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Resumo 

 

A Cadeia do Espinhaço (Espinhaço Mountain Range - EMR) é uma das regiões de 

maior diversidade florística da América do Sul, englobando um mosaico de 

fitofisionomias altamente diversas. Dentre os grupos de angiospermas que ocorrem 

nessas paisagens, Myrtaceae é destacada por sua diversidade e relevância ecológica. 

A família foi incluída em 13 inventários florísticos na EMR; contudo, esse número 

parece ser insuficiente para a compreensão de toda sua diversidade na área. Dessa 

forma, o objetivo desta dissertação foi revisar a composição, o esforço amostral e a 

distribuição de Myrtaceae em diferentes montanhas e vegetações da EMR e investigar 

os fatores ambientais que moldam esses padrões. Bancos de dados online, floras 

locais e descrições de espécies foram compilados, espécimes foram analisados em 

herbários e um banco de dados foi construído com 12.848 registros. Padrões 

florísticos foram investigados usando NMDS. Variáveis edáficas e climáticas 

associadas com a distribuição das espécies foram investigadas com GDM. Foram 

encontrados 17 gêneros e 281 espécies, das quais 42 spp. são endêmicas. Os 

gêneros mais diversos (Eugenia e Myrcia) também são os mais especiosos entre as 

Myrtaceae neotropicais, mas o endemismo foi desigual dentro dos clados. A maioria 

das espécies não é endêmica, estando distribuídas em domínios morfoclimáticos 

adjacentes – especialmente na Mata Atlântica, centro de diversidade de Myrteae e 

origem de grandes linhagens. A diversidade em diferentes subdivisões 

geomorfológicas foi correlacionada ao esforço amostral, ambos concentrados no 

Espinhaço Meridional, na Chapada Diamantina e no Quadrilátero Ferrífero. Florestas 

abrangeram o maior número de espécies e espécies exclusivas, embora o número de 

generalistas tenha crescido ao comparar o banco de dados com informações da 

literatura. Padrões de similaridade não recuperaram estruturas geomorfológicas ou 

subdivisões encontradas para outras famílias de angiospermas. Fatores edáficos 

relacionados à disponibilidade de nutrientes e capacidade de retenção de água do solo 

foram os preditores mais relevantes para a distribuição das espécies, alinhando-se 

com estudos que avaliam a distribuição de espécies em vegetações empobrecidas de 

nutrientes. Preditores climáticos e distância geográfica, embora citados anteriormente 

como expressivos para outras angiospermas em campos rupestres, não foram 

altamente significativos para Myrtaceae. 

Palavras-chave: Banco de dados; Padrões florísticos; Myrteae; Biogeografia 

ecológica;  



 
 

Abstract 

 

The Espinhaço Mountain Range (EMR) is one of the most floristically diverse regions in 

South America, encompassing a mosaic of highly diverse phytophysiognomies. Among 

angiosperm groups that occur in these landscapes, Myrtaceae has been consistently 

highlighted for its diversity and ecological relevance. Although the family has been 

previously included in 13 comprehensive inventories in the EMR, this number is still 

insufficient to comprehend Myrtaceae richness and species distribution in the area. 

Therefore, the aim of the present dissertation was to review Myrtaceae composition, 

sampling effort and distribution in different mountains and vegetation types of the 

Espinhaço Mountain Range and investigate environmental drivers that shape these 

patterns. Online databases, local floras and species descriptions were compiled, 

specimens were analyzed in herbaria and a comprehensive database was constructed 

with 12,848 records. Floristic patterns were investigated using NMDS. Climatic and 

edaphic variables associated with species turnover in the study area were investigated 

with a GDM. There were found 17 genera and 281 species, from which 42 spp. are 

endemic to the EMR. The most diverse genera (Eugenia and Myrcia) were also the 

most speciose among neotropical Myrtaceae, but species endemism was 

proportionally uneven within clades. Contrary to previous assessments, Myrtaceae 

species were mostly not endemic, being distributed in the adjacent morphoclimatic 

domains – especially the Atlantic Forest, a center of Myrteae diversity and origin of 

major lineages. Diversity in different geological subdivisions were correlated to 

sampling effort, both concentrated in the Southern Espinhaço, Chapada Diamantina 

and Iron Quadrangle. Forests encompassed the highest number of overall and 

exclusive species, although the number of habitats generalists grew comprehensively 

when comparing the database with data from literature. Similarity patterns did not 

recover geomorphological groups or subdivisions previously found for other 

angiosperm families. Edaphic predictors related to nutrient availability and soils water 

holding capacity were the most relevant drivers of Myrtaceae species turnover in 

different vegetation types within the EMR, aligning with previous studies assessing 

species distribution in nutrient impoverished phytophysiognomies. Climatic predictors 

and geographical distance, though previously cited as expressive for other 

angiosperms in campos rupestres, were not highly significant for Myrtaceae. 

