Ph_Vth(lx(l 402 (4 ) - 187-198 ISSN 1179-3155 (])l‘illl edilion)

https://www.mapress.com/j/pt/ Q t' l PHYTOTAXA P

Copyright © 2019 Magnolia Press r lc e ISSN 1179-3163 (online edition)
https://doi.org/10.11646/phytotaxa.402.4.2

Two new species of Nolina (Nolinoideae: Asparagaceae) endemic to Western
Mexico

EDUARDO RUIZ-SANCHEZ'2 PABLO CARRILLO-REYES'2 LUIS HERNANDEZ-SANDOVAL?“ & CHELSEA
D. SPECHT®

!Departamento de Botdanica y Zoologia, Centro Universitario de Ciencias Bioldgicas y Agropecuarias, Universidad de Guadalajara,
Camino Ing. Ramon Padilla Sanchez 2100, Nextipac, Zapopan, Jalisco 45200, Mexico. E-mail: pcarreyes@gmail.com

’Laboratorio Nacional de Identificacion y Caracterizacion Vegetal (LaniVeg), Camino Ing. Ramon Padilla Sanchez 2100, Nextipac,
Zapopan, Jalisco 45200, Mexico.

3Universidad Auténoma de Querétaro, Escuela de Biologia, Av. de las Ciencias s/n. Campus Juriquilla. Querétaro, Querétaro, Mexico.
‘Laboratorio Nacional de Identificacion y Caracterizacion Vegetal (LaniVeg), Av. de las Ciencias s/n. Campus Juriquilla. Querétaro,
Querétaro, Mexico.

3School of Integrative Plant Sciences, Section of Plant Biology and the L.H. Bailey Hortorium, Cornell University, 502 Mann Library,
Ithaca, NY 14853, US.

Abstract

Nolina in Mexico is represented by 26 described species, 18 of them are endemic. Previous molecular and ecological studies
indicated that populations of Nolina parviflora from Jalisco and Zacatecas may be genetically and ecologically distinct
from the described N. parviflora and therefore merit delimitation as a separate species. A detailed morphological study of
samples from Jalisco and Zacatecas and a review of existing herbarium collections confirmed the existence of two new
Nolina species, which are here described and illustrated as Nolina caxcana and Nolina rodriguezii. Both species are endemic
to Mexico.
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Introduction

Nolina Michaux (1803: 207-208) is a North American genus comprising approximately 32 described species
(Trelease 1911, Hochstiter & Donati 2010, Donati 2011, Garcia-Mendoza et al. 2012, Hernandez-Sandoval 2019).
The geographical distribution of the genus includes western and eastern ranges. The western range extends from Utah
(United States of America) in the north, through Baja California, the Sierra Madre Occidental, the Trans-Mexican
Volcanic Belt and to the Sierra Madre del Sur (Oaxaca, Mexico) in the south. The eastern range of Nolina extends
from Florida (United States of America) in the north, through the Sierra Madre Oriental, and to the Sierra Norte de
Oaxaca (Mexico) in the south. From the described 32 Nolina species, Espejo-Serna & Lopez-Ferrari (1996) recognized
20 species and two varieties in their checklist of Monocots of Mexico. In a subsequent checklist of plants native to
Mexico, Villasefior (2016) recognized 22 Nolina species, 14 of them endemic. Finally, Hernandez-Sandoval (2018)
considered 22 Nolina species for Mexico (16 endemic) in a nomenclatural revision, but characterized a different set of
names than those used by the former authors.

Morphologically, Nolina species are dioecious plants with an acaulescent, shortly caulescent or arborescent habit
(Trelease, 1911). They have linear or strap-like leaves crowded into terminal rosettes. Minimal information is available
on phenology, but recent field data suggest that flowering cycle periods are up to three years (Ruiz-Sanchez & Specht
2013).

