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Abstract

With 119 species distributed in 19 genera, most species of the subtribe Lychnophorinae are endemic to the
Espinhago Range in central eastern Brazil. This region is characterized especially by the campos rupestres,
a grassland mosaic associated with vegetation on rock outcrops, which display a high level of endemism.
The present work aims to identify distribution patterns, collection density, species richness and research
bias in collections. Ten geographic distribution patterns were identified: Chapada Diamantina, Chapada dos
Veadeiros and adjacent mountains, Pico da Alianga, Extension of the Espinhago Range, Central-South Arc
of Minas Gerais, Espinhago Range and Brasilia Arc, Campos Rupestres and Restinga, Chapada Diamantina
and Caatinga, Northwest-Southeast Diagonal and East Triangle. Other Angiosperm families present similar
distribution, mainly in the Espinhago Meridional, where higher collecting efforts are present. Species richness
is higher in sites with higher collection intensity, however, the northeast of Goias shows the opposite pattern.
Spearman correlation analysis shows a strong correlation between collection density and species richness,
with an exponential asymptotic model that is quite significant for the total variation of species richness. The
cluster analysis presented five clusters correlated with five distribution patterns in Lychnophorinae.

Key words: biogeography, compositae, endemism, Espinhago Range.

Resumo

Com 119 espécies distribuidas em 19 géneros, a maioria das espécies da subtribo Lychnophorinae é endémica
da Cadeia do Espinhago no centro leste do Brasil, area caracterizada especialmente pelos campos rupestres, que
sdo descritos como mosaicos vegetacionais em afloramentos rochosos que apresentam alto grau de endemismo.
Este trabalho objetivou identificar padrdes de distribui¢@o, densidade de coleta, riqueza de espécies e viés
de coletas. Foram identificados dez padrdes de distribui¢do geografica: Chapada Diamantina, Chapada dos
Veadeiros e montanhas adjacentes, Pico da Alianga, Extensdo da Cadeia do Espinhago, Arco Centro-Sul de
Minas Gerais, Cadeia do Espinhago e Arco da Brasilia, Disjungdo Campos Rupestres e Restinga, Chapada
Diamantina e Caatinga, Diagonal Noroeste-Sudeste ¢ Triangulo Leste. Outras familias de Angiospermas
apresentam distribui¢@o semelhante, principalmente no Espinhago Meridional. A riqueza de espécies é maior
em locais com alta intensidade de coleta, porém, o nordeste de Goias mostra comportamento oposto. A analise
de correlagao de Spearman demonstrou forte correlagdo entre densidade de coleta e riqueza de espécies,
apresentando modelo exponencial assintotico significativo para a variagdo total da riqueza de espécies. A
analise de agrupamento apresentou cinco grupos correlacionados com cinco padrdes de distribuicdo em
Lychnophorinae.

Palavras-chave: biogeografia, compositae, endemismo, Cadeia do Espinhago.

! Universidade Federal de Pernambuco, Depto. Botanica, Recife, PE, Brazil.
* ORCID: <https://orcid.org/0000-0002-2404-2526>.
* ORCID: <https://orcid.org/0000-0001-6898-7858>.

* Author for correspondence: fabiovsalves@gmail.com



2de23

Introduction

The study of species distribution patterns
significantly contributes to understanding the
dynamics of species establishment, indicating its
possible causes and consequences through the
knowledge of factors that limit or contribute to
their development (Brown & Lomolino 2006).
Meticulously describing geographic distribution
patterns is one of the essential stages to delimit areas
of endemism, which are defined by the exclusive
occurrence of two or more species in a specific
place (Anderson 1994; Morrone 1994; Noguera-
Urbano 2016).

Several phytogeographic studies have been
continuously developed in Brazil to answer questions
about species distribution, evolutionary behavior in
relation to biogeographic barriers, location of areas
harboring unique species composition, and others
that contribute to scientific knowledge (Harley
1995; Giulietti et al. 1997; Rapini et al. 2002;
Fiaschi & Pirani 2008; Echternacht et al. 2011;
Alves et al. 2014; Silveira et al. 2016; Magenta
et al. 2017; Morellato & Silveira 2017; Zappi et
al. 2017). The identification and classification
of distribution patterns of several families of
Angiosperms can assist in other works involving
evolutionary processes, species dispersion,
influence of geological formations on biodiversity
levels, zoning of endemic habitats, relationships and
ecological indicatives, among others (Giulietti &
Pirani 1988; Rosauer et al. 2009; Lusa et al. 2014;
Prado et al. 2014; Rando et al. 2016; Magenta et
al. 2017; Morellato & Silveira 2017).

Occurring at elevations above 900 m in the
Neotropical region, campos rupestres (highland
rock outcrops) are the main phytophysiognomy
of the Espinhaco Range (Giulietti & Pirani
1988; Echternacht et al. 2011). The geological
origin of the constituent blocks of this region is
dated to the Pre-Cambrian, with the soil being
characteristically shallow, sandy, acidic and
nutrient-poor, contributing to the formation of a
phytophysiographic mosaic with high endemism
levels, due to the segmentation of the vegetation
in different and small populations between rock
outcrops, providing specific niches to the species
(Giulietti & Pirani 1988; Giulietti ef al. 1997,
Fernandes 2016; Schaefer et al. 2016; Silveira et al.
2016; Colli-Silva et al. 2019). With approximately
1,100 km in length and 50 to 100 km width, the
Espinhaco Range is a mountain chain spanning
through the states of Bahia and Minas Gerais. Its
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southern boundary is in Serra de Cambotas, Minas
Gerais, with the northern boundary in the Chapada
Diamantina and the watershed that feeds the Sao
Francisco River. A marked topographic feature of
the region is the rock outcrop formations, providing
a specific habitat for many species (Alves et al.
2014; Fernandes 2016).

In addition to the characteristics highlighted
for the Espinhago Range, the Serra do Cip6 plateau
features remnants of the Gondwanan (Lower-
Middle Cretaceous), Post-Gondwanan (Upper
Cretaceous-Paleocene) and South American
(Eocene-Oligocene) surfaces, with elevations
between 800 and 1,600 m a.s.1. Its lithostratigraphy
presents with metasedimentary deposits and
neoproterozoic glaciogenics, mountain ridges
interspersed by valleys, and mesoproterozoic and
paleoproterozoic metasedimentary rocks (Saadi
1995; Felippe et al. 2012).

The Diamantina Plateau comprises the largest
topographic volume of the Espinhago Meridional,
with slightly convex relief where the average
elevation in the central portion is 1,300 m a.s.l. and
900 m and 1,200 m a.s.l. in its northern and southern
limits, respectively. It presents regional staggered
levels of Post-Gondwanan (1,200—-1,400 m), South
American (1,000-1,100 m) and Ciclo Velhas
(750-800 m) surfaces, being an important region
of the Espinhaco Range folding system, which
was caused by geotectonic cycles between 1,800
and 1,300 m.y.a (Saadi 1995; Schaefer et al. 2002).

