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Abstract

Opuntia, the most widespread genus of cacti, occurs throughout the Americas from Patagonia to Canada. Various species have 
very wide distributions in the Americas, and thus may be considered as both native and aliens. We reexamined data based 
on recent work on the phylogenetics and taxonomy of Opuntia from southern S-America and showed that two presumed 
endemic species to Argentina—O. penicilligera and O. ventanensis—are likely derived from, or may be conspecific, with 
North American species. In particular, O. penicilligera is most closely related to members of the O. macrorhiza species 
complex and is morphologically similar to both O. macrorhiza and O. cymochila. O. ventanensis shares nearly all vegetative 
and reproductive morphological characters with O. fragilis and likely is conspecific with that taxon. Owed to the wide 
distribution of Opuntia species and the movement of many taxa by people, extra care must be exercised when describing new 
species or for carrying out taxonomic treatments. A phylogenetic perspective, as well as a careful study of species across the 
distribution of the genus, is recommended. 

Keywords: nopales, Opuntia, Opuntioideae, phylogenetics, prickly pears, South America

Introduction

Members of the prickly pear cacti, tuna or nopales, Opuntia Miller (1754: without page) (Cactaceae Juss.) are naturally 
widely distributed throughout and are endemic to the Americas (see e.g., Anderson 2001). The group most likely 
originated in southern South America with subsequent dispersals and further diversification in North America (Majure 
et al. 2012a). The genus Opuntia (including Nopalea Salm-Dyck (1850: 233) is composed of two South American 
clades and one large and very diverse North American clade composed of six subclades (Majure et al. 2012a, Majure 
& Puente 2014). Many taxa endemic to northern Colombia and Venezuela [e.g., O. boldinghii Britton & Rose (1919: 
155), O. schumannii F.A.C.Weber ex A.Berger (1904: 34)] were actually derived from the North American clade, and 
were shown to have originated via the dispersal of North American clade members back to South America (Majure et 
al. 2012a). 
 Species of Opuntia have been introduced throughout the world for use as ornamentals, forage for livestock, 
as well as for the production of agricultural products for human consumption, such as nopales and tunas, i.e., stem 
segments and prickly pear fruit, respectively (Casas & Barbera 2002, Nefzaoui & Ben Salem 2002). The range of many 
species within the Americas also has been substantially modified, as a result of the long-term use by humans for the 
above-stated reasons. Likewise, some taxa that do not appear to be widely used by humans also have been broadly 
dispersed, presumably by natural forces, such as large herbivores (Janzen 1986). 
 Opuntia ficus-indica (Linnaeus 1753: 468) Miller (1768: without pagination), a domesticated polyploid derivative 
of Mexican prickly pear species, is found throughout most of tropical America where it was presumably dispersed by 
humans (Griffith 2004), and its arrival in South America is assumed to have been as early as 8,000 years ago (Kiesling 
1998, Ervin 2012). O. pubescens Wendland ex Pfeiffer (1837: 149), another native species of Mexico, also occurs 
in South America (Bolivia, Colombia, Ecuador, Peru, Venezuela), although there are no known human uses for this 
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species, at least outside of cultivation as an ornamental. Moreover, O. fragilis (Nuttall 1818: 296) Haworth (1819: 82), 
one of the most widespread species in North America, has long been presumed to have been dispersed via migrating 
buffalo, where the easily disarticulating stem segments (cladodes) easily stick into the fur of passing animals by way 
of their strongly retrorsely-barbed spines (see e.g., Ribbens 2008). Thus, these cladodes act as vegetative propagules 
for this hexaploid species, which very seldomly reproduces sexually (Ribbens et al. 2011). Perhaps the same method of 
dispersal (via migrating animals) could have been involved in the production of the wider distribution of O. pubescens 
outside of its original range in Mexico, and could potentially explain other known disjunctions of some species of 
Opuntia.
 Opuntia penicilligera Spegazzini (1902: 291) was described from the southern part of Argentina, and it is treated 
as an endemic taxon by various authors (e.g., Cabrera & Fabris 1965, Kiesling 1988, Kiesling 1999, Zuloaga et 
al. 1999), although its morphological similarity with the other southern South American (sSA) species has never 
been clear (Spegazzini 1905, Spegazzini 1925, Britton & Rose 1919). However, a recent taxonomic revision of the 
Opuntia ser. elatae Britton & Rose (1919: 156) based on morphological data, tentatively included the species in the 
sSA species group (Font 2014). Likewise, O. ventanensis Long (2012: 79) is a recently described taxon also from the 
southern Argentina region, and it has been treated as an endemic species. Although the morphological affinities of O. 
ventanensis with other sSA species have been discussed (Long 2012), the affinities with non-sympatric species in a 
broad context of the genus have not yet been considered.
 Recent phylogenetic and cytogenetic analyses of sSA taxa of Opuntia aimed at determining the relationships 
among species occurring in Argentina and neighboring areas (Realini et al. 2014a, 2014b). Unfortunately, their work 
did not obtain the level of topological resolution using only the plastid trnL-trnF and psbJ-petA intergenic spacers, 
as well as ISSR markers, to fully understand relationships of the sSA taxa or test hypotheses regarding the putative 
relationships of some taxa with North American species due to their lack of taxon sampling. 
 Here, we propose a re-evaluation of the phylogenetic relationship of Opuntia penicilligera using previous 
molecular data generated for a broad scale phylogeny of the prickly pears (Majure et al. 2012a), as well as for southern 
South American species (Realini et al. 2014a). We also used data from the literature and herbarium materials to 
compare morphological characters of O. ventanensis and O. fragilis, a potentially closely related and phenetically very 
similar species from North America. Our primary goal was to test the hypothesis that those two presumably endemic 
species from Argentina could have putative origins from North American Opuntia species.