Based on phylogenetic analyses including molecular and morphological data, Nolina was found to be closely
related to Beaucarnea Lemaire (1861: 59) and Dasylirion Zuccarini (1838: 258) within the Asparagaceae (Kim et al.
2010, Seberg et al. 2012, Rojas-Pifia et al., 2014). In a previous phylogeographic study of N. parviflora (Kunth (1816:
269)) Hemsley (1884: 372) using chloroplast and nuclear markers, Ruiz-Sanchez & Specht (2013) found two well-
supported clades. One clade comprises populations from Jalisco and Zacatecas, and the second clade comprises the
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rest of the populations, mainly distributed along of the Trans-Mexican Volcanic Belt. A subsequent ecological study
of N. parviflora populations distributed along the Trans-Mexican Volcanic Belt using species distribution models,
climatic analysis, spatial connectivity and morphological comparison, found significant differences in climatic and
genetic variables between N. parviflora populations from the Central and Eastern Trans-Mexican Volcanic Belt,
and those of the Western Trans-Mexican Volcanic Belt, Sierra Madre Occidental, Sierra Madre Oriental and Sierra
Madre del Sur (Ruiz-Sanchez & Specht 2014). This evidence supports the recognition of N. parviflora in its original
circumscription (Trelease 1911, 1920). In contrast, populations from peripheral areas are genetically isolated from
remaining N. parviflora. Taxonomic status of some populations has been reviewed by the reanalysis of morphological
evidence, leading to its recognition as distinct species; such is the case of N. hibernica F. Hochstitter & D. Donati
(2010: 74) from Tamaulipas in the Sierra Madre Oriental; N. azureogladiata D. Donati (2011: 54) from Oaxaca in the
Sierra Madre del Sur; N. excelsa Garcia-Mendoza et al. (2012: 22); from the Tehuacan-Cuicatlan valley; N. orbicularis
L. Hernédndez (2019: 1) from San Luis Potosi, Guanajuato and Querétaro in the Sierra Madre Oriental; and N. robusta
L. Hernandez (2019: 5) from San Luis Potosi and Querétaro, also in the Sierra Madre Oriental.

In this context, some Nolina populations from Western Mexico were evaluated. Based on previous genetic evidence
(Ruiz-Sanchez & Specht 2013, 2014), geographical distribution and morphological differences compiled through an
exhaustive herbarium review and field work, we here describe two new species of Nolina endemic to Western Mexico
and morphologically similar to N. parviflora. We include photos comparing and contrasting the two new species, a
distribution map, as well as a morphological comparative table for delimiting the two new Nolina species from each
other and from N. parviflora.

Taxonomy

Nolina caxcana Ruiz-Sanchez, P. Carrillo & L. Hern. sp. nov. (Figs. 1-2)

TYPE:—MEXICO. Zacatecas: Municipio Teul de Gonzélez Ortega, cerca del puente sobre el rio Patitos, camino El Conejo-Milpillas de
Allende, 21°21° 06”N, 103°33° 59”W, 1700 m, 8 April 2015 (f1), P. Carrillo-Reyes et al. 7749 (holotype: IBUG!; isotypes: CIIDIR!,
IEB!, MEXU!, QMEX!, UAMIZ!, XAL!).

Nolina caxcana differs from congeneric species in having shorter trunks with branches emerging from the base, shorter and narrower
leaves, inflorescences with few and short primary branches, and quantitatively smaller fruits (4.5—6 x 6—-8 mm vs. 8—10 x 9-14

mm).