The relief of Serra do Cabral is marked by two
distinct domains, one composed by the elevations
and depressions that form the mountain itself
and another formed by lower areas in the eastern
portion. The lower areas are formed by limestone
and pelitic rocks at elevations of 600-700 m a.s.L.,
the higher areas and flatter portions on the mountain
tops are composed of sandstones and pelitic rocks,
at elevations of 1,000 m a.s.l. (Miazaki 2016).

The Serra da Canastra region presents
elevations between 630 and 1,500 m a.s.l., rainy
summers and dry winters, and a diverse relief that
ranges from ridges to depressions. It is part of the
geomorphological structures of the Sdo Francisco
Craton (granite-gneiss rocks from the Archean) and
the Brasilia Belt (schist and phyllite rocks from the
upper Proterozoic) (Couto Junior et al. 2010; Souza
& Rodrigues 2014).

Localized in the Brazilian Central Plateau, the
region of Chapada dos Veadeiros varies in elevation
from 577 to 1,676 m a.s.l., presents a conserved
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pediplaned surface and geology composed mainly
by the Arai (quartzites, conglomerates, calcarecous-
pelitic and felsic metavolcanic rocks) and Paranoa
(siliciclastic sedimentary rocks, with quartzite and
metasiltstones layers) groups (Nascimento 1992;
Carvalho Junior et al. 2015).

The subtribe Lychnophorinae (Asteraceae:
Vernonieae) is a monophyletic group comprising
119 species in 19 genera and is notable for
occurring mainly in campos rupestres, being
distributed almost restrictedly in the Cerrado
phytogeographical domain (Loeuille ef al. 2015;
Loecuille et al. 2019). Most species are shrubs
and treelets with indumentum composed of 3-
to S-armed trichomes, presenting leaf sheath,
syncephaly (second-order capitulum), apical anther
appendages with thickened wall, absence of style
basal node, sublophate pollen, and with the pappus
type being paleaceous, subpaleaceous or setose
and pappus duration being persistent, deciduous or
caducous (Loeuille ef al. 2019).

The present work aims to determine the
geographical distribution patterns of all species in
subtribe Lychnophorinae, to infer the relationship
between collection density and species richness and
identify possible bias in our understanding of the
distribution patterns of Lychnophorinae.

Material and Methods

In this work, the distribution patterns were
hierarchically defined according to the area
involved in each pattern. The subpattern is a pattern
that is inserted within a distribution pattern. The
local pattern refers to a pattern that is inserted
in a subpattern. In addition, the patterns outlined
here follow the qualitative concept of distribution
patterns circumscription (Morrone 2009), involving
at least 95% of the records in each pattern.

In geological terms, the Espinhago Range is
structured in two blocks, Chapada Diamantina in
Bahia and Serra do Espinhago, corresponding to the
rest of the mountain range, extending from southern
Bahia to Minas Gerais (Hasui ef al. 2012). However,
the present work uses as basis for delimitation of
the study area the works carried out by Alkmin
(2012), Campos et al. (2016) and Saadi (1995),
regarding the geomorphological evolution of Serra
do Espinhago, due to the analyses of substrate
morphology, lithological properties and geophysical
structure that characterizes this formation. These
authors defined the Chapada Diamantina in central-
northern Babhia, split from the Serra do Espinhaco
by the Paramirim corridor. The Serra do Espinhago
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block is subdivided in Espinhago Meridional, which
comprises the central part of Minas Gerais, and
Espinhaco Septentrional, that extends from southern
Bahia to northern Minas Gerais. In addition, the
environmental conditions of the different sectors of
the Espinhaco Range differ significantly from each
other, directly affecting biological communities and
endemism (Echternacht et al. 2011).

Datasets

Of the 119 species belonging to subtribe
Lychnophorinae, 117 were used in the present
study (Tab. 1). Lychnophora phylicifolia DC. and
Eremanthus brasiliensis (Gardner) MacLeish were
not used due to the lack of data (both species are
known only by a single collection from the 19"
century each).

Two datasets were assembled and used to
produce maps and perform analyses. A first dataset
was built using all records of all species of the
subtribe Lychnophorinae obtained from a high-
quality, personal taxonomic database previously
assembled by the second author, with additional
input from the SpeciesLink (2019) and Global
Biodiversity Information Facility (GBIF 2019)
databases. The second dataset was built by filtering
the records from the first dataset to maintain only
unique geographic coordinates, i.e., keeping only
the records that were not repeated.

These datasets were reviewed against the
reliable records, to flag incorrect coordinates,
incorrect names or lack of information (records
without coordinates were georeferenced by
municipality seat). These errors were appropriately
corrected or unreliable and unrecoverable records
were eliminated, in order to avoid interferences that
could bias the results and impact their reliability
(Hijmans et al. 1999; Colli-Silva et al. 2019).

Maps

Individual distribution maps were drawn for
each species of subtribe Lychnophorinae using the
software Quantum GIS 2.18.14 (QGIS Development
Team 2015). Each map of the distribution
patterns found in subtribe Lychnophorinae was
constructed using a representative species of the
corresponding pattern. The other species of the
subtribe that were mapped and not represented in
the cartographic maps present in this work have
their individual distributions in agreement to their
respective distribution pattern, except for inherent
peculiarities of each individual species distribution.
All individual distributions of Lychnophorinae



4 de 23

Alves FVS & Loeuille BFP

Table 1 — Species of subtribe Lychnophorinae and their respective distribution patterns. BO = Bolivia; BR = Brazil;
AL = Alagoas; BA = Bahia; CE = Ceara; DF = Distrito Federal; ES = Espirito Santo; GO = Goias; MT = Mato
Grosso; MS = Mato Grosso do Sul; MG = Minas Gerais; PA = Para; PB = Paraiba; PE = Pernambuco; RJ = Rio de
Janeiro; RO = Ronddnia; SP = Sao Paulo; SE = Sergipe; TO = Tocantins.

