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(Eriocaulaceae, Poales) and other implications of finding Paepalanthus mini-
mus again
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Abstract: Serra do Padre Angelo, a quartzitic massif in eastern Minas Gerais, Brazil, was nicknamed “Land of Giants” due to the
gigantism observed in some plant species found in its campos rupestres. During fieldwork for the floristic inventory of this Serra, a
small Eriocaulaceae species was collected. Initially it was believed to be a new species, but a thorough revision of names and type
specimens revealed that it was conspecific with Paepalanthus minimus. This taxon was known only from the type specimen col-
lected over 100 years ago and more than 200 km distant from the new collections. It had been overlooked in previous studies dealing
with the family in Brazil, which could be explained by its diminutive size and the poor conditions of the type specimen. Here we
present the implications of this rediscovery, including the combination of P. minimus in Giuliettia, a genus recently proposed based
on general habit, inflorescence and seed morphology. We also present information on distribution and ecology and briefly discuss
the biogeographical pattern that could explain this rediscovery far away from the previous record. Considering its likely local
extinction at the type locality and threats to the quality of its remaining habitat, the species is preliminarily assessed as Critically
Endangered. This highlights the urgent need for conservation actions to protect Serra do Padre Angelo and its unique biodiversity.

Keywords: campos rupestres, conservation, Eriocaulaceae, Giuliettia, monocots, Paepalanthus, Poales, Serra do Padre Angelo,
threatened species

Resumo: A Serra do Padre Angelo, um macico quartzitico no leste de Minas Gerais, Brasil, foi apelidada de “Terra de Gigantes”
devido ao gigantismo observado em algumas espécies de plantas encontradas em seus campos rupestres. Durante o trabalho de
campo para o inventdrio floristico desta Serra, uma pequena espécie de Eriocaulaceae foi coletada. Inicialmente, acreditava-se ser
uma nova espécie, mas uma revisdo minuciosa dos nomes e espécimes tipo revelou que ela era na verdade conspecifica com Paepa-
lanthus minimus. Esse tdxon era conhecido apenas pelo espécime tipo, coletado ha mais de 100 anos e a mais de 200 km das novas
coletas, tendo passado despercebido em estudos anteriores sobre a familia no Brasil, o que pode ser explicado pelo seu tamanho
diminuto e pelas condi¢des precdrias do espécime tipo. Aqui, apresentamos as implicacdes dessa redescoberta, incluindo a combi-
nacdo de P. minimus em Giuliettia, um género recentemente proposto, com base em seu habito geral, morfologia da inflorescéncia e
da semente. Também fornecemos informagdes sobre a distribuicao e ecologia, e discutimos brevemente o padrdo biogeografico que
poderia explicar essa redescoberta tdo distante do registro anterior. Considerando sua provavel extingdo local na localidade tipo e as
ameacas a qualidade de seu habitat remanescente, a espécie € preliminarmente avaliada como Criticamente em Perigo. Isso destaca
a necessidade urgente de aces de conservacio para proteger a Serra do Padre Angelo e sua biodiversidade tnica.
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Introduction the focus of an increasing number of studies in the past

decades (Miola & al. 2021), new areas harbouring cam-

Eriocaulaceae is the iconic component of the flora of the
campos rupestres (Giