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Abstract

In this study, we describe two new Halamphora species (Halamphora subfontinalis and H. hezhangii) and identify three species 
newly recorded in China (H. elongata, H. submontana and H. tenella) and two others previously recorded from China (H. montana 
and H. dusenii), as well as make preliminary observations on three interesting and unnamed Halamphora species. For all ten taxa 
observations were made using light microscopy and for the new taxa scanning electron microscopical observations were also 
made. Comparisons of morphological features are made with similar, previously-described taxa. All of these Halamphora 
species were found in alkaline waters (7.2 < pH < 9.7) in the mountainous regions of southwest China, including Tibet, Yun-
nan and Guizhou Provinces. In addition, we list in Halamphora twenty taxa previously recorded from China in the genus 
Amphora, resulting in two new combinations. 
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Introduction 

Mountainous regions of southwest China are located on the southeast margin of the Qinhai–Tibet plateau. Mountains 
in these regions are usually arranged from north to south and have complicated topographies and unique natural 
environments. These areas boast considerable biological richness and are recognized together as one of the world’s 
“biodiversity hotspots” (Boufford & Dijk 2000, Zhang et al. 2008).
	 The diatom genus Halamphora (Cleve 1895: 117) Levkov (2009: 165) was recently elevated and recognized 
as a separate genus by Levkov (2009), after being considered a subgenus of Amphora Ehrenberg ex Kützing (1844: 
108) by Cleve (1895). Halamphora is typified by Halamphora coffeaeformis (Agardh 1827: 627) Levkov (2009: 179) 
which was previously described as Frustulia coffeaeformis Agardh. The features that help to separate Halamphora 
from Amphora include: Halamphora species may have a raphe ledge on the dorsal side only, uni- or biseriate striae, 
external foramina of areolae that are usually simple, rarely with short finger–like processes at the margins, and internal 
openings of areolae occluded by hymens. Amphora species possess a raphe ledge on both sides of the raphe, uniseriate 
striae, external foramina of areolae sometimes with short finger–like processes at the margins, and internal openings 
of areolae occluded by vela (Levkov 2009).
	 Halamphora is a relatively large, widely distributed genus, with most of the species being found in marine or 
brackish water habitats; only a few species occur in freshwater. Levkov (2009) lists 79 species in Halamphora from 
Europe, Asia, Africa, North America and South America. Most Halamphora species were described originally as 
Amphora taxa, and then transferred to Halamphora. Wachnicka & Gaiser (2007) reported ca. 13 new Halamphora 
species (as Amphora sp. at that time) in marine and coastal environments of South Florida, USA. Stepanek & Kociolek 
(2013) detailed the history of Amphora and Halamphora, and reported four new Halamphora species from inland 
waters of the western USA. Kociolek et al. (2014) described four new species of Halamphora from Lake Sediments 
in the western USA. Three new species were described from North Dakota, USA, by Stepanek & Kociolek (2015). 
Three new species were described from the Midwest of the United States by Stepanek & Kociolek (2015). Blanco et 
al. (2013) and Álvarez-Blanco & Blanco (2014) described two new Halamphora species, as well as transferred four 
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Halamphora sabiniana (Reimer) Levkov (2009: 219)
Basionym: Amphora sabiniana Reimer in Patrick & Reimer (1975: 79) (Shi 2013: 20)

Halamphora tenerrima (Aleem & Hustedt) Levkov (2009: 235)
Basionym: Amphora tenerrima Aleem & Hustedt (1951: 16, 17) (Cheng et al. 1993: 54)

Halamphora thumensis (A. Mayer) Levkov (2009: 236)
Basionym: Amphora coffeaeformis var. thumensis A. Mayer (1919: 208) (Shi 2013: 21)

Halamphora transcaspica (Petersen) Q-M. You & J.P. Kociolek, comb. nov., stat. nov.
Basionym: Amphora coffeaeformis var. transcaspica Petersen, Dansk Botanisk Arkiv Udgivet af Dansk Botanisk Forening 6(6): 48, Fig. 

8, 1930.