Shrubby, perennial plants, dioecious, 1.5-2 m tall, 5-7 (=10) cm in basal diameter, base slightly widened, outer bark
fissured, grayish with rectangular ornamentation; trunks cespitose. One or two branches emerge from the base. Leaves
bright green, reflexed at maturity, alternate, spirally arranged, marcescent throughout the length of the trunk; base 23
cm long, 1.5-2.5 cm wide, deltoid, thickened, whitish, 80—108 cm long, 0.8—1.1 cm wide, linear, chartaceous, apex dry,
erect and slightly pungent, margin denticulate with single teeth, upper and lower surface with grooves, dry old leaves
reflexed and persisting. Inflorescence paniculate, erect, narrow up to 2.15 m long, 2 cm in basal diameter, basal bracts
64-71 cm long, 5 cm wide, lanceolate, appressed, papery, decreasing in length towards the apex, short denticulate,
light green to cream at the base; primary branches approximately 9—-12 cm long, branches aperture at 45°, secondary
branches 1.3-2.3 cm long with 3 flowers per node; bracteole 2.5—4.2 mm de long, 1.5-2 mm wide, ovate to deltoid,
margin fimbriate, papery, whitish. Flowers unisexual. Staminate flowers (2—) 3 per node; campanulate; pistilodiums
reduced; pedicels 1.5-2 mm long, articulating in the basal third; tepals 6, lanceolate, arranged in 2 series of 3, 3-3.8
mm long, 1.2-1.6 mm wide, free, almost equal, elliptical to obovate, apex apiculate, reflexed, whitish, with a green
midvein, margin hyaline; stamens 6, free, filaments 1-1.2 mm long, shorter than the tepals, anthers ca. 1 mm long;
ovary superior. Pistillate flowers 2—3 per node, campanulate on pedicels 5—7 mm long, long articulated near the base;
tepals lanceolate, 2.2-2.5 mm long, 1 mm wide, cream; ovary not seen; stigmas not seen; staminodes not seen. Fruit
a 3-lobed capsule, 4.5-6 mm long, 6—8 mm wide in cross section, ellipsoidal sect, rounded distally, inflated, pericarp
thin, pedicels 5—7 mm long, the locules with one or three seeds, rarely 4. Seeds 3.8—4 mm long, 2-2.4 mm wide,
subglobose to reniform when dry, muriculate, light brown.

Habitat and distribution:—Nolina caxcana grows in the crevices of rocks and boulders, inhabiting oak forest
along with Juniperus blancoi Martinez (1946: 73), Agave maximiliana Baker (1877: 201), Dasylirion sp. Zuccarini
(1838: 258), Bursera fagaroides (Kunth in Humboldt et al. 1824: 611) Engler (1880: 44), B. multijuga Engler
(1883: 42), Quercus castanea Née (1801: 276), Q. eduardi Trelease (1924: 121), Q. laeta Liebmann (1854: 179), Q.
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magnoliifolia Née (1801: 268), and Rhus pachyrrhachis Hemsley (1879: 218). The only known population is located
in the Patitos river canyon, along the Zacatecas-Jalisco border, at 1680—1710 m elevation. Apparently, N. caxcana is a
narrow endemic species in the southernmost portion of the Sierra Madre Occidental (Fig. 5).

TABLE 1. A comparison of the morphology of Nolina caxcana, N. rodriguezii and N. parviflora.

Character/Taxon N. caxcana N. rodriguezii N. parviflora
Plant size (m) 1.5-2 2-2.5 4-5
Trunk shrubby arborescent arborescent
Branch type branched at base branched above branched above

along the branches to the base  along the branches, but not at  close to the rosettes
Marcescent

trunk the base trunk
Leaves
Length (cm) 80-108 90-145 100-150
Width (cm) 0.8-1.1 0.9-1.5 1-2

. ) disintegrate, erect to helical

Apex entire, dehydrated entire, dehydrated

with fibers

green-yellow, brown with

Margin color green green-yellow

the age
Orientation of teeth to the apex to the apex to both sides
Cusps of teeth 1-3 1-2 1-2
Teeth size (mm) 0.1-0.2 0.1-0.2 0.1-0.2
Inflorescence length (m) 2.14 1.5 2.5
Bracts form Linear Triangular to linear Triangular to linear
Inflorescence branches aperture 45° 60-90° >45°
Staminate flowers per node 2-3 2 2
Pedicels of staminate flowers (mm) 1.5-2 1.5-2 34
Fruit
Fruit pedicels (mm) 5-7 7-12 7-12
Length (cm) 4.5-6 8-8.5 8-10
Diameter (cm) 6-8 9-10 10-14
Fruit scission (mm) 4 24 2
Color seed Light brown Dark brown Brown-reddish
Flowering
Period March—June August-November April
Fructification
Period May-October December—April May—July

