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New circumscriptions and descriptions of Pfeiffera (Echinocereeae) and Lymanbensonia (Lymanbensonieae), keys to their species, new names and combinations

Echinocereeae (Britton & Rose) F.Buxb.
Members. — Acanthocereus Britton & Rose (1 sp.), Armatocereus Backeb. (7 spp. + 2 infraspec.), Austrocactus Britton & Rose (3 spp.), Bergerocactus Britton & Rose (1 sp.), Carnegiea Britton & Rose (1 sp.), Castellanosia Cárdenas (1 sp.), Cephalocereus Pfeiff. (3 sp.), Corryocactus Britton & Rose (12 sp.), Dendrocereus Britton & Rose (2 sp.), Echinocereus Engelm. (67 spp. + 39 infraspec.), Escontria Rose (1 sp.), Eulychnia Phil. (4 spp. + 1 infraspec.), Jasminocereus Britton & Rose (1 sp.), Leptocereus Britton & Rose (11 sp.), Myrtillocactus Console (4 spp.), Neobuxbaumia Backeb. (8 spp.), Neoraimondia Britton & Rose (2 sp.), Pachycereus Britton & Rose (13 spp.), Peniocereus Britton & Rose (20 sp.), Pfeiffera Salm-Dyck (6 spp.), Polaskia Backeb. (2 sp.), Pseudoacanthocereus F.Ritter (2 sp.), Stenocereus Riccob. (24 spp. + 1 infraspec.), Strophocactus Britton & Rose (3 spp.)
Description. —  Plants terrestrial or epiphytic (Pfeiffera) or scandent (Strophocactus),  treelike, shrubby or columnar, stems ribbed or winged, rarely flat. Flowers large or small, usually spiny or bristly, especially the pericarpel, the tube often short, perianth coloured or white.

Distribution and habitat. — Found in the Caribbean region, Mexico, South-western USA, Brazil, Peru, Bolivia, Chile, Western and Southern Argentina.
Pfeiffera Salm-Dyck 

in Cact. Hort. Dyck. ed. I. 40.: 1845. Type species: P. cereiformis Salm-Dyck in Cact. Hort. Dyck. ed. I.: 40. 1845. ≡ Cereus ianthothele Monv. in Monv. Hort. Universel 1: 218. 1839, (as “Cereus ianthothelus”) ≡ Pfeiffera ianthothele (Monv.) F.A.C. Weber Dict. Hort. [Bois] 2: 944. 1898.

Generic synonyms: Acanthorhipsalis Britton & Rose in Cactaceae (Britton & Rose) 4: 211. 1923. Type species: A. micrantha (Vaupel) as incorrectly designated by Britton & Rose in Cactaceae (Britton & Rose) 4: 212. 1923. 

Rhipsalis subg. Acanthorhipsalis K.Schum. in Gesamtbeschr. Kakt.: 615. 1898. Type species: R. monacantha Griseb. Abh. Königl. Ges. Wiss. Göttingen 24: 140. 1879.

Accepted species: 6 (+2 infraspec.)

Note. — The name Acanthorhipsalis can no longer be maintained for a potential subgenus because its type species P. monacantha belongs to the same clade as P. ianthothele.  Acanthorhipsalis therefore remains just a generic synonym. If subgenera are to be recognised for Pfeiffera, a new name would have to be found, but we suggest that subgenera are not needed for this small genus. 

Etymology. — Named after Ludwig G. K. Pfeiffer (1805-1877), German physician and botanist.

Description. —  Life-form predominantly epiphytic, rarely epilithic or terrestrial; epiphytic habit mostly obligatory; facultative in P. paranganiensis; data deficient for P. miyagawae. 

Plants usually erect at first, then spreading, pendent; sometimes shrubby (P. miyagawae).

