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Abstract

Vaucheria is a genus of yellow-green algae, the taxonomy of which is based on the morphology of antheridia and oogonia.
Distribution of Vaucheria in New Zealand is poorly understood. Only two studies have investigated phylogenetic relation-
ships in the genus world-wide and these omitted some of the diversity found in New Zealand. We identified seven species
of Vaucheria based on morphology of their reproductive structures. Two were described as new species (V. aestuarii and
V. edaphica), two were reported for the first time from New Zealand (V. erythrospora and V. litorea), one has been reported
previously (V. bursata), and the identification of the remaining two was inconclusive (Vaucheria cf. borealis and Vaucheria
cf. conifera). The genetic variation and phylogenetic position of these species were studied using phylogenetic analyses of
rbcL sequences. These showed the existence of morphologically indistinguishable cryptic species complexes in sect. Cor-
niculatae. Our results were mostly consistent with the current morphology-based sectional classification of the genus.
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Introduction

Vaucheria de Candolle (1801: 20) is a genus of yellow-green algae (Xanthophyceae) characterized by siphons with
apical growth. It has a cosmopolitan distribution with over 79 accepted species worldwide, although there are no
records in South America, Africa, Central Asia and Antarctica (Guiry & Guiry 2014). Taxonomy of the genus is
based on a morphological species concept, where species are characterized on morphology, especially the shape, size
and arrangement of antheridia and oogonia (Entwisle 1988a). Identification of closely related species is a challenge
because of overlapping characteristics (Entwisle 1988a, b) and due to paucity of fertile material in field specimens
(Rieth 1980). Cryptic species that are morphologically indistinguishable are known to exist, but there is no current
consensus on what to do with such entities (Andersen & Bailey 2002).

The distribution of Vaucheria in New Zealand is poorly known, with most records from the North Island. There are
reports of seven freshwater species—V. geminata (Vaucher 1803: 29) de Candolle in Lamarck & de Candolle (1805:
62) (Chapman et al. 1957), V. dillwynii (Weber & Mohr 1803: 12) Agardh (1812: 21) (as V. pachyderma Walz (1866:
146)) (Hooker 1867, Sarma 1974), V. hamata (Vaucher 1803: 27) de Candolle in Lamarck & de Candolle (1805: 63),
V. jaoi Ley (1944: 92) (Sarma 1973), V. aversa Hassall (1843: 429), V. bursata (Miiller 1788: 96) Agardh (1811: 21)
as V. sessilis f. repens (Hassall 1843: 430) Hansgirg (1886: 95) and V. undulata Jao (1936: 741) (Sarma 1974), and
four marine species—V. velutina Agardh (1824: 312), V. synandra Woronin (1869:137) , V. pseudosessilis Chapman
(1956: 495) (Chapman 1956) and V. longicaulis Hoppaugh (1930: 332) (Wilcox 2011). Two additional marine species
were listed by Adams (1994) as Vaucheria sp. from mudflats in the North Island and Vaucheria sp. ‘Chathams’ from
the Chatham Islands. There are no reports of soil-dwelling species in New Zealand.

This study has sought to increase knowledge of Vaucheria species in New Zealand. Seven species of Vaucheria,
including new species, are identified based on the morphology of reproductive structures. The adequacy of the
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Our morphological classification of the other species in this study was found to correlate with the molecular
phylogeny. Vaucheria erythrospora and V. litorea were grouped with other strains of the same species, in both MPB
and Bayesian analyses. The morphological classification of the two new species reported in this study, V. edaphica
and V. aestuarii was also well supported by the molecular phylogeny. This was true especially for V. edaphica which
was found to be genetically distinct from all other species in sect. Racemosae and was placed on a long branch in
the phylogenetic analyses. All species reported in this study were placed in the correct sections in the phylogenetic
analyses, as judged by their morphological characters.

This is the first study involving morphological and molecular phylogenetic characterization of Vaucheria strains
from New Zealand. Andersen and Bailey (2002) suggested a phylogenetic classification scheme at the sectional level,
but further studies which include representative sequences from other sections of Vaucheria are required in order to
confirm this. Difficulty in distinguishing closely related species that are currently recognized, and genetic variation
amongst morphologically identical strains (especially in Racemosae and Corniculatae), suggest that the morphology-
based classification of species may need revision.

Acknowledgements

We thank Dr. Rob Smissen (Landcare Research) and Dr. David Collings (University of Canterbury) for helpful discussions
and Nic Bolstridge (Landcare Research) and Matt Walters (University of Canterbury) for technical assistance. We also thank
the two anonymous referees for their critical reviews. PMN was supported by Core funding for Crown Research Institutes
from the Ministry of Business, Innovation and Employment’s Science and Innovation Group, New Zealand.

