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Abstract 

 

Neurolaeneae is one of the 50 tribes of Asteraceae. This taxon was first recognized on a 

morphological basis in 1927, later ranked as a subtribe in 1981, and then reinstated at tribal 

level supported by molecular data in 2002. Except for a few taxonomic revisions, no 

phylogenetic systematic study has been carried out focused on the tribe since its first 

circumscription. In fact, only five species have been sampled in phylogenetic studies of the 

family to date (2.7% of the tribe). Thus, Neurolaeneae represents a neglected tribe regarding 

phylogenetic studies. The development of an integrative approach to understand the 

systematics of Neurolaneae and its most species-rich genus Calea is necessary. The goal of 

this dissertation is to advance the knowledge on the diversity, distribution, and evolution of 

this enigmatic tribe. To achieve this goal, I based my studies on classical taxonomy and 

molecular phylogenetic methods. The taxonomic studies were based on the assessment of 

14,274 specimens from 70 herbaria either visited (46) or based on loans (24) or through high-

definition images. Morphological descriptions were based upon 365 specimens. For molecular 

phylogenetic reconstruction, 63 species were sampled (35% of the tribe). The thesis is divided 

in 4 chapters. The Chapter 1 presents a morphological and geographical overview of 

Neurolaeneae and its genera. The Chapter 2 is the culmination of efforts that allowed the 

recognition of six new species (five in Calea and one in Neurolaena); two new nothospecies 

of Calea for science; and the establishment of a new combination and a new name for Calea. 

Furthermore, this part includes taxonomic keys to identify these new taxa as well as proposals 

for new taxonomically informative terminology to characterize the receptacle and the pappus 

in the tribe. Articles already published that are related to this chapter are listed at the end. The 

Chapter 3 highlights nomenclatural and taxonomic synopses for C. subgen. Teucriifolia, C. 

sect. Meyeria, and C. ser. Candolleanae, and a taxonomic revision of C. sect. Meyeria. This 

chapter is the sum of nomenclatural and taxonomic actions treated here and also includes 17 

lectotypifications, one neotypification, five new synonyms and corrections or 

supplementation for amendments on the information of nine collection dates, six collecting 

places, two collector’s names and two collection numbers of type specimens. The Chapter 4 

comprises an integrative study based on phylogenetic, morphological and geographic 

molecular data, which aims to understand evolutionary relatonships in Neurolaeneae. One of 

the highlights of this phylogenetic reconstruction is that Staurochlamys, previously classified 

in Coreopsideae, should be included in Neurolaeneae for turn it monophyletic. Further, a new 

infratribal classification recognizes 4 subtribes (with the maintenance of Heptanthinae, the 



recircumscription of Enydrinae and Neurolaeninae, and the proposal of the new Caleineae); 

six genera (Calea, Enydra, Greenmaniella, Heptanthus, Neurolaena, and Staurochlamys); 8 

subgenera (four resurrected, three new, and a new status and combination); 18 sections (13 

new); and 16 series (12 new). The new classification is presented together with an updated 

taxonomic synopsis where 185 species are presented. Lastly, I report in an appendix my 

personal experiences as a person with disability pursuing a PhD degree and navigating 

through academia and the plant systematics world, which still currently lacks infrastructure 

and resources necessary to accommodate and be accessible to all people. There were (and 

there is) many obstacles along the way, just as there were several advances that I have 

achieved so far, including completing my doctorate. Further studies are needed to improve our 

understanding on Neurolaeneae, a tribe hitherto poorly known to science, as well as better 

resources are necessary to support the inclusiveness, diversity, and equity that is not fully 

represented and properly addressed even when considering systematics, the study of 

biological diversity and its evolution. 