 

Keywords: Botanical database; Floristic patterns; Myrteae; Ecological biogeography; 
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Introduction 

 

 Neotropical mountain formations have been highlighted for its enigmatic 

immense diversity since Humboldt expeditions in the XIX century, comprising large 

refugia for biodiversity in highly fragmented and vulnerable landscapes (Bitencourt et 

al. 2016; Martinelli 2007; Rahbek et al. 2019). Among mountain ecosystems worldwide, 

formations in east Brazil are underlined for its immense diversity despite small 

topographic complexity (Rahbek et al. 2019). The mountains in these regions were 

originally described as the Espinhaço Mountain Range (EMR) in 1822 by Wilhem von 

Eschwege (Derby 1906; Renger 2005). Since Eschwege, multiple studies have 

revaluated the EMR geology and circumscription: Derby (1906) reduced the EMR to 

the mountain ranges within the Minas series, therefore excluding areas known today as 

“Serra da Mantiqueira” and “Serra do Mar”, and Bruni et al. (1974) proposed the 

denomination of the Espinhaço Supergroup, dividing the EMR in two stratigraphic 

groups and therefore excluding the Iron Quadrangle of its circumscription.  

 The current delimitation of Espinhaço Mountain Range follows, simultaneously, 

Bruni et al. (1974) and Derby (1906). Some biodiversity assessments focus on the 

Espinhaço sensu lato (sensu Derby 1906), extending over 1270 km from Juazeiro (BA) 

to Ouro Branco (MG) (Derby 1906; Harley 1995; Harley & Simmons 1986), and others 

focus on Espinhaço sensu stricto (sensu Bruni et al. 1974), extending over 1200 km 

from Juazeiro (BA) to Barão de Cocais (MG) – as this is the southern limit to the 

Espinhaço supergroup distribution (Renger 2005). Internally, multiple geomorphological 

subdivisions have been adopted. One of the most comprehensive of them segments 

the mountain range in three main structures: Southern Espinhaço, in central-south 

Minas Gerais; Northern Espinhaço, in north of Minas Gerais and southwest of Bahia; 

and Chapada Diamantina, in central Bahia (Danderfer & Dardenne 2002; Saadi 1995). 

Nonetheless, these structures are composed by smaller geological or political 

subdivisions: The Southern Espinhaço can be divided in Serra do Cabral and 

Diamantina Plateau; the Northern Espinhaço is usually divided according in 

North/South according to the distribution of Brazilian Semiarid; and the Chapada 

Diamantina is composed of a central structure and the “Piemonte da Diamantina”, a 

portion in northeast deeply embedded within the Caatinga domain.  

 The mountain range encompasses a wide latitudinal variation, crossing three 

highly diverse and very ecologically distinct Brazilian Morphoclimatic domains: the 

Caatinga, the Cerrado and the Atlantic Forest. Variations in elevation and soil 
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properties, in addition to these heterogeneous climatic influences, render a fragmented 

landscape with a mosaic of different phytophysiognomies that have been described in 

detail by a few comprehensive floras (e.g. Harley & Simmons 1986; Harley 1995; Pirani 

et al. 2003; Zappi et al. 2003). As the northern portion of the EMR is surrounded by the 

Caatinga Domain, lower elevations in this area are usually occupied by vegetation 

types intrinsically linked to leaf loss and desiccation, such as caatinga sensu lato 

(Andrade-Lima 1981). Intermediate elevations or lower elevations within the southmost 

portion of the EMR are usually covered by the wide continuum of cerrado sensu lato 

(campos limpos, campos sujos, campos cerrado, cerrado sensu stricto and cerradão), 

usually associated with marked seasonality and deep, aluminum-rich soils (Coutinho 

1978). Mountaintops in the EMR are covered by shallow, rocky, and impoverished 

soils, with an overall predominance of highly diverse rocky outcrops like campos 

rupestres and cangas ferruginosas (ferruginous ironstones). Finally, throughout the 

mountain range, in areas with favorable edaphic conditions, there is the occasional 

occurrence of a wide array of forest vegetations that vary according to water 

availability: deciduous, semi-deciduous, nebular, riparian forests and "capões de mata" 

(disjunct evergreen and broadleaved tropical forests located on mountain slopes or 

swamps, according to Coelho 2014). 