References

Adams, N.M. (1994) Seaweeds of New Zealand. Canterbury University Press, Christchurch, 360 pp.

Agardh, C.A. (1811) Dispositio Algarum Sueciae. Part 2. Berling’s Printing Office, Lund, pp. 17-26.
http://dx.doi.org/10.5962/bhl. title.45472

Agardh, C.A. (1812) Dispositio Algarum Sueciae, Part 5. Berling’s Printing Office, Lund, 46 pp.
http://dx.doi.org/10.5962/bhl.title.45472

Agardh, C.A. (1823) Species Algarum. Vol. 1, Part 2. Berling’s Printing Office, Lund, pp. 399-531.
http://dx.doi.org/10.5962/bhl. title.45326

Agardh, C.A. (1824) Systema Algarum. Berling’s Printing Office, Lund, 312 pp.
http://dx.doi.org/10.5962/bhl.title.1829

Andersen, R.A. & Bailey, J.C. (2002) Phylogenetic analysis of 32 strains of Vaucheria (Xanthophyceae) using the rbcL gene and its two
flanking spacer regions. Journal of Phycology 38: 583-592.
http://dx.doi.org/10.1046/j.1529-8817.2002.01144.x

Bischoff, H.W. & Bold, H.C. (1963) Phycological studies I'V. Some soil algae from Enchanted Rock and related algal species. University
of Texas Publication 6318: 1-95.

Blum, J.L. (1972) Vaucheriaceae. North American Flora Series II, Part 8. New York Botanical Garden, New York, 64 pp.

Blum, J.L. & Womersley, H.B.S. (1955) A new marine Vaucheria from Australia. American Journal of Botany 42: 713-717.
http://dx.doi.org/10.2307/2438647

Brown, H.J. (1929) The algal family Vaucheriaceae. Transactions of the American Microscopical Society 48: 86—117.
http://dx.doi.org/10.2307/3222465

de Candolle, A.P. (1801) Extrait d’un rapport sur les conferves. Bulletin des Sciences par la Société Philomathique de Paris 3: 17-21.

Chapman, V.J. (1956) The marine algae of New Zealand. Part 1. Myxophyceae and Chlorophyceae. Botanical Journal of the Linnean
Society 55: 333-501.
http://dx.doi.org/10.1111/j.1095-8339.1956.tb00019.x

Chapman, V.J., Thompson, R.H., Segar, E.C.M. (1957) Checklist of freshwater algac of New Zealand. Transactions of the Royal Society
of New Zealand 84: 695-747.

Christensen, T. (1952) Studies on the genus Vaucheria. 1. A list of finds from Denmark and England with notes on some submarine species.
Botanisk Tidsskrift 49: 171-188.

Christensen, T. (1956) Studies on the genus Vaucheria. 111. Remarks on some species from brackish water. Botaniska Notiser 109: 275—

134 < Phytotaxa 186 (3) © 2014 Magnolia Press MURALIDHAR ET AL .



280.

Christensen, T. (1969) Vaucheria collections from Vaucher’s region. Det Kongelige Danske Videnskabernes Selskab. Biologiske Skrifter
16: 1-36.

Christensen, T. (1970) Vaucheria prona, a new name for a common alga. Botanisk Tidsskrift 65: 245-251.

Christensen, T. (1973) Some early Vaucheria descriptions. Botaniska Notiser 126: 513-518.

Christensen, T. (1987a) Some collections of Vaucheria (Tribophyceae) from Southeastern Australia. Australian Journal of Botany 35:
617-629.
http://dx.doi.org/10.1071/BT98706175

Christensen, T. (1987b) Seaweeds of the British Isles. Vol. 4. Tribophyceae (Xanthophyceae). British Museum (Natural History), London,
36 pp.

Collins, F.S. (1900) Notes on algae II. Rhodora 2: 11-14.

Dangeard, P. (1939) Le genre Vaucheria, specialement dans la region du sud-ouest de la France. Botaniste 29: 183-265.

Entwisle, T.J. (1987) An evaluation of taxonomic characters in the subsection Sessiles, section Corniculatae, of Vaucheria (Vaucheriaceae,
Chrysophyta). Phycologia 26: 297-231.
http://dx.doi.org/10.2216/10031-8884-26-3-297.1

Entwisle, T.J. (1988a) A monograph of Vaucheria (Vaucheriaceae, Chrysophyta) in south-eastern mainland Australia. Australian Systematic
Botany 1: 1-77.
http://dx.doi.org/10.1071/SB9880001

Entwisle, T.J. (1988b) An evaluation of taxonomic characters in the Vaucheria prona complex (Vaucheriaceae, Chrysophyta). Phycologia
27: 183-200.
http://dx.doi.org/10.2216/i10031-8884-27-2-183.1

Guillard, R.R.L., Ryther, J.H. (1962) Studies on the marine planktonic diatoms: 1. Cyclotella nana Hustedt, and Detonula confervacea
(Cleve) Gran. Canadian Journal of Microbiology 8: 229-239.
http://dx.doi.org/10.1139/m62-029

Guiry, M.D. & Guiry, G.M. (2014) AlgaeBase. World-wide electronic publication. National University of Ireland, Galway. Available at
http://www.algaebase.org (accessed 5 July 2014).

