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Abstract

Pachyphytum is a genus of rupicolous succulents endemic to central Mexico. Here, we present a comprehensive list of cur-
rently recognized taxa in Pachyphytum with a review of biogeographical distribution data, a spatial richness analysis, and
conservation assessments based on herbarium records and field work. Pachyphytum has been documented in 11 Mexican
states, with the highest concentration of species (14) occurring in xerophilous scrubland, Chihuahuan Desert, and the Sierra
Madre Oriental. All species of Pachyphytum are narrow endemics and were therefore categorized as at-risk of extinction
according to IUCN criteria. Currently, taxa in Pachyphytum do not have formal protected status due to lack of inclusion on
Mexico’s list of endangered species. During fieldwork in preparation for this research, an undescribed Pachyphytum was en-
countered in Durango state, which we here describe as a new species based on a detailed morphological comparative study.

Key words: conservation, Madrense Ecoregion, Mexican Transition Zone, rupiculous plants, Southern Tepehuans

Introduction

Pachyphytum Link, Klotzsch & Otto in Klotzsch (1841: 9) is a monophyletic genus in the Crassulaceae family endemic
to Mexico (Carrillo-Reyes et al. 2009, Vazquez-Cotero et al. 2017, de la Cruz et al. 2019). The genus comprises 24
species of rupicolous, suffrutescent perennial herbs, with a pendant or erect habit, and glabrous or viscid foliage
(Kimnach 2010, Vazquez-Cotero et al. 2017, Pérez-Calix & Torres-Colin 2018, Meyran 2019, Reyes-Santiago et
al. 2019, 2020). Leaves in Pachyphytum may form a lax rosette or cluster toward the stem apex. Leaf blades are
succulent, simple, flat or terete, green or purple, and sometimes conspicuously glaucous-farinose. The inflorescence
is an axillary scorpioid cyme or a cincinnus, with slightly imbricate succulent bracts. The flowers are gamosepalous
and gamopetalous, with equal or unequal succulent sepals, these often longer or similar in size as the petals, these
most frequently with two nectar-bearing appendages on the inner side, white, greenish or reddish, or with maculae at
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the apex; stamens 10, 5 antepetalous with the filaments adnate to the corolla, and 5 antesepalous with free filaments;
and 5 oblong nectaries placed at the base of the filaments (Thiede 2003, Thiede & Eggli 2007, Vazquez-Cotero et al.
2017). The set of morphological characters mentioned above, along with their relative rarity, makes Pachyphytum a
group of plants highly valued in the ornamental plant trade. Pachyphytum have been traditionally subdivided into three
sections based on morphological characters (Thiede 2003): Diostostemon (Salm-Dyck 1854: 265) Walther (1931: 9),
Ixiocaulon Moran (1968: 41), and Pachyphytum Moran (1968: 39). The most current taxonomic treatment by Thiede
(2003) however, recognized only sections Diostostemon and Pachyphytum. Recent floristic and taxonomic research
has resulted in the description of several new species of Pachyphytum (Thiede 2003, Kimnach 2010, Pérez-Calix &
Torres-Colin 2018, Reyes-Santiago et al. 2019, 2020), yet a comprehensive and up-to-date list of currently recognized
taxa and their arrangement into sections has not been compiled.

Pachyphytum grow on rock outcrops and cliffs of various parent materials surrounded by a matrix of xerophytic
scrub or oak forest, and are found in southern Tamaulipas, San Luis Potosi, Guanajuato, Querétaro, Hidalgo, and
Michoacén, as well as western Mexico up to northern Jalisco and Zacatecas. Most Pachyphytum species have narrow
geographic ranges, and many species are known only from their type localities and from a few nearby occurrences
(Thiede 2003). Based on this pattern of allopatric, narrow endemism, we hypothesize that Pachyphytum species exhibit
specialized climatic, edaphic, and topographical preferences. Pachyphytum therefore constitutes an ideal system to
investigate the present and future risk of extinction on micro-endemic species.