Comparison:—On the basis of morphology, Nolina caxcana resembles N. parviflora and N. rodriguezii (Table 1).
However, N. caxcana has smaller trunks of 1.5-2 m arising from the base, vs. trunks branching above in N. rodriguezii
(branches of 1-2.5 m) and N. parviflora (branches of 2—4 m). Leaves in N. caxcana are shorter and narrower than in N.
rodriguezii (published here) and N. parviflora , leaves are deciduous in some populations of N. parviflora but marcescent
in N. caxcana and N. rodriguezii. Fruits are smaller (length/width) in N. caxcana than those in N. rodriguezii and N.
parviflora. Nolina caxcana is smaller than N. rodriguezii and N. parviflora in all aspects (Table 1).

Due to the small size fruits and panicles with ascending branches, Nolina caxcana is located in the section
Microcarpae (Trelease (1911: 420)) Hochstitter (2010: 23).

Etymology:—The specific epithet honors the Caxcan ethnic group that inhabited southern Zacatecas, where the
plants were collected.

Phenology:—Collections of this species with fruits were made in 2003, 2010 and 2017; with flowers in 2015.
Taking into account this information, it is possible that the plants flower from April to May and develop fruit during
July through October.
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Additional specimens examined:—MEXICO. Zacatecas: Municipio Teul de Gonzalez Ortega, Cerca de El
Infiernito, 8.2 km al SO de El Conejo por el camino a Huitzila, 21°20°49”N, 103°33°31”W, 1810 m, 1 March 2019
(sterile), P. Carrillo-Reyes & E. Ruiz-Sanchez 9272 (IBUG); cerca del puente sobre el rio Patitos, camino El Conejo-
Milpillas de Allende, 21°21°N, 103°33’W, 1680 m, 20 June 2003 (fr), P. Carrillo-Reyes 4061 (IBUG, IEB, MEXU);
por la cafiada al S del puente Patitos, 21°21° 04.5” N, 103°34° 00.2” W, 1708 m, 22 July 2010 (fr), E. Ruiz-Sanchez et
al. 308 (IEB); 0.2—0.5 km al SSE del Puente sobre el Rio Patitos, carretera El Conejo-Milpillas Allende, 21°21°04”N,
103°33°59”W, 1700 m, 14 April 2013 (sterile), P. Carrillo-Reyes & E. Ruiz-Sdanchez 6948 (IBUG); 0.5 km al SSE
del Puente sobre el Rio Patitos, carretera E1 Conejo-Milpillas de Allende, 21°20° 52.76”N, 103°33°55.41”W, 1684 m,
31 May 2018 (fl), E. Ruiz-Sanchez & D. Sanchez 595 (IBUG). Jalisco, Municipio Tequila, 0.4 km al NO del Puente
sobre el rio Patitos (5.2 km en linea recta al NE de Milpillas de Allende). 21°21° 17”°N, 103°34°12”W, 1710 m, 2 May
2017 (fr), P. Carrillo-Reyes et al. 8575 (IBUQG); 0.2 km al NNO del Puente sobre el Rio Patitos, carretera El Conejo-
Milpillas de Allende, 21°21°9.55”N, 103°34°7.75”W, 1711 m, 31 May 2018 (1), E. Ruiz-Sanchez & D. Sanchez 594
(IBUG).

IUCN Conservation assessment:—Nolina caxcana is currently known from few collections made very close to
one another. Localities are separated by no more than 2 km distance and are outside of any local protected areas. Plants
grow on steep rocky hillsides that are inappropriate either for agriculture or for raising cattle. However, low levels of
perturbation by cattle have been observed. No other threats were detected. Using GeoCAT (Bachman et al., 2011) and
based on the limited number of localities, the Extent of Occurrence (EOO) is 0.245 km?, meanwhile the size of the
Area of Occupancy is 8 km?, based on cells of 2 km. A preliminary category of Critically Endangered (CR (B2 bii)) is
proposed following the IUCN (2012) criteria.