Halamphora veneta (Kützing) Levkov (2009: 242)
Basionym: Amphora veneta Kützing (1844: 108) (Zhu & Chen 2000: 202)

A comprehensive investigation of the genus Halamphora for China is lacking. At present, with the addition of 
Halamphora taxa examined in this study, only 25 taxa have been reported from China, and most of them (21 taxa) have 
been found in inland waters. A total of 6 taxa only, including Halamphora acutiuscula, H. coffeaeformis, H. costata, 
H. cymbifera, H. exigua and H. tenerrima, were found in coastal and marine waters.
	 In the last five years, nearly 30 new species of Halamphora have been described. These new taxa have been 
‘discovered’ in relatively unexplored areas, such as mountainous regions of southwest China, in study as well as part 
of floras from better studied areas (Europe, Levkov 2009, United States, Stepanek & Kociolek 2013, 2015, Kociolek et 
al. 2014; Antarctic Region, Van de Vijver et al. 2014). A closer examination of habitats with elevated pH and alkalinity 
will undoubtedly yield a more comprehensive study of Halamphora biodiversity and ecological distributions in China 
and around the world.

Acknowledgements

We would like to thank Ni Yichen for helping to take part of LM and SEM figures. The constructive help of two 
anonymous reviewers is greatly appreciated. This research was supported by the National Natural Science Foundation 
of China (No. 31100151 & 31270249).

References

Álvarez-Blanco, I. & Blanco, S. (2014) Benthic diatoms from Mediterranean coasts. Bibliotheca Diatomologica 60: 1–409.
Agardh, C.A. (1827) Aufzählung einiger in den ostereichischen Ländern gefundenen neuen Gattungen und Arten von Algen nebst ihrer 

Diagnostik und beigefugten Bemerkungen. Flora oder Botanische Zeitung, Regensburg 2: 625–640.
Aleem, A.A. & Hustedt, F. (1951) Einige neue Diatomeen von der Südküste Englands. Botaniska Notiser. Häfte 1: 13–20. 
Blanco, S., Álvarez-Blanco, I., Cejudo-Figueiras, C., Recio Espejo, J.M., Borja Barrera, C. Bécares, E., Díaz del Olmo, F. & Cámara 

Artigas, R. (2013) The diatom flora in temporary ponds of Doňana National Park (southwest Spain): five new taxa. Nordic Journal 
of Botany 31: 489–499.

	 http://dx.doi.org/10.1111/j.1756-1051.2013.01691.x
Boufford, D.E. & van Dijk, P.P. (2000) South-Central China. In: Mittermeier, R.A., Myers, N. & Mittermeier, C.G. (Eds.) Hotspots: Earth’s 

biologically richest and most endangered terrestrial ecoregions. Cemex/Agrupación Sierra Madre, Mexico City, pp. 338–351.
Brun, J. (1901) Diatomées d’eau douce de l’ile Jan Mayen et de la côte est du Groenland, récoltées par l’expédition suédoise de 1899. 

Bihang till Kongliga Svenska Vetenskaps-Akademiens Handlingar 26: 1–22.
Cheng, Z.D., Gao, Y.H. & Liu, S.C. (1993) Nano diatoms from Fujian coast. China Ocean Press, Beijing, 125 pp. [in Chinese]
Cleve, P.T. (1895) Synopsis of the Naviculoid Diatoms, Part II. Kongliga Svenska Vetenskaps-Akademiens Handlingar 27 (3): 1–219.
	 http://dx.doi.org/10.5962/bhl.title.54740
Cox, E.J. & Ross, R. (1981) The striae of pennate diatoms. In: Proceedings of the 6th International Symposium on Recent and Fossil 



YOU ET AL.88   •   Phytotaxa 205 (2) © 2015 Magnolia Press

Diatoms, Budapest, pp. 115–133. 
Ehrenberg, C.G. (1853) Über einige neue Materialien zur Übersicht des kleinsten Lebens. Bericht über die zur Bekanntmachung geeigneten 

Verhandlungen der Königlich–Preussischen Akademie der Wissenshaften zu Berlin 1853: 505–533.
Foged, N. (1964) Freshwater Diatoms from Spitsbergen. Tromsö Museums Skrifter, Universitetsførlaget, Tromsö/Oslo 11: 1–204.
Gregory, W. (1857) On new forms of marine Diatomaceae found in the Firth of Clyde and in Loch Fyne, illustrated by numerous figures 

drawn by K.K. Greville, LL.D., F.R.S.E. Transactions of the Royal Society of Edinburgh 21: 473–542.
	 http://dx.doi.org/10.1017/S0080456800032269
Grunow, A. (1884) Die Diatomeen von Franz Josefs-Land. Denkschriften der Kaiserlichen Akademie der Wissenschaften. Mathematisch-