Here, we compile an updated list of currently recognized species in Pachyphytum, arrange these into appropriate
sections, and present a comprehensive review of biogeographical data, including distribution maps, spatial richness
analyses and conservation assessments based on herbarium records and field work. Pachyphytum are found on difficult
to access habitats found throughout a vast area, and we therefore expected that a comprehensive study of this genus
would turn up taxonomic novelties. Indeed, during field work by the first author in 2019, a population of Pachyphytum
was found in the state of Durango, a state in which the genus has never before been reported. Based on detailed
morphological comparative study, we propose that these individuals constitute a new species of Pachyphytum, which
we describe and illustrate here along with our review of distributional information for the genus as a whole.

Materials and methods

Sampling:—We sampled all species of Pachyphytum in the treatment of Thiede (2003), and in later taxonomic papers
dealing with the genus (e.g. Pérez-Calix et al. 2008, Pérez-Calix & Torres-Colin 2018, Reyes-Santiago et al. 2019,
2020). Pachyphytum cuicatecanum (Reyes-Santiago et al. 2004: 80) Kimnach (2010: 125), was not included since
phylogenetic evidence supports its recognition in the genus Echeveria de Candolle (1828: 401), despite showing
morphological convergence with Pachyphytum (de la Cruz-Lopez et al. 2019).

Geographic distribution data:—Taxonomic, geographic, ecological, and curatorial data were obtained from
herbarium specimens in the following collections: CIIDIR, IBUG, IEB, MEXU, SLPM and UAS. We also compiled
records from the IBUNAM database (IBUNAM 2022), the Red de Herbarios del Noreste de Mexico (Sanchez-Escalante
& Gilbert 2019) and the Southwest Environmental Information Network (SEINet; Gries et al. 2014). Taxonomic
treatments and floristic studies were reviewed to generate a list of currently recognized taxa and to further inform
geographic distributions. Anomalous records were flagged and inspected for misidentifications using digitized voucher
specimens or detailed images provided by staff of the corresponding herbaria. When a specimen lacked geographic
coordinates but possessed a detailed written description of the locality, we manually georeferenced it according to the
strategy followed by Ortiz-Brunel et al. (2021). Occurrence data was cleaned by eliminating duplicate records and
ambiguous locations, and then visualized using the program QGIS 3.4.8 (QGIS Development Team 2022). Finally,
species richness was quantified by state (INEGI 2010), vegetation type (Rzedowski 1990), biogeographic province
(Morrone et al. 2017), and by an arbitrary grid with a cell size of 0.5° in DIVA-GIS 4.2 (Hijmans et al. 2004).

Conservation status:—A risk category for each Pachyphytum taxon was determined based on field observations
and our review of herbarium specimens according to the IUCN guidelines for categories and criteria (IUCN Standards
and Petitions Committee 2022). We used GeoCAT (Bachman et al. 2011) to estimate the extent of occurrence (EOO)
and area of occupancy (AOQO) indices of each taxon that had at least three records. The AOO was estimated with the
standard cell size of 2 km suggested by the [IUCN. When a taxon’s EOO was smaller than its AOO, we equalized both
areas to be consistent with the assumption that AOO is contained within the EOO. Species with less than three records
were evaluated based on their AOO only.
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Morphological data:—Qualitative observations and quantitative measurements of morphological characteristics
included in our species description (Simpson 2006) were based on vegetative and reproductive material viewed under
a Zeiss Stemi 305 stereomicroscope (Zeiss, Jena, Germany). A revision of herbarium specimens as well as descriptions
from the taxonomic literature were used to produce a diagnosis and a table comparing the new species to the currently
recognized taxa of Pachyphytum.