 

Key-words: Compositae, Heliantheae Alliance, Integrative approaches, Neotropics, Person 

with disability, Taxonomy 

  



Resumo 

Neurolaeneae Rydb. é uma das 50 tribos de Asteraceae. Esse táxon foi primeiramente 

reconhecido morfologicamente em 1927, mais tarde ranqueado como uma subtribo em 1981 e 

depois re-elevado ao nível de tribo com suporte de dados moleculares em 2002. Com exceção 

de poucas revisões taxonômicas, nenhum estudo sistemático com abordagem filogenética foi 

desenvolvido para a tribo ou qualquer um dos seus grupos infratribais. Ao todo apenas cinco 

espécies (2,7% da tribo) já foram incluídas em filogenias para a família. Assim, essa tribo 

representa uma tribo negligenciada com relação a estudos filogenéticos e é extremamente 

necessário desenvolver um estudo sistemático integrativo com foco em Neurolaeneae, 

especialmente Calea – o gênero com maior número de espécies na tribo. Portanto, o objetivo 

dessa tese é avançar no conhecimento da diversidade, distribuição e evolução de 

Neurolaeneae. Para a realização deste trabalho, eu baseei meus estudos em taxonomia clássica 

e métodos filogenéticos moleculares. Os estudos taxonômicos foram baseados na análise de 

14274 espécimes em 46 herbários visitados ou baseados em imagens de alta definição de 24 

herbários. Desses, 365 espécimes foram detalhadamente descritos. Para a reconstrução 

filogenética, 63 espécies foram amostradas, 35% da tribo. A tese é dividida em quatro 

capítulos. O Capítulo 1 apresenta um panorama morfológico e geográfico de Neurolaeneae e 

seus gêneros. O Capítulo 2 é um conjunto de esforços que permitem o reconhecimento de seis 

novas espécies (cinco para Calea e uma Neurolaena) e duas novas notoespécies para Calea, 

assim como é proposto uma nova combinação e um novo nome para Calea. Além disso, esse 

capítulo inclui chaves taxonômicas para reconhecer esses novos táxons e novas terminologias 

taxonomicamente informativas para a caracterização do receptáculo e do pápus para a tribo. 

Os artigos já publicados que fazem parte desse capítulo, são listados no fim desse. O Capítulo 

3 apresenta sinopses nomenclaturais e taxonômicas para três táxons infragenéricos de Calea 

(C. subgen. Teucriifolia, C. sect. Meyeria, C. ser. Candolleanae) e uma revisão taxonômica 

de C. sect. Meyeria. Este capítulo inclui 17 lectotipificações, uma neotipificação, cinco novos 

sinônimos e correções ou complementações para alterações nas informações de nove datas de 

coleta, seis locais de coleta, dois nomes de coletores e dois números de coleta de espécimes-

tipo. O Capítulo 4 compreende uma abordagem integrativa baseada em dados moleculares 

filogenéticos, morfológicos e geográficos, que visa entender as relações evolucionárias em 

Neurolaeneae. Um dos destaques dessa reconstrução filogenética é que Staurochlamys, 

previamente classificado em Coreopsideae, deve ser incluído em Neurolaeneae para que essa 

tribo seja monofilética. Uma nova classificação infratribal foi proposta reconhecendo quatro 

subtribos (com a proposição de Caleineae e a recircunscrição de Enydrinae e Neurolaeninae), 



seis gêneros (com a inclusão de Staurochlamys), 8 subgêneros (quatro ressuscitados, três 

novos e uma nova combinação), 18 seções (13 novas) e 16 séries (12 novas). A nova 

classificação é apresentada juntamente com uma sinopse taxonômica atualizada em que 185 

espécies são listadas. Por último, eu reporto em um apêndice minhas experiências pessoais 

como uma pessoa com deficiência alcançando o Doutorado e através de toda a minha carreira 

acadêmica e o mundo da sistemática vegetal, o qual ainda não está preparado para acomodar 

diversidade humana. Houve muitos (e ainda há) obstáculos no caminho, assim como houve 

diversos avanços que conquistei até aqui, inclusive a finalização do meu doutorado. Mais 

estudos são necessários para aumentar nosso conhecimento sobre Neurolaeneae, uma tribo até 

então pouco conhecida pela ciência, bem como a diversidade humana que não é plenamente 

representada e devidamente abordada mesmo quando se considera a Sistemática, o estudo da 

diversidade biológica e sua evolução. 