Nolina rodriguezii Ruiz-Sanchez, P. Carrillo & L. Hern. sp. nov. (Fig. 3—4)

TYPE:—MEXICO. Jalisco: Municipio Tizapan el Alto, Los Arcos, + 10 km al E de Tizapan, cerca de limite con el Edo. de Michoacan,
[20°09°58™N, 102°57°07"W], 1650—-1750 m, 3 February 1979 (fr), R. Guzmdn & R. McVaugh 1324 (holotype: IBUG!; isotype:
MEXU).

Nolina rodriguezii differs from N. caxcana in being taller with branching stems, and from N. parviflora in being smaller; leaves are
similar in size to N. parviflora but narrower, and both longer and wider than N. caxcana, inflorescences have fewer branches than

N. parviflora and are smaller; fruit size is in between N. caxcana and N. parviflora.

Arborescent, perennial plants, dioecious, 2—2.5 m tall, (10-) 28-30 cm in basal diameter, base widened, outer bark
fissured, brown with rectangular ornamentation; branches 5 to 10. Branched above (not at) the base. Leaves green,
reflexed at maturity, alternate, spirally arranged, marcescent along the branches; base 5.5-6 cm long, 4.5 cm wide,
deltoid, thickened, whitish, 90-145 cm long, 0.9—-1.5 cm wide, linear, chartaceous, apex long attenuated, margin
denticulate, upper and lower surface with grooves; dry old leaves reflexed and persistent. Inflorescence terminal,
appearing axillary due to displacement by the rapid growth of a new rosette, paniculate, erect to apically arched, lax up to
1.5 m long, 1-2 cm in basal diameter, basal bracts 46—56 cm long, 2 cm wide, lanceolate, adpressed, papery, decreasing
in length towards the apex, margin entire or denticulate, light green to cream; primary branches approximately 14-21
(=29) cm long, branches aperture at 60-90 °, secondary branches 3.5—5 cm long; bracteole 3—6 mm de long, 1.5-2
mm de wide, ovate to deltoid, margin fimbriate, membranaceous, whitish. Flowers unisexual. Staminate flowers 2 per
node; campanulate; pistilodiums reduced; pedicels 1.5-2 mm long, articulating in the basal third; tepals 6, lanceolate,
arranged in 2 series of 3, 2.5-3 mm long, 1.2-1.8 mm wide, free, almost equal, elliptical to obovate, apex short
mucronate, whitish, with a pale green central strip, hyaline margin; stamens 6, free, filaments 1-1.5 mm long, shorter
than the tepals, anthers 0.8—1 mm long; ovary superior. Pistillate flowers 2 per node, campanulate on pedicels 5—7 mm
long, long articulated near the base; tepals lanceolate 2—3 mm long, 1 mm wide, cream with a dark midvein; ovary 3-
lobed; stigmas 3-lobed; staminodes ca. 0.3 mm long. Fruit a 3-lobed capsule, 8-8.5 mm long, 9—10 mm wide in cross
section, ellipsoidal sect, rounded distally, inflated, thin pericarp, the locules with one or two seeds. Seeds 3.4-3.8 mm
long, 2.2-2.4 mm wide, subglobose, muriculate, dark brown.

Habitat and distribution:—~Nolina rodriguezii inhabits tropical dry forest, oak forest and oak-pine forest, as
well as the ecotone between tropical dry and oak forest. At the type locality it grows along with Agonandra racemosa
(Candolle (1825: 41)) Standley (1920: 506), Heliocarpus Linnaeus (1753: 448), Opuntia fuliginosa Griftiths (1908:
262-263), Zanthoxylum Linnaeus (1753: 270), Celtis caudata Planchon (1848: 294), Pouzolzia nivea Watson (1887:
453), Pittocaulon velatum (Greenman 1914: 280-281) H. Robinson & Brettell (1972: 451), Iresine P. Browne (1756:
358-359) at 1650-2500 m.