Species Country State / Province Pattern
Albertinia brasiliensis Spreng. BR BA, ES, MG, PE, RJ, SE 10
Anteremanthus hatschbachii H.Rob. BR MG 42
A. piranii Roque & F.A.Santana BR BA, MG 4.2
Blanchetia coronata (G.M.Barroso) Loeuille & Pirani BR BA 1.1
B. heterotricha DC. BR AL, BA, PB, PE, SE 8
Centratherum cardenasii H.Rob. BO Andrés Ibafiez, Chiquitos 11
C. repens (Spreng.) Loeuille & Pirani BR BA 11
Chronopappus bifions DC. BR MG 43
C. lanatus Loeuille, Semir & Pirani BR MG 43.1
Eremanthus arboreus (Gardner) MacLeish BR CE 11
E. argenteus MacLeish & H.Schumach. BR GO 2
E. auriculatus MacLeish & H.Schumach. BR GO, MT 2
E. brevifolius Loeuille BR MG 433
E. capitatus (Spreng.) MacLeish BR BA, ES, GO, MG, PE, SE 10
E. cinctus Baker BR GO, MT, MS, MG 9
E. crotonoides Sch.Bip. BR BA, ES, GO, MG, RJ 7
E. elaeagnus Sch.Bip. BR MG, SP 5
E. erythropappus (DC.) MacLeish BR DF, ES, GO, MG, RJ, SP 7
E. glomerulatus Less. BR BA, DF, GO, MG, TO 6
E. goyazensis Sch.Bip. BR DF, GO, MG 9
E. hatschbachii H.Rob. BR BA 1
E. incanus Less. BR BA, MG 4
E. mattogrossensis Kuntze BR/BO DF, GO, MT, MS, MG, P~A, SP/ 9
José Miguel de Velasco, Nuflo de
Chavez
E. mollis Sch.Bip. BR DF, GO, MG, TO 9
E. ovatifolius Loeuille & Pirani BR MG 3
E. polycephalus (DC.) MacLeish BR MG 4.1
E. praetermissus Loeuille & Pirani BR SP 11
E. reticulatus (Gardner) Loeuille, Semir & Pirani BR BA, MG 5
E. rondoniensis MacLeish & H.Schumach. BR/BO MT, RO/ José¢ Miguel de Velasco 11
E. syncephalus (Sch.Bip.) Loeuille, Semir & Pirani BR MG
E. uniflorus MacLeish & H.Schumach. BR BA, GO, MG
E. veadeiroensis H.Rob. BR GO
Gorceixia decurrens Baker BR BA, ES, MG 10
Heterocoma albida (DC. ex Pers.) DC. & Toledo BR MG 43
H. ekmaniana (Philipson) Loeuille, J.N.Nakaj. & Semir BR GO, MG 2
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Species Country State / Province Pattern
H. erecta (H.Rob.) Loeuille, J.N.Nakaj. & Semir BR BA 1

H. gracilis Loeuille, J.N.Nakaj. & Semir BR MG 432
H. lanuginosa (Glaz. ex Oliv.) Loeuille, J.N.Nakaj. & Semir BR MG 43
H. robinsoniana Loeuille, J.N.Nakaj. & Semir BR MG 11
Hololepis hatschbachii H.Rob. BR ES 11
H. pedunculata DC. BR MG 5
Lychnocephalus humillimus (Sch.Bip.) Loeuille, Semir & Pirani BR MG 433
L. mellobarretoi (G.M.Barroso) Loeuille, Semir & Pirani BR MG 433
L. sellowii (Sch.Bip.) Loeuille, Semir & Pirani BR MG 43
L. tomentosus Mart. ex DC. BR MG 43
Lychnophora albertinioides Gardner BR MG 433
L. brunioides Mart. BR MG 432
L. candelabrum Sch.Bip. BR MG 44
L. crispa Mattf. BR BA, MG 1.1
L. damazioi Beauverd BR MG 433
L. diamantinana Coile & S.B.Jones BR MG 432
L. ericoides Mart. BR BA, DF, GO, MG, SP 6

L. gardneri Sch.Bip. BR MG 44
L. granmogolensis (Duarte) D.J.N.Hind BR BA, MG 4

L. grisea Loeuille, Semir & Pirani BR MG 432
L. haplopappa Loeuille, Semir & Pirani BR MG 3

L. harleyi H.Rob. BR BA 1

L. hatschbachii (H.Rob.) Loeuille, Semir & Pirani BR MG 44
L. martiana Gardner BR MG 44
L. nanuzae Semir BR MG 44
L. passerina Gardner BR BA, MG 4

L. pinaster Mart. BR MG 44
L. pohlii Sch.Bip. BR MG 4.4
L. ramosissima Gardner BR BA, MG 4.2
L. rosmarinifolia Mart. BR BA, MG 4

L. rupestris Semir BR MG 433
L. salicifolia Mart. BR BA, DF, GO, MG 6

L. semirii D.Marques & J.N.Nakaj. BR MG 432
L. souzae H.Rob. BR MG 432
L. spiciformis Loeuille & Siniscalchi BR BA 1

L. staavioides Mart. BR MG 432
L. uniflora Sch.Bip. BR BA 1

L. villosissima Mart. BR MG 44
Lychnophorella bishopii (H.Rob.) Loeuille, Semir & Pirani BR BA 1

L. blanchetii (Sch.Bip.) Loeuille, Semir & Pirani BR BA 1

L. jacobinensis Loeuille, Semir & Pirani BR BA 1
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Species Country State / Province Pattern
L. leucodendron (Matff.) Loeuille, Semir & Pirani BR BA 1

L. morii (H.Rob.) Loeuille, Semir & Pirani BR BA 1

L. regis (H.Rob.) Loeuille, Semir & Pirani BR BA 1

L. santosii (H.Rob.) Loeuille, Semir & Pirani BR BA 1

L. sericea (D.J.N.Hind) Loeuille, Semir & Pirani BR BA 1

L. triflora (Mattf.) Loeuille, Semir & Pirani BR BA 1
Maschalostachys markgrafii (G.M.Barroso) Loeuille & Roque BR MG 44
M. mellosilvae Loeuille & Roque BR BA, MG 42
Minasia alpestris (Gardner) H.Rob. BR MG 43
M. cabralensis H.Rob. BR MG 43.1
M. lewinsohnii Semir & de Jesus BR MG 432
M. pereirae H.Rob. BR MG 43
M. ramosa Loeuille, H.Rob. & Semir BR MG 4.3
M. scapigera H.Rob. BR MG 43
M. splettiae H.Rob. BR MG 43
Paralychnophora atkinsiae D.J.N.Hind BR BA 1

P, bicolor (DC.) MacLeish BR BA, MG 1.1
P, glaziouana Loeuille BR MG 44
P, harleyi (H.Rob.) D.J.N.Hind BR BA 1

P, patriciana D.J.N.Hind BR BA 1

P, reflexoauriculata (G.M.Barroso) MacLeish BR BA, PB, PE, SE 8
Piptolepis buxoides Sch.Bip. BR MG 432
P, campestris Semir & Loeuille BR MG 432
P, ericoides Sch.Bip. BR MG 44
P, gardneri Baker BR MG 432
P, glaziouana Beauverd BR MG 44
P, imbricata Sch.Bip. BR MG 432
P, leptospermoides Sch.Bip. BR MG 432
P, monticola Loeuille BR MG 432
P, oleaster Sch.Bip. BR MG 432
P, pabstii (G.M.Barroso) Loeuille, Semir & Pirani BR GO 11