 

Palavras-chave: Abordagens integrativas, Aliança Heliantheae, Compositae, Neotropics, 

Pessoa com Deficiência, Taxonomia 

 

 

 



Introduction 

 

 Asteraceae Bercht. & J.Presl has ca. 25,000 to 33,000 species (Mandel et al. 2019) 

currently divided into 50 tribes (Mandel et al. 2019; Susanna et al. 2020), one of which is 

Neurolaeneae Rydb. Proposed in 1927 (Rydberg 1927), it was later treated as a subtribe 

(Robinson 1981) and elevated to the tribe level through molecular analysis (Panero & Funk 

2002). Panero (2007) did the first taxonomic study focused on the tribe, recognizing three 

subtribes, five genera, and about 150 species.  

 According to Panero (2007), the five genera of Neurolaeneae are the monotypic 

Greenmaniella W.M.Sharp that occurs only in Mexico; Enydra Lour., which is the most 

widespread genus occurring on all continents with five species; Heptanthus Griseb. that has 

seven species and curiously, all are endemic to Cuba; Neurolaena R.Br. it is the second most 

species rich genus in the tribe with 13 species and a distribution from Mexico to Bolivia, 

including the Mesoamerica (Pruski & Robinson 2018); and Calea L., the most species rich 

genus with 125 species (according to Panero 2007) and later expanded to 150 species by 

Pruski and Robinson (2018). 

 Greenmaniella was studied by Sharp (1935), Panero (2007), and Turner (2014). 

Enydra was revised by Snow (1980) and Panero (2007), and, recently, Bean (2009) 

revalidated E. woolsii F. Muell.. Neurolaena has been the focus of several studies published 

by Turner (1977, 1982, 1985, 1990, 1998, 2014), and Panero (2007). Calea is the most 

species-rich genus and has been extensively researched (Linnaeus 1763; Candolle 1836; 

Gardner 1848; Bentham and Hooker 1873; Baker 1884; Robinson and Greenman 1896; 

Malme 1933; Barroso 1975; Robinson 1975, 1979; Pruski and Urbatsch 1983, 1987, 1988; 

Pruski 1984, 1997, 1998, 2005, 2011, 2013; Wussow et al. 1985; Urbatsch et al. 1986; Pruski 

and Hind 1998; Panero 2007; Roque and Carvalho 2011; Diaz-Piedrahita and Rodríguez-

Cabeza 2012; Pozo and Hind 2013; Silva 2016; Silva et al. 2016; Pruski and Robinson 2018; 

Silva and Teles 2018; Reis-Silva 2019; Reis-Silva and Nakajima 2020, 2021). Nearly all of 

these papers are descriptions of new species or taxonomic notes about species of Calea from a 

certain geographic area. 

Apart from the taxonomic revisions for Enydra (Snow 1980), Neurolaena (Turner 

1982) and for Calea sect. Lemmatium Benth. & Hook. f. (Urbatsch et al. 1986), no further 

revisions have been provided for the other genera or infragreneric groups in Neurolaeneae. 

Moreover, no systematic study based on phylogenetic approaches has been carried out 

focused on the tribe or any of its infratribal groups. To date, only five species of Neurolaeneae 



have been sampled in any published phylogenetic reconstruction for Asteraceae (Panero et al. 

1999; Panero & Crozier 2016; and Mandel et al. 2019).  

Thus, due to the sparse literature, the species diversity in this tribe (almost exclusively 

in the Americas), and the lack of integrative approaches combining classical taxonomy and 

phylogenetic based systematics, the current PhD Dissertation aims to make significant 

contributions to our knowledge of diversity, geographic distribution, and the evolution of 

Neurolaeneae.  

This dissertation is organized into four parts and one appendix. Part 1 presents an 

overview of Neurolaeneae. Part 2 is a conjunction of the efforts that allowed the recognition 

of five new species of Calea and one new species of Neurolaena, two new nothospecies of 

Calea, the proposal of a new combination and a new name in Calea; and it includes 

taxonomic keys and new terminologies for the characterization of taxonomically informative 

features, including the receptacle and the pappus in Calea and Neurolaena. Part 3 presents 

nomenclatural and taxonomic synopses for three infrageneric taxa and one taxonomic review 

for infrageneric taxa of Calea. Part 4 deals with the phylogenetic reconstruction of 

Neurolaeneae and the proposal of a new integrative-based (phylogenetic, morphological, and 

geographical data) classification from subtribes to infrageneric taxa. The new classification is 

presented along with an updated taxonomic synopsis of 185 species. 

