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Abstract

The morphological variation of the Calceolaria tripartita species complex was evaluated using Principal Components 
Analysis (PCA) of morphological characters. Fourteen quantitative characters were measured on more than 250 herbarium 
specimens. The results suggest the recognition of three entities based on floral characters, especially stamen morphology. 
The distinction between C. mandoniana, C. chelidonioides and C. tripartita s.s. is not supported. The morphological differ-
ences between the closely related C. tripartita s.s. and C. chelidonioides were also analyzed using two characters previously 
used to differentiate them. Finally, the morphological variation of C. tripartita s.s. throughout its geographical range and at 
an intra-population level was also surveyed. Even though this species is highly variable, no further subdivision is supported 
morphologically. A taxonomic synopsis and a key to species of the Calceolaria tripartita species complex are provided.
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Resumen

La variación morfológica del complejo de especies Calceolaria tripartita fue evaluada usando un Análisis de Componentes 
Principales (PCA) de caracteres morfológicos. Catorce caracteres cuantitativos fueron medidos en más de 250 muestras de 
herbario. Los resultados sugieren el reconocimiento de 3 entidades basadas en caracteres florales, especialmente morfología 
estaminal. La distinción entre C. mandoniana, C. chelidonioides y C. tripartita s.s. no se ve apoyada por los datos. Las 
diferencias morfológicas entre C. tripartita s.s. y C. chelidonioides fueron también analizadas utilizando dos caracteres 
previamente empleados para distinguirlas. Su distinción no es confirmada usando estos caracteres. Finalmente, la variación 
morfológica de C. tripartita s.s. a lo largo de su distribución geográfica y a un nivel intra-poblacional fue también analizada. 
A pesar de que la especie es altamente variable, ninguna futura subdivisión es evidenciada morfológicamente. Se incluyen 
una sinopsis taxonómica y una clave para diferenciar las especies del complejo Calceolaria tripartita.

Palabras clave: Andes, morfología, morfométrica, Análisis de Componentes Principales, Scrophulariaceae, complejo de 
especies

Introduction

Calceolaria Linnaeus (1770: 286) is an American genus with ca. 250 species that ranges from Central Mexico to Chile 
and Southern Argentina, in Tierra de Fuego. It is composed of herbs or shrubs up to four meters tall with opposite 
leaves and usually yellow flowers. It has always been considered as a distinct genus although its relationships have 
been unclear until recently. Calceolaria, together with two smaller genera, Porodittia Don (1838: 608) and Jovellana 
Ruiz & Pavón (1798: 12), were considered to form the tribe Calceolarieae of Scrophulariaceae. When Scrophulariaceae 
were found to be polyphyletic (Olmstead & Reeves 1995, Olmstead et al. 2001), Calceolarieae were raised to family 
level, their relationships being closer to Gesneriaceae. Finally, molecular analyses encompassing all Calceolariaceae 
(Andersson 2006, Cosacov et al. 2009) showed Porodittia nested within Calceolaria and the family was left with only 
two genera.
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Calceolaria tripartita Ruiz & Pavón (1798: 14). Fig. 4–G-I.

Type (neotype designated by Molau 1981: 605):—PERU. Lima: Prov. Canta, along the Río Chillón, above Obrajillo, NE of Canta, 
3100–3300 m, 13–23 June 1925, Pennell 14406 (F!, G!, NY!). 

= Calceolaria chelidonioides Kunth (1818: 378), syn. nov. Type (lectotype designated by Pennell 1951: 192):—ECUADOR. Pichincha: 
Cerro Javirac (=Panecillo), Quito, ca. 2750 m, May 1802, Bonpland s.n. (F!).

= Calceolaria mandoniana Kraenzlin in Engler (1907: 30), syn. nov. Type (lectotype designated by Pennell 1945: 175):—BOLIVIA. La 
Paz: Prov. Larecaja, Carapi, nr. Sorata, 2900 m, March 1859, Mandon 460 (G!, K!).

[For a complete list of synonyms see Molau 1988, pp. 259, 261, 266.]

