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Abstract

The taxonomic classification within the Neotropical cycad genus Ceratozamia (Zamiaceae) has been a challenging task 
because cohorts of morphological variation in association with conspicuous geographic discontinuities that delimit species 
are not always easy to observe. Ceratozamia robusta is one example. Although previous studies have suggested that C. robusta 
presents an unusually high morphological variation across populations, this variation remains unquantified. In particular, 
we noticed that herbarium specimens from populations in the region Los Altos de Chiapas (Chiapas Highlands) that have 
been considered as C. robusta notably differ from the rest of the typical C. robusta forms by having narrower leaflets and 
fewer prickles on the petioles. Thus, we asked whether the populations in the Chiapas Highlands correspond to C. robusta 
as currently circumscribed. We examined the variation of ten leaf and trunk traits of 97 adult plants from six populations of 
C. robusta. Variation among the ten traits was significantly differentiated across populations, and such variation is correlated 
with elevation. Pairwise population differentiation tests and linear discriminant analyses clearly separated three groups: 1) 
populations similar to the neotype of C. robusta occur at mid-elevations in Chiapas, 2) a large C. robusta form occurs at 
low elevations in Belize, and 3) populations in the Chiapas Highlands that differ from both. The latter have fewer leaves 
and leaflets, shorter rachis, arched leaves in mature plants, petioles sparsely armed with thin prickles, smaller male cones, 
and juvenile forms more similar to those of the C. miqueliana species complex. These results suggest that the populations 
from the Chiapas Highlands represent a new taxon, here described as Ceratozamia sanchezae. This study highlights the 
importance of quantifying morphological variation across cycad populations to identify the species delimitation in complex 
groups.
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INTRODUCTION

Ceratozamia Brongniart (1846: 7–8) is a cycad genus of 32 species from the mountainous areas of eastern and south-
eastern Mexico, Belize, Guatemala, and Honduras, where grows at elevations ranging from 200 to 1800 meters above 
sea level (Vovides et al. 2004a, Calonje et al. 2020). Traditionally, Ceratozamia species have been described based on 
gross leaf and leaflet morphology, the color and shape of strobilus indumentum, and geographic distribution (Vovides et 
al. 2004b). Although some conspicuous geographic discontinuities facilitate the distinction between most Ceratozamia 
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species, morphological differences in association with geographic isolation or habitat differentiation are not always easy 
to distinguish, and this makes the species delimitation a challenging task (González & Vovides 2002, Medina-Villarreal 
& González-Astorga et al. 2016). Recent studies that evaluated the morphological variation among populations sharing 
geographic and ecological affinities have helped to clarify the species definitions within Ceratozamia (Pérez-Farrera 
et al. 2009, 2014, Medina-Villarreal & González-Astorga et al. 2016, Martínez-Domínguez et al. 2016, 2017, Medina-
Villarreal et al. 2019). However, despite huge efforts to identify and delimit species, some population complexes have 
not been properly evaluated yet, since diagnostic traits have not been compared at the inter-population level. As shown 
in previous studies in other cycad genera (Gutiérrez-Ortega et al. 2018a, 2020), using quantitative analyses seems 
promising to reveal the existence of even more species within Ceratozamia.
 Ceratozamia robusta Miquel (1847: 42–43) was described in 1847 from plants of unknown provenance cultivated 
in Europe, and was neotypified in 1986 from plants collected in Parque Nacional Cañon del Sumidero (PNCS), 
Chiapas, Mexico (Stevenson & Sabato 1986). As currently defined, C. robusta is one of the species with the widest 
distribution range and the widest elevational range in the genus (Martínez-Domínguez et al. 2020), occurring in south-
eastern Mexico, Belize, and Guatemala (Calonje et al. 2020), from 200 to 1800 m a.s.l. (Fig. 1, Table 1). Also, this 
species is recognized by having the largest trunks, leaves, and cones in the genus, as well as its heavily armed petioles 
with stout prickles, and acute leaflet apices (Jones 1993, Whitelock 2002). While these traits have been suggested to 
be ‘exceedingly variable’ across populations (Whitelock 2002), no previous studies have evaluated this vegetative 
variation.