Material and methods

DNA sampling, sequence alignment and phylogenetic analyses
Newly generated plastid sequences (psbJ-petA, trnL-trnF) from Realini et al. (2014a) were downloaded from 
GenBank and incorporated into a plastid dataset composed of the six plastid loci (atpB-rbcL, matK, ndhF-rpl32, psbJ-
petA, trnL-trnF, ycf1) used in Majure et al. (2012a). These included both diploids and some polyploids for all major 
clades (two South American and six North American clades). Some species names used in Majure et al. (2012a) have 
been updated or corrected (e.g., Majure et al. 2013, Majure et al. 2014, Majure et al. 2017), and those corrections 
are given in Appendix 1. Sequences were aligned using the MAFFT (Katoh & Standley 2016) plugin in Geneious 
(v. 11.1.5, Biomatters Ltd.) and then corrected manually. Maximum likelihood (ML) in RAxML (Stamatakis 2014) 
was employed for phylogeny reconstruction using the GTR+G model of molecular evolution and undertaking 1000 
bootstrap pseudoreplicates. 

Morphological data
Morphological comparisons between Opuntia fragilis and O. ventanensis were based on observations in the field 
(Majure 6762, 6781, 6791; DES), examination of herbarium specimens (BAF, DES, FLAS, acronym according 
to Thiers 2019+), and analysis of relevant literature (Parfitt 1991, Pinkava 2003, Ribbens 2008, Long 2012). The 
following characters were analyzed: growth form, morphology of the stem, number and presence of the spines, and 
floral and fruit characters (see Table 1).
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TABLE 1. Morphological comparisons between Opuntia fragilis and O. ventanensis.

Opuntia fragilis Opuntia ventanensis

Growth form Sprawling shrubs Sprawling shrubs

Cladodes Easily detached Easily detached

Spine number 3–8 3–6

Spine type Radials + centrals Radials + centrals

Stigma lobes Green Green

Fruit size (cm) 1–3 × 0.8–1.5 2 × 1.2

Filaments Red to red-brown pink

Pericarpel Spiny Spiny

Results

The phylogeny of tribe Opuntieae is not completely resolved with the few plastid loci used here, although major clades 
are often supported. Thus, the backbone of the phylogeny and relationships among major clades were not resolved 
(i.e., there are no bootstrap values over 50 for the backbone of the phylogeny). The Opuntia clade and one large 
subclade, including the Scheerii, Macrocentra and Humifusa clades, were all well supported. Likewise, the Nopalea, 
Macrocentra, Humifusa, and Basilares subclades are supported. Although the southern South American elatae clade 
is not supported, several subclades are supported within the elatae clade, and the elatae clade was resolved as well 
supported in Majure et al. (2012a) based on a larger dataset.

FIGURE 1. Phylogeny of tribe Opuntieae (excluding the genus Consolea) including Opuntia penicilligera (arrow; Humifusa clade) based 
on the trnL-F and petA-psbJ intergenic spacer data generated by Realini et al. (2014) and the 6-locus dataset of Majure et al. (2012a). See 
comments about topology in the Results.

 Opuntia penicilligera was resolved in a well-supported Northern American clade (bs=93, Fig 1), i.e. the Humifusa 
clade, in a subclade with O. macrorhiza Engelmann (1850: 206) and relatives (i.e., the O. macrorhiza species complex), 
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with which the taxon is morphologically similar (Fig. 2). Only a partial trnL-trnF sequence was available for O. 
ventanensis, which did not provide any useful phylogenetic information to place that species in a phylogenetic context. 
So, we only explored the morphological characters of that taxon, as compared to the proposed closely related species 
O. fragilis.