Hansgirg, A. (1886) Vaucheria. In: Hansgirg, A. (ed.) Prodromus der Algenflora von Béhmen. Vol. I. Cramer J, Vaduz, pp. 93-96.

Hassall, A.H. (1843) Descriptions of British freshwater Confervae, mostly new, with observations on some of the genera. Annals and
Magazine of Natural History 11: 428-437.
http://dx.doi.org/10.1080/03745484309442466

Hassall, A.H. (1845) A history of the British freshwater algae. Volume 2. Highley, S. & Bailliere, H., London, 52 pp.

Heering, W. (1907) Die Susswasseralgen Schleswig-Holsteins. Part 2. Chlorophyceae (Allgemeines- Siphonales) Jahrbuch der
Hamburgischen Wissenschaftlichen Anstalten 24: 105-235.

Hirn, K.E. (1900) Finnléndische Vaucheriaceen. Meddelanden af Societatis pro Fauna et Flora Fennica 26: 85-90.

Hooker, J.D. (1867) Handbook of New Zealand flora: a systematic description of the native plants of New Zealand and the Chatham,
Kermadec's, Lord Auckland's, and Macquarrie s islands. Reeve & Co., London, 798 pp.

Hoppaugh, K.W. (1930) A taxonomic study of species of the genus Vaucheria collected in California. American Journal of Botany 17:
329-347.
http://dx.doi.org/10.2307/2435924

Jao, C.C. (1936) Studies on the freshwater algae of China. II. Vaucheriaceae from Szechwan. Sinensia 7: 730-747.

Johnson, L.R. & Merritt, R. (2002) Phylum Xanthophyta (Yellow-Green Algae) /n: John, D.M., Whitton, B.A. & Brook, A.J. (Eds.)
The freshwater algal flora of the British Isles: an identification guide to freshwater and terrestrial algae. 2nd edition. Cambridge
University Press., Cambridge, pp. 245-270.

Kelly, S. (2009) Whangateau catchment and harbour study: Review of marine environment information. Prepared for Auckland Regional
Council. Auckland Regional Council technical report 2009/003, Auckland, 68 pp.

Kiitzing, F.T. (1843) Phycologia generalis oder Anatomie, Physiologie und Systemkunde der Tange, Part 2. F.A. Brockhaus, Leipzig, pp.
143-458.
http://dx.doi.org/10.5962/bhl.title.4746

Lamarck, J.B. & de Candolle, A.P. (1805) Flore Francaise. 3rd edition. Vol. 2. Desray, Paris, 600 pp.

Ley, S.H. (1944) The Vaucheriaceae from northern Kwangtung, China. Sinensia 15: 97-100.

Linnaeus, C. (1753) Species plantarum, exhibentes plantas rite cognitas, ad genera relatas, cum differentiis specificis, nominibus
trivialibus, synonymis selectis, locis natalibus, secundum systema sexuale digestas. Vol. 2. Stockholm, pp. 561-1200.
http://dx.doi.org/10.5962/bhl. title.669

Martius, C.E.P. von (1817) Flora cryptogamica erlangensis sistens vegetabilia e classe ultima Linn. in agro erlangesi hucusque detecta.

REPORTS OF VAUCHERIA FROM NEW ZEALAND Phytotaxa 186 (3) © 2014 Magnolia Press « 135



Sumptibus Schrag J.L., Niirnberg, 512 pp.

Miiller, O.F. (1788) Histoire de Confervis palustribus oculo nudo invisibilibus. Nova Acta Academiae Scientiarum Imperialis Petropolitanae
3: 89-98.

Muralidhar, A., Novis, P.M., Broady, P.A., Collings, D.A. & Garrill, A. (2013) An estuarine species of the alga Vaucheria (Xanthophyceae)
displays an increased capacity for turgor regulation when compared to a freshwater species. Journal of Phycology 49: 967-978.
http://dx.doi.org/10.1111/jpy.12106

Nemjova, K. & Kaufnerova, V. (2009) New reports of Vaucheria species (Vaucheriales, Xanthophyceae, Heterokontophyta) from the
Czech Republic. Fottea 9: 53-57.

