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Abstract

Recent taxonomic revisions within the cyanobacteria have shown that the traditional simple filamentous genera often 

represent large polyphyletic clusters of not-so-closely-related taxa. In this study, the new cyanobacterial genus 

Kastovskya is described based on a combination of morphological, molecular, and ecological evidence. Kastovskya was 

first described as Schizothrix adunca, a morphospecies discovered in the Atacama Desert, Chile more than 50 years ago. 

This species has been transferred to Kastovskya and serves as the generitype. Kastovskya adunca currently represents a 

unique and probably endemic taxon for the soils of the Atacama Desert region. Description of this new genus contributes 

to the revision of the Phormidiaceae by providing a clear taxonomic definition to one of the clades within the Schizothrix/

Microcoleus/Phormidium cluster.

Introduction

Deserts provide harsh habitats (saline lakes, arid soils) habitable only by extremophiles, such as Cyanobacteria. 
However, species-level diversity is poorly known for this group. In particular, arid deserts such as the Atacama 
Desert are greatly understudied.

The Atacama Desert forms a narrow but long strip of arid land along the Pacific coast in South America. It 
extends from La Serena, Chile in the south to the Peruvian-Chilean border in the north (Rundel et al. 1991). Two 
main regions can be distinguished in this desert. First is the hyperarid core, located in the vicinity of Yungay, Chile. 
This part is considered to be one of the driest places of the world with soil water potential reaching as low as -166 
Mpa, and thus has soils posing similar challenges to conditions found on Mars (McKay et al. 2003, Navarro-
González et al. 2003). Some studies have shown that parts of this Atacama core may be even too dry for microbes 
to survive (Navarro-González et al. 2003, Lester et al. 2007). The second region is the coastal zone adjacent to the 
Pacific Ocean. In comparison with the hyperarid core, the climate is milder here, and is characterized by the 
presence of microorganisms and higher plants. The crucial factor influencing the environmental conditions is 
regular formation of fog (called “camanchaca” in Chile) which serves mostly as the only source of water (Rundel et 
al. 1991, Cereceda et al. 2008). A remarkable number of endemic plants have been discovered in the fog oases 
(Rundel et al. 1991, Larrain et al. 2002, Cereceda et al. 2008); however, much less is known about the potential 
endemism of microorganisms living in this desert.

Research focusing on cyanobacteria inhabiting soils of the Atacama Desert started more than 50 years ago near 
the cities of Antofagasta and Caldera, Chile. The author of the very first study confirmed the presence of living 
blue-green algae by finding four cyanobacterial species: Calothrix desertica Schwabe (1960: 282), Schizothrix 
adunca Schwabe (1960: 293), S. atacamensis Schwabe (1960: 296), and Plectonema polymorphum var. viridis
Schwabe (1960: 291). All of them except P. polymorphum were species new to science (Schwabe 1960). Six years 
later, Forest & Weston (1966) reported three additional species of cyanobacteria from the Atacama Desert. 
Nevertheless, due to their use of the oversimplified classification system of Drouet (1968), it is difficult to 
determine which species were actually present (Büdel 2001). 
216   Accepted by Saúl Blanco Lanza: 9 Jan. 2014; published: 28 Mar. 2014

Licensed under a Creative Commons Attribution License http://creativecommons.org/licenses/by/3.0



As can be seen in the example of the re-investigated phylogeny of strains from Boyer et al. (2002), 
morphology in the order Oscillatoriales is insufficient for descrimination of the different lineages. In fact, strains 
falling within the morphological description given by Boyer et al. (2002) for M. steenstrupii are distributed in the 
16S rRNA tree among taxa with clearly different morphology (e.g. Wilmottia, Kastovskya). However, morphology 
in the original study was not investigated throughout the whole life cycle, so it is possible that some morphological 
variability within the M. steenstrupii morphotype exists. The polyphyletic nature of this group highlights the need 
for using large datasets for phylogenetic studies. Today, 11 years after Boyer et al. (2002), many more 
cyanobacterial sequences are available in databases. Consequently, much more reliable results in terms of 
phylogenetic position of strain groups can be obtained. 

Recent investigations have shown that the Atacama Desert possesses an interesting cyanobacterial flora, which 
definitely deserves more attention (Osorio-Santos 2011, Baldarelli 2012). Kastovskya adunca studied in this work 
represents a stable morphotype unique for this desert. Since the description of this cyanobacterium more than 50 
years ago (Schwabe 1960) it has not been recorded from any other location. This suggests that the Atacama Desert 
contains endemic cyanobacterial species. By thorough investigation of cyanobacteria from different parts of the 
world, not only will microfloristics be better understood, but cyanobacterial diversification will be better 
characterized. The simple filamentous cyanobacteria need further revision and many new genera and species 
probably will need to be described and defined in order to obtain a taxonomic system comprised only of 
monophyletic taxa. 