FIGURE 1. Distribution map of the known populations of Ceratozamia robusta from Chiapas (Mexico), Tabasco (Mexico), Belize, 
and Guatemala. The star symbol indicates the neotype locality of C. robusta: PNCS = Parque Nacional Cañón del Sumidero, which was 
included in this study. Large circles show the rest of the populations analyzed in this study: ENMC= Ejido Nuevo Monte Cristo, TEN = 
Tenejapa, YAJ = Yajalón, LC = Las Cuevas, BC = Barton Creek. Smaller red circles indicate other populations of C. robusta that have been 
registered in herbaria (Appendix A). Green color scale indicates the elevation in meters above sea level (m a.s.l.) as recorded in the raster 
layers of 30-sec resolution of the NASA Shuttle Radar Topographic Mission (SRTM) 90m Digital Elevation Database v4.1 deposited in 
DIVA-GIS (https://www.diva-gis.org/).

TABLE 1. Populations of Ceratozamia robusta sensu lato analyzed in this study. Elevation in meters above sea level (m 
a.s.l.). Highland populations are indicated in bold. Geographic coordinates are deliberately omitted to discourage illegal 
collecting. 
Population Elevation category Elevation (m a.s.l.) Samples analyzed
YAJ Yajalón High 1707 14
TEN Tenejapa High 1581 28
ENMC Ejido Nuevo Monte Cristo Mid 1271 14
PNCS Parque Nacional Cañón del Sumidero Mid 1244 20
LC Las Cuevas Low 560 9
BC Barton Creek Low 410 12
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 While studying specimens labeled as C. robusta at the following herbaria: HEM, MEXU, BH, CAS, ECOSUR, 
ENBC, F, MO, UJAT, US, XAL (acronyms according to Thiers 2020) (Appendix A), we particularly noticed two 
issues: 1) specimens from populations of the region Los Altos, Chiapas, (Chiapas Highlands, >1500 m a.s.l.) differed 
qualitatively from the C. robusta neotype by narrower leaflets and sparser and thinner petiole prickles; 2) plants from 
Belizean populations (<600 m a.s.l.) also differed from the C. robusta neotype by having larger leaves and broader 
leaflets. Therefore, we asked the following questions: 1) is there any significant morphological variation among the 
populations known as C. robusta?; 2) if so, is the morphological variation associated with the elevational variation 
among populations?; and 3) do all the populations that are currently circumscribed under as C. robusta truly belong to 
the same species, or are there any cryptic species that remain hidden within the concept of C. robusta? To answer these 
questions, we aimed to evaluate the morphological variation among populations of C. robusta in Belize and Chiapas, 
Mexico. 

Materials and methods

A total of 97 adult plants from six populations of C. robusta in Chiapas (Mexico) and Belize were sampled (Table 1, 
Fig. 1). Qualitative traits were observed to identify differences among three population groups corresponding to low, 
mid, and high-elevation populations (Table 2). 

TABLE 2. Comparison of morphological traits variation among population groups of Ceratozamia robusta sensu lato 
analyzed.
Trait C. robusta (neotype population) C. robusta (Belizean populations) Chiapas Highlands populations
Leaf form in adults Erect Erect Arched
Petiole and rachis Densely armed with thick prickles Densely armed with thick prickles Sparsely armed with thin prickles
Petiole Thick Thick Thin
Color leaves emerging Reddish-brown Reddish-brown Reddish-brown sometimes green
Trunk Totally aerial Totally aerial Partially subterranean
Male cone Thick Thick Thin
Peduncle male cone Short and thick Short and thick Long and thin
Tomentum in megasporophyll Brown Brown Yellow
Juvenile leaflet form “Robustoid” “Robustoid” “Miquelianoid”