Results

Biogeographical data and extinction risk categories for Pachyphytum

Distribution and richness:—The diversity and distribution of Pachyphytum within the major political units of Mexico,
vegetation types, and biogeographic provinces is presented in Table 1. Pachyphytum has been documented in 11
Mexican states (Figure 1). The states with highest species richness were Guanajuato with seven species and Querétaro
with six species. Hidalgo and San Luis Potosi states both contain four species. Fourteen Pachyphytum species occur in
areas of xerophilous scrubland and 13 occur in areas of conifer and oak forest. Eight species were found within tropical
deciduous forests, and one was recorded in grasslands. The Chihuahuan Desert (CHIH) and the Sierra Madre Oriental
(SMOr) hosted most of the diversity of Pachyphytum with 13 and 11 species recorded, respectively. Three species are
distributed in the Sierra Madre Occidental (SMOc) and two in the Trans-Mexican Volcanic Belt (TVB) respectively.

In the species richness grid cell analysis, the cells with the highest number of species were found at the confluence
of the southern CHIH and the SMOr (Figure 2). One cell that contained four species was found at the border of
Querétaro and Hidalgo. Two cells with three species were in Querétaro, near its border with Guanajuato and San
Luis Potosi, and another located entirely in Guanajuato. Cells containing two species of Pachyphytum were found in
Aguascalientes, Hidalgo, Guanajuato, and San Luis Potosi.

Extinction risk categories:—All the species of Pachyphytum were categorized as being at various levels of at-
risk of extinction (Table 1). Using AOO, 10 species of Pachyphytum qualify as critically endangered, while based on
EOO estimates, 15 species qualify as critically endangered. Fourteen species should be designated as endangered if
AOO estimates are used, while seven would be evaluated as such based solely on EOO. In some important cases, the
AOQO results differed from those of EOO (Table 1).

Morphological data analyses:—Field work uncovered a Pachyphytum population in southern Durango state in
SMOc, where the genus has not been reported before. Based on detailed morphological comparative study, specifically
the length of the stems (>30 cm long), leaves elliptic or obovate, fertile bracts >10 mm long and petals with a central
abaxial red spot, individuals in the Durango population resemble P. contrerasii Pérez-Calix, Garcia & Chazaro in
Pérez-Calix et al. (2008: 64), P. kimnachii Moran (1967: 204), P. viride Walther (1937: 210) and P. werdermannii
Poelln. in Fedde (1937: 2). Distinctive differences between these taxa and the Durango population are presented in
Table 2.

The new populations differed from P. contrerasii in the development of shorter and a more compact cincinnus,
larger calyx lobes and different in shape, and in the size, shape and color of the petals, filaments, and style. The new
population and P. contrerasii do not overlap in their biogeographical ranges; furthermore, the former was found in
Pinus-Quercus forest in the Sierra Madre Occidental and P. contrerasii in tropical deciduous forest in the Transmexican
Volcanic Belt. Also, the new populations differed from P. kimnachii in having elliptic or obovate leaves, ovate peduncle
bracts, 12—22 mm long, a shorter cincinnus with fewer flowers, small floral bracts, in the form, size and color of corolla
lobes, and size and color of stamens. The new populations and P. kimnachii were separated by ~500 km and occurring
in distinctive biogeographical provinces of Mexico. Likewise, the new populations differed from P. viride in having
elliptic or obovate leaves, ovate and pale reddish to pinkish orange peduncle bracts, oblong longer calyx lobes, and
white stamens. Moreover, the new populations grow in Pinus-Quercus forest in the Sierra Madre Occidental, while P
viride in xerophytic scrub in the Sierra Madre Oriental. Finally, the new populations can also be differentiated from P,
werdermannii by its ovate peduncle bracts, pale green and slightly pruinose cincinnus, ovate floral bracts, white corolla
lobes with a ventral broad bright red spot, longer antipetalous stamens and white filaments. The new populations and
P. werdermannii also differed in their ecological preferences and geographical distribution (Table 2, Figure 1).
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FIGURE 1. Diversity and distribution of the genus Pachyphytum in Mexico. Biogeographic provinces according to Morrone et al.

