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INTRODUCTION 

 

South American tropical rainforests and Andean vegetations have historically fascinated naturalists, 

from Humboldt, Martius in the 19th century, to Prance and Gentry in the 20th. Still, we are quite away from 

fully comprehending the complexities of the origin and evolution of particular groups of organisms of the 

Neotropics (see Antonelli et al., 2018). Currently, it is known that the Neotropics is the most diverse bioregion 

in terms of species richness and endemism in the globe, both in its fauna and flora (Hughes et al., 2013; Ulloa-

Ulloa et al., 2017), whereas it is also one of the most threatened bioregions due to anthropogenic pressures. 

This represents an enormous challenge for Brazil in the study and preservation of its biota, as it is the 

most vascular plant species-rich country in the world (Forzza et al., 2012; Ulloa-Ulloa et al., 2017). At the 

same time, the amount and availability of botanical records have significantly increased in the herbaria in the 

past few decades, so he now has access to vast herbarium collections going through a mass digitization 

framework (Pyke and Ehrich, 2014; Nualart et al., 2017; Colli-Silva et al., in press.).  

Such scenario and necessities are reflected in the “cacao group”, a remarkable group of Amazonian 

trees of Malvaceae-Byttnerioideae with c. 39 species in two genera (Theobroma and Herrania). Perhaps due 

to its long historical and economical importance, some Theobroma and Herrania species are hell-known by 

many American societies. Nevertheless, although some cacaos are quite known in applied research, it is 

shocking to realize that other species of this group remain unknown, with outdated information (Bletter and 

Daly, 2009). 

Supposedly, Herrania is distinguished from its relative group Theobroma by its compound leaves (vs. 

simple leaves in Theobroma), as well as by its trimerous calyx (vs. usually pentamerous in Theobroma) and 

for having the upper portion of an unguiculate petal much longer in Herrania than in Theobroma (Bletter and 

Daly, 2009). However, such characters, especially those related to the architecture of the branch growth and 

the seeds, are likely to be homoplastic (Cuatrecasas, 1964; Borrone et al., 2007), which turns problematic the 

circumscription of sections and subgroups (e.g. subspecies and forms of T. cacao). Moreover, pending 

questions regarding the taxonomy and evolution of the cacaos are still inconclusive, even after molecular 

phylogenetic analysis have been employed toward improvement of the systematics. Even some basic aspects 

of pollination, dispersal modes and ecology of the groups are lacking in species with a narrower distribution 

(Richardson et al., 2015; Barbosa et al., 2019).  

There is hence a major demand for a cautious revision of collections housed in several Amazonian 

herbaria, especially considering that this is a group whose material and symbolic importance are 

unquestionable. Such reevaluation is particularly mandatory for the Brazilian collections, since they were not 

fully contemplated in the revision of Cuatrecasas (1964): important Amazonian collections deposited in INPA 

(Herbarium of the National Institute of Amazon Researches) and RB (Herbarium of the Rio de Janeiro 

Botanical Garden), currently reference collections of the Amazonian flora, here not mentioned by Cuatrecasas 

even after the publication of his monograph.  

MCS proposes to undertake a revision of the nomenclatural and taxonomic status of Theobroma and 

Herrania species, associated to an assessment of the morphological evolution and speciation modes in the 

group. Results will contribute for improving the knowledge about the structural and genomic heterogeneity of 

an important Amazonian group, and about the fundamental steps of its diversification in the Neotropics. 

 

OBJECTIVES 

 

This proposal is part of a PhD project of MCS. The main goals are: (1) assess the morphology and 

distribution of current species, critically reevaluating taxonomic delimitations of Theobroma and Herrania 

species; (2) by using a species-level phylogeny as a backbone for reconstruction of ancestral state characters, 
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look for structural synapomorphies and discuss how the evolution of such characters might have occurred in 

both genera and in their respective sections; (3) evaluate the role of allopatric or sympatric speciation modes 

in shaping or selecting phenotypic (morphological) and genotypic (phylogenomic) traits. 

 

MATERIAL AND METHODS 

 

To tackle the main goal (1) of this work, MCS should travel to some countries to study herbarium and 

living collections to study the available materials of cocoa species. From that, he will produce a taxonomic 

treatment for Theobroma and Herrania, including detailed information of taxonomy, distribution, ecology, 

morphological variability and information on uses and history of the species. Most visits will be in the 

following herbaria: HERBAM, INPA, MG, RB, UFACPZ in Brazil (acronyms following Thiers [continuously 

updated]); COAH, COL, FMB, HUA and HUAZ in Colombia; F, MO, NY, US in the US and E, K, MA, M, 

P in Europe, all housing most types and records of the study group. After evaluating all available collected 

materials, need to carry out field expeditions to collect materials of selected species will be evaluated, 

especially those with narrower distribution and/or few collections.  