 Although there are multiple studies assessing geological subdivisions in the 

EMR (e.g. Abreu, 1995; Chemale Jr. et al., 2011; Dossin et al., 1990; Martins-Neto, 

1998), few investigations have emphasized biodiversity distribution in the region and 

proposed biogeographical subdivisions that accords to biota current distribution and the 

evolutionary history. Among them, few papers have investigated these patterns for 

specific taxonomical groups solely occurring in campos rupestres, like subdivisions 

proposed for Minaria – Apocynaceae (Ribeiro et al. 2014), Asclepiadoideae – 

Apocynaceae (Bitencourt et al. 2016), Asteraceae (Campos et al. 2019) and 

Microlicieae – Melastomataceae (Pacifico et al. 2021), and one comprehensive paper 

recognized biogeographical regions for campos rupestres using the distribution of 

endemic species (Colli-Silva et al. 2019). Nonetheless, these subdivisions are still 

incongruent, potentially indicating that distinct biological models present different 

distribution patterns. Since the EMR comprehends one of the most floristically diverse 

areas in South America, more investigations are needed to fully comprehend its 

diversity distribution (Giulietti et al. 1996; Harley 1995; Harley & Simmons 1986; Neves 

et al. 2018; Silveira et al. 2016). 

 Among one of the most species-rich families in the mountain range and 

surrounding biomes (Bridgewater et al. 2004; Oliveira-Filho & Fontes 2000), Myrtaceae 
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is an angiosperm family with pantropical distribution. Worldwide it is represented by ca. 

130 genera and over 6000 species with diversity centers in southeast Asia, Australia 

and tropical America (Lucas et al. 2019; Wilson et al. 2001). The family is divided, 

according to molecular data, in subfamilies Psiloxyloideae – with two tribes, and 

Myrtoideae – with fifteen tribes (Wilson et al. 2005). In South America, Myrtaceae is 

almost exclusively represented by species of the Myrteae tribe, the richest of the 

Myrtoideae subfamily with ca. 49 genera and over 2500 species, including large genera 

Eugenia and Myrcia. Myrteae is morphologically characterized by its simple opposite 

leaves with oil glands, flowers with numerous stamens, inferior ovaries and indehiscent 

fleshy fruits (Lucas et al. 2007; Wilson et al. 2005). Myrteae morphological characters 

provide the group with a unique ecological relevance, maintaining strong interactions 

with pollinators and animal dispersers due to high quantity of pollen produced and 

year-round production of fleshy fruits – being of central relevance for the upkeep of 

frugivores in tropical environments (Gressler et al. 2006; Staggemeier et al. 2017). 

 Despite its great ecological and taxonomical relevance, studies including 

Myrtaceae are still insipient, mostly due to difficulty in taxon recognition. This can be 

mostly attributed to the homogeneous morphology and consequent taxonomical 

complexity of the group, that historically has been based on cryptic morphological 

characters such as embryo shape and the number of ovules and locules in the ovary 

(Landrum & Kawasaki 1997; McVaugh 1968). Consequently, floristic inventories 

including Myrtaceae frequently included extensive lists with imprecise identifications, 

reinforcing the existing knowledge gap (Soares-Silva 2000). Nevertheless, in the last 

20 years there has been a significant breakthrough in Myrtaceae taxonomy, with 

multiple phylogenies and taxonomical revisions elucidating the relationships within 

subfamilies, tribes, genera, and sections within massive genera. This combined effort 

of taxonomists around the globe allowed future papers to reassess Myrtaceae 

distribution within complex landscapes based on more accurate and reliable 

taxonomical identifications. Therefore, though there is still major taxonomical progress 

to be made within Myrtaceae, we have reached a prime point where we can reevaluate 

what we already know about its species. 

 In the Espinhaço Mountain Range, the family is highlighted for its diversity in 

different phytophysiognomies, especially in areas of rocky outcrops and forests 

(Giulietti et al. 1987; Zappi et al. 2003). Myrtaceae have been included in 13 

comprehensive floristic inventories in the area, with a total of 14 genera and 152 

species (Lucresia et al. 2021). Still, these occurrences are limited to floristic surveys in 

restricted areas and there are major knowledge gaps concerning the overall distribution 
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of these species in different vegetation types and areas that lack formal assessments. 

Though these investigations provided valuable insight onto species richness, it is 

relevant not only to assess the overall number of species, but also to understand the 

patterns and causes of current distribution to understand how diversity was shaped 

across time and space (Soininen 2010). Though biodiversity studies have historically 

focused on alpha-diversity, patterns of species distribution have been recognized as 

useful to understand and develop hypothesis about the underlying processes that drive 

diversity patterns, which is extremely valuable in a scenario of climate change and 

biodiversity crisis (Gaston 2000; Soininen et al. 2007).  