 For morphometric analyses, ten traits typically used in species delimitation within the genus Ceratozamia (Vázquez-
Torres & Vovides 1998, Pérez-Farrera et al. 2009, 2014) (Table 3) were measured. To clarify whether elevation might 
be associated with the trait variation across populations, we tested the correlation between the variation of each trait 
and elevation with the Pearson correlation test in PAST v3.14 software (Hammer et al. 2001). In further analyses, to 
allow direct comparison between trait variation, trait values were transformed to Z-scores in an Excel spreadsheet. 
To estimate the global differentiation among populations, we used the Welch’s ANOVA and Kruskal-Wallis tests. 
Furthermore, to detect how the trait differentiation is grouped among populations, we additionally estimated the 
pairwise trait differentiation with the Kruskal-Wallis test.
 The Linear Discriminant Analysis (LDA) is a multivariate analysis that can estimate the combination of trait 
variation necessary to distinguish two or more given groups. In our study, we used LDA to test the morphological 
delimitation at three different levels: 1) among the six populations, 2) among elevational groups (low, mid, and high), 
and 3) between two groups determined by qualitative traits (see Table 2). In the first two cases, plots were constructed 
to visualize how the morphological identity of individuals spread along the two main axes explain the total variation. 
In the third case, because it considers only two groups, the variation of all traits is summarized in one axis. 

Results

Morphological observations

In our fieldwork surveys, we identified several qualitative traits suggesting that the populations from the Chiapas 
Highlands (YAJ and TEN in Fig. 1 and Table 1) differ from the rest of the examined populations (Table 2). Notably, while 
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adult plants from the C. robusta neotype and Belizean populations show erect leaves with thick petioles densely armed 
with thick prickles (Appendix B), the Chiapas Highlands plants have long arching leaves with thin petioles armed with 
scarce and thin prickles. Also, the trunks in typical C. robusta and Belizean populations are epigeous, giving a treelike 
appearance, whereas in the Chiapas Highlands, trunks are partially subterranean and appear short. There are also some 
clear differences in the reproductive structures. In the C. robusta neotype and Belizean populations, male cones are 
thick with short, thick peduncles, whereas the Chiapas Highland plants have thin male cones with long, thin peduncles 
that do not match the characteristics of the neotype of C. robusta. The tomentum of the female megasporophylls is 
brown in the populations of the neotype of C. robusta and Belize, but yellow in Chiapas Highlands. Furthermore, we 
observed important differences in the juvenile forms: C. robusta and Belizean populations have the typical “robustoid” 
leaflets (linear lanceolate, sometimes falcate) that resemble the adult forms, but the Chiapas Highlands juveniles have 
an oblanceolate shape (“miquelianoid”), similar to that observed in the species in the C. miqueliana complex (Vovides 
et al. 2020) (Fig, 2).

FIGURE 2. Leaf comparison at different maturation stages. Leaflets of Ceratozamia sanchezae (Tenejapa, Chiapas) at the juvenile stage 
have a “miquelianoid” shape (A), leaves may be reddish-brown (B) or green when immature, and arch upon maturation (C). In C. robusta 
(Parque Nacional Cañón del Sumidero, Chiapas), juveniles (D) and adults (E–F) have leaflets that are narrower and linear, and leaves are 
erect.
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Morphometric analyses

The morphometric variation of ten leaf and leaflet traits across six populations of C. robusta was examined. The 
correlation tests showed that the variation of all traits except trunk perimeter and petiole length were negatively 
correlated with elevation (Fig. 3). 