Acknowledgements

This work was completed with support from National Science Foundation grant number DEB–0842702. Any 
opinions, findings, conclusions, or recommendations expressed in this material are those of the authors and do not 
necessarily reflect the views of the National Science Foundation. Funds were also provided by The Desert Legacy 
Fund, California Desert Research Program at The Community Foundation Serving the Counties of Riverside and 
San Bernardino, awarded to Radka Mühlsteinová in 2013. We would like to thank Christina Vaccarino and Lauren 
Baldarelli for their help with isolating and maintaining cyanobacterial cultures, Christopher Sheil for comments 
and correct ions ,  and Tomáš Hauer  for  submit t ing  our  Bayesian analy s is to  the  MetaCentrum 
(www.metacentrum.cz).

References 

Anagnostidis, K. (1989) Geitlerinema, a new genus of oscillatorialean cyanophytes. Plant Systematics and Evolution 164: 33–
46. 
http://dx.doi.org/10.1007/BF00940428

Anagnostidis, K. (2001) Nomenclatural changes in cyanoprokaryotic order Oscillatoriales. Preslia 73: 359–375.
Anagnostidis, K. & Komárek, J. (1988) Modern approach to the classification system of cyanophytes. 3. Oscillatoriales. 

Algological Studies 80: 327–472.
Azúa-Bustos, A., González-Silva, C., Mancilla, R.A., Salas, L., Gómez-Silva, B., McKay, C.P. & Vicuña, R. (2011) Hypolithic 

cyanobacteria supported mainly by fog in the Coastal Range of the Atacama Desert. Microbial Ecology 61: 568–581. 
http://dx.doi.org/10.1007/s00248-010-9784-5

Baldarelli, L. (2012) New species of Nostocales from the arid Atacama Desert, Chile. Department of Biology, John Carroll 
University, University Heights, 84 pp.

Bornet, É. & Flahault, C. (1886) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France. 
Annales des Sciences Naturelles, Botanique, Septième Série 7: 177–262.

Boyer, S.L., Flechtner, V.R. & Johansen, J.R. (2001) Is the 16S–23S rRNA internal transcribed spacer region a good tool for 
use in molecular systematics and population genetics? A case study in cyanobacteria. Molecular Biology and Evolution 
18: 1057–1069.

Boyer, S.L., Johansen, J.R., Flechtner, V.R. & Howard, G.L. (2002) Phylogeny and genetic variance in terrestrial Microcoleus
(Cyanophyceae) species based on sequence analysis of the 16S rRNA gene and associated 16S–23S ITS region. Journal of 
Phycology 38: 1222–1235. 
http://dx.doi.org/10.1046/j.1529-8817.2002.01168.x

Büdel, B. (2001) Biological soil crusts of South America. Ecological Studies 150: 51–55.
MÜHLSTEINOVÁ ET AL.226   •  Phytotaxa 163 (4)  © 2014 Magnolia Press



Carmichael, W.W. (1986) Isolation, culture and toxicity testing of toxic freshwater cyanobacteria (blue-green algae). In: Shilov, 
V. (eds.) Fundamental Research in Homogenous Catalysis 3. Gordon & Breach, New York, pp. 1249–1262. 

Casamatta, D.A., Johansen, J.R., Vis, M.L. & Broadwater, S.T. (2005) Molecular and morphological characterization of ten 
polar and near-polar strains within the Oscillatoriales (Cyanobacteria). Journal of Phycology 41: 421–438. 
http://dx.doi.org//10.1111/j.1529-8817.2005.04062.x

Cereceda, P., Larrain, H., Osses, P., Farías, A. & Egaña, I. (2008) The spatial and temporal variability of fog and its relation to 
fog oases in the Atacama Desert, Chile. Atmospheric Research 87: 312–323. 
http://dx.doi.org/10.1016/j.atmosres.2007.11.012

de los Ríos, A., Valea, S., Ascaso, C., Davila, A., Kaštovský, J., McKay, C.P., Gómez-Silva, B. & Wierzchos, J. (2010) 
Comparative analysis of the microbial communities inhabiting halite evaporites of the Atacama Desert. International 
Microbiology 13: 79–89. 
http://dx.doi.org/10.2436/20.1501.01.113

Drouet, F. (1968) Revision of the classification of the Oscillatoriaceae. Monographs of the Academy of Natural Sciences of 
Philadelphia 15: 1–370.