 Species distribution are a combination of multiple factors, such as 

biogeographical history, ecological interactions, and suitability to abiotic variables, 

which directly impact colonization, survival and dispersal of organisms and species 

(Cox & Moore 2005). Nonetheless, the proportion of variation driven by these factors 

varies. For flowering plants, previous investigations stressed the relevance of 

temperature and precipitation – as they affect vital processes related to plant growth 

and reproduction (Hedhly et al. 2009; Lawson & Rands 2019; Saiter et al. 2016; Toledo 

et al. 2011), but others pointed to a high overall relevance of edaphic factors – as these 

variables pose a bigger challenge to plant establishment and growth in environments 

with low nutrient or water availability (Bueno et al. 2018; Ulrich et al. 2014). 

Nevertheless, since beta diversity is related to organisms’ physiology and evolutionary 

biogeographical processes, multiple studies are required to understand how different 

communities respond to similar constraints (Soininen et al. 2007).  

 Few studies have investigated environmental drivers of species beta diversity 

turnover in the Espinhaço Mountain Range. A few investigations have explored the 

relation between edaphic variations and community composition in campos rupestres, 

all of them in local scales (e.g. Carmo & Jacobi, 2016; Conceição & Pirani, 2005). 

Other studies have investigated large-scale patterns, all of which focused in campos 

rupestres, either with one taxonomic group or overall species composition (Campos et 

al. 2019; Neves et al. 2018; Pacifico et al. 2021). Since no previous study has 

investigated environmental influence in different vegetation types of the Espinhaço 

Mountain Range using the same biological model, and given Myrtaceae 

representativeness in different landscapes, the family is a prime model to compare 

environmental drivers of species turnover with other previously investigated biological 

models and across different vegetation types. 
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 Therefore, the present work aims to (1) List Myrtaceae species for the 

Espinhaço Mountain Range and their distributions regarding vegetation preferences 

and geographical ranges; (2) Investigate if distinct geomorphological structures reflect 

distinct floristic patterns for Myrtaceae; (3) Identify areas with little collection effort that 

should be prioritized in future assessments; and (4) Identify which environmental 

predictors, if any, are relevant drivers of Myrtaceae species turnover in the study area. 

This dissertation comprises two manuscripts formatted according to their target 

journals. The first chapter is a comprehensive analysis of Myrtaceae distribution in the 

Espinhaço Mountain Range, including species occurrence within different 

geomorphological structures and vegetation types, similarity patterns across the study 

area and the recognition of the most relevant knowledge gaps for this angiosperm 

group.  The second chapter assesses Myrtaceae biogeographical ecology in the EMR, 

investigating which climatic or pedological predictors are drivers of Myrtaceae turnover 

in different vegetation types of the study area – and comparing these results with other 

angiosperm groups.  
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General Conclusions 

 

 The present work contributed with the knowledge of Myrtaceae species 

distribution in the Espinhaço Mountain Range (EMR) by refining and exploring 

historical data. Combining multiple sources of information and analyzing the full 

extension of the mountain range allowed a better comprehension of large-scale 

endemism and distribution patterns: While previous investigations described Myrtaceae 

as an endemic group in the EMR, according to the dataset most species are also 

distributed in the adjacent morphoclimatic domains, especially the Atlantic Rainforest. 

These results not only contributed to the biodiversity knowledge in the EMR, but also 

sparked new questions for future investigations regarding the uneven distribution of 

endemism within Myrtaceae clades. 

 Previously surveyed areas presented the highest number of records and 

species, reinforcing that local floristic surveys are essential towards building a 

database that can be used to assess overall species diversity and distribution. 

Nonetheless, the accumulation curves and number of new species occurrences 

reported in this investigation (57 spp.; 20.5%) reinforces how the sampling effort is still 

insufficient to fully assess the mountain range diversity. In that regard, the present work 

also highlights areas with knowledge gaps for Myrtaceae and therefore suggests 

locations that should be included in future assessments. In addition, the compilation of 

species and specimens vegetation of occurrence – and the rarefaction curves from 

each vegetation type – suggests sampling effort is strongly targeted in open habitats 

while forest diversity is still overlooked.  

  The present work also contributed with an assessment of species turnover in 

the EMR using a new model organism. Previous investigations on environmental 

drivers of species distribution in the EMR have mainly focused in campos rupestres 

and specific organisms that possess wildly different biological and ecological 

characteristics. In this regard, Myrtaceae was the first model in which distribution 

patterns were mostly driven by edaphic predictors rather than variables related to 

temperature and precipitation. These results possibly indicate that patterns in beta 

diversity are more intrinsically linked to the biological group rather than the investigated 

environment. The present work is also the first evidence of a higher geographical 

isolation among forests, contradicting the well-documented pattern of endemic 

distribution among campos rupestre. It is interesting to note, however, that this 

investigation is one of the few focusing on an animal-dispersed plant model, which 

could indicate that zoochoric species present a different and yet underexplored pattern 
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of distribution in mountaintops – reinforcing the need to investigate distinct biological 

models in the EMR and explore the combination of different methods to fully 

comprehend species distribution patterns.  