FIGURE 3. Linear regressions that test associations between trait variation (vertical axes) and elevation (vertical axes) in Ceratozamia 
robusta sensu lato analyzed. Pearson’s r values are indicated. * = p < 0.05, *** = p < 0.001.
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 According to Welch’s ANOVA and Kruskal-Wallis differentiation tests, Welch’s F and H (χ2) values were found to 
be significant, suggesting that the trait variation across populations is not uniform (Table 3). Furthermore, the pairwise 
differentiation tests on each trait were able to detect which were the populations that deviate with respect to the rest 
of the populations (Fig. 4). For example, we found that the trunk perimeter can distinguish each of the six populations 
(Fig. 4b). Most notably, the length of the rachis (Fig. 4e) and the number of leaflets pairs (Fig. 4f) differentiate the 
high-elevation populations (TEN and YAJ) from the rest of the populations. Other traits such as the trunk length 
(Fig. 4a), number of leaves (Fig. 4c), or leaflet width (Fig. 4h) make the same distinction, showing that TEN and 
YAJ are different from the rest of the populations, although the differentiation with respect to all other populations is 
not significant. None of the leaf or leaflet traits show significant pairwise differentiation between the low- and mid-
elevation populations.

TABLE 3. Morphological differentiation among the six examined populations of Ceratozamia robusta sensu lato. Welch’s 
F estimated in ANOVA and H (χ2) estimated with the Kruskal-Wallis test are indicated. Loading scores of the axis estimated 
in the Linear Discriminant (LD) analysis, considering two groups, is annotated. Traits analyzed in this study are abbreviated 
as A−J for further reference. * = p < 0.05, ** = p < 0.005, *** = p < 0.001, ns = not significant. Bold text in the LD axis load 
column indicate the values that contributed the most to distinguish two putative species. 
Key Trait Welch’s F H (χ2) LD axis load
A Trunk length (cm) 23.86*** 56.47*** -0.19842
B Trunk perimeter (cm) 60.21*** 73.35*** -0.062177
C Number of leaves 25.27*** 60.9*** -0.37575
D Length of petiole (cm) 5.379*** 27.11*** 0.059154
E Length of rachis (cm) 61.02*** 69.62*** -0.4251
F Number of leaflets pairs per leaf 54.89*** 69.96*** -0.39707
G Leaflet length (cm) 14.42*** 43.64*** -0.2097
H Leaflet width (cm) 18.59*** 53.89*** -0.20973
I Base of leaflet articulation (mm) 10.29*** 32.86*** -0.21411
J Distance between leaflets (mm) 9.967*** 30.86*** -0.20226

 Overall, the LDA plots representing the morphometric variation among the six populations (Fig. 5a) or among 
the three elevational groups (Fig. 5b) show three non-overlapping groups separated along the two main discriminant 
axes. These plots concordantly distinguish three population groups: 1) mid-elevation populations (PNCS and ENMC) 
corresponding to the C. robusta neotype; 2) Belizean populations (LC and BC); and 3) highland populations in Chiapas 
(TEN and YAJ). When the LDA considers two groups (high-elevation, and low-to-mid elevation), the groups do not 
overlap along the discriminant axis (Fig. 5c). Also, in the confusion matrix (Table 4), 95 of the 97 samples are correctly 
predicted to belong to their respective group.
 When considering the two-groups proxy, the traits that most contributed to the estimation of the discriminant axis 
were the number of leaves, number of leaflet pairs, and length of the rachis (Table 3), concordantly with the traits that 
separate the two groups in the pairwise differentiation tests (Fig. 4).

TABLE 4. Confusion matrix constructed with the Linear Discriminant Analysis (LDA). Rows indicate given groups (number 
of individuals that we consider as Ceratozamia robusta or C. sanchezae according to their population of origin) and columns 
indicate predicted groups by the LDA. 