Forest, H.S. & Weston, C.R. (1966) Blue-green algae from the Atacama Desert of northern Chile. Journal of Phycology 2: 163–
164. 
http://dx.doi.org/10.1111/j.1529-8817.1966.tb04617.x

Garcia-Pichel, F., Lopez-Cortes, A. & Nübel, U. (2001) Phylogenetic and morphological diversity of cyanobacteria in soil 
desert crusts from the Colorado Plateau. Applied and Environmental Microbiology 67: 1902–1910. 
http://dx.doi.org/10.1128/AEM.67.4.1902-1910.2001

Geitler, L. (1933) Diagnosen neuer Blaualgen von den Sunda-Inseln. Archiv für Hydrobiologie. Supplementband 12: 622–634.
Gomont, M. (1892) Monographie des Oscillariées (Nostocacées homocystées). Annales des Sciences Naturelles, Botanique,

Séries 7 15: 263–368.
Hornemann, J.W. (1813) Flora Danica 9. Havniae, Copenhagen, 70 pp.
Johansen, J.R. & Casamatta, D.A. (2005) Recognizing cyanobacterial diversity through adoption of a new species paradigm. 

Algological Studies 117: 71–93. 
http://dx.doi.org/10.1127/1864-1318/2005/0117-0071

Johansen, J.R., St. Clair, L.L., Webb, B.L. & Nebeker, G.T. (1984) Recovery patterns of cryptogamic soil crusts in desert 
rangelands following fire disturbance. The Bryologist 87: 238–243.

Kirchner, O. (1898) Schizophyceae. In: Engler, A. & Prantl, K. (eds.) Die natürlichen Pflanzenfamilien, I. Teil, Abt. 1a. 
Wilhelm Engelmann, Leipzig, pp. 45–92.

Komárek, J. & Anagnostidis, K. (2005) Cyanoprokaryota II. In: Büdel, B., Krienitz, L., Gärtner, G. & Schagerl, M. (eds.) 
Süsswasserflora von Mittleuropa 19/2. Elsevier/Spektrum, München, 759 pp. 

Lacap, D.C., Warren-Rhodes, K.A., McKay, C.P. & Pointing, S.B. (2011) Cyanobacteria and chloroflexi-dominated hypolithic 
colonization of quartz at the hyper-arid core of the Atacama Desert, Chile. Extremophiles 15: 31–38. 
http://dx.doi.org/10.1007/s00792-010-0334-3

Larrain, H., Velásquez, F., Cereceda, P., Espejo, R., Pinto, R., Osses, P. & Schemenauer, R.S. (2002) Fog measurements at the 
site “Falda Verde” north of Chañaral compared with other fog stations of Chile. Atmospheric Research 64: 273–284. 
http://dx.doi.org/10.1016/S0169-8095(02)00098-4

Lester, E.D., Satomi, M. & Ponce, A. (2007) Microflora of extreme arid Atacama Desert soils. Soil Biology & Biochemistry 39: 
704–708. 
http://dx.doi.org/10.1016/j.soilbio.2006.09.020

Lokmer, A. (2007) Polyphasic approach to the taxonomy of the selected oscillatorian strains (Cyanobacteria). Faculty of 
Science, University of South Bohemia, České Budějovice, 40 pp.

Lukešová, A., Johansen, J.R., Martin, M.P. & Casamatta, D.A. (2009) Aulosira bohemensis sp. nov.: further phylogenetic 
uncertainty at the base of the Nostocales (Cyanobacteria). Phycologia 48: 118–129. 
http://dx.doi.org/10.2216/08-56.1

McKay, C.P., Friedmann, E.I., Gomez-Silva, B., Caceres-Villanueva, L., Andersen, D.T. & Landheim, R. (2003) Temperature 
and moisture conditions for life in the extreme arid region of the Atacama Desert: Four years of observations including the 
El Nino of 1997–1998. Astrobiology 3: 393–406. 
http://dx.doi.org/10.1089/153110703769016460

Mühlsteinová, R., Johansen, J.R., Pietrasiak, N., Martin, P. M., Osorio-Santos, K. & Warren, S.D. (2014) Polyphasic 
characterization of Trichocoleus desertorum sp. nov. (Pseudanabaenales, Cyanobacteria) from desert soils and 
phylogenetic placement of the genus Trichocoleus. Phytotaxa accepted

Navarro-González, R., Rainey, F.A., Molina, P., Bagaley, D.R., Hollen, B.J., de la Rosa, J., Small, A.M., Quinn, R.C., 
Grunthaner, F.J., Cáceres, L., Gomez-Silva, B. & McKay, C.P. (2003) Mars-like soils in the Atacama Desert, Chile, and the 
dry limit of microbial life. Science 302: 1018–1021. 
http://dx.doi.org/10.1126/science.1089143

Osorio-Santos, K. (2011) Cyanobacteria from the soils of the Atacama Desert, Chile. Department of Biology, John Carroll 
University, University Heights, 58 pp.

Petersen, J.B. (1928) The aërial algae of Iceland. In: Rosenvinge, L.K. & Warming, E. (eds.) The Botany of Iceland. Vol. II.
 Phytotaxa 163 (4)  © 2014 Magnolia Press  •   227KASTOVSKYA ADUNCA GEN. NOV. ET COMB. NOV.