FIGURE 2. Members of the Opuntia macrorhiza complex compared with O. penicilligera. A) O. penicilligera from Mendoza, Tunuyán 
(Argentina) (Logarzo547-BAF), B) flowers of O. penicilligera from Mendoza, Tunuyán (Argentina) (photo only), C) O. macrorhiza 
from Kerr Co., Texas, USA, in habitat, D) O. macrorhiza in flower (Majure 3510-FLAS), E) O. cymochila (spiny form) from Quay Co., 
New Mexico, USA, in habitat and F) in flower (Majure 6854-DES, FLAS). (photo A by L. Varone, B by C. Inchauspe, and C-D by L.C. 
Majure). 
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FIGURE3. Morphological characters of Opuntia fragilis compared with O. ventanensis. A) in habitat showing A) clump-forming habit of 
O. fragilis (Ribbens s.n.-FLAS), from Marquette Co., Michigan, USA, B) O. fragilis in habitat from Buffalo Co., Nebraska, USA (Majure 
6762-DES, FLAS), C-D) O. ventanensis in habitat from Córdoba (Font 634-BAF) (photos A–B by L.C. Majure and C–D by F. Font).

 Opuntia ventanensis shares nearly all morphological characters, including vegetative and reproductive features, 
with the North American species O. fragilis (Tab. 1). Both O. ventanensis and O. fragilis are low, sprawling shrubs 
(Fig. 3) and have small, easily disarticulating cladodes and strongly, retrorsely-barbed spines. Both have yellow inner 
tepals and pinkish or reddish staminal filaments, as well as green stigma lobes, and both taxa exhibit spiny pericarpels. 
Chromosome number is apparently 2n=55 in O. ventanensis, and 2n=66 in O. fragilis. 