C. robusta C. sanchezae Total
C. robusta 53 2 55
C. sanchezae 0 42 42
Total 53 44 97

New species description 

The qualitative observations and the morphometric analyses suggest that the populations from Belize we studied are 
larger forms of C. robusta, as circumscribed by Stevenson et al. (1986). However, the populations from the Chiapas 
Highlands (TEN and YAJ) represent a new species here described.
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FIGURE 4. Morphological variation across the examined populations of Ceratozamia robusta sensu lato. Population abbreviations 
correspond to those indicated in Table 1. Panels A–J correspond to the morphological traits listed in Table 3. Different letters above the 
bars indicate significant differentiation as estimated with a Kruskal-Wallis test. 
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FIGURE 5. Linear Discriminant Analysis plot showing the grouping of the analyzed populations of Ceratozamia robusta sensu lato. The 
three elevational groups do not overlap (except for one sample) when considering the dispersion of six populations along the two main 
axes (A). Biplots represent the loading of each morphological trait (A−J) in the distinction of the populations. The separation is clearer 
when considering the three elevation groups (C) or the two morphological groups proxies (C).
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Ceratozamia sanchezae Pérez-Farrera, Gutiérrez-Ortega & Vovides sp. nov. (Figs. 6–7).

Holotype:—MEXICO. Chiapas, Tenejapa, 1500 m, Pérez-Farrera 3558 ♀, 16 May 2017. (HEM!). Isotypes: (XAL!, MEXU!)
Ceratozamia sanchezae is distinguished from other species in the genus by its light green or reddish-brown leaflets in emerging leaves, 

arched mature leaves, the yellow margin of megasporophylls, few and scattered prickles on petiole and rachis, oblanceolate leaflets 
when juvenile.

Additional specimens examined (paratypes):—MEXICO. Chiapas, Tenejapa. Breedlove D. 25506 (CAS; CHIP; 
MEXU); Tenejapa. Pérez-Farrera M. A. 1673 (HEM); Petalcingo. Breedlove 56111 (CAS); Yajalón. Méndez Ton 
5498; 5722 (MEXU).

FIGURE 6. Ceratozamia sanchezae. sp. nov. in situ. (A) Adult plant. Emerging leaves can be either light green (B) or reddish-brown 
(C-D) until maturation.
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FIGURE 7. Strobili of Ceratozamia sanchezae. (A) Immature and (B) mature megastrobili. (C) Immature and (D) mature microstrobili.