P, riparia Loeuille, Semir & Pirani BR MG 432
P, rosmarinifolia Bringel, J.B. Candido & Loeuille BR GO 2

P, schultziana Loeuille & D.J.N.Hind BR MG 433
Prestelia eriopus Sch.Bip. BR MG 433
P, espeletoidea Loeuille, Semir & Pirani BR MG 432
P, purpurascens (Oliv.) Loeuille, Semir & Pirani BR MG 43
Proteopsis argentea Mart. & Zucc. ex DC. BR BA, MG 4.1
P, hermogenesii Loeuille, Semir & Pirani BR MG 42
Vinicia tomentosa Dematt. BR MG 43.1
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species were manually overlapped using Quantum
GIS 2.18.14 to identify groups of species with
the same distributions to circumscribe the
distribution patterns, and also to determine whether
Lychnophorinae presents exclusive distribution
patterns within the group that were not described
in literature. The divisions and subdivisions used
to characterize all distribution patterns in this work
result from the distribution patterns intrinsically
found in subtribe Lychnophorinae and were mainly
corroborated with the works of Echternacht et
al. (2011) and Rando & Pirani (2011). After this
step, all the maps for distribution patterns found
in subtribe Lychnophorinae were created using
Quantum GIS 2.18.14. A separate distribution map
was built for Centratherum punctatum, due to its
pantropical distribution.

Comparison with different families

This step is hereby included as an explanatory
tool for the comparative approach used with
other angiosperm families as a way to enrich the
discussion in the present work. The angiosperm
genera Actinocephalus (Eriocaulaceae), Baccharis
(Asteraceae), Chamaecrista (Leguminosae),
Declieuxia (Rubiaceae), Encholirium
(Bromeliaceae), Lippia (Verbenaceae), Luxemburgia
(Ochnaceae), Ossaea (Melastomataceae),
Philodendron (Araceae), Pilosocereus (Cactaceae),
Schefflera (Araliaceae) and Staurogyne
(Acanthaceae) were selected through literature
review of available taxonomic treatments (Marquete
1979; Urbatsch et al. 1986; Mayo 1988; Marcondes-
Ferreira Neto 1988; Occhioni 1990; Siqueira 1991;
Souza 1998; Rapini 2000; Salimena 2000; Feres
2001; Zanin 2001; Baumgratz 2004; Sano 2004;
Forzza 2005; Sakuragui et al. 2005; Scalon 2007;
Lovo 2009; Rapini 2010; Trové 2010; Rando &
Pirani 2011; Echternacht 2012; Costa & Sano 2013;
Liede-Schumann et al. 2014; Roque & Pirani 2014;
Echternacht ez al. 2015; Heiden & Pirani 2016; Braz
& Monteiro 2017) because they are diversified, have
endemic species occurring in similar areas to the
subtribe and are part of important families present
in campos rupestres (Giulietti ez al. 1997; Rapini et
al.2008; Borges et al. 2011; Echternacht et al. 2011;
Colli-Silva et al. 2019). Information contained in
the Brasilian Flora Group (BFG 2018) database was
obtained, in order to analyze and identify species
with relevant distribution patterns that are shared
with the Lychnophorinae species. Records of all
species of the selected genera were obtained through
the SpeciesLink and GBIF databases and plotted in
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Quantum GIS 2.18.14. Then, species (Tab. 2) with
distribution patterns congruent with those found in
subtribe Lychnophorinae were manually selected
by overlapping the distributions of each species.

Collection density and species richness

A point density map with all sample records of
the subtribe (first dataset), except for Centratherum
punctatum, was constructed to analyze whether
collection efforts are homogeneous throughout the
distribution or focused on certain areas. A species
richness map was developed with the unique
records (second dataset) to understand which areas
present higher species richness. We also analyzed if
sampling bias is correlated to the number of species
registered in each area, by applying the comparative
method between the maps that resulted from
collection density and species richness analyses,
to identify whether the highlighted areas in both
analyses were congruent with each other. The same
process was applied to draw collection density
(based on the first dataset) and species richness
(based on the second dataset) maps encompassing
only the species that occur in the Espinhago Range,
i.e., 74% of all species of subtribe Lychnophorinae,
aiming to analyze this important endemic area in
depth. The analyses were carried out in DIVA GIS
7.5 (Hijmans et al. 2012) and posteriorly edited in
ArcGIS Desktop 10.5 (Esri 2016).

Regression analysis

Regression analyses were carried out in R
version 3.5.1 and RStudio version 1.1.463 (RStudio
Team 2015). Data obtained from the collection
density and species richness analyses were tested
using the Shapiro-Wilk normality test, Pearson’s
(Benesty et al. 2009) and Spearman’s (Myers &
Sirois 2006) correlation tests, generalized linear
model (GLM) and generalized additive model
(GAM), as well as the non-linear model asymptotic
exponential with two and three parameters (Crawley
2015). These procedures were used to define which
model best explains the relationship between
collection effort and the number of species found.

Clustering analysis

In the present work, this methodology was
applied only for determination of species clusters,
serving as corroboration for other results, but it can
also be used as an indicator of possible distribution
patterns. The previously described first database
was used to carry out a clustering analysis using
the online platform Infomap Bioregions (Edler et
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Table 2 — Species of several Angiosperm families used in the comparative study of distribution.