For the main goal (2) of this work, MCS will use a species-level phylogeny being developed by his co-

advisor’s team – Dr. James Edward Richardson, from the Rosario University, Bogotá – with whom he has 

established an ongoing collaboration. Using this phylogeny as backbone, he will estimate ancestral character 

states for selected features he has gathered via morphological studies. These traits plus the taxonomic 

treatment will enhance a broad discussion on possible morphological synapomorphies, as hell as the discussion 

on the monophyly of each of the current sections of Theobroma and Herrania plus the evolutionary history of 

the group. The morphological matrix will be complete, with morphological and anatomical characters that can 

be assessed by consulting herbarium and living collections, as well as by making targeted fieldtrips. 

Finally, for the main goal (3), he will also use the species-level phylogeny to select two or three pairs 

of sister-groups of species of Theobroma and Herrania that occur either in sympatry or allopatry. Then, he 

should follow a similar framework performed for Drosophila in Kang et al. (2016), collecting 10–20 

individuals from each pair of sister-species, performing a restriction enzyme-base method (RAD-seq) to 

manipulate genomic DNA for further sequencing. From the sequenced DNA he will calculate default genomic 

metrics (i.e. ratio between synonymous and non-synonymous changes, as hell as FIS and FST statistics), 

examining the genetic divergence among populations 

derived from sympatric and allopatric speciation.   

 

BUDGET AND JUSTIFICATION 

 

MCS is about to start his PhD at the University of 

São Paulo, São Paulo, by April of this year, advised by 

Prof. Jose Rubens Pirani and co-advised by Prof. James 

Edward Richardson from the Rosario University, Bogotá. 

MCS is applying for a PhD grant of the Brazilian funding 

agency FAPESP (The São Paulo Research Foundation). 

FAPESP’s grant should cover most part of the molecular 

work, field expeditions in Amazonia and visiting costs to 

herbaria in Colombia, Europe and in the US. The IAPT 

grant would cover MCS’ first visit to the Brazilian 

Amazonian collections in Amazonas (INPA, EAFM 

Herbaria plus the Ducke Reserve), Pará (MG, Belém) and 

Acre states (UFACPZ and the living collection of the 

Zoobotanic Park). Also, in Belém MCS will visit three 

large living collections: Embrapa/CEPLAC–“The 

Executive Commission for Cocoa Cultivation Planning”, 

and the George O’Neill Addison and the Basil Gorge David 

Bartley living collections (see Silva et al., 2004).  
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After the first studying the Amazonian collections, MCS will already have consulted 59% of all 

Brazilian collections for review and 20% of all known species (see Graphs on past page), which is a 

significative add to the work. Selected materials and loans will be taken to MCS’ home institution (SPF 

Herbarium) too. Also, by accessing the largest living collections of cacaos in Brazil (see Silva et al., 2004), 

MCS will have contact with living materials of 15/39 species of Theobroma/Herrania–a major input of data 

for the project goals. 

MCS will have full picture of the extant lack of collections of the narrower species of cacaos that will 

drive future fieldtrips to be funded by FAPESP. Nevertheless, although the main goal of this grant is to visit 

collections, he will also take the opportunity to make short expeditions in nearby forested areas where there 

is lots of known records of native cacaos (i.e. the Ducke Reserve, in Manaus), in order to complete the 

sampling of widespread species that have less collections, which is the case especially for Herrania.  

The requested budget is summarized below. He will make a one-month trip, taking the most 

parsimonious route to optimize flight costs, departing from São Paulo and going to Pará, and from there to 

Amazonas and then Acre, going back to São Paulo from Acre instead.  

 

Main activity Estimated budget 

Flight passages (São Paulo-Belém-Manaus-Acre-São Paulo), given a stay of seven 

days in each city (Economic class, buying with 30 days in advance) 
$600 

Daily expenses (local transportation, staying, food) and infrastructure (shipping and 

transporting materials and loan collections) (one month, assuming c. $45 per day) 
$1,350 

Total required $1,950 
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In this project, we will undertake a revision of nomenclatural and taxonomis status of Theobroma and Herrania species (the cocoa 

group), associating it to an assessment of the morphological evolution and speciation modes in the group. 