(2017).
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TABLE 1. Taxonomic diversity, distribution, and extinction risk of the genus Pachyphytum, with all currently recognized
species assigned to infrageneric taxa. State names are abbreviated as follows: Aguascalientes (AGS), Guanajuato (GTO),
Durango (DGO), Hidalgo (HGO), Jalisco (JAL), Michoacan (MICH), Nuevo Le6n (NL), Querétaro (QRO), San Luis Potosi
(SLP), Tamaulipas (TAMPS), and Zacatecas (ZAC). Vegetation types follow designations in Rzedowski (1990): Conifer-
Oak Forest (COF), Grassland (GRASS), Tropical Deciduous Forest (TDF), Xerophilous Scrubland (XS). Biogeographic
provinces follow Morrone et al. (2017): Chihuahuan Desert (CHIH), Sierra Madre Occidental (SMOc), Sierra Madre Oriental
(SMOr), Trans-Mexican Volcanic Belt (TVB). Extinction risk categories follow the IUCN (2022): Critically Endangered
(CR), Endangered (EN), and Vulnerable (VU). AOO: area of occupancy, EOO: extent of occurrence.

Species Records State Vegetation  Biogeographical AOO EOO Risk category
type province (km?) (km?) (AOO/E0Q0)

Pachyphytum section Diotostemon

1. P, brevifolium Rose 4 GTO COF, TDF  CHIH 16 102.9 EN/EN

2. P coeruleum J.Meyran 2 QRO XS CHIH 8 - CR

3. P.compactum Rose 18 GTO, QRO COF, XS CHIH, SMOr 68 11281 EN/VU

4. P, hookeri (Salm.-Dick) 12 AGS, GTO, COF, XS CHIH, SMOc 48 116249 EN/VU
A.Berger SLP

5. P huastecanum J.Reyes, Etter 1 NL XS SMOr 4 - CR
& Kristen

6. P viscidum J. Reyes & de la 4 AGS, GTO, GRASS,XS CHIH 16 1236.3  EN/EN
Cruz-Lopez JAL, ZAC

Pachyphytum section Ixiocaulon

7. P fittkaui Moran 6 GTO, SLP  COF, XS CHIH, SMOr 20 420.7 EN/EN

8. P glutinicaule Moran 17 HGO, QRO COF, XS CHIH, SMOr 60 1449.1  EN/EN

Pachyphytum section Pachyphytum

9. P, brachetii J.Reyes, 2 HGO XS CHIH 4 - CR
0.Gonzalez & A. Gut.

10. P, bracteosum Klotzsch 2 HGO XS SMOr 8 - CR

11. P, caesium Kimnach & Moran 7 AGS COF, TDF CHIH, SMOc 28 214 EN/EN

12. P, confusum Pérez-Calix, 5 GTO TDF CHIH 8 8 CR/CR
Guadian-Marin & 1. Garcia

13. P, contrerasii Pérez-Calix, 1. 5 JAL TDF TVB 8 8 CR/CR
Garcia & Chazaro

14. P garciae Pérez-Calix & Glass 2 QRO COF SMOr 8 - CR

15. P, kimnachii Moran 3 SLP XS SMOr 12 12 EN/CR

16. P longifolium Rose 9 HGO XS SMOr 36 224.7 EN/EN

17.  P. machucae 1.Garcia, Glass & 7 MICH TDF CHIH 8 8 CR/CR
Chazaro

18. P, odam Art.Castro & P. 2 DGO COF SMOc¢ 8 - CR
Carrillo, sp. nov. here described

19. P, oviferum Purpus 3 SLP XS CHIH, SMOr 12 12 EN/CR

20. P rogeliocardenasii Pérez-Calix 3 QRO COF, TDF SMOr 12 12 EN/CR
& R.Torres

21. P rzedowskii 1.Garcia, Pérez- 4 MICH COF, TDF  TVB 12 16.1 EN/CR
Calix & J.Meyran

22. P saltense Brachet, J. Reyes & 3 ZAC COF CHIH 4 - CR
Mondragén

23. P viride E.Walther 19 GTO, QRO COF, XS CHIH, SMOr 48 2898.1  EN/EN

24. P, werdermannii Poelln. 7 TAMPS COF, XS SMOr 16 97.8 EN/CR
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TABLE 2. Comparison of morphological, phenological and geographical traits between Pachytum sp. nov. and related

species.