Family Species Pattern
Acanthaceae Staurogyne hirsuta Kuntze 43
Araceae Philodendron adamantinum Mart. ex Schott 44
Araceae P. pachyphyllum K Krause 1
Araceae P, rhizomatosum Sakur. & Mayo 43
Araceae P, saxicola K Krause 1
Araceae P, uliginosum Mayo 6
Araliaceae Schefflera botumirimensis Fiaschi & Pirani 4.2
Araliaceae S. cordata (Taub.) Frodin & Fiaschi 432
Araliaceae S. elegans Ridl. 44
Araliaceae S. fruticosa Fiaschi & Pirani 433
Araliaceae S. gardneri (Seem.) Frodin & Fiaschi 44
Araliaceae S. glaziovii (Taub.) Frodin & Fiaschi 433
Araliaceae S. villosissima Fiaschi & Pirani 43
Asteraceae Baccharis orbiculata Deble & A.S.Oliveira 1
Asteraceae B. orbignyana Klatt 9
Asteraceae B. perlata Sch.Bip. ex Baker 4.3
Asteraceae B. truncata Gardner 4
Bromeliaceae Encholirium agavoides Forzza & Zappi 433
Bromeliaceae E. biflorum (Mez) Forzza 432
Bromeliaceae E. ctenophyllum Forzza & Zappi 43
Bromeliaceae E. diamantinum Forzza 432
Bromeliaceae E. heloisae (L.B.Sm.) Forzza & Wand. 43
Bromeliaceae E. irwinii L.B.Sm. 4.2
Bromeliaceae E. magalhaesii L.B.Sm. 432
Bromeliaceae E. pedicellatum (Mez) Rauh 432
Bromeliaceae E. subsecundum Mez 44
Bromeliaceae E. viridicentrum Leme & O.B.C.Ribeiro 433
Bromeliaceae E. vogelii Rauh 433
Cactaceae Pilosocereus aurisetus (Werderm.) Byles & G.D.Rowley 43
Eriocaulaceae Actinocephalus cabralensis (Silveira) Sano 43.1
Eriocaulaceae A. denudatus (Korn.) Sano 4
Eriocaulaceae A. divaricatus (Bong.) Sano 4
Eriocaulaceae A. geniculatus (Bong.) F.N.Costa 43
Eriocaulaceae A. incanus (Bong.) F.N.Costa 43
Eriocaulaceae A. phaeocephalus (Ruhland) F.N.Costa 2
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Family Species Pattern
Eriocaulaceae A. stereophyllus (Ruhland) Sano 432
Fabaceae Chamaecrista choriophylla (Vogel) H.S Irwin & Barneby 43
Fabaceae C. potentilla var. potentilla (Mart. ex Benth.) H.S.Irwin & Barneby 43
Fabaceae C. rotundata var. interstes H.S.Irwin & Barneby 432
Melastomataceae Ossaea cinnamomifolia Triana 43
Ochnaceae Luxemburgia angustifolia Planch. 43
Ochnaceae L. bracteata Dwyer 43
Ochnaceae L. ciliatibracteata Sastre 433
Ochnaceae L. ciliosa Gardner 43
Ochnaceae L. damazioana Beauverd 433
Ochnaceae L. diciliata Dwyer 1
Ochnaceae L. mogolensis Feres 42
Rubiaceae Declieuxia aspalathoides Miill.Arg. 4
Rubiaceae D. cacuminis Mill.Arg. 4
Rubiaceae D. dasyphylla K.Schum. ex Steyerm. 2
Rubiaceae D. diamantinae J.H.Kirkbr. 432
Rubiaceae D. diantheroides Standl. 43
Rubiaceae D. gracilis J.H.Kirkbr. 4.3
Rubiaceae D. oenanthoides Mart. ex Zucc. 6
Rubiaceae D. pruinosa DC. 6
Verbenaceae Lippia alnifolia Schauer 1.1
Verbenaceae L. bahiensis Moldenke 1
Verbenaceae L. bellatula Moldenke 1
Verbenaceae L. bradei Moldenke 44
Verbenaceae L. elliptica Schauer 43.1
Verbenaceae L. florida Cham. 43
Verbenaceae L. ganevii Salimena & Mulgura 1
Verbenaceae L. hederifolia Mart. & Schauer 44
Verbenaceae L. insignis Moldenke 1.1
Verbenaceae L. morii Moldenke 1
Verbenaceae L. possensis Moldenke 2
Verbenaceae L. pseudothea Schauer 43
Verbenaceae L. rhodocnemis Mart. & Schauer 43
Verbenaceae L. rosella Moldenke 43
Verbenaceae L. rotundifolia Cham. 6
Verbenaceae L. subracemosa Mansf. 1
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al. 2017). This analysis uses the Infomap algorithm,
originally described by Rosvall & Bergstrom (2008)
and based on the method reported by Vilhena &
Antonelli (2015), and is very reliable in terms
of comparative studies. Several variations in the
parameters used for clustering were applied to
identify the best fit for Lychnophorinae distribution.
The minimum and maximum cell size ranged from
0.25° to 1°. The minimum cell capacity was fixed
in 10 records and maximum cell capacity varied
between 100 and 500 records. The constant number
of 10 trials and variations from 1.0 to 2.0 in cluster
cost number were applied.

Results

Distribution patterns

The distribution patterns of subtribe
Lychnophorinae (Fig. 1) described in this work
demonstrate that 74% of the species are endemic
to the Espinhaco Range, mainly in Espinhaco
Meridional among different mountains and regions.
Ten distribution patterns, five subpatterns and three
local patterns (Tab. 1) are defined for the subtribe

Alves FVS & Loeuille BFP

and described below, with the last classification
being a grouping of species that differ from all
other distributions.

1. Chapada Diamantina (CD) - 17 spp.: the
genus Lychnophorella is endemic to this area.

1.1. Chapada Diamantina and disjunct area
(CDA) - three spp.

2. Chapada dos Veadeiros and adjacent
mountains (CV) - six spp.

3. Pico da Alianga (PA) - two spp.: this pattern
stands out for including only Pico da Alianga, in
the state of Minas Gerais, near the border with the
state of Espirito Santo.

4. Extension of the Espinhago Range (EER)
- four spp.: species that occur from Chapada
Diamantina to Serra do Espinhaco belong to this
pattern.

4.1. Serra do Espinhaco (SE) - two spp.

4.2. Espinhago Septentrional (ES) - five
spp.: these are the species with distribution in the
phytophysiographic block of the northern Serra
do Espinhaco.

Distribution Patterns
@ Chapada Diamantina (CD)
[ Chapada Diamantina and disjunct area (CDA) }J/\
[ Chapada dos Veadeiros and adjacent mountains (CV)
B Pico daAlianga (PA)
B Extension of the Espinhago Range (EER)
[ Serra do Espinhago (SE)
- Espinhago Septentrional (ES)
B Espinhaco Meridional (EM)
B serra do Cabral (SCa)
[ Diamantina Plateau (DP)
[ serra do Cipo (SCi)
Espinhago Meridional and Septentrional (EMS)
B Central-South Arc of Minas Gerais (CAMG)
- Espinhago Range and Brasilia Arc (ERB)
B Campos Rupestres and Restinga (CRR)
[ Chapada Diamantina and Caatinga (CDC)

Atlantic Ocean

Northwest-Southeast Diagonal (NSD) 400 600 km
[ East Triangle (ET) | .
o1 I I
70°W 60°W 50°W 20°W

Figure 1 — All distribution patterns described for Lychnophorinae and overlapping between them.
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4.3. Espinhago Meridional (EM) - 11 spp.:
the genera Lychnocephalus, Minasia and Prestelia
belong to this pattern.

4.3.1. Serra do Cabral (SCa) - three spp.

4.3.2. Diamantina Plateau (DP) - 17 spp.

4.3.3. Serra do Cipd (SCi) - eight spp.

4.4. Espinhago Meridional and Septentrional
(EMS) - 12 spp.

5. Central-South Arc of Minas Gerais (CAMG)
- four spp.: a semicircle area involving mainly the
Diamantina Plateau, Iron Quadrangle and Serra da
Canastra region.

