain n-2 internal nodes, each of which could potentially denote a separate species. 
Different methods have been suggested to infer species boundaries based on molecular data 
(e. g. Taylor et al. 2000, Zhang et al. 2013) but only few are applicable to single-locus data 
(e. g. Pons et al. 2006, Templeton 2001). A criterion used to test the accuracy and efficien-
cy of barcoding markers in distinguishing separate species is the so-called ”barcoding gap” 
(Meyer & Paulay 2005). If the minimal genetic distance between individuals of closely re-
lated species is considerably larger than the maximal genetic divergence within these species, 
DNA sequence data can be expected to unequivocally assign individuals to species. Again, 
the question of suitable threshold values arises: what is “considerably larger” in this context? 
Hebert et al. (2004) suggested a threshold of ten times the infraspecific genetic difference as 
a suitable threshold. However, this value seems much too high for certain organismal groups. 
The idea of a single-locus barcode was entirely abandoned for higher plants (Kress et al. 2005, 
CBOL Plant Working Group 2009). In the case of lichens, slow genetic drift and high in-
fraspecific genetic variation makes a barcoding gap of ten times the infraspecific variation ap-