Perennial herb, 5–100 cm tall, stems succulent, green or purplish. Leaves petiolate; petioles 0.1–8.1 cm long, nodal 
wings 0–7.1 mm wide; lamina ovate or elliptic, 0.8–17.7 × 0.4–16 cm, laciniate, deeply lobed to pinnatisect with 1–7 
pinnae, margins dentate to serrulate. Sepals ovate, 2–10 × 1–7 mm, green to purple. Corolla bright yellow, 4–29 × 
1.9–19.5 mm; stamens with upper theca 0.5–2.5 mm long, lower theca aborted, connective 0.6–4.1 mm long, dorsal 
protuberance present or absent. Capsules ovoid, 5–7 mm long.
	 Distribution:—Central Mexico to north Chile and Argentina between (0)1000–3900 m. Introduced in other 
countries from Europe and Asia (see Molau 1981, p. 606).

Acknowledgements

I thank P. F. Stevens, P. M. Jørgensen, and P. M. Richardson for their helpful comments during this work. F. Luebert, 
M. Weigend, and an anonymous reviewer helped to improve this manuscript with their comments and suggestions. 
The following persons constituted an invaluable help during field work in Peru and Bolivia: F. Zapata, S. Altamirano, 
N. Altamirano, J. Terán, J. P. Altamirano, L. Valenzuela, Y. Vizcardo, E. Suclli, I. Sánchez-Vega, and J. Perez. The 
Missouri Botanical Garden in Peru facilitated field work in Cusco. The following institutions contributed financially to 
the completion of my masters degree and thus to this research: the Fulbright Commission in Lima, the Flora of North 
America project and the CCSD at the Missouri Botanical Garden, the Whitney Harris World Ecology Center and the 
Desmond Lee scholarship at the University of Missouri -St. Louis. I also thank I. Rocconi, J. Zarucchi, O. M. Montiel, 
P. Osborne, and E. A. Kellogg from the different funding institutions for their support. I acknowledge J. Solomon and 
the curators of the following herbaria: MO, US, K, Z, NY, GH, F, G, PH, and LIL for facilitating plant collections. 
Finally, I thank my PhD advisor, H. Meimberg, for his continuous encouragement to publish this work.

References

Andersson, S. (2006) On the phylogeny of the genus Calceolaria (Calceolariaceae) as inferred from ITS and plastid matK sequences. 
Taxon 55: 125–137.

	 http://dx.doi.org/10.2307/25065534
Braun, A.K.H. & Bouché, C.D. (1852). Index Seminum in horti botanici Berolinensis, Berlin, 14 pp.
Cosacov, A., Sérsic, A.N., Sosa, V., De-Nova, J.A., Nylinder, S. & Cocucci, A.A. (2009) New insight into the phylogenetic relationships, 

character evolution, and phytogeographic patterns of Calceolaria (Calceolariaceae). American Journal of Botany 96: 2240–2255.
http://dx.doi.org/10.3732/ajb.0900165

Don, G. (1838) A Global History of the Dichlamydeous Plants, London, v. 4, 908 pp.
	 http://dx.doi.org/ 10.5962/bhl.title.502
Edwin, G. (1971) Scrophulariaceae. Flora of Peru. Publications of the Field Museum Botanical Series 13(5B): 459–717. 

 http://dx.doi.org/ 10.5962/bhl.title.2279
Engler, H.G.A. (1907) Das Pflanzenreich, Leipzig, v. 4, 128 pp.
Erxu, P., Qiufa, P., Hongfei, L., Jingbo, S., Yueqiang, D., Feila, H. & Hui, H. (2009) Leaf morphology and anatomy of Camellia section 

Camellia (Theaceae). Botanical Journal of the Linnean Society 159: 163–181.
	 http://dx.doi.org/10.1111/j.1095-8339.2009.00952.x
Fedde, F. (1905) Repertorium Specierum Novarum Regni Vegetabilis, Berlin. v. 1, 202 pp. 
	 Available at: http://www.biodiversitylibrary.org/bibliography/276#/



Revision of the Calceolaria tripartita s. l. species Phytotaxa 167 (1) © 2014 Magnolia Press   •   71