6. Espinhagco Range and Brasilia Arc
(ERB) - three spp.: in this pattern, the species are
simultaneously distributed along the Espinhago
Range and in the Brasilia Arc, an area composed of
an arc of mountainous elevations that extend from
the southern portion of the Espinhago Range, passing
through Serra da Canastra and reaching Chapada
dos Veadeiros.

7. Campos Rupestres and Restinga (CRR) -
two spp.: the species delimited in this pattern have as
main characteristic the abundance of occurrence in
the Espinhago Range, mainly Espinhago Meridional,
and a more diffuse occurrence in the restinga in the
states of Espirito Santo and Rio de Janeiro.

8. Chapada Diamantina and Caatinga (CDC)
- two spp.

9. Northwest-Southeast Diagonal (NSD) - four
spp.: the species part of this pattern have unique
distributions, forming a diagonal along the central
region of Brazil, across the states of Rondonia, Mato
Grosso, Goias and Minas Gerais.

10. East Triangle (ET) - three spp.: this pattern
presents a roughly triangular area with the northern
and southern limits in the restinga region between
Vicente Ferrer, in the state of Pernambuco, and Nova
Iguacu, in the state of Rio de Janeiro, respectively.
Its western limit is located at Cavalcante, in Chapada
dos Veadeiros, state of Goias. Bahia is the state with
the highest concentration of records, and Chapada
Diamantina is the most prominent area.

11. Unique Distribution - eight spp.: this group
contains all species with specific distributions that do
not fit into other patterns described above (Tab. 1).

With a very wide distribution, Centratherum
punctatum is found in several countries along the
tropical regions of the globe. The most significant
occurrence is in Latin America, where the species
is native, with Brazil presenting 54% of the total
collection records (507 records), but it also occurs in
smaller areas such as Hawaii (USA), Galapagos and
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Fiji. Australia is another important occurrence center
for the species, with 117 records representing 12% of
the total collections, having a linear distribution on
the northeast coast. Likewise, Central America also
has an important concentration of records, especially
in Costa Rica. According to Loeuille ef al. (2019),
the species is native to the American continent
and was introduced in other countries, such as the
Philippines and Australia, through Portuguese and
Spanish trade routes, being used as an ornamental
plant in Australia. The exact distribution is not
completely known, considering that the presence
of the species in Florida (USA), Hawaii (USA) and
Taiwan is more recent. This behavior demonstrates
a high versatility for dispersion and establishment in
the environment that contributes to its propagation,
likely being present but not yet collected in other
countries.

Distribution similarities

with other families

All genera selected for this comparative
study have at least one species included in
the EM distribution pattern. Due to the high
levels of endemism present in this portion of the
Espinhaco Range, the area is intensely researched,
consequently providing more information about
several families (Echternacht ef al. 2011; Bitencourt
& Rapini 2013). The genera Ossaea, Pilosocereus
and Staurogyne have each only one species with
distribution similar to subtribe Lychnophorinae,
whereas Actinocephalus and Chamaecrista have
two species each. Encholirium and Schefflera share
the same patterns between them in comparison to
Lychnophorinae patterns, with both occurring in
ES, EM and EMS distribution patterns. Lippia is
included in the largest number of patterns, being
present in CD, CV, EM, EMS and ERB distribution
patterns. The remaining genera present different
configurations of distribution patterns: Baccharis
is present in CD, EER, EM and NSD distribution
patterns, Declieuxia occurs in CV, EER, EM and
ERB distribution patterns, Philodendron is present
in CD, EM, EMS and ERB distribution patterns and
Luxemburgia occurs in CD, ES and EM distribution
patterns.

Collection density

and species richness analyses

The comparative analysis between
collection density (Fig. 2) and species richness
(Fig. 3) for Lychnophorinae demonstrates there
is a proportional bias in which the areas of
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greatest collection effort are also the areas with
the highest species concentration, but this bias is
not equally present throughout the distribution.
Similar results showing a directly proportional
correlation between species richness and
collection density, especially in the Espinhago
Range (Fig. 4), have been previously found and
discussed by other researchers (Echternacht et
al. 2011; Bitencourt & Rapini 2013; Campos et
al. 2016).

Most part of the collection records evaluated
for Lychnophorinae come from three states: 60%
from Minas Gerais, 21% from Bahia and 11%
from Goias and Distrito Federal. The other 13
Brazilian states from the 16 where the subtribe
occurs each hold less than 3% of the collections
records. Diamantina Plateau and Serra do Cip6 are
the locations with the highest collection rate and
species richness. This correlation between species
richness and collection density is also observed
in the southern part of Chapada Diamantina and
in the Serra da Canastra region. However, the
northeast region of Goids presents a contrasting
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pattern when comparing collection density and
species richness in Chapada dos Veadeiros and
further south in the Brasilia region. Chapada
dos Veadeiros presents greater species richness
compared to the southern Brasilia region, even
though the latter has higher collection density
than Chapada dos Veadeiros.

Regression analysis

The Shapiro-Wilk test deemed the data
generated by collection density and species
richness analyses as positive for a non-normal
distribution with p < 2.2°'¢ for both variables,
being corroborated by histograms that do
not display the typical bell-shaped normal
distribution. Due to the non-normality of the
data, the analysis turned to the non-linearity of
the distributions, with the application of non-
parametric methods. The Spearman’s correlation
test showed a strong positive correlation between
the variables, with rho = 0.8846 and p < 2.2-'¢.
The model that best represented the relationship
between variables was the non-linear exponential
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Figure 2 — Collection density analysis map with interpolation representation. Darker areas represent the areas with
higher collection density and light grey area represents the area with lower collection density.
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asymptotic regression with three parameters (Fig.
5) (Stevens 1951), presenting a high degree of
significance and explaining 82.7% of the total
variation in species richness (Crawley 2015).

Clustering analysis

The result generated by Infomap Bioregions
that showed higher similarity with some
Lychnophorinae distribution patterns in the
Espinhaco Range is constituted of cells with
minimum and maximum size of 0.5°, minimum
and maximum cell capacity of 10 and 500 records,
number of trials 10 and number of cluster cost 1.2.
Edler ef al. (2017) and Colli-Silva et al. (2019)
found a good fit between the actual data and the
results obtained in their works and, similarly,
the Espinhaco Range also presented significant
results in the analysis. The analysis delimited five
clusters congruent with the CD, ES, SCa, DP and
SCi distribution patterns and the Iron Quadrangle
region (Fig. 6).