Part II. Wheldon and Wesley, Copenhagen & London, pp. 251–447.
Rambaut, A. (2007) Fig Tree. http://tree.bio.ed.ac.uk/software/figtree/. (Accessed in June 2013)
Rippka, R., Waterbury, J. & Cohen-Bazire, G. (1974) A cyanobacterium which lacks thylakoids. Archives for Microbiology 

100: 419–436. http://dx.doi.org/10.1007/BF00446333
Rundel, P.W., Dillon, M.O., Palma, B., Mooney, H.A., Gulmon, S.L. & Ehleringer, J.R. (1991) The phytogeography and 

ecology of the coastal Atacama and Peruvian Deserts. Aliso 13: 1–49.
Schwabe, G.H. (1960) Zur autotrophen Vegetation in ariden Böden. Blaualgen und Lebensraum IV:. Österreichische botanische 

Zeitschrift 107: 281–309.
Siegesmund, M.A., Johansen, J.R., Karsten, U. & Friedl, T. (2008) Coleofasciculus gen. nov. (Cyanobacteria): Morphological 

and molecular criteria for revision of the genus Microcoleus Gomont. Journal of Phycology 44: 1572–1585. 
http://dx.doi.org/10.1111/j.1529-8817.2008.00604.x

Starkenburg, S.R., Reitenga, K.G., Freitas, T., Johnson, S., Chain, P.S.G., Garcia-Pichel, F. & Kuske, C.R. (2011) Genome of 
the Cyanobacterium Microcoleus vaginatus FGP-2, a Photosynthetic Ecosystem Engineer of Arid Land Soil Biocrusts 
Worldwide. Journal of Bacteriology 193: 4569–4570. 
http://dx.doi.org/10.1128/JB.05138-11

Strunecký, O., Elster, J. & Komárek, J. (2011) Taxonomic revision of the freshwater cyanobacterium “Phormidium” murrayi = 
Wilmottia murrayi. Fottea 11: 57–71.

Swofford, D.L. (1998) PAUP*: Phylogenetic Analysis Using Parsimony (and Other Methods). Sinauer Associates, Sunderland, 
MA.

Taton, A., Grubisic, S., Ertz, D., Hodgson, D.A., Piccardi, R., Biondi, N., Tredici M.R., Mainini, M., Losi, D., Marinelli, F. & 
Wilmotte, A. (2006) Polyphasic study of Antarctic cyanobacterial strains. Journal of Phycology 42: 1257–1270. 
http://dx.doi.org/10.1111/j.1529-8817.2006.00278.x

Vaucher, J.P.E. (1803) Histoire des conferves d'eau douce contenant leurs différens modes de reproduction, et la description de 
leurs principales espèces, suivie de l'histoire des trémelles et des ulves d'eau douce. J.J. Paschoud, Geneva, 285 pp.

Vítek, P., Edwards, H.G.M., Jehlička, J., Ascaso, C., De Los Ríos, A., Valea, S., Jorge-Villar, S.E., Davila, A.F. & Wierzchos, J. 
(2010) Microbial colonization of halite from the hyper-arid Atacama Desert studied by Raman spectroscopy. 
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences 368: 3205–3221. 
http://dx.doi.org/10.1098/rsta.2010.0059

Warren-Rhodes, K.A., Rhodes, K.L., Pointing, S.B., Ewing, S.A., Lacap, D.C., Gomez-Silva, B., Amundson, R., Friedmann, 
E.I. & McKay, C.P. (2006) Hypolithic cyanobacteria, dry limit of photosynthesis, and microbial ecology in the hyperarid 
Atacama Desert. Microbial Ecology 52: 389–398. 
http://dx.doi.org/10.1007/s00248-006-9055-7

West, W. & West, G.S. (1911) Freshwater Algae in British Antarctic Expedition 1907–09, Biology, part 7. 1: 263–298.
Wierzchos, J., Ascaso, C. & McKay, C.P. (2006) Endolithic cyanobacteria in halite rocks from the hyperarid core of the 

Atacama Desert. Astrobiology 6: 415–422. 
http://dx.doi.org/10.1089/ast.2006.6.415

Zanardini, G. (1840) Sopra le alghe del mare Adriatico. Lettera seconda di Giovanni Zanardini, medico fisico in Venezia, alla 
Direzione della Biblioteca Italiana. Biblioteca Italiana 99: 195–229.

Zuker, M. (2003) Mfold web server for nucleic acid folding and hybridization prediction. Nucleic Acids Research 31: 3406–
3415. 
http://dx.doi.org/10.1093/nar/gkg595
MÜHLSTEINOVÁ ET AL.228   •  Phytotaxa 163 (4)  © 2014 Magnolia Press