Character

P. contrerasii

P. kimnachii

P, sp. nov.

P, viride

P. werdermannii

Leaves (shape,
length, width,
thickness, color)

Peduncle (length)

Peduncle bracts
(shape, length,
width, color)

Cincinnus (length,
flowers number,
color)

Floral bracts
(shape, length,
width)
Pedicel

Largest calyx lobes

Shortest calyx
lobes (shape, length,
width)

Corolla lobes
(shape, size, color)

Stamens (length,
color)

Style

Nectaries

Habitat

Distribution

Elevation range

Biogeographic
provinces

elliptic to
oblanceolate; 4-7.5
x 1.5-2.5 cm; 5-7
mm thick; green to
pinkish at base,
lavender-grey to
bluish green at apex,
pruinose

20-25 cm

oblong; 8~16 mm
x 3-8 mm; pale
reddish to pinkish
orange

10-16 cm long;
12-24 flowers; green
to olive and pink at
the base, pruinose
oblong-ovate; 6-16
mm x 3—10 mm

2-4 mm X 2-3 mm

oblong-obovate;
9-12 x 3.5-7 mm

oblong; 6-9 x 34
mm

oblong; 7-8 mm

x 3-3.5 mm; light
green with a ventral
crimson spot

antipetalous 3—4 mm
long; antisepalous
4-5 mm long; both
yellow-cream or
whitish below and
scarlet above

4-5 mm long

elliptical; 1-1.2 mm
wide; yellowish

Tropical deciduous
forest

Central Jalisco

1450-1500 m

Trans-Mexican
Volcanic Belt

elliptic-oblong,
oblanceolate or
subrhombic; 5-10
x 1.8-3.5 cm; 9-10
mm thick; pale
purplish, pruinose

15-25 cm

ovate to elliptic or
subrhombic; 10-30
mm X 5—-10 mm;
pale purplish

6-23 cm long; 12-28
flowers; pale green,
slightly pruinose

ovate; 18-25 x 8-12
mm

3-7 mm X 2-3.5 mm

elliptic-oblong;
15-28 x 4—-11 mm

triangular-oblong;
9—-15 x 24 mm

triangular-lanceolate;
13—-17 mm x 3.5-4.5
mm; white or light
pink with a ventral
crimson spot
antipetalous 5-8 mm
long; antisepalous
7—-10 mm long; both
whitish below and
carmine above

7-9 mm long

elliptical; 1.9-2.6
mm wide; yellowish

Pinus-Quercus forest

South central San
Luis Potosi

1750-1900 m

Sierra Madre
Oriental

elliptic or obovate;
(4.5-)6-10.5 x (1.5—
)2-3.5 cm; 6.5-10
mm thick; pale green
to pale reddish to
pinkish orange,
slightly pruinose

15-26 cm

ovate; 12-22 mm
x 5-12 mm; pale

reddish to pinkish
orange

89 cm long; 15-18
flowers; pale green
to pink, slightly
pruinose

ovate; 10-20 x 5-14
mm

3-7 mm X 2.5-4 mm

oblong; 15-18 x 7-9
mm

oblong; 10-13.5 x
3.2-5.5mm

oblong; 7.5-11 mm
x 3.5-4.3 mm; white
with a broad ventral
bright red spot

antipetalous 4-5 mm
long; antisepalous
6-7 mm long; both
white

7-8.5 mm long

elliptical; 2.2-2.5
mm wide; pale
yellow
Pinus-Quercus forest

South Durango

2080-2115 m

Sierra Madre
Occidental

subcylindrical to
semiterete; 614 x
1.5-3 cm; 11-17 mm
thick; yellowish-oil
green, to calla-green
beneath, slightly
pruinose