The analysis report classifies the species that
have higher frequency of occurrence within a given
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region than in all other regions, thus defined as the
most indicative species for each cluster (Edler et
al. 2017; Colli-Silva et al. 2019). The species of
the distribution patterns that are also present in
the clusters corresponding to these patterns score
higher in the list of the most indicative species.
The clusters with the most indicative species
directly associated with the DP, SCa, SCi and CD
distribution patterns presented the scores of 4.66,
4.09 (except Minasia cabralensis H.Rob., with
3.63), 3.64 (except Prestelia eriopus Sch.Bip.,
with 3.53) and 2.24. The same was verified in the
cluster representing the ES distribution pattern,
although it characterizes the most indicative
species Lychnophora ramosissima Gardner and
Maschalostachys mellosilvae Loeuille & Roque
as almost totally present in this cluster due to
uncertainty in region delimitation. This is reinforced
by the high score of 12.9 for L. ramosissima and
12.1 for M. mellosilvae, and a score of 21.2 for
Anteremanthus piranii Roque & F.A.Santana,
the highest indicative score values found among
all clusters (Tab. 3). Despite the Iron Quadrangle
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Figure 3 — Species richness analysis map with interpolation representation. Darker areas represent the areas with
higher species richness and light grey area represents the area with lower species richness.
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Figure 4 — a. Collection density analysis map of the Espinhago Range with interpolation representation. Darker
areas represent the areas with higher collection density and light grey area represents the area with lower collection
density. b. Species richness analysis map of the Espinhaco Range with interpolation representation. Darker areas
represent the areas with higher species richness and light grey area represents the area with lower species richness.
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region also being represented by a cluster in the
Espinhago Range, all the most indicative species
do not have exclusive presence in this cluster and
the maximum score is 1.00 represented only by
Lychnophora pinaster Mart.

Discussion

Almost all species of Lychnophorinae
are endemic to Brazil, with the exception of
Eremanthus mattogrossensis Kuntze and E.
rondoniensis MacLeish & H.Schumach., occurring
in Brazil and Bolivia, Centratherum cardenasii
H.Rob. that occurs only in Bolivia and C. punctatum
(Fig. 7), with a large distribution in several tropical
countries.

Distribution patterns generally reflect the
organization of the biota in a given environment,
considering several factors that led that species
group to establish in a similar distribution area.
Some distribution patterns found in Lychnophorinae
are also reported for other Angiosperms (Tab. 2) by
Rapini (2002) (Asclepiadoideae), Echternacht ez al.
(2011) (Eriocaulaceae) and Rando & Pirani (2011)
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(Chamaecrista, Leguminosae). The southern
portion of the Espinhago Range has been more
thoroughly sampled and presents very characteristic
subdivisions of distribution between mountains and
surrounding areas, due to the geography of the
region, presenting microendemic zones created by
rivers and depressions. The great diversity of the
Serra do Cipd was noted by Rapini et al. (2008)
and the high index of collection in this area make
the discovering of new (undescribed) species more
likely, thus increasing species richness in these
locations (Bitencourt & Rapini 2013).

Species in the Espinhago Range have
distribution patterns with boundaries congruent
with the limits of this mountain range and his
subdivisions, which are possibly explained, in this
case, by the species occurring in high elevation
environments. In the context of the principle
of vicariance, where the geographical barriers
may be an impediment of distribution for some
species and not for others, the CD distribution
pattern is noteworthy as species present distinct
distributions between the eastern and western

60

N
=)

Species Richness

20+

Collection Density

1000 1500

Figure 5 — Exponential asymptotic nonlinear regression model with three parameters. Histograms of collection
density are in the upper part and species richness in the right side.
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Figure 6 — Results of clustering analysis showing compatibility with some distribution patterns of the Lychnophorinae
subtribe. Hatched squares represent analysis noise and are not part of the clusters.
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Table 3 — Most indicative species of the cluster analysis and their respective scores. The species that belong to the
corresponding distribution pattern mentioned in the table title are highlighted in bold.

Chapada Diamantina cluster (Pattern 1)

Most indicative species Score
Eremanthus hatschbachii H.Rob. 2.24
Heterocoma erecta (H.Rob.) Loeuille, J.N.Nakaj. & Semir 2.24
Lychnophora harleyi H.Rob. 2.24
L. spiciformis Loeuille & Siniscalchi 2.24
Lychnophorella leucodendron (Matff.) Loeuille, Semir & Pirani 2.24
L. morii (H.Rob.) Loeuille, Semir & Pirani 2.24
L. santosii (H.Rob.) Loeuille, Semir & Pirani 2.24
L. sericea (D.J.N.Hind) Loeuille, Semir & Pirani 2.24
L. triflora (Mattf.) Loeuille, Semir & Pirani 2.24
Paralychnophora patriciana D.J.N.Hind 2.24

Diamantina Plateau cluster (Pattern 4.3.2)

Most indicative species Score
Lychnophora brunioides Mart. 4.66
L. diamantinana Coile & S.B.Jones 4.66
L. grisea Loeuille, Semir & Pirani 4.66
L. souzae H.Rob. 4.66
L. staavioides Mart. 4.66
Piptolepis campestris Semir & Loeuille 4.66
P. imbricata Sch.Bip. 4.66
P. leptospermoides Sch.Bip. 4.66
P. monticola Loeuille 4.66
P, oleaster Sch.Bip. 4.66

Espinhago Septentrional cluster (Pattern 4.2)

Most indicative species Score
Anteremanthus piranii Roque & F.A.Santana 21.2
Eremanthus incanus Less. 0.366
E. polycephalus (DC.) MacLeish 0.835
E. syncephalus (Sch.Bip.) Loeuille, Semir & Pirani 0.664
Lychnophora hatschbachii (H.Rob.) Loeuille, Semir & Pirani 2.16
L. ramosissima Gardner 12.9
L. rosmarinifolia Mart. 1.92
Maschalostachys markgrafii (G.M.Barroso) Locuille & Roque 1.25
M. mellosilvae Loeuille & Roque 12.1
Proteopsis argentea Mart. & Zucc. ex DC. 1.49
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Serra do Cabral cluster (Pattern 4.3.1)

Most indicative species Score
Anteremanthus hatschbachii H.Rob. 4.09
Chronopappus lanatus Loeuille, Semir & Pirani 4.09
Heterocoma lanuginosa (Glaz. ex Oliv.) Loeuille, J.N.Nakaj. & Semir 1.36
Lychnophora candelabrum Sch.Bip. 1.61
L. ramosissima Gardner 1.02
Maschalostachys markgrafii (G.M.Barroso) Loeuille & Roque 3.76
Minasia cabralensis H.Rob. 3.63
M. ramosa Loeuille, H.Rob. & Semir 3.23
M. splettiae H.Rob. 1.64
Vinicia tomentosa Dematt. 4.09
Serra do Cip6 cluster (Pattern 4.3.3)
Most indicative species Score
Eremanthus brevifolius Loeuille 3.64
Lychnocephalus humillimus (Sch.Bip.) Loeuille, Semir & Pirani 3.64
L. mellobarretoi (G.M.Barroso) Loeuille, Semir & Pirani 3.64
Lychnophora albertinioides Gardner 3.64
L. damazioi Beauverd 3.64
L. rupestris Semir 3.64
Minasia pereirae H.Rob. 2.58
Piptolepis schultziana Loeuille & D.J.N.Hind 3.64
Prestelia eriopus Sch.Bip. 3.53
P, purpurascens (Oliv.) Loeuille, Semir & Pirani 291

)

0 2000 4000 6000 km
I
1 1 =
120°W 60°W

Figure 7 — Distribution of Centratherum punctatum in the pantropical zone.
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parts of the plateau, however, the presence of the
Paramirim corridor between Chapada Diamantina
and Espinhago Septentrional does not prevent some
species from being found on both sides.