Lastly, I report in an appendix my personal experiences as a disabled person pursuing 

a PhD degree and navigating through the world of academia and plant systematics that are not 

currently designed to provide adequate support to persons with disability. There were (and 

there are) many obstacles to accessibility for persons with disability in the sciences, but 

despite these challenges I have made significant achievements so far, including the 

completion of my doctorate. Further studies are needed to improve our understanding of 

Neurolaeneae, a tribe hitherto poorly known to science, as are better resources to support the 

inclusiveness, diversity, equity, and accessibility that is not fully represented and properly 

addressed even when considering systematics, the study of biological diversity and its 

evolution. 
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Final considerations 

 

 During the course of nearly five years, my dissertation was produced alongside the 

COVID-19 pandemic, one of the most devastating challenges humankind has faced during the 

last century. This pandemic had significant impacts on my work, including everything from 

the personal aspect of collaboration and mentorship to the possibility of developing lab and 

fieldwork. This included nearly nine months without access to the herbarium or laboratory. I 

also missed important travel opportunities, such as visiting the herbaria in Bahia, some 

Brazilian states and Paraguay, for which I had already purchased tickets for first half of 2020. 

Other study trips, such as the one I took to the USA were postponed several times. My first 

expectation was to travel to herbaria and labs in the USA in October 2020, but instead I only 

managed to go in May 2022. 

Even with these challenges and delays, I have made significant contributions to the 

knowledge about Neurolaeneae. To carry out this work I visited 46 herbaria (another 24 

herbaria had specimens studied based on high-definition images or loans), I reviewed all the 

available types of Neurolaeneae species that I found personally or in the different virtual 

platforms: C. V. Starr Herbarium Virtual (2023), Jstor Global Plants (2023) Reflora (2023), 

Smithsonian Virtual Herbarium (2023), SpeciesLink (2023), and Tropicos (2023). I analyzed 

about 14,250 specimens of 170 species of Neurolaeneae Rydb., these 12,382 specimens (149 

species) are Calea specimens. I made new identifications in more than 1,100 specimens and I 

prepared detailed morphological description from ca. 365 specimens. For molecular 

phylogenetic analyses I managed to get samples for 35% of the tribe species (63 species).  

Based on this effort, I present here 14 articles, six already published. In these articles, 

six new species are described, one from Neurolaena and five from Calea. In addition, two 

new nothospecies, two new combinations, and a new name for Calea are proposed. 

Throughout this work, we produced 10 taxonomic keys that will support the identification of 

taxa. I have also proposed a new terminology to describe important diagnostic characters for 

morphological and taxonomic study, including the paleaceous receptacle and the pappus 

scales. These new taxonomic glossaries were initially proposed for Calea to describe 18 

species with a partly paleaceous receptacle (smaller proportion of paleae compared to disc 

florets); however, we found 33 species of Calea (ca. 21%) with partly paleaceous receptacle. I 

have seen that these new terminologies are applicable and potentially informative for 

Neurolaena R.Br. (three species were found with a partly paleaceous receptacle) and 

ultimately, they will have broad applicability for other taxa in the Asteraceae family.  



Importantly, this dissertation also includes the first molecular phylogeny for 

Neurolaeneae. Until now, only five species from this tribe had been included in any previous 

molecular phylogenetic study. The phylogenetic hypothesys resconstructed supports that for 

Neurolaeneae to be considered monophyletic, it must include Staurochlamys (previously 

inserted in Coreopsideae). This work also expands the number of species recognized in the 

tribe from 150 to 185 species and provides the first comprehensive checklist of species in the 

tribe. I have also proposed a new infratribal classification that includes the description with 

the proposal of the new subtribe Caleineae, the recircumscription of Enydrinae and 

Neurolaeninae, and the placement of a genus previously considered in a different tribe 

(Coreopsideae) in Neurolaeneae (Staurochlamys). I also have updated the infrageneric 

classification of Neurolaena with the four species described after 1982 (Turner 1982), 

inserting them in the sections and series already proposed. 

