
Monograph of Ceratozamia genus (Zamiaceae, Cycadales): an integrative approach 
 
Introduction 
 
Ceratozamia with 30 species is distributed from northwestern Mexico to Honduras (Calonje et 
al., 2013-2020). This genus shows limited ecological amplitude in relation to the other genera in 
Cycadales and is found in evergreen tropical forest, oak-forest and cloud forest (Vovides et al., 
2004). Despite these characteristics, the last species-level taxonomic treatment of Ceratozamia is 
over eight decades old, when the diversity of species in this group was unexplored (Miquel, 
1868; Schuster, 1932). Schuster (1932) included two species and the other eight names were 
considered as synonyms or under an infra-generic category. 

Taxonomically, Ceratozamia represents a complex group. The systematic works in this 
genus have been mostly limited to informally interspecific relationships within subsets based on 
similarities in geographic distribution and morphology (Vovides et al., 2004). In addition, the 
phylogenetic relationships within the genus are still not congruent and/or contradictory to each 
other (c.f. González & Vovides, 2012; Medina-Villarreal et al., 2019). Unfortunately, the lack of 
taxonomic reviews and taxonomic keys has limited the inference of evolutionary relationships in 
Ceratozamia. 

Ceratozamia species exhibit significant morphological variation, mainly quantitative, 
within populations (Martínez-Domínguez et al., 2016, 2017b,c). It has even been reported that 
morphological discontinuity does not coincide with the divisions of the lineage (Martínez-
Domínguez et al., 2017c). In this context, the conceptual framework ‘Integrative Taxonomy (IT)’ 
(sensu DeSalle et al., 2005), which includes different sources of evidence as criteria to 
corroborate or refute species hypotheses, has indicated its usefulness in this genus (Martínez-
Domínguez et al., 2016). In taxonomy, the delimitation of species is a critical and dynamic task. 
Thus, this theoretical and methodological approach represents a potentially more solid approach 
than classical or traditional in this group. 

The diversity of species in the genus shows a pattern of vegetative morphological 
variation that it is associated with habitat (Medina-Villarreal et al., 2019). The leaflets have a 
contrasting diversity of forms among geographically close species, but closely related among 
species with a pattern of geographical disjunction (Stevenson et al., 1986). Despite the potential 
that reproductive structures could provide in the circumscription and evolution of the genus, this 
type of data has been scarcely studied. Additionally, reproductive phenology in Ceratozamia is 
an unexplored field. The phenological patterns could contribute to elucidate the relationships 
between closely related species by providing a barrier to hybridization or acting as a driver of 
speciation (Clugston et al., 2016).  

Advances in basic taxonomic knowledge of Ceratozamia are crucial to plant evolutionary 
studies and conservation biology. During the last four decades, intensive fieldwork, particularly 
in Mexico has discovered the most of species known (Stevenson et al., 1986; Vovides et al., 
2004; Pérez-Farrera et al., 2009; Martínez-Domínguez et al., 2017a,b, 2018a). However, 
information associated with certain botanical collections for this group has led to ambiguous 
taxonomic identifications. This is the case for materials coming from north and central 
Mesoamerica, a region well known for its biodiversity and endemism, and some regions in 
Oaxaca (Mexico). There is limited information on the natural history of these species, as they are 
poorly represented in herbaria. Additionally, distribution ranges of species are ambiguous and 



some species are known only from the type locality. Considering this shortfall of information and 
the exceptionally rapid loss of forest cover in the region, thorough exploration and study of these 
localities is pressing. 

During the last six year, I have been worked in the circumscription of Ceratozamia genus 
with the aim of will raising the first contemporary monograph for the Cycadales order. Given the 
threatened status of Ceratozamia, which is included in IUCN and CITES (CITES, 2020), there is 
an urgent need of conservation strategies, which could only be properly understood through a 
reliable framework of species hypothesis. Thus, broad conclusions about their patterns of 
diversity and vulnerability could be reliably formulated. This research project focuses on 
circumscription of Ceratozamia robusta, and “morphs” affinities though multiple sources of 
biological evidence. This work includes the morphological both vegetative and reproductive and 
molecular variation at the population level, as well as phenological data. Finally, this material 
will allow conclude the monograph for this genus. 
 
Material and methods 
 
Sampling of biological materials and geographic distribution. Specimens from the main herbaria 
will be consulted, including review of nomenclatural types. DNA collections will be prepared in 
populations distributed across the distribution range of Ceratozamia robusta and morphs 
affinities in Chiapas (Mexico), Guatemala and Belize. We will sample 20 individuals from each 
population for 40 qualitative and 33 quantitative morphological characters; this set includes 
characters for pollen and ovulate strobilus. Leaf tissue will be collected from all individuals for 
DNA analyses. Each geographic coordinate will be checked and registered using ArcMap 
Geographic Information System 10.2 to elaborate distribution maps. 
 
Phenology. This data will be obtained directly from the field and herbarium specimens. The 
phenological phases will be coded following Martínez-Domínguez et al. (2018b). 
 
Laboratory analyses. DNA will be extracted from at least 3-10 individuals per population, to 
evaluate nucleotide diversity per population, per species. The DNeasy® Plant Mini Kit (Qiagen) 
will be used following standard laboratory protocols. Genomic region (loci) selection will follow 
published molecular systematics and DNA barcoding work in cycads (Little & Stevenson, 2007; 
Nicolalde-Morejón et al., 2011; Salas-Leiva et al., 2013). Amplification and purification products 
will be submitted to facilities at ‘Instituto de Biología’ (UNAM) for automated sequencing. 
Sequence alignment per gene region per individual/specimen per species will be performed with 
BioEdit 7.0.9. DNA barcoding will be performed with CAOS (Characteristic Attribute 
Organization System), a character-based approach.  

Taxonomic circle-based, integrative taxonomy inferences. All specimens for this group from 
Mesoamerica region will be scored for geographic, morphological (qualitative and quantitative), 
molecular and phenological characters. We will use methods suitable for each of these partitions 
and later synthesize results according to IT inferential criteria.  

Objectives 
 



Our primary general goal is to complete a modern monograph for Ceratozamia, including the 
taxonomic treatment with detailed descriptions, habitat characterization, keys and geographical 
distribution both in print and online. 
 
The following points will be covered with this subset project: 
 
* Species-level circumscription for Ceratozamia robusta and affinities morphs under the 
assumptions of the IT that included qualitative and quantitative morphological data, molecular 
evidence, as well as phenological data. 
* Review the typification of all species in Ceratozamia, including the historical names and 
concepts. 
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