All families selected for comparison of
distribution patterns had species with similar
distribution patterns to those found in subtribe
Lychnophorinae, notably in the Espinhaco Range,
where the highest number of records was found. The
Chapada Diamantina and Espinhago Meridional, in
the states of Bahia and Minas Gerais, presented
the highest number of species used as comparison,
containing 11 and 38 species respectively. Families
Bromeliaceae and Verbenaceae stand out, with nine
members of genus Encholirium distributed in the
Espinhago Meridional and seven representatives
of genus Lippia in the Chapada Diamantina,
respectively.

The CAMG, CDC, ET, PA and SE distribution
patterns are uniquely found in Lychnophorinae and
not seen in other species of the genera studied
here for comparative distribution analyses. This is
likely due to the use of only a small fraction of the
angiosperms that occur in the Espinhago Range
in the analyses. Further in-depth studies with
other groups could highlight species with similar
distributions to these exclusive patterns presented
here. Most part of the patterns identified for the
subtribe comprehend the meridional portion of
the Espinhago Range, which becomes clear when
overlapping the distribution patterns (Fig. 1). The
high concentration of species in this region, with
a variety of spatial distributions among them,
increases the number of distribution patterns and
contributes to delimit more specific zones, such as
Diamantina Plateau, Serra do Cip6 and Serra do
Cabral (Echternacht et al. 2011; Rando & Pirani
2011).

Collection efforts can influence not only
the richness of species in a region, but also the
number of distribution patterns that can be found.
There is a possible trend where the higher the
number of species described for a region, the
probability of finding different distribution patterns
in that location increases. Similarly, sites with few
collection records indicate these areas may harbor
a high number of species still to be described and
in need of improved research effort. Although
these relationships are not always evident or
direct, the distribution patterns of Lychnophorinae
in the Espinhago Meridional show cases where
a high intensity of collection corresponds to
a concentration of species. The lower species
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richness of the Espinhago Septentrional is a
reflection of lower collection intensity, thus
making this area promising for the identification
of new, undescribed species. Future studies with
detailed statistical approaches may help clarify
these patterns.

The contrasting pattern seen in the northeast
of Goids points to an even greater potential of
identifying new species in Chapada dos Veadeiros.
In the Brasilia portion, the potential to find new
species appears to be lower when comparing
collection density and species richness, especially
if compared to Chapada dos Veadeiros. After
the analyses, it is evident there is a correlation
between the most collected areas and higher species
richness throughout the distribution area of the
group, as previously observed in other works (e.g.,
Bitencourt & Rapini 2013; Campos ef al. 2016).

The statistical results and the graphical
model corroborate the interpretation offered by
collection density and species richness analyses.
They demonstrated a strong exponential correlation
between the variables, making the proportional
increase between them evident and showing that
differences in the collection density and species
richness values increase gradually. This is explained
by the fact that collected areas harbor an unknown
number of species and although collection effort
increases the amount of new species found, it
also decreases when approaching the threshold of
undescribed species in the region. In addition, the
results corroborate the potential of finding a larger
number of new species in poorly studied areas.
Echternacht et al. (2011) and Bitencourt & Rapini
(2013) also discuss the similarity between species
richness and collection density by statistical means,
however in the first case it shows a high index of
Pearson’s correlation of 0.87 and r = 0.886 and p
= 0 in the second case.

Although the clustering analysis did not
find congruence with all the distribution patterns
described for Lychnophorinae, the previously
mentioned congruence of the clustering analysis
results with some distribution patterns shows
this methodology as a strong tool in delimiting
distribution patterns in a given area, including the
previously described subpatterns and local patterns.
The clustering analysis is additionally corroborated
by the list of most indicative species in each cluster
and their respective score value of presence in
that pattern (Edler et al. 2017; Colli-Silva et al.
2019). Except for the Iron Quadrangle region,
which does not present the necessary components
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to be recognized as a distribution pattern for
Lychnophorinae, due to lack of exclusive species
for the area and low score, all other clusters in the
Espinhago Range showed visible circumscription
with high score for the most indicative species,
reinforcing the endemic characteristic of this area
and agreeing with previous works (Echternacht ez
al. 2011; Rando & Pirani 2011; Bitencourt & Rapini
2013; Campos et al. 2016) on distribution patterns
and the high endemism levels and species richness
present in the campos rupestres, markedly in the
Espinhago Range.

The Chapada Diamantina and Southern
Espinhago provinces proposed by Colli-Silva
et al. (2019) are aligned with the CD and EMS
distribution patterns in the present work, as well
as the Diamantina Plateau and Iron Quadrangle
districts (Colli-Silva ez al. 2019), which correspond
to the EM distribution pattern (Fig. 8). Thus, the
complementarity between the distribution patterns
shown here and the bioregions presented by
Colli-Silva et al. (2019) highlights the different
floristic composition, species concentration and
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the endemic characteristic of the areas along the
Espinhago Range.

The analyses we chose to carry out
complement each other, composing a congruent
set of results, thus providing reliable tools for
future plant biogeography studies. The distribution
patterns found in Lychnophorinae, the diversity of
taxa in each pattern, including species from other
families, and the clusters delimited by the clustering
analysis together constitute a strong evidence
of the endemic patterns present in mountain
environments. The results from collection density,
species richness, and regression analyses also
are aligned, pointing to cores of species richness
where higher collection density is present, putting
the research bias in evidence and showing that
botanical studies are needed is lesser known areas.
These analyses and the overlap of distribution
patterns are aligned, showing Diamantina Plateau
and Serra do Cip6 as important areas for diversity
of species and highlighting the importance of
the biogeographic and taxonomic researches in
the Espinhaco Meridional. These findings agree
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distribution patterns.
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with Colli-Silva et al. (2019), making distribution
patterns and bioregions essential tools for the
understanding of the botanical biogeography of
the Espinhaco Range.
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