10-35 cm

elliptic to
subrhombic; 15-35
x 4-14 mm; greenish
white

5-12 cm long; 10—
22 flowers; greenish
white, glaucous

ovate, obovate, or
rhombic; 15-30 x
7—-18 mm

2-6(-8) x 1.5-3 mm

elliptic-oblong to
spatulate; 11-19 x
4-9 mm

oblong; 10-17 x 3-6
mm

oblong-oblanceolate;
8—14 x 2.5-6 mm;
white with a ventral
dark crimson spot

antipetalous 2-3 mm
long; antisepalous
4-8 mm; both
yellowish below, red
above

4.5-8 mm long

elliptical; 2-3 mm
wide; yellowish

Xerophytic scrub

North Guanajuato,
north and central
Querétaro
1000-2350 m

Chihuahuan Desert,
Sierra Madre
Oriental

elliptic to oblong;
4-10 x 1.5-3.5
cm; 5-12 mm
thick; green to pale
reddish, pruinose

15-25 cm

elliptic to lanceolate
or sometimes linear;
15-27 x 3—12 mm;
pale green to almost
white

5-11 cm long; 10-22
flowers; greenish
white, glaucous

ovate to elliptic;
15-20 x 7-10 mm

3-8(-15) x 1-2 mm

oblong; 12-19 x
4.5-8 mm

oblong-lanceolate;
10-16 x 2.5-4.5 mm

oblong; 9.5-12.5 x
3—4 mm; light pink
with a dark ventral
crimson spot

antipetalous
3-3.5 mm long;
antisepalous 6-9
mm; both whitish
below, red above

5-7 mm long

elliptical; 1.5-2 mm
wide; yellowish

Xerophytic scrub

Southwest
Tamaulipas

550-915m

Sierra Madre
Oriental
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FIGURE 2. Species richness by grid cell of Pachyphytum. Biogeographic provinces according to Morrone et al. (2017).

Discussion

Biogeographical data and extinction risk categories:—Pachyphytum is a Mexican endemic genus distributed across
the central portion of the country. Most of the species are micro-endemics with a very narrow range (Thiede 2003).
The highest species richness of Pachyphytum occurs around the ecotone of the CHIH with the SMOr, mostly at the
border between Guanajuato, Hidalgo, Querétaro and San Luis Potosi states. Many other micro-endemic species of
Crassulaceae also occur in this area (Moran 1963; Pérez-Calix & Glass 1999; Pérez-Calix & Torres-Colin 2018),
which is as an important center of endemism and a refugium for vascular plants (Sosa et al. 2020).

Pachyphytum species occur in xerophilous scrubland or its ecotone with temperate forests. This agrees with
our biogeographic results showing that cells with the highest number of species were found at the confluence of the
southern CHIH and the SMOr, in the borders between arid and temperate environments, and coincides with the San
Luis Potosi and Hidalgo-Querétaro Mexican regional centers of species richness and endemism recognized by Thiede
(19995).

Most Pachyphytum species are micro endemics, but despite being under pressure from harvesting as ornamental
plants, particularly during Christmas festivities (Cabrera-Luna et al. 2007), none are included in Mexico’s federal
protected species list, the NOM-059-SEMARNAT-2010 (SEMARNAT 2019). Our results show that, based on AOO
and EOO, all Pachyphythum species should be evaluated as being at-risk. As stated by the ITUCN (2022), species with
small AOO are typically habitat specialists. This is the case in most Pachyphytum species, which grow exclusively
on vertical rock cliffs surrounded by xerophytic or temperate vegetation. Due to their inaccessibility, vertical rock
habitats are difficult places in which to estimate the population size and distribution of rare plants. In such cases, we
suggest that AOO may be a useful metric to evaluate appropriate risk categories (Keith 1998). Pachyphytum occur in
understudied habitats, and therefore, it is feasible that these patterns are artifacts of a lack of sampling in inaccessible
regions.
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Taxonomic novelty:—The Pachyphytum populations located in Durango, where the genus has never before been
reported, represents the northernmost range of the genus on the Pacific slope of Mexico. Based on the morphological
analysis of the individuals in the population, we conclude that this is an undescribed species. Considering the leaf
shape (broadest at or near the middle) and petal length ((8-)10—-17 mm), we hypothesized that the new species may
be closely related to the P. werdermannii informal group identified by Thiede (2003), and possibly composed by P,
contrerasii, P. fittkaui Moran (1971: 26), P. kimnachii, P. viride, and P. werdermannii. These five species all possess
stems >30 cm long, elliptic or obovate leaves, fertile bracts >10 mm long, and petals with an abaxial red spot in the
middle.