Naturwissenschaftliche Classe, Wien 48: 53–112.
Haworth, E.Y. (1974) Some problems of diatom taxonomy in Scottish Lake sediments. British Phycological Journal 9 (1): 47–55. 
	 http://dx.doi.org/10.1080/00071617400650061
Hohn, M.H. & Hellerman, J. (1963) The taxonomy and structure of diatom populations from three Eastern North American rivers using 

three sampling methods. Transactions of the American Microscopical Society 82 (3): 250–329.
	 http://dx.doi.org/10.2307/3223932
Hustedt, F. (1922) Bacillariales aus Innerasien. Gesammelt von Dr. Sven Hedin. In: Hedin, S. (Ed.) Southern Tibet, discoveries in former 

times compared with my own researches in 1906–1908, 6(3). Lithographoic Institude of the General Staff of the Swedish Army, 
Stockholm, pp. 107–152.

	 http://dx.doi.org/10.5962/bhl.title.64226
Hustedt, F. (1925) Bacillariales aus den Salzgewüssern bei Oldesloe in Holstein. Mitteilungen der geographischen Gesellschaft und der 

Naturhistorischen Museums in Lubeck, zweite Reihe 30: 84–120.
Hustedt, F. (1930) Bacillariophyta (Diatomeae). In: Pascher, A. (Ed.) Die Süsswasser–Flora Mitteleuropas, Heft 10. (2. Aufl.). Gustav 

Fischer, Jena, pp. 466.
Hustedt, F. (1937) Sytematische und ökologische Untersuchungen über die Diatomeen-Flora von Java, Bali und Sumatra nach dem 

Material der Deutschen Limnologischen Sunda-Expedition. “Tropische Binnengewüsser, Band VII”. Archiv für Hydrobiologie, 
Supplement 15: 393–506.

Hustedt, F. (1949) Süsswasser-Diatomeen aus dem Albert-Nationalpark in Belgisch-Kongo. Exploration du Parc National Albert, Mission 
H. Damas (1935-1936). Institut des Parcs Nationaux du Congo Belge 8: 1–199.

Jin, D.X., Cheng, Z.D., Lin, J.M. & Liu, S.C. (1982) Marine benthic diatoms in China. China Ocean Press, Beijing, 323 pp. [in Chinese]
Kisselev, I.A. (1932) Beitrage zur Mikroflora des sud-ostlichen Teiles des Lapter-Meeres. Institut Hydrologique Russe, Exploration des 

Mers Russes 15: 66–104.
Krasske, G. (1932) Beiträge zur Kenntnis der Diatomeenflora der Alpen. Hedwigia 72 (3): 92–135.
Krasske, G. (1949) Subfossile Diatomeen aus den Mooren Patagoniens und Feuerlands. Suomalaisen Tiedeakatemian Toimituksia Annales 

Academiae Scientiarum Fennicae Series A. IV, Biologica 14: 1–95. 
Kociolek, J.P., Laslandes, B., Bennett, D., Thomas, E., Brady, M. & Graeff, C. (2014) Diatoms of the United States. I. Taxonomy, 

Ultrastructure and Descriptions of New Species and Other Rarely Reported Taxa from Lake Sediments in the Western U.S.A. 
Bibliotheca Diatomologica 61: 1–188.

Kützing, F.T. (1844) Die Kieselschaligen. Bacillarien oder Diatomeen. Nordhausen, 152 pp.
	 http://dx.doi.org/10.5962/bhl.title.64360
Lange-Bertalot, H. & Metzeltin, D. (1996) Indicators of Oligotrophy -800 taxa representative of three ecologically distinct lake types, 

Carbonate buffered - Oligodystrophic - Weakly buffered soft water. In: Lange-Bertalot, H. (Ed.) Iconographia Diatomologica. 
Annotated Diatom Monographs. Vol. 2. Ecology, Diversity, Taxonomy. Koeltz Scientific Books, Königstein, 390 pp.

Levkov, Z. (2009) Amphora sensu lato. In: Lange–Bertalot, H. (Ed.) Diatoms of Europe. Vol. 5. A.R.G. Gantner Verlag K.G., Ruggell, 
916 pp.