Discussion

Opuntia penicilligera has long been a puzzling name for the Argentinian flora. Although it was described in 1902 by 
C. Spegazzini, its identity remained unresolved for a long time, since no original material had been designated and 
the type never located (see Spegazzini 1902, Kiesling 1984, Katinas 2004, Leuenberger & Arroyo-Leuenberger 2014). 
During this time, the taxon has been reported as a native and endemic to the north Patagonian Argentinian region, 
occurring in the hills and dry plains south of Buenos Aires, north of Río Negro, south of La Pampa, northwest of 
Neuquén and west of Mendoza provinces (Cabrera & Fabris 1965, Kiesling 1988, Kiesling 1999, Zuloaga et al. 1999, 
Kiesling et al. 2008, Font 2014).
 Recently, a first step was made to elucidate the correct application of the name Opuntia penicilligera, with the 
designation of a neotype (see postscript of Leuenberger & Arroyo-Leuenberger 2014). Although the selected specimen 
is incomplete lacking information regarding flowers, it is assumed to correspond with the original description 
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(Spegazzini 1902) exhibiting the conspicuous penicillate rusty brown glochids on orbicular to obovate stems with one 
principal spine up to 5 cm long, and none or 3–4 much shorter spines, with the receptacles cylindric to conical and 
the fruits reddish. However, as previously reported by Leuenberger & Arroyo-Leuenberger (2014), plants identified 
by collectors and botanists hitherto as O. penicilligera may belong to one, two or up to three morphotypes potentially 
related to North American species.
 Phylogenetic analysis of those data generated by Realini et al. (2014a) and Majure et al. (2012a) placed Opuntia 
penicilligera in the North American Humifusa clade composed of O. macrorhiza and relatives, in accordance with both 
morphology and ploidy. O. penicilligera is morphologically very similar to O. macrorhiza and close relatives based 
on observation of photos of live plants, as published in Font (2014) and Leuenberger & Arroyo-Leuenberger (2014), 
and on examination of herbarium specimens (B, BAF, LP, SI, acronym according to Thiers 2019+). So, the placement 
with members of a clade containing O. macrorhiza is not surprising. However, it also appears that what is being called 
O. penicilligera may be a range of taxa in the Macrorhiza complex and possibly even the Macrocentra clade (sensu 
Majure et al. 2012a). Likewise, the material sequenced by Realini et al. (2014a, Font 531 at BAF), is one of numerous 
morphotypes (Font, pers. obsv.) that may or may not represent typical material of O. penicilligera as described by 
Spegazzini (1902). As revealed in our phylogenetic analysis here, based on the specimens sequenced by Realini et 
al. (2014), it is very clear from the phylogenetic placement that O. penicilligera is not at all closely related to other 
members of the elatae clade, as tentatively proposed by Font (2014). 
 Although Opuntia macrorhiza has been treated by several authors (e.g., Britton & Rose 1919, Benson 1982, 
Pinkava 2003), it has not been taxonomically revised and, on the basis of personal observations (Majure, unpubl. data), 
this taxon forms a species complex consisting of numerous morphotypes (both diploid and tetraploid) that are currently 
under study. However, the majority of the taxa belonging to the O. macrorhiza complex is composed of tetraploids 
(2n=44; see Majure & Ribbens 2012, Majure et al. 2012b), the same ploidy as that reported for O. penicilligera 
by Realini et al. (2014b). Likewise, another close relative in the Macrorhiza complex, O. cymochila Engelmann 
& Bigelow (1856: 295), which shows some morphological affinities to O. penicilligera, has been reported as both 
tetraploid and hexaploid (Majure et al. 2012b). Thus, we cannot rule out the possibility that what is referred to as O. 
penicilligera could be represented in Argentina by both O. cymochila and O. macrorhiza. 
 Opuntia cymochila is a morphologically variable species, likely partly a result of its putative hybrid origin between 
O. macrorhiza and O. polyacantha Haworth (1819: 82) (see Majure 2012), and it is probable that what we refer to as 
O. cymochila has been derived numerous times through repeated hybridization events (Majure 2012), as is common 
for most hybrid derived species (Soltis and Soltis 2009). O. cymochila displays characters that are mosaics of both 
putative parents, with fruit that may be fleshy or mostly dry and spiny or mostly spineless. Cladodes of O. cymochila 
may be extremely spiny, as in O. polyacantha, or with much fewer spines, as in O. macrorhiza. The number of areoles 
per diagonal row in O. cymochila (6–8) normally exceeds that of O. macrorhiza (4–6) and is fewer than that of O. 
polyacantha (8–10). The inner tepals of O. cymochila may be entirely yellow as in O. polyacantha or with a reddish to 
reddish-brown base, as in O. macrorhiza. 
 Opuntia ventanensis is morphologically very similar to O. fragilis based on several characters, i.e. growth habit 
(low, sprawling shrubs forming mats or cushions; Fig. 3), disarticulating cladodes (vegetative propagules) with strongly 
retrorsely-barbed spines (these vegetative propagules are easily dispersed by animals in both taxa; Ribbens 2008, Long 
2012, Majure & Ribbens 2012 & refs. therein), numbers of spines per areole which overlap [3–8 in O. fragilis vs. 1–3(–
5) in O. ventanesis]. Although Long (2012) stated that O. ventanensis only has up to 3 spines per areole, the photos of 
cladodes in her paper show up to six spines per areole including both central and radial spines, and it should be noted 
that both central and radial spines are present, as in O. fragilis (a common character in the O. polyacantha complex; 
Parfitt 1991). Both species rarely flower (see Bennett et al. 2003, Pinkava 2003, Ribbens 2008, Long 2012). Both taxa 
have yellow inner tepals, these may have a pink midrib in O. ventanensis (Long 2012) or be reddish or greenish at the 
base in O. fragilis (Ribbens 2008). Flowers of both exhibit green stigma lobes, as well as small fruit (2 × 1.2 cm in O. 
ventanensis vs. 1–3 × 0.8–1.5 cm in O. fragilis; Pinkava 2003, Long 2012). The staminal filaments in O. fragilis are 
red to reddish-brown, and those in O. ventanensis were described as pink (Long 2012). Figure 2B and 3A-B in Long 
(2012) show a spiny pericarpel in O. ventanensis, yet another character shared with O. fragilis. 
 Opuntia fragilis has only been reported as a hexaploid (2n=66) from throughout parts of its range (Parfitt 1991, 
Majure & Ribbens 2012). Interestingly, Realini et al. (2014b) reported a pentaploid chromosome number for O. 
ventanensis (2n=55). So, if indeed O. ventanensis proves to be closely related or even synonymous with O. fragilis, 
then either the chromosome number is variable in the species, or perhaps chromosome numbers should be re-analyzed 
for the Argentinian populations, since just one count has been reported. On the other hand, that O. fragilis has not been 
analyzed for ploidy across its native range leaves open the possibility of pentaploid individuals in North American 
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populations as well. Likewise, although it is clear that O. fragilis is part of the Polyacantha clade (Parfitt 1991, Majure 
et al. 2012a), it is still unclear as to the origin of the hexaploid species. 
 Numerous non-native species of Opuntia and other cacti have been introduced into Argentina for the purpose of 
producing agricultural products, as well as for use as ornamentals (Castellanos & Lelong 1934). When and where O. 
macrorhiza (and potentially O. cymochila and O. fragilis) could have been introduced into the country is unknown, 
but they likely could have been introduced as ornamentals as well. The colonization of Argentina, especially the 
Buenos Aires region, goes back to the 16th century, and the alien flora has been relatively well documented and studied 
(Hauman 1925, 1927, Molfino 1926, Rapoport & Brion 1991, Söyrinki 1991, Zuloaga & Morrone 1996, 1999, Zuloaga 
et al. 1999). Thus, it is known that the northern Patagonia floras include a high number of exotic plants (Speziale & 
Ezcurra 2011). Along those lines, the description of presumably new taxa from that region should include comparisons, 
not only with South American species, but also with potential alien relatives. This should also be the standard for taxa 
being described from other parts of the distribution of Opuntia, since so many species have been so widely cultivated 
and introduced outside of their natural range.
 Although phylogenetic data are available regarding the relationships of major clades within Opuntia s.str. (Majure 
et al. 2012a, Majure & Puente 2014), those results are not always taken into consideration for revisions of closely 
related species or for nomenclatural changes (Guiggi 2015). On the contrary, the outdated system of using traditional 
groupings based on phenetic similarity and oftentimes geography (Britton &Rose 1919, Backeberg & Knuth 1935) is 
still being utilized. Likewise, certain characters, for example, associated with hummingbird pollinated flowers (reddish 
tepals, nectar chambers, lack of staminal thigmonasty), when not placed in a phylogenetic context are overemphasized 
as being unique (e.g., Oakley & Kiesling 2016; O. quimilo), when on the contrary they are common throughout tribe 
Opuntieae (e.g., tacinga, Macbridei clade, O. stenopetala, Nopalea clades), and likewise O. quimilo is deeply nested 
within the elatae clade (Fig. 1). It is clear that traditional taxonomic species groups in specific instances, such as Opuntia 
series Aurantiacae and Curassavicae sensu Britton & Rose (1919), each composed of members from two different 
clades, are not natural groupings in the broad sense. Although the phylogenetic relationships of the sSA species are 
still not fully understood, and are currently under study (Köhler et al. 2018; Köhler et al., unpubl. data), Opuntia series 
elatae Britton and Rose (1919: 156) or Opuntia series Armatae Schumann (1899: 743) sensu Leuenberger (2002: 
413), for example, clearly excludes many of the close relatives of that clade, such as O. quimilo Schumann (1898: 746), 
O. retrorsa Spegazzini (1905: 571) and potentially the Galapagos’ Island species (Griffith & Porter 2009, Majure et 
al. 2012a). Thus, it is most appropriate where relationships are known that taxa traditionally circumscribed under such 
names be re-evaluated when carrying out taxonomic revisions. The combination of morphological and cytological 
work, coupled with phylogenetic work have the potential to yield more robust hypotheses of species relationships, as 
well as species limits. 
 Considering the morphological characters outlined above, it seems likely that Opuntia ventanensis is very closely 
related or may even belong within the species concept of O. fragilis. However, further morphological and phylogenetic 
study, including samples from the type locality, are necessary to clarify the relationship of O. ventanensis with other 
species. The possible origin of these North American taxa in Argentina is of much interest, and it would be fascinating 
to understand when and where they were originally introduced, as well as the intention of the introduction. It seems 
likely that cattle introduced from the United States could have been one source of prickly pears in the country, as well 
as introduction for ornamental purposes or even long-distance dispersal via migrating birds.