Although Pachyphytum is clearly monophyletic, its infrageneric relationships have not been elucidated, and it
has been pointed out that low phylogenetic resolution in this group may be due to convergence among characters and
recent diversification (Thiede 2003, de la Cruz et al. 2019). Thus, based on morphology (Moran 1968), we conclude
that the new species belongs in Pachyphytum section Pachyphytum due to the presence of imbricate cincinnus bracts,
calyx exceeding the corolla, unequal calyx segments and white petals with a red spotted adaxial surface.

Taxonomic treatment
Pachyphytum odam Art. Castro & P. Carrillo, sp. nov., Figure 3

Diagnosis:—Pachyphytum odam is morphologically similar to P. contrerasii, P. kimnachii, P viride and P. werdermannii due to the length
of the stems, the shape of the leaves, the size of the fertile bracts, and the petals with an abaxial red spot in the middle. From P.
contrerasii and P. viride, it differs in possessing a shorter and more compact cincinnus, larger calyx lobes of a distinct shape, and the
size, shape and color of the petals, filaments, and style. From P. kimnachii it differs principally in the shape, size and length of leaves,
peduncle bracts, cincinnus, and stamens, and in the number of flowers. Finally, P. odam can be difterentiated from P. werdermannii by
the peduncle and floral bract shape, the color of the cincinnus and corolla lobes, and the length and color of antipetalous stamens.

Type:—MEXICO. Durango. Mezquital: Comunidad de Santa Maria de Ocotan y Xoconoxtle, Anexo La Muralla, elev. 2115 m, 14 March
2019 (fl, fr), A. Castro-Castro et al. 4442 (holotype CIIDIR!, isotypes IBUG!, MEXU!, SLPM!).

Description:—Suffrutescent herb, succulent, pendant, decumbent, glaucous, glabrous; stems often unbranched or
branched from near the base, 30-60 cm long, 1.4—1.8 cm thick, adventitious fibrous roots and conspicuous leaf scars at
the nodes. Leaves 12-26, sessile, arranged in a disordered spiral at the apex of the stem, in lax rosettes, laminas elliptic
or obovate, (4.5-)6—10.5 x (1.5-)2-3.5 cm, 6.5-10 mm thick, elliptical-concave in cross section, conspicuous rib on
dorsal surface, apex rounded, margin entire, succulent, pale green to pale reddish to pinkish orange, slightly pruinose,
glabrous. Inflorescence axillary, near the apex of the branches; peduncle 15-26 % 0.4—0.6 cm, pale reddish to pinkish
orange, pruinose; sterile bracts 2—3, deciduous, ovate, 12-22 mm % 5—12 mm, acute, obtuse-cuneate, flat, pale reddish
to pinkish orange; cincinnus 8-9 cm long, 15—18 flowers, pale green, slightly pruinose; flower bracts imbricate, ovate,
10-20 x 5-14 mm, acute to slightly apiculate to mucronate, obtuse-oblique, green, yellowish green to pinkish orange
with maturity. Flowers on a turbinate pedicel, 3—7 mm % 2.5—4 mm, green, pruinose. Calyx 5-lobate, lobes unequal, the
largest oblong, 15—18 x 7-9 mm; the smaller oblong, 10-13.5 x 3.2-5.5 mm, both acute, mucronate, obtuse. Corolla
5-lobate, lobes oblong, 7.5—11 mm x 3.5-4.3 mm, apex acute, white with a broad ventral bright red spot in the middle;
appendages obtuse, red. Stamens 10, flattened, 5 antipetalous, 4—-5 mm long, 5 antisepalous, 6—7 mm long, white with
red apex; anthers 1.9-2.1 x 0.9—-1 mm; pollen pale yellow. Nectaries transversely elliptical, 2.2-2.5 mm long, pale
yellow. Ovary 6-6.5 mm long; style 7-8.5 mm long. Follicles 7.5-8 mm long. Seeds numerous, clavate to pyriform,
0.5-0.6 x 0.19-0.22 mm.