Adventitious roots lacking, Branching mesotonic. Stems of indeterminate growth, old stem-segments not deciduous; stems 3–8 ribbed (mostly 3–4) or flattened. Branch segments narrowly-oblong, cladode-margins mostly crenate or crenulate. Areoles at 1.5–4 cm apart, composite terminal areoles absent, areoles superficial, bristles and trichomes often present, areoles densely woolly in P. asuntapatensis. Spines usually well developed, with up to 10 whitish or yellowish spines per areole (usually 1–6). Pericarpel sharply differentiated from perianth, tuberculate (occasionally in P. monacantha) or not tuberculate (= smooth), cup‑shaped (+/-conical); angled, spiny or at least with tiny bristly/woolly areoles, or naked. Hypanthium (receptacle-tube) not developed. Flowers usually solitary, rarely 2 per areole, lateral, and also subterminal in P. boliviana and P. miyagawae, actinomorphic, funnel-shaped or broad-campanulate with tepals fully expanded, mostly 1–2 cm in diameter, white or intensely coloured (yellow, orange, red). Funiculi with long stalks, occasionally branched (examined in P. ianthothele, P. miyagawae and P. monacantha). Stamens numerous, ca. 40-100, filaments and anthers white or whitish/cream. Fruits globose or subglobose, +/- translucent, veiny, coloured (orange-red, pinkish, whitish, olive-green, brownish), spiny or naked. 

Distribution and habitat. — Distributed from Bolivia (La Paz, Cochabamba, Santa Cruz, Chuquisaca and Tarija) to northern Argentina (Jujuy, Salta, and Tucumán); centred in the eastern Andes of Bolivia. 

Key to the species of Pfeiffera 

1 Branch-segments 3-8 ribbed; stem-spination well developed; pericarpel and fruits spiny or at least with bristles
2

– Branch-segments flattened; stem-spination usually inconspicuously developed; pericarpel and fruits naked
3

2 Flowers orange
4

– Flowers white
3. P. ianthothele
3 Flowers intensely red-magenta to orange
1. P. asuntapatensis
– Flowers yellowish, whitish or cream, not intensely red
5

4 Flowers large, ca. 4 cm in diameter, intensely orange, shimmering, pericarpel with prominent, long, dark spines
4. P. miyagawae
– Flowers smaller, ca. 2 cm in diameter, waxy-orange, pericarpel naked or with few bristles




5. P. monacantha
5 Stem pendulous, spines absent or weak; mature fruit globose, pale pinkish to whitish


2. P. boliviana
– Stem erect at first, spines developed; mature fruit depressed-globose, angled, olive-brown 


6. P. paranganiensis
1. Pfeiffera asuntapatensis (M.Kessler, Ibisch & Barthlott) Ralf Bauer in Cactaceae Syst. Init. 20: 6. 2005. ≡ Lepismium asuntapatense M.Kessler, Ibisch & Barthlott in Bradleya 18: 13-14. 2000. Holotype: Bolivia, La Paz, Prov. J. Bautista Saavedra M. Pauji-Yuyo, between Apolo and Charazani, 1300 m, 6.6.1997, Kessler 9800 (LPB), Isotypes: GOET, K. Cultivated at Bot. Gard. Bonn acc. 27450.

2. Pfeiffera boliviana (Britton) D.R. Hunt in Cactaceae Syst. Init. 14: 18. 2002. ≡ Hariota boliviana Britton in Mem. Torrey Bot. Club 3(3): 40. 1893. Holotype (syntypes): Bolivia, La Paz, 1890 Bang 601 (US, lectotype K, designated in Barthlott & Taylor in Bradleya 13:46. 1995.), Rusby 2048 (US, NY, lectoparatype).

3. Pfeiffera ianthothele (Monv.) F.A.C. Weber in Dict. Hort. [Bois]  2: 944. 1898 ≡ Cereus ianthothele Monv. in Monv. Hort. Universel 1: 218. 1839. Holotype: ‘Montevideo’ cult. Hort. Monville, not known to have been preserved. Neotype designated by Barthlott & Taylor in Bradleya 13: 45. 1995: Argentina, Salta, 15. Jan. 1929, Venturi 8169 (K).

4. Pfeiffera miyagawae Barthlott & Rauh in Cact. Succ. J. (Los Angeles) 59: 63-64. 1987.

Holotype: “Bolivia, Cochabamba, between Cochabamba and Santa Cruz, yungas of Alto Beni, near Mataral, 600 m”. 19. Oct. 1974, Miyagawa s.n. (HEID 32854). Isotypes: BONN, ZSS, HNT. Cultivated at Bot. Gard. Bonn acc. 4657.