Acknowledgments

Financial support for this work was provided in part by the Tucson Cactus and Succulent Society, Cactus and Succulent 
Society of America, American Society of Plant Taxonomists, International Association for Plant Taxonomy and the 
Desert Botanical Garden. MK is grateful for the CAPES scholarship by PDSE Program (Process nº 88881.186882/2018-
01). 

References

Anderson, E.F. (2001) the cactus family. Timber Press, Portland, 776 pp.
Backeberg, C. & Knuth, F.M. (1935) Kaktus-ABC. Gyldendals, Copenhagen, 432 pp.



MAJURE et AL.286   •   Phytotaxa 428 (3) © 2020 Magnolia Press

Bennett, J.P., Bomar, C.R. & Harrington, C.A. (2003) Lichens promote flowering of Opuntia fragilis in west-central Wisconsin. American 
Midland Naturalist 150: 221–230.

 https://doi.org/10.1674/0003-0031(2003)150[0221:LPFOOF]2.0.CO;2
Benson, L.D. (1982) the Cacti of the United States and Canada. Stanford University Press, Stanford, 1044 pp.
Berger, A. (1904) New or noteworthy plants. the Gardeners’ Chronicle: a weekly illustrated journal of horticulture and allied subjects 3 

(890): 34.
Britton, N.L. & Rose, J.M. (1919) the Cactaceae, vol 1. The Carnegie Institution, Washington, 236 pp.
Cabrera, A.L. & Fabris, H.A. (1965) Cactaceae. In: Cabrera, A.L. (Ed.) Flora de la Provincia de Buenos Aires, vol. 4. INTA, Buenos 

Aires, pp. 262–292.
Casas, A. & Barbera, G. (2002) Mesoamerican domestication and diffusion. In: Nobel, P.S. (Ed.) Cacti: Biology and Uses. University of 

California Press, Berkeley, pp. 143–162.
 https://doi.org/10.1525/california/9780520231573.003.0009
Castellanos, A. & Lelong, H.V. (1934) Cactáceaes cultivadas que deben excluirse del Catálogo de la Flora Argentina. Revista Argentina 

de Agronomia 1 (3): 213–222.
Engelmann, G. (1850) Plantae Lindheimerianae. Boston Journal of Natural History 6: 206–240.
Engelmann, G. & Bigelow, J.M. (1856) Synopsis of the Cactaceae of the territory of the United States and adjacent regions. Proceedings 

of the American Academy 3: 259–346.
 https://doi.org/10.5962/bhl.title.46890
Ervin, G.N. (2012) Indian Fig Cactus (Opuntia Ficus-Indica (L.) Miller) in the Americas: an Uncertain History. Haseltonia 17: 70–81.
 https://doi.org/10.2985/1070-0048-17.1.9
Font, F. (2014) A revision of Opuntia series Armatae K. Schum. (Opuntia ser. elatae Britton & Rose (Cactaceae-Opuntioideae). Succulent 