Most of its populations are distributed in the state of Jalisco and a few individuals are found in Michoacan near
the type locality (Fig. 5).
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FIGURE 1. Nolina caxcana. A. Habit. B. Leaf. C. Leaf margin detail. D. Inflorescence fragment. E. Fragment, showing fruits with seeds.
F. Fruit. G. Immature dry fruit. H. Staminate flowers. Drawing by Daniel Barba based on P. Carrillo-Reyes et al. 7749 (B-D, H) and E.

Ruiz-Sanchez et al. 308 (E-QG).
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FIGURE 2. Nolina caxcana. A. Inflorescence fragment with fruits. B. Leaves and inflorescence with flowers. C. Typical habit growth. D.
Staminate flowers. E Fruits with seeds. Photos by E. Ruiz-Sanchez (A, C, E) and P. Carrillo-Reyes (B, D).
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FIGURE 3. Nolina rodriguezii. A. Habit. B. Leaf. C. Margin leaf detail. D. Inflorescence fragment. E. Staminate flowers. F. Fruit. G.
Immature dry seed. Drawing by Daniel Barba based on R. Guzman & R. McVaugh 1324 (B-D, F-G) and L. Torres & P. Silva-Saenz 103

(B).
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FIGURE 4. Nolina rodriguezii. A. Typical growth habit. B. Basal portion showing fissured outer bark. C. Leaves. D. Fruits (R. Guzman
& R. McVaugh 1324). E. Pistillate flowers with immature fruits (L. Torres & P. Silva-Saenz 103). Photos by E. Ruiz-Sanchez (A-C).

Comparison:—On the basis of morphology, Nolina rodriguezii resembles N. parviflora and N. caxcana (Table 1).
However, N. rodriguezii is in between N. caxcana and N. parviflora with respect to plant size. Leaves in N. rodriguezii
are more similar in size to N. parviflora than N. caxcana. Fruit size (length/width; 8-8.5 x 9—10 mm) is also in between
N. caxcana (4.5-6 x 6-8 mm) and N. parviflora (8—10 x 10—-14 mm) (Table 1).

Due to its arborescent habit, narrow leaves up to 15 mm wide, inflorescence with open branches and large fruits,
Nolina rodrigueziii is located in the section Arborescentes (Trelease 1911: 422; Hochstitter 2010: 29).

Etymology:—The specific epithet honors Dr. Aarén Rodriguez from the Institute of Botany of the University
of Guadalajara, in recognition for his achievements in studying the botanical diversity of Western Mexico, and his
dedicated work as a teacher of young botanists.
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Phenology:—Taking into account examined herbarium specimens, it is possible that the plants flower from
August to November, and are in fruit from December to April.