 Stem semihypogeous, unbranching 9–23 cm long, 10–20 cm in diameter. Cataphylls persistent, brown and densely 
tomentose at emergence, reddish-brown and glabrous at maturity; triangular, apex acuminate. Leaves 4–16, ascending, 
arching at maturity, 106–226 cm long, light green or reddish-light brown when emerging. Petiole terete, 42–107 
cm long, armed with very few widely-spaced short prickles diminishing from the petiole to rachis. Rachis terete, 
54–118 cm long, prickles absent or with few widely-spaced, short prickles. Leaflets 15–31 pairs, linear to lanceolate, 
falcate along distal half, papyraceous, opposite to subopposite in the median and apical part of rachis, alternate in the 
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basal part, light-green to reddish-brown; apex acuminate, symmetric, base attenuate; median leaflets 28–40 cm long, 
18–33 mm wide, inter-leaflet distance 18–44 mm; articulations green, 0.81–1.11 cm wide. Microstrobilus solitary, 
cylindrical, erect, 25–28 cm long, 8.9–10 cm diam., light green turning olive green at maturity; peduncle tomentose 
8.5–15 cm long, 2.7–3.9 cm in diam. Microsporophylls cuneiform, distal face bicornate, 13–17 mm wide, 5.4–6.7 mm 
tall. Megastrobilus solitary, cylindrical, erect, 18–28 cm long, 7–8.2 cm in diam., apex mucronate; olive green turning 
light green at maturity, yellow pubescence at emergence. Megasporophylls peltate, distal face bicornate, pubescent, 
2.4–3.7 cm wide, 1.1–1.2 cm tall, green (including horns) at maturity, base green with yellow pubescence; peduncle 
tomentose, light green when immature, light brown at maturity, 4.6–6.3 cm long, 1–1.2 cm in diam. Seeds ovate, 
sarcotesta cream to light yellow, 2.2–2.6 cm long, 1.4–1.5 cm in diameter.
 Habitat description. Ceratozamia sanchezae is found in Quercus-Pinus-Liquidambar forest, according to the 
classification of Breedlove (1981), at 1500–1800 m a.s.l. It is sympatric with Quercus candicans Née (1801: 277), Q. 
rugosa Née (1801: 275), Q. sapotifolia Liebmann (1854: 185), Pinus oocarpa Schiede ex Schlechtendal (1838: 491), 
Nyssa sylvatica Marshall (1785: 97–98), Liquidambar styraciflua Linnaeus (1753: 999), Chamaedorea carchensis 
Standley & Steyermark (1947: 199), Gerardia spiciflora Engelmann (1845: 227), Ruellia stemonacanthoides (Oersted 
[1855: 8–12]) Hemsley (1882: 507), Ageratina ligustrina (Candolle [1836: 181]) King & Robinson (1970: 223), 
Ageratum houstonianum Miller (1768: 2), Verbesina perymenioides Schultz Bipontinus ex Klatt (1887: 143–144), 
Vernonia deppeana Lessing (1831: 398–399), Anthurium huixtlense Matuda (1950: 91–92), and hemiepiphytes or 
epiphytes such as Philodendron sp., Polypodium sp. and Tillandsia guatemalensis Smith (1949: 281). Ceratozamia 
sanchezae grows in Luvisol and phaeozem soils (Ferrisquilla-Villafranca 1998, INEGI 2010), generally on abruptly 
steep slopes of about 60°. The sedimentary outcrops in this area correspond to Cretaceous marine strata (INEGI 
2010). 
 Etymology. This species is named in honor of María Ydelia Sánchez-Tinoco, Mexican biologist, for her great 
contributions in the field of reproduction biology, particularly in the anatomy of the ovule and archegonia of cycads.