Plant Research 8: 51–94.
Griffith, M.P. (2004) The origins of an important cactus crop, Opuntia ficus-indica (Cactaceae): new molecular evidence. American 

Journal of Botany 91: 1915–1921. 
 https://doi.org/10.3732/ajb.91.11.1915
Griffith, M.P. & Porter, J.M. (2009) Phylogeny of Opuntioideae (Cactaceae). International Journal of Plant Sciences 170: 107–116.
 https://doi.org/10.1086/593048
Guiggi, A. (2015) Genera nova et combinations novae in Cactaceis Austroamericanis ad subfamiliam Opuntioideae K. Schumann 

spectantibus IV. Supplementum to Cactology V : 1–4.
Hauman, L. (1925) Les Phanérogames adventices de la flore argentine. Anales del Museo Nacional deHistoria Natural de Buenos Aires 

33: 331–345. 
Hauman, L. (1927) Les modifications de la flore argentine sous l’action de la civilisation. (Essai de géobotanique humaine).Mémories de 

L’Académie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique, Collection 4\ 2. ser. IX: 1–99.
Haworth, A.H. (1819) Supplementum Plantarum Succulentarum. I.J. Harding, London, 160 pp.
Janzen, D.H. (1986) Chihuahuan Desert nopaleras: defaunated big mammal vegetation. Annual Review of ecology and Systematics 17: 

595–636
 https://doi.org/10.1146/annurev.es.17.110186.003115
Katinas, L., Gutiérrez, D.D. & Robles, S.T. (2004) Type material of Carlos L. Spegazzini in the Museo de La Plata Herbarium (LP), 

Argentina. III: Cactaceae. Darwiniana 42 (1–4): 177–200.
Katoh, K. & Standley, D.M. (2016) A simple method to control over-alignment in the MAFFT multiple sequence alignment program. 

Bioinformatics 32: 1933–1942.
 https://doi.org/10.1093/bioinformatics/btw108
Kiesling, R. (1984) Cactaceae publicadas por el Dr. Carlos Spegazzini. Libro Sur Ediciones, Quilmes, Argentina, 248 pp.
Kiesling, R. (1988) Cactaceae. In: Correa, M.N. (Ed.) Flora Patagónica: Dicotiledoneas Dialipétalas (Oxalidaceae a Cornaceae), vol. 5. 

INTA, Buenos Aires, pp 218–243.
Kiesling, R. (1998) Origen, domesticación y distribución de Opuntia fícus-indica. Journal of the Professional Association for Cactus 

Development 3: 50–59.
Kiesling, R. (1999) Cactaceae. In: Zuloaga, F.O. & Morrone, O. (Eds.) Catálogo de las Plantas Vasculares de la República Argentina II, 

Acanthaceae – euphorbiaceae (Dicotyledoneae). Monographs in Systematic Botany 74: 423–489.
Kiesling, R., Larocca, J., Faúndez, J., Metzing, D. & Albesiano, S. (2008) Cactaceae. In: Zuloaga, F.O., Morrone, O. & Belgrano, M.J. 

(Eds.) Catálogo de las Plantas Vasculares del Cono Sur (Argentina, Sur de Brasil, Chile, Paraguay y Uruguay), vol. 2. Monographs 
in Systematic Botany 107: 1715–1830.

Köhler, M., Font, F. & Souza-Chies, T.T. (2018) First record of Opuntia rioplatense (Cactaceae) for the Brazilian Flora. Phytotaxa 379 
(4): 293–296.

https://doi.org/10.1674/0003-0031(2003)150[0221:LPFOOF]2.0.CO;2


NORTH AMERICAN OPUNTIAS (CACTACEAE) Phytotaxa 428 (3) © 2020 Magnolia Press   •   287

 https://doi.org/10.11646/phytotaxa.379.4.3
Leuenberger, B.E. (2002) The South American Opuntia ser. Armatae (=O. ser. elatae) (Cactaceae). Botaniche Jahrbücher fur Systematik, 

Pflanzengesschichte 123: 413–439.
Leuenberger, B.E. & Arroyo-Leuenberger, S. (2014) Northern hemisphere Opuntia and Cylindropuntia species (Cactaceae) naturalized in 

Argentina – and the riddle of Opuntia penicilligera. Succulent Plant Research 8: 95–118.
Linnaeus, C. (1753) Species Plantarum, vol 1. Impensis Laurentii Salvii, Stockholm, 560 pp.
Long, A. (2012) Opuntia ventanensis (Cactaceae), a new species from the province of Buenos Aires, Argentina. Haseltonia 18: 79–84.
 https://doi.org/10.2985/026.018.0110
Majure, L.C. (2012) the evolution and systematics of the Opuntia humifusa complex (Opuntioideae: Cactaceae). Ph.D. Dissertation, 