Note. — This species had been long known only from the type collection but the type locality as given in the first description has been suspected to be incorrect (Ibisch & al. 2000). It has been only recently re-collected in Bolivia, dept. La Paz, prov. Sud Yungas, south of La Asunta, 31. Oct. 2003, 750 m, Krahn 1044 (BONN), cult. Bot. Gart. Bonn, acc. 25775. It seems now very likely that the type collection was also made at the same locality near La Asunta, not near Mataral [further comments in Bauer (2005)].

5. Pfeiffera monacantha (Griseb.) P.V.Heath in Calyx 4(4): 158. 1994. ≡ Rhipsalis monacantha Griseb. Abh. Königl. Ges. Wiss. Göttingen 24: 140. 1879.

Holotype: Argentina, Salta, San Andrés (west of San Ramón de la Nueva) Orán, 25. Sep. 1873, Lorentz & Hieronymus 453 (GOET), isotype US 603291.

Key to the subspecies

1. Stem-segments angled or flattened, spines 1-2 or more, pericarpel angled, often spiny



subsp. monacantha
– Stem-segments flattened, spines absent, pericarpel not spiny



subsp. kimnachii (Doweld) Ralf Bauer in Cactaceae Syst. Init. 19: 8. 2005.

= Acanthorhipsalis monacantha subsp. kimnachii Doweld in Sukkulenty 4(1-2): 41. 2001 publ. 2002. Replaced synonym: Rhipsalis monacantha var. espinosa Kimnach in Cact. Succ. J. (Los Angeles) 67(1): 38. 1995. Holotype: Bolivia, dept. Cochabamba, road from Cochabamba-Chapare  highway to Tablas, 1974, Aguilar s.n. in Kimnach 2757, cult. Huntington Bot. Gard. 51587 (HNT), isotypes: HEID, US.

6. Pfeiffera paranganiensis (Cárdenas) P.V.Heath ≡ Acanthorhipsalis paranganiensis Cárdenas in Cactus (Paris) no. 34: 126. 1952. Holotype: Bolivia, Cochabamba, Ayapaya, Parangani, Oct. 1947, Cárdenas 4856 (LIL 531577), isotype US.

Lymanbensonieae N. Korotkova & Barthlott, nom. nov.

= Calymanthieae Lakomski in Swiat Kakt. 38(1-2): 66. 2003, nom. inval., without Latin diagnosis (ICBN Art. 36.1). 

Diagnosis. — Plantae aut epiphyticae pendulae caulibus foliaceis vel terrestres erectae caulibus ascendentibus (Lymanbensonia) aut plantae fruticosae erectae caulibus columnaribus usque ad 8 m altae (Calymmanthium). Flores rubro-roseae vel albae, pericarpelli non spinosi. Habitat in Bolivia et Peru usque ad Equadoriam australem.

Description. — Plants epiphytic, pendent with leaf-like flattened stems  or terrestrial, erect (Lymanbensonia) or shrubby, erect columnar plants up to 8 meters high (Calymmanthium). Flowers mostly pink to red or white, pericarpels not spiny. Occurring in Bolivia, Peru, extending to southern Ecuador.

Members. —  Calymmanthium F.Ritter (1 sp.), Lymanbensonia Kimnach (4 spp.).

Lymanbensonia Kimnach 

in Cact. Succ. J. (Los Angeles) 56(3): 101 1984. 

Type species: Cereus micranthus Vaupel, Bot. Jahrb. Syst. 50: Beibl. 111: 19. 1913. 

Generic synonym: Acanthorhipsalis sensu Kimnach in Cact. Succ. J. (Los Angeles) 55:179. 1983, nom. illeg.
Accepted species: 4

Note. — In his revision of Acanthorhipsalis Kimnach (1983) excluded all species from the genus but A. micrantha. Noticing that by excluding the type species A. monacantha, he had created an illegitimate homonym, he afterwards proposed a new genus Lymanbensonia for A. micrantha (Kimnach 1984). 

Etymology. — Named after Lyman Benson (1903-1993), American botanist.