Pascher, A. (1939) Heterokonten. Rabenhorst's Kryptogamenflora 11: 1-1196.

Rieth, A. (1956) Zur Kenntnis halophiler Vaucherien. Flora 143: 127-160.

Reith, A. (1962). Uber Gongrosira dichotoma Kiitz. und Asterosiphon Dang. 1. Gibt es ein “Gongrosira-Stadium” bei Vaucheria?
Limnologica 1: 197-210.

Rieth, A. (1963) Die Algen der chinesisch-deutschen biologischen- Sammelreise durch Nord- und Nordostchina 1956. I. Die Vaucheriaceen.
Part 1. Limnologica 1: 287-313.

Rieth, A. (1980) Xanthophyceae, Part 2. In: Ettl, H., Gerloff, J. & Heynig, H. (Eds.) Siisswasserflora von Mitteleuropa. Volume 4. Gustav
Fischer Verlag, Stuttgart, 147 pp.

Roth, A.W. (1797) Catalecta Botanica quibus plantae novae et minus cognitae describuntur atque illustrantur. Volume 1. Miilleriano, 1.G,
Leipzig, 244 pp.

Rothert, W. (1896) Vaucheria walzii n. sp.. Nuova Notarisia 7: 81-83.

Ronquist, F., Huelsenbeck, J.P. (2003) MRBAYES 3: Bayesian phylogenetic inference under mixed models. Bioinformatics 19: 1572—
1574.
http://dx.doi.org/10.1093/bioinformatics/btg180

Sarma, P. (1973) Addition to the freshwater algae of New Zealand - 1. A note on the species of Vaucheria from Great Barrier Island. Tane
19: 167-173.

Sarma, P. (1974) Additions to the freshwater algae of New Zealand- II : Some Vaucheria from Slipper Island. Tane 20: 86—100.

Solms-Laubach, H. Graf zu (1867). Uber Vaucheria dichotoma DC. Botanische Zeitung 25: 361-366.

Starr, R.C. (1956) Culture Collection of Algae at Indiana University. Lloydia 19: 129-156.

Swofford, D.L. (2002) PAUP*: phylogenetic analysis using parsimony (*and other methods), version 4.0b10. Sinauer Associates,
Sunderland, Massachusetts.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGAS5: Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum parsimony methods. Molecular Biology and Evolution 28: 2731-2739.
http://dx.doi.org/10.1093/molbev/msr121

Taylor, W.R. (1937) Notes on North Atlantic marine algae. . Papers of the Michigan Academy of Science 22: 225-233.

Thiers, B. (2012) Index herbariorum: a global directory of public herbaria and associated staff. New York Botanical Garden, New York.
Available at http://sweetgum.nybg.org/ih/ (accessed 31 July 2014).

Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. & Higgins, D.G. (1997) The ClustalX windows interface: flexible strategies
for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Research 25: 4876—4882.
http://dx.doi.org/10.1093/nar/25.24.4876

Thuret, G.A. (1854) Sur quelques algues nouvelles. Mémoires de la Société des Sciences Naturelles de Cherbourg 2: 387-399.

Vaucher, J.P.E. (1803) Histoire des Conferves d’Eau Douce. Paschoud, J.J., Geneva, 285 pp.
http://dx.doi.org/10.5962/bhl.title. 11425

Venkataraman, G.S. (1961) Vaucheriaceae. Indian Council of Agricultural Research, New Delhi, 112 pp.

Vischer, W. (1938) Zur Kenntnis der Gattung Botrydium. Berichte der Schweizerischen Botanischen Gesellschafi 48: 538-561.

Walz, J. (1866) Beitrag zur morphologie und systematik der Gattung Vaucheria DC. Jahrbiicher fur Wissenschaftliche Botanik 5: 127—
160.

Weber, F. & Mohr, D.M.H. (1803) Grossbritanniens Conferven. Volume. 2. Dieterich, H., Gottingen, 68 pp.

Wilcox, M.D. (2011) Occurence of marine yellow-green algae Vaucheria velutina C. Agardh and Vaucheria longicaulis Hoppaugh
(Xanthophyceae: Vaucheriaceae) in Auckland, New Zealand. New Zealand Journal of Marine and Freshwater Research 46: 285—
290.
http://dx.doi.org/10.1080/00288330.2011.622444

de Wildeman, E. (1895) Vaucheria schleicheri sp. nov. Bulletin de |’Herbier Boissier 3: 588—592.

Woronin, M. (1869) Beitrag zur Kenntnis der Vaucherien. Botanische Zeitung 27: 137-144.

136 < Phytotaxa 186 (3) © 2014 Magnolia Press MURALIDHAR ET AL .