University of Florida, Gainesville, 255 pp.
Majure, L.C. & Ribbens, E. (2012) Chromosome counts of Opuntia (Cactaceae), prickly pear cacti, in the Midwestern United States and 

environmental factors restricting the distribution of Opuntia fragilis. Haseltonia 17: 58–65.
 https://doi.org/10.2985/1070-0048-17.1.7
Majure, L.C. & Puente, R. (2014) Phylogenetic relationships and morphological evolution in Opuntia s. str. and closely related members 

of tribe Opuntieae. Succulent Plant Research 8: 9–30.
Majure, L.C., Puente, R., Griffith, M.P., Judd, W.S., Soltis, P.S. & Soltis, D.S. (2012a) Phylogeny of Opuntia s.s. (Cactaceae): clade 

delineation, geographic origins, and reticulate evolution. American Journal of Botany 99: 847–864.
 https://doi.org/10.3732/ajb.1100375
Majure, L.C., Soltis, D.E., Soltis, P.S. & Judd, W.S. (2012b) Cytogeography of the Humifusa clade of Opuntia s.s. (Cactaceae: Opuntioideae): 

Correlations with geographic distributions and morphological differentiation of a polyploid complex. Comparative Cytogenetics 6: 
53–77. 

 https://doi.org/10.3897/compcytogen.v6i1.2523
Majure, L.C., Puente,R., Griffith, M.P., Soltis, D.E. & Judd, W.S. (2013) Opuntia lilae, another tacinga hidden in Opuntia s.l. Systematic 

Botany 38: 444–450.
 https://doi.org/10.1600/036364413X666688
Majure, L.C., Soltis, D.E., Soltis, P.S. & Judd, W.S. (2014) A case of mistaken identity, Opuntia abjecta, long-lost in synonymy under the 

Caribbean species, O. triacantha, and a reassessment of the enigmatic O. cubensis. Brittonia 66: 118–130.
 https://doi.org/10.1007/s12228-013-9307-z
Majure, L.C., Judd, W.S., Soltis, P.S. & Soltis, D.E. (2017) A taxonomic revision of the Opuntia humifusa complex (Opuntia s.s.: 

Cactaceae). Phytotaxa 290: 1–65.
 https://doi.org/10.11646/phytotaxa.290.1.1
Miller, P. (1754) the Gardeners Dictionary: containing methods of cultivating and improving all sorts of trees, plants, and flowers, for 

the kitchen, fruit, and pleasure gardens, as also those which are used in medicine: with directions for the culture of vineyards, and 
making of wine in england: in which likewise are included the practical parts of husbandry, ed. 4. Published by the author, London, 
without pagination.

Miller, P. (1768) the Gardeners Dictionary, ed. 8. Published by the author, London, without pagination.
Molfino, J.F. (1926) Adiciones a la flora fanérogamica adven ticia de la Argentina. Anales del Museo Nacional de Historia Natural de 

Buenos Aires 34: 89–119.
Nefzaoui, A. & Ben Salem, H. (2002) Forage, fodder, and animal nutrition. In: Nobel, P.S. (Ed.) Cacti: biology and uses. University 

California Press, Berkley, pp. 199–210. 
 https://doi.org/10.1525/california/9780520231573.003.0012
Nuttall, T. (1818) the genera of North American plants. D. Heartt, Philadelphia, 312 pp.
Oakley, L. & Kiesling, R. (2016) A new series of the genus Opuntia Mill. (Opuntieae, Opuntioideae, Cactaceae) from Austral South 

America. Haseltonia 22: 22–30. 
 https://doi.org/10.2985/026.022.0105
Parfitt, B.D. (1991) Biosystematics of the Opuntia polyacantha (Cactaceae) complex of western North America. Ph.D. Dissertaion. Arizona 

State University, Tempe, 115 pp. 
Pfeiffer, L.G.K. (1837) enumeratio diagnostica Cactearum Hucusque Cognitarum. Sumtibus Ludovici Oehmigke, Berlin, 192 pp.
 https://doi.org/10.5962/bhl.title.147375
Pinkava, D.J. (2003) Opuntia L. In: Flora of North America Editorial Committee (Eds.) Flora of North American North of Mexico, vol. 4. 

Flora of North America Association, New York and Oxford, pp. 123–148.
Realini, M.F., González, G.E., Font, F., Picca, P.I., Poggio, L. & Gottlieb, A.M. (2014a) Phylogenetic relationships in Opuntia (Cactaceae, 

Opuntioideae) from southern South America. Plant Systematics and evolution 301: 1123–1134.
 https://doi.org/10.1007/s00606-014-1154-1



MAJURE et AL.288   •   Phytotaxa 428 (3) © 2020 Magnolia Press

Realini, M.F., Gottlieb, A.M., Font, F., Picca, P.I., Poggio, L. & González, G.E. (2014b) Cytogenetic characterization of southern South 
American species of Opuntia s.l. (Cactaceae-Opuntioideae). Succulent Plant Research 8: 31–50.