Description. — Life-form predominantly terrestrial or epiphytic, epiphytic habit obligatory or facultative. Plants usually erect at first, then spreading, pendent. Adventitious roots lacking. Branching mesotonic, Stems of indeterminate growth, old stem-segments not deciduous, stems flattened, angled at first in L. micrantha. Branch segments narrowly-oblong (broadly-oblong in L. incachacana); cladode-margins crenate or crenulate. Areoles superficial (sunken in L. incachacana), composite terminal areoles absent, bristles and trichomes often present. Spines usually well developed with 1–10 yellowish whitish or grey spines per areole. Pericarpel +/- sharply differentiated from perianth, not tuberculate (= smooth);

terete or cup-shaped, not conspicuously angled, not spiny. Flowers usually solitary, rarely 2 per areole, lateral, actinomorphic, 1.2 to 3 cm long, narrowly tubular bell-shaped, tepals not fully expanding, spreading at apices perianth intensely coloured (red, pink, orange, magenta) or white in L. brevispina. Hypanthium (receptacle-tube) not conspicuously developed, except in L. micrantha. Stamens ca. 20–50, filaments and anthers white or whitish/cream, Fruits globose or subglobose, coloured (red-brown, white to pinkish, greenish) opaque, naked. Funiculi simple, with short stalk (examined so far only in L. micrantha).

Distribution and habitat. —Ranges from Southern Ecuador (Loja) to central and southern Peru (Amazonas, Junín, Puno) and the eastern Andes of Bolivia (La Paz; Cochabamba, Santa Cruz).

Key to the species of Lymanbensonia
1 Flower-bearing areoles and pericarpel deeply sunken into the stem, areoles with dense tufts of bristles and wool
3. L. incachacana
– Flower-bearing areoles not deeply sunken, areoles not densely woolly
2

2 flowers white
1. L. brevispina
– flowers coloured (orange, pink, magenta)
3

3 Flowers 3–4 cm long, receptacle-tube well developed
4. L. micrantha
– Flowers smaller, receptacle-tube not developed
2. L. crenata

1. Lymanbensonia brevispina (D.R. Hunt) Barthlott & N. Korotkova, comb. nov. 
Basionym ≡ Pfeiffera brevispina D.R. Hunt in Cactaceae Syst. Init. 14: 18. 2002.

Holotype: Peru, Amazonas, east of Balsas, Ritter 1419 (U) as Acanthorhipsalis brevispina F.Ritter Kakteen Südamerika 4: 1260. 1981. Syntype: F.Ritter, Kakteen Südamerika 4: 1529, Fig. 1114, designated by Barthlott in Bradleya 5: 99. 1987 as Lepismium brevispinum. 

= Rhipsalis riocampanensis Madsen & Z. Aguirre in Nordic J. Bot. 23(1): 26-29. 2004.

Note. — The nomenclature of this species is complicated. When F. Ritter first described it as Acanthorhipsalis brevispina F.Ritter, he deposited a type specimen at U, but did not cite it in the first description. The name hence was invalid (cf. ICBN Art. 37.1). Barthlott (1987) validated the name when transferring the species to Lepismium, but proposed Ritter’s illustration as the type, not the specimen. The name Lepismium brevispinum Barthlott in Bradleya 5: 99 (1987) had nevertheless to be considered invalid when first published (cf. ICBN Art. 37.4). It became valid only after a change in ICBN Art. 37.4, 2005. Prior to that, Hunt (Cactaceae. Syst. Init. 20:4. 2002) had validated Ritter’s name Acanthorhipsalis brevispina based on the original specimen when he transferred Lepismium brevispinum to Pfeiffera, so the name Pfeiffera brevispina D.R. Hunt is the first valid name of this taxon. The earlier combinations Rhipsalis brevispina (F.Ritter) Kimnach in Cact. Succ. J. (Los Angeles) 55(4): 181. 1983, as well as Pfeiffera brevispina (F.Ritter) P.V.Heath Calyx 4(4): 158. 1994 were both invalid because they were based on Ritter’s invalid name. In parallel, Ritter's original name was validated as Acanthorhipsalis brevispina Doweld in Sukkulenty 4(1-2): 34. 2001, published 2002. As currently known, Doweld’s validation was published later than Hunt’s (cf. Cactaceae. Syst. Init. 15: 3. 2003 and Repert. Pl. Succ. 53. 2003). Although Lepismium brevispinum Barthlott is a valid synonym, it was based on the illustration, whereas Pfeiffera brevispina D.R.Hunt is based on Ritter’s original specimen, so the correct basionym for this taxon is Pfeiffera brevispina D.R. Hunt, not Pfeiffera brevispina (Barthlott) D.R. Hunt Cactaceae (cf. Cactaceae. Syst. Init. 21: 14. 2006).