Li, C.-W. (1978) Notes on marine littoral diatoms of Taiwan. I. Some Diatoms of Pescadores. Nova Hedwigia 29: 787–812.
Mayer, A. (1919) Bacillariales von Reichenhall und Umgebung. Kryptogamische. Forschungen herausgegeben von der 

Kryptogamenkommission der Bayerischen Botanischen Gesellschaft zur Erforschung der heimischen Flora 1 (4): 191–214.
Nagumo, T. (2003) Taxonomic studies of the subgenus Amphora Cleve of the genus Amphora (Bacillariophyceae) in Japan. Bibliotheca 

Diatomologica 49: 1–265.
Patrick, R. & Reimer, C.W. (1975) The Diatoms of the United States, exclusive of Alaska and Hawaii. Volume 2. Part 2. Entomoneidaceae, 

Cymbellaceae, Gomphonemaceae, Epithemiaceae. Monographs of the Academy of Natural Sciences of Philadephia 13: 1–213.
Petersen, J.B. (1930) Algae from O. Olufsens’ Second Danish Pamir Expedition 1898–99. Dansk botanisk arkiv udgivet af Dansk botanisk 

forening (København) 6 (6): 1–59. 
Rabenhorst, L. (1864) Flora Europaea Algarum aquae dulcis et submarinae. Sectio I. Algas diatomaceas complectens, cum figuris 

generum omnium xylographice impressis. Apud Eduardum Kummerum. Leipzig, 359 pp. 



studies of the diatom genus Halamphora Phytotaxa 205 (2) © 2015 Magnolia Press   •   89

Ruck, E.C. & Theriot, E.C. (2011) Origin and Evolution of the Canal Raphe System in Diatoms. Protist 162: 723–737.
	 http://dx.doi.org/10.1016/j.protis.2011.02.003
Sato, S., Nagumo, T. & Mann, D.G. (2013) Morphology and life history of Amphora commutata (Bacillariophyta) I: the vegetative cell 

and phylogenetic position. Phycologia 52: 225–238.
	 http://dx.doi.org/10.2216/12-072.1
Shi, Z.X. (2013) Flora Algarum Sinicarum Aquae Dulcis (Tomus XVI): Bacillariophyta, Cymbellaceae. China Science Press, Beijing, 147 

pp. [in Chinese] 
Smith, W. (1853) Synopsis of British Diatomaceae. John Van Voorst, London, 89 pp.
	 http://dx.doi.org/10.5962/bhl.title.10706
Stepanek, J.G. & Kociolek, J.P. (2013) Several new species of Amphora and Halamphora from the western USA. Diatom Research 28: 

61–76.
	 http://dx.doi.org/10.1080/0269249X.2012.735205
Stepanek, J.G. & Kociolek, J.P. (2014) Molecular phylogeny of Amphora sensu lato (Bacillariophyta): An investigation into the monophyly 

and classification of the amphoroid Diatoms. Protist 165: 177–195.
	 http://dx.doi.org/10.1016/j.protis.2014.02.002
Stepanek, J.G. & Kociolek, J.P. (2015) Three new species of the diatom genus Halamphora (Bacillariophyta) from the prairie pothole 

lakes region of North Dakota, USA. Phytotaxa 197 (1): 27–36.
	 http://dx.doi.org/10.11646/phytotaxa.197.1.3
Van de Vijver, B., Kopalová, K., Zidarova, R. & Levkov, Z. (2014) Revision of the genus Halamphora (Bacillariophyta) in the Antarctic 

Region. Plant Ecology and Evolution 147: 374–391.
	 http://dx.doi.org/10.5091/plecevo.2014.979 
Van Heurck, H. (1880) Synopsis des Diatomées de Belgique. Atlas. Ducaju & Cie., Antwerp, 30 pls.
	 http://dx.doi.org/10.5962/bhl.title.1990
Wachnicka, A.H. & Gaiser, E.E. (2007) Characterization of Amphora and Seminavis from South Florida, U.S.A. Diatom Research 22: 

387–455.
	 http://dx.doi.org/10.1080/0269249X.2007.9705722
Wang, P., Park, B.S., Kim, J.H., Kim, J.-H., Lee, H.-O. & Han, M.-S. (2014) Phylogenetic position of eight Amphora sensu lato 

(Bacillariophyceae) species and comparative analysis of morphological characteristics. Algae 29: 57–73.
	 http://dx.doi.org/10.4490/algae.2014.29.2.057
Zhang, D.C., Zhang, Y.H., Boufford, D.E. & Sun, H. (2008) Elevational patterns of species richness and endemism for some important 

taxa in the Hengduan Mountains, southwestern China. Biodiversity Conservation 18: 699–716.
	 http://dx.doi.org/10.1007/s10531-008-9534-x
Zhu, H.Z. & Chen, J.Y. (2000) Bacillariophyta of the Xizang Plateau. Science Press, Beijing, 353 pp. [in Chinese]