The phylogenetic results demonstrate that Calea is monophyletic and includes 8 

subgenera (four resurrected, three new and a new combination); 16 sections (13 here 

suggested); and 12 series. The infrageneric classification of Calea is newly proposed in this 

dissertation. Among the taxonomic keys produced as part of this work is a comprehensive key 

for the infrageneric taxa in Calea. 

The revised nomenclatural contributions from this work include lectotypifications (17 

spp.), neotypification (1 spp.), synonymizations (5 spp.), and corrected or indicated the date (9 

spp.) and place (6 spp.) of collections. We also indicate the collector number (2 spp.) and the 

correct collector (2 spp.). 

In addition to the papers that are included in this dissertation are other concomitant 

studies on Calea that I have collaborate in, but which were not included in the thesis: 

Marques et al. (2022) is the first anatomical article for Calea cypselae and its results show 

that the patterns of phytomelanin deposition in this group represent an anatomical novelty in 

Calea, and Neurolaeneae. In fact, I already have samples and a partnership to develop a 

sampling in all Neurolaeneae genera, which could demonstrate whether the pattern of 

phytomelanin deposition in Eupatorieae may be an apomorphy for the tribe. 

Martins, M. A. et al. (in prep.) that has been completed as a complementary study of 

my thesis research is the characterization of phyllaries from 14 species of Calea, also the first 

of its kind study for this genus. This study describes what are the well-known and 

taxonomically important striations of the phyllaries. Results from this study may have 

taxonomic significance for the genus and infrageneric groups. An analysis of more species of 



Calea is ongoing and soon, we will also analyze the phyllaries of the other genera of 

Neurolaeneae; all six genera have striated phyllaries. 

Another publication provides results from the first palinotaxonomy study in Calea: 

Bueno et al. (in prep.), a partnership with S. C. Pinto and V. G. L. Esteves, on Calea sect. 

Meyeria. This research is ongoing, but preliminary results suggest pollen may be an important 

diagnostic feature for the eight species of this section. Additional species of Calea have 

already been sampled and we will compare palinotaxonomic data with the infrageneric taxa 

recognized based on the phylogenetic results. 

Also ongoing is an expanded phylogenomic study of Neurolaeneae which will be 

completed later this year (with greater taxonomic sampling). As we have a detailed 

morphological and occurrence geographical distribution database for Neurolaeneae, we will 

leverage the phylogenomic data to understand patterns of morphological character evolution 

in the tribe and especially in Calea. 

A partnership with M. L. Bueno is already established to evaluate the morphometry of 

margins leaf and capitulescence of Calea sect. Meyeria. In addition, we intend to carry out an 

ecological niche modeling not only of this group, but also for many others in Calea.  

From a personal perspective, during my doctorate I became a curator of three genera 

in Flora e Funga do Brasil (2023): Calea (Reis-Silva et al. 2023), Dimerostemma Cass. 

(Nakajima et al. 2023), and Isostigma Less. (Borges & Bueno 2023). In addition, this year I 

will be included as a contributor for Enydra Lour. and Neurolaena, which is not yet listed in 

Flora e Funga do Brasil (2023). I am also happy to be one of the 34 editors of the Global 

Compositae Database (2023), being responsible for Neurolaeneae.  

As I am a disabled person with reduced mobility, I dedicated a lot of time to 

publicizing my research on social media and looking for pictures of Neurolaeneae species. 

One of the platforms I used the most was iNaturalist (2023). The main advantage of using this 

platform is that it brings researchers closer to the community and the data goes to GBIF 

(2023) and today, I am recognized with providing the highest number of determinations for 

Neurolaeneae on the iNaturalist platform. Using these digital tools, I was able to secure 

photographs of 101 species of Neurolaeneae (approximately 55% of the tribe) and I have 

already found records of rare species, such as Calea martiana Baker, without this tool, 

knowing how they look at field would be a difficult task. 

In summary, I believe much has been done and we now know Neurolaeneae much 

better. Luckily, there is still a lot to do and understand from the data we already have, and the 

ones that will be generated. And that is exactly what I intend to do in the coming years. 
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