Ribbens, E. (2008) Opuntia fragilis: taxonomy, distribution, and ecology. Haseltonia 14: 94–110.
 https://doi.org/10.2985/1070-0048-14.1.94
Ribbens, E., Anderson, B.A. & Fant, J. (2011) Opuntia fragilis (Nuttall) Haworth in Illinois: Pad Dynamics and Sexual Reproduction. 

Haseltonia 16 (1): 67–78.
 https://doi.org/10.2985/1070-0048-16.1.67
Rapoport, E.H. & Brion, C. (1991) Malezas exóticas y plantas escapadas de cultivo del noroeste patagónico: segunda aproximación. 

Ediciones Imaginaria, San Carlosde Bariloche, 18 pp.
Shumann, K. (1898) [1899] Gesamtbeschreibung der Kakteen (Monographia Cactacearum). Verlag von J. Neumann, Neudamm, 832 

pp.
 https://doi.org/10.5962/bhl.title.10394
Salm-Dyck, P.J. (1850) [1849] Cacteae in Horto Dyckensi Cultae anno 1849, secundum tribus et genera digestae. Bonnae :Apud Henry 

& Cohen, typis C. Georgii, 266 pp.
Soltis, D.E., & Soltis, P.S. (2009) The role of hybridization in plant speciation. Annual Review of Plant Biology 60: 561–588.
 https://doi.org/10.1146/annurev.arplant.043008.092039
Stamatakis, A. (2014) RAxML version 8: a tool for phylogenetic analysis and post-analysis of large phylogenies. Bioinformatics 30 (9): 

1312–1313.
 https://doi.org/10.1093/bioinformatics/btu033
Söyrinki, N. (1991) On the alien flora of the province of Buenos Aires, Argentina. Finnish Zoological and Botanical Publishing Board 

28 (1): 59–79.
Spegazzini, C. (1902) Nova addenda ad Floram Patagonicam IV. Anales de la Sociedad Científica Argentina 7: 285–292.
Spegazzini, C. (1905) Cactacearum Platensium Tentamen. Anales del Museo Nacional de Buenos Aires 11 ser. 3 (4): 477–521.
 https://doi.org/10.5962/bhl.title.9303
Spegazzini, C. (1925) Nuevas notas cactológicas. Anales de la Sociedad Científica Argentina 99: 85–156.
Speziale, K. & Ezcurra, C. (2011) Patterns of alien plant invasions in northwestern Patagonia, Argentina. Journal of Arid environments 

75: 890–897.
 https://doi.org/10.1016/j.jaridenv.2011.04.014
Thiers, B. (2019+) [Continuously updated] Index Herbariorum: A global directory of public herbaria and associated staff. New York 

Botanical Garden’s Virtual Herbarium. Available at http://sweetgum.nybg.org/ih/ (accessed: 09 October 2019).
Zuloaga, F., Morrone, O., & Rodríguez, D. (1999) Análisis de la biodiversidad en plantasvasculares de la Argentina. Kurtziana 27: 

17–167.
Zuloaga, F.O. & Morrone, O. (Eds.) (1996) Catálogo de las plantas vasculares de la República Argentina. I. Pteridophyta, Gymnospermae 

& Angiospermae (Monocotyledoneae). Monographs in Systematic Botany from the Missouri Botanical Garden 60: 1–323.
Zuloaga, F.O. & Morrone, O. (Eds.) (1999) Catálogo de las plantas vasculares de la República Argentina. II. Angiospermae (Dicotyledoneae). 

Monographs in Systematic Botany from the Missouri Botanical Garden 64: 1–1269.



NORTH AMERICAN OPUNTIAS (CACTACEAE) Phytotaxa 428 (3) © 2020 Magnolia Press   •   289

APPENDIX 1. Identifications needing taxonomic updates or corrections from Majure et al. (2012a). Here, we first 
give the corrected name and in parentheses the name as listed in Majure et al. (2012a). 

Brasiliopuntia schickendantzii 2010 (O. schickendantzii_2010), Opuntia anacantha_2010 (O. assumptionis_2010), 
Opuntia austrina Majure 2753, Majure 3450 (O. ammophila Majure 2753, 3450), Opuntia drummondii Majure 753 
(O. pusilla Majure 753), Opuntia rioplatense (O. quitensis_0262), Opuntia engelmannii var. engelmannii_0579 (O. 
martiniana 0579), Opuntia mesacantha Majure 3785 (O. humifusa Majure 3785), Opuntia phaeacantha Snow (O. 
atrispina Snow), Opuntia setispina_RP (O. gosseliniana_RP), Opuntia sulphurea_2010 (O. cochabambensis), tacinga 
lilae_0369 (O. lilae_0369).