2. Lymanbensonia crenata (Britton) Doweld in Sukkulenty 4(1-2): 34, 2001 publ. 2002.

≡ Hariota crenata Britton in Bull. Torrey Bot. Club xviii. 35. 1891. Holotype: Bolivia, La Paz, Yungas, 1885, Rusby 2047 (US).
3. Lymanbensonia incachacana (Cárdenas) Barthlott & N. Korotkova, comb. nov.
≡ Rhipsalis incachacana Cárdenas in Cactus (Paris) No. 34, 125. 1952. Holotype: Bolivia, Cochabamba, Incachaca, Cárdenas 4855, June 1950 (LIL 511565).

4. Lymanbensonia micrantha (Vaupel) Kimnach in Cact. Succ. J. (Los Angeles) 56(3): 101. 1984. ≡ Cereus micranthus Vaupel in Bot. Jahrb. Syst. 50: Beibl. 111: 19. 1913. Holotype: Peru, Puno, near Sandía, 31. July 1902, Weberbauer 1353 (B, destroyed), isotype: US.

5. Conclusions and future work

Of all eight regions used, trnK/matK, trnS-G and rpl16 have proved to be most effective, with the trnS-G spacer providing the highest number of variable and informative characters. These three regions seem especially promising for future applications for species-level studies within Cactaceae. In contrast, the psbA-trnH and trnQ-rps16 spacers provided low resolution and support and produced inconsistent topologies. Only the concatenated dataset of trnK/matK, trnS-G, rps3-rpl16, rpl16 intron, trnQ-rps16, and psbA-trnH provided full resolution between all species in our study. Consequently, in order to resolve relationships between closely related species, combined data sets of several markers selected for their high phylogenetic structure are needed as emphasised by (Borsch & Quandt 2009, Erixon & Oxelman 2008). Our results suggest that the psbA‑trnH and trnQ‑rps16 spacers are not only outperformed by the other markers in terms of phylogenetic structure but also in terms of providing significant amounts of characters to discriminate species. The rather low species discrimination power of psbA-trnH was observed in other studies, too, e.g. of Fabaceae (Edwards & al. 2008). Even if proposed as barcoding marker (Kress & al. 2005) the psbA‑trnH spacer may not be an efficient region to sequence at all. Further studies are needed to test the relation between species discrimination power and phylogenetic structure of genomic regions in various taxa.

Molecular phylogenetic trees show that morphological convergences can be frequent in the Cactaceae. It is therefore not surprising that species of Lymanbensonia, Acanthorhipsalis, Lepismium and Pfeiffera have been regarded as closely related, since they are indeed morphologically similar. All share leaf-like flattened or angled stems, well-developed or reduced spines, woolly areoles, small coloured or whitish flowers and berry-like coloured fruits. Other shared characters, such as mesotonic branching or indetermined stem-segments are probably either plesiomorphic or homoplastic.

Generic classification based on single or few morphological characters consequently cannot predict actual relationships. For phylogenetic studies in the Cactaceae, the morphology-based taxonomic units consequently may be misleading to guide taxon sampling. The best solution therefore would be including all morphologically deviant groups and species in the given study.

Finally, our results provide evidence that epiphytism evolved more frequently in Cactaceae than hitherto assumed. There are in fact five geographically distinct lineages containing epiphytic species: The Mesoamerican Hylocereeae, the predominantly Brazilian Rhipsalideae, the Bolivian/Argentinean Pfeiffera and the newly found Peruvian/Bolivian Lymanbensonia. Terrestrial relatives of an epiphytic group of Cactaceae have been identified in the case of Lymanbensonia, while the closest relatives of Pfeiffera, the Hylocereeae and the Rhipsalideae are still not known with confidence and remain among of the open questions in Cactaceae phylogenetics. Although Corryocactus incl. Erdisia and Eulychnia have been found putatively close to Pfeiffera, their exact position is unresolved and generic limits of Corryocactus need further evaluation. Future studies should aim at finding the next relatives and identifying morphological shifts and putative preadaptations for the evolution of the epiphytic habit, thus providing further insights into the evolution of epiphytism in the Cactaceae. 
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