Hong-Wa, C. (2008) Multivariate analyses of morphological characters of Leptolaena Thouars s.l. subgenera Mediusella and Xerochlamys 
(Sarcolaenaceae). Botanical Journal of the Linnean Society 157: 559–574.

	 http://dx.doi.org/10.1111/j.1095-8339.2008.00815.x
Kaiser, H.F. (1960) The application of electronic computers to factor analysis. Educational and Psychological Measurement 20: 141–151. 

 http://dx.doi.org/10.1177/001316446002000116
Kunth, K.S. (1818) Nova Genera et Species Plantarum, Paris, v. 2, 184 pp. 
	 http://dx.doi.org/ 10.5962/bhl.title.640
Landrum, L.R. & McVaugh, R. (1978) Calceolaria mexicana and C. tripartita in Mexico. Contributions from the University of Michigan 

Herbarium 11: 284–288.
Li, D., Liu, Y., Zhong, C. & Huang, H. (2010) Morphological and cytotype variation of wild kiwifruit (Actinidia chinensis complex) along 

an altitudinal and longitudinal gradient in central-west China. Botanical Journal of the Linnean Society 164: 72–83. 
	 http://dx.doi.org/10.1111/j.1095-8339.2010.01073.x
Linnaeus, C. (1770) Kongl. Vetenskaps Academiens Handlingar 31: 286–292.
López-Guillén, J.E. (1968) La sección Aposecos del subgénero Calceolaria Penn. en el Perú. Primera revisión de las especies endémicas 

peruanas. Raymondiana 1: 29–88.
López-Guillén, J.E. (1969) La sección Aposecos del subgénero Calceolaria Penn. en el Perú. Segunda revisión de las especies endémicas 

peruanas. Raymondiana 2: 5–44.
Madriñán, S., Cortés, A.J. & Richardson, J.E. (2013) Páramo is the world’s fastest evolving and coolest biodiversity hotspot. Frontiers in 

Genetics 4: 192.
	 http://dx.doi.org/10.3389/fgene.2013.00192 
Molau, U. (1979) Calceolaria. In: D’Arcy, ed. Flora of Panama, Family 171. Scrophulariaceae. Annals of the Missouri Botanical Garden 

66: 202–208. 
	 http://dx.doi.org/10.2307/2398908
Molau, U. (1981) The genus Calceolaria in NW South America. VIII. The section Calceolaria and appendices to parts I-VIII. Nordic 

Journal of Botany 1: 595–615.
	 http://dx.doi.org/10.1111/j.1756-1051.1981.tb01419.x
Molau, U. (1988) Scrophulariaceae. Part I. Calceolarieae. Flora Neotropica Monographs 47: 1–326.
Olmstead, R.A. & Reeves, P.A. (1995) Evidence for the polyphyly of the Scrophulariaceae based on chloroplast rbcL and ndhF sequences. 

Annals of the Missouri Botanical Garden 82: 176–193.
	 http://dx.doi.org/10.2307/2399876 
Olmstead, R.G., de Pamphilis, C.W., Wolfe, A.D., Young, N.D., Elisons, W.J. & Revees, P.A. (2001) Disintegration of the Scrophulariaceae. 

American Journal of Botany 88: 348–361.
	 http://dx.doi.org/10.2307/2657024
Pennell, F.W. (1945) The genus Calceolaria in southeastern Peru. Proceedings of the Academy of Natural Sciences of Philadelphia 97: 

137–177.
Ruiz López, H. & Pavón, J.A. (1798) Flora Peruviana et Chilensis, Madrid, Tipis Gabrielis de Sancha, v. 1, 78 pp.
	 http://dx.doi.org/ 10.5962/bhl.title.814
Sérsic, A. (2004) Pollination biology in genus Calceolaria L. (Calceolariaceae). Stapfia 82: 1–121.
Thiers, B. (2012) Index Herbariorum: A global directory of public herbaria and associated staff. New York Botanical Garden’s Virtual 

Herbarium. Available from: http://sweetgum.nybg.org/ih/ (accessed: 10 October 2012).