Discussion

Our results clarified that the populations from Belize and mid-elevations in Chiapas belong to C. robusta as currently 
circumscribed, whereas the Chiapas Highlands populations represent the new species C. sanchezae, which presents 
several qualitative (Table 2) and quantitative (Fig. 4, Fig. 5) traits that are not shared with C. robusta, and the quantitative 
differences across species might be associated with the variation in elevation (Fig. 3). Previous studies in Mexican 
cycads have suggested that elevation might have been an environmental factor influencing diversification. For example, 
the studies by Pérez-Farrera et al. (2009, 2014) showed that the leaflet length variation among Ceratozamia species 
seems to be associated with elevation. Also, in the genus Dioon Lindley (1843: 59–60), species show significant 
cross-species correlations between elevation and the measurement of some epidermal traits (Gutiérrez-Ortega et al. 
2018b, Vovides et al. 2018). Our study detected that this association can also be observed at the inter-population 
level, demonstrating that, in general, cycad plants that evolved at lower elevations tend to be larger than those at high 
elevations. Morphological and anatomical variation with elevation has also been found in other plant groups, such as 
Melastomataceae (Dudley 1978), ferns (Kluge & Kessler 2007), and conifers (Hultine & Marshall 2000).
 The Belizean populations we studied occur among the lowest elevation known for C. robusta (400–600 m a.s.l.). 
Our observations and statistical results suggest that the plants from these populations are just large forms of C. robusta 
since they share the qualitative traits that are defined by the neotype of C. robusta (Stevenson & Sabato 1986). However, 
plants of C. sanchezae can be distinguished from C. robusta in several qualitative and quantitative traits. A particular 
note is that, in C. sanchezae, leaflets of juveniles have an oblanceolate form that is similar to the species in the C. 
miqueliana species complex, whereas in mature plants, leaflets show a more linear or lanceolate form that is similar 
to C. robusta, and leaves become arched. Conversely, the shape of C. robusta leaves and leaflets do not meaningfully 
vary across maturation stages. These observations support the study by Medina-Villareal et al. (2019) which suggested 
that ontogeny transformations are common in some Ceratozamia species; C. sanchezae shows a clear example of this 
pattern. 
 The “robustoid” shape of the mature leaves of C. sanchezae may be the main reason why the populations from 
Chiapas Highlands have been historically considered as C. robusta. Previous studies (Stevenson & Sabato 1986) have 
suggested that the “robustoid” traits might be ancestral in the genus. This seems to be likely because populations that 
we now recognize as C. subroseophylla Mart.-Domínguez & Nic.-Mor. (2016: 35) or C. whitelockiana Chemnick & 
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T.J.Greg (1995: 51) were previously considered to be C. robusta based on leaflet morphology (Whitelock 2002, p. 74). 
However, a closer inspection of multiple morphological traits, in sum, can clearly distinguish all those species. Future 
phylogenetic studies should use ancestral state reconstruction methods to test the hypothesis that the traits found in C. 
robusta are basal in the genus. 
 To date, one population of C. sanchezae is known from Tenejapa, Chiapas, and at least three populations from 
Yajalón. Given the narrow distribution and the low number of plants found in populations, we propose that this species 
should be considered as “threatened with extinction” in the Mexican Official Norm NOM-059-ECOL (SEMARNAT 
2010) and as “Endangered” in the IUCN Red List of Threatened Species (2021), based on the criteria A2ce+4c; C1.
 To conclude, this study demonstrates that cycad diversity in Mexico is still subject to further reassessments. 
The example of C. robusta shows that the consideration of qualitative observation and quantitative analyses among 
morphologically and geographically close populations can help to discover and delimit the known taxa. Further studies 
on the phylogenetic and demographic history of cycad species will help to elucidate the origin of species and the 
evolutionary relationships within complex cycad groups, such as Ceratozamia. 
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APPENDIX A

Examined herbarium specimens that remain circumscribed as Ceratozamia robusta.—MEXICO. Chiapas, 
Altamirano. González-Espinosa M., Ochoa-Gaona S., Ramírez-Marcial, N; Martínez M., Santiago T. (UJAT, CAS); 
Chiapas, Altamirano. Pérez-Farrera M. A. 1471 (HEM); Chiapas, Ocosingo. Breedlove D. 29852 (CAS); Chiapas, 
Ocosingo. Breedlove D. 15687 (HEM); Chiapas, Ocosingo. García J. 720 (UJAT, ECOSUR); Chiapas, Ocosingo. 
Martínez E. 12067 (MEXU); Chiapas, Ocosingo. Vovides A. P., Calzada J. I. 481 (XAL); Chiapas, San Fernando. 
Pérez-Farrera 266 (BH); Chiapas, San Fernando. Pérez-Farrera 293 (HEM); Chiapas, Trinitaria. Breedlove D. 58417 
(ECOSUR); Chiapas, Trinitaria. Breedlove D. 71229 (HEM); Chiapas, Tuxtla Gutiérrez. Pérez-Farrera M.A. 30 (HEM, 
MEXU).—BELIZE. Union Camp. Holst B.K. 4105 (MO).—GUATEMALA. Dept. Huehuetenango. Steyermark J.A. 
49506 (F); Dept. Huehuetenango Steyermark J.A. 52046 (F); Dept. Alta Verapaz. Steyermark 49682 (F); Dept. Alta 
Verapaz. Steyermark J.A. 45734 (US, ENBC); Dept. Alta Verapaz. Wilson C.L. 262 (F).
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APPENDIX B

Microstrobilus and petioles of Ceratozamia robusta from Chiapas. Note the densely-armed petioles with thick prickles, 
which are typical in the species. This characteristic differs from the sparsely thin prickles in the petioles of C. sanchezae, 
as shown in the photos of Figure 7.