Additional specimens examined:—MEXICO. Jalisco: Municipio Chapala, sierra de Ajijic, sendero El
Chupinaya, en el parteaguas del cerro, 20°19°34” N, 103°16°29” W, 2400 m , 4 March 2017 (fr), J. P. Ortiz-Brunel 103
(IBUG); Municipio Jilotlan de los Dolores, 7 km al NE de Huapala, camino a Jilotlan de los Dolores, [19°23°14”N,
103°06°13”W], 1100 m, 4 April 1988 (fr), A. Garcia Mendoza et al., 3684 (MEXU, QMEX); Municipio Jocotepec,
barranca del Agua (La Tetita) ladera enfrente de Zapotitain de Hidalgo, [20°21°41”N, 103°26°31”W], 2500 m,
5 November 1988 (fl, fr), J.A. Machuca 6025 (IBUG, IEB); Municipio Tapalpa, La Estancia 2800 m. al NNE de
Tapalpa, [19°57°49”N, 103°45°17"W], 2220 m, 4 November 1993 (1), L. Torres & P. Silva-Saenz 103 (IBUG); brecha
Tapalpa-Venustiano Carranza, aprox. 24 km al S de Tapalpa, delante de la desviacion a la Yerbabuena, [19°49°42”N,
103°47°52”W], 2000 m, 12 March 1989 (sterile), A. Flores et al., 1514 (IBUG); Municipio Tequila, volcan de Tequila,
[20°49° 117N, 103°51°10”W], 1980 m, 10 August 1969 (fl), X. Madrigal 2314 (MEXU); Municipio Tequila, volcan de
Tequila, [20°51°36”N, 103°49°12”W], 1980 m, 13 October 2005 (sterile), L. Herndndez, 5659 (QMEX); Municipio
Tizapan el Alto, Los Arcos, limite de Jalisco y Michoacan por la carretera a Tizapan, [20°09°58”N, 102°57°07”W],
1300 m , 13 August 1988 (fl), O. Reyna et al. 664 (IBUG, MEXU); Municipio Tlajomulco de Zuiiga, camino a la
barranca El Caballito, al SE de San Miguel Cuyutlan, [20°21°12”N, 103°23°08”W], 2100 m, 12, January 1992 (fr), R.
Ramirez-Delgadillo & A. Rodriguez 2465 (IBUG, IEB, MEXU); Municipio Tuxcueca, Cerro Alto, al S de San Nicolas
[20°10°15”N, 103°16°08”W], 2240 m, 12 December 1991 (f1), J.A. Machuca 6025 (IEB).

IUCN Conservation assessment:—Nolina rodriguezii is known only from a few collections mainly restricted to
the state of Jalisco. Using GeoCAT (Bachman et al., 2011) the Extent of Occurrence (EOO) is 8,527.6 km?, meanwhile
the size of the Area of Occupancy is 32 km?, based on cells of 2 km. A preliminary category of Vulnerable (VU (B2
bii)) is proposed following the [IUCN (2012) criteria.
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FIGURE 5. Geographical distribution of Nolina caxana (black squares), N. parviflora (black circles), and N. rodriguezii (black triangles).

Records are based on herbarium specimens.
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Discussion

Nolina caxcana and N. rodriguezii are two new species segregated from, but morphologically resembling N. parviflora.
In the treatment of Liliaceae for the Flora Novo-Galiciana, McVaugh (1989) recorded two Nolina species: N. juncea
(Zuccarini (1845: 19)) Macbride (1918: 16) and N. parviflora, both now considered N. parviflora from McVaugh’s
treatment. Specimens of N. rodriguezii and N. caxcana were not included in McVaugh’s treatment, as the first collection
of N. caxcana was made in 2003 only.

There is molecular evidence from chloroplast and nuclear markers that N. parviflora populations are divided into
two well-supported clades, one corresponding to N. parviflora s.s. and the second comprising populations from Jalisco
and Zacatecas (Ruiz-Sanchez & Specht, 2013). These are here described as N. caxcana and N. rodriguezii, respectively.
There is additional evidence of ecological divergence among populations from these taxa based on climatic variables
(Ruiz-Sanchez & Specht, 2014). Ruiz-Sanchez & Specht (2014) found no evidence of spatial or genetic connectivity
among populations of N. parviflora with the populations of Jalisco (N. rodriguezii) and Zacatecas (N. caxcana), and
here we corroborate those molecular and ecological findings with morphological comparisons, describing the two new
Nolina species.

Recently, two Nolina species endemic to Mexico have been described based on morphological comparisons (V.
excelsa and N. hibernica), both related to N. parviflora or N. nelsonii (Hochstiter and Donati, 2010; Garcia-Mendoza
et al.2012). With the description here of N. caxcana and N. rodriguezii, the number of Nolina species endemic to
Mexico increases to eighteen. However, the number of endemic species could increase even more in the next years
with additional botanical fieldwork and the collection of vegetative and reproductive material of Nolina populations.
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