Distribution and habitat:—Pachyphytum odam grows on north facing cliffs bordering the wide and deep canyon
of the river El Navio (Mezquital municipality, Durango), in which one of the only two known populations of Pinus
maximartinezii Rzed. (1964: 17) also occurs (Gonzalez-Elizondo et al. 2011). The area is dominated by Pinus-Quercus
forest, where, in addition to P. maximartinezii, the following trees occur: Arbutus madrensis S. Gonzalez, A. tessellata
P.D. Serensen, ex Klotzsch, Fraxinus sp., Pinus lumholtzii B.L. Rob. & Fernald, Quercus chihuahuensis Trel., Q.
gentryi C.H. Mull., Q. praeco Trel., Q. resinosa Liebm. and Yucca sp. Associated shrubs include Ageratina spp.,
Arctostaphylos pungens Kunth, Chiococca sp., Comarostaphylis polifolia (Kunth) Zucc., Lagascea helianthifolia
Kunth, Montanoa sp., Opuntia spp., Rhus aromatica Aiton, Salvia melissodora Lag., Stevia sp., and Vernonia sp. Other
plant species that grow in association with P. odam on vertical rock outcrops are Agave schidigera Lem., Dasylirion
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sp., Ferocactus histrix (DC.) G.E. Linds., Ficus petiolaris Kunth, Hechtia sp., Mammillaria sp., Muhlenbergia sp.,
Nolina sp. and Tillandsia sp. (Figure 4). It occupies an elevational range from 2080 to 2115 m (Table 2).

FIGURE 3. Pachyphytum odam Art. Castro & P. Carrillo. A-B. Lateral and front view of the flower. C. Lateral view of the rosette. D.
Calyx lobes. E. Corolla lobes. F. Transverse view of the ovary. G. Lateral view of the androecium and gynoecium. H. Petal abaxial view.

I. Lateral view of the corolla without the calyx. J-K. Lateral and adaxial view of the cincinnus. Photographs: Arturo Castro Castro.
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FIGURE 4. Habitat (A—C) and habit (D) of Pachyphytum odam Art. Castro & P. Carrillo.

Phenology:—Pachyphytum odam flowers and fruits in March. However, under cultivation in Durango city, the
plants began to flower as early as December and continued until March.

Additional specimens examined:—Mexico. Durango: Mezquital: La Muralla, Reserva Comunitaria del bosque
de Pinus maximartinezii, 1733 m, 15 March 2021 (fl, fr), A. Castro-Castro et al. 4699 (CIIDIR, IBUG, MEXU).

Conservation status:—Pachyphytum odam is known from the type location, where we have documented
approximately 30 mature individuals. Members of the O’dam nation, on whose land P. odam occurs, have informed
us that the species is rare and that they are unaware of other populations. Based on AOO results and following the
TUCN criteria B2 (area of occupancy estimated to be less than 10 km?and known to exist at only a single location), we
preliminarily propose that it be designated as critically endangered (CR/B1a).
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Etymology:—The specific epithet honors the O’dam people or Southern Tepehuan, on whose land the new species
Srows.

Vernacular name:—Pachyphytum odam is known to members of La Muralla community as da ‘npakal, an O’dam
word that can be translated as bald, naked, or slippery, perhaps alluding to the glabrous leaves and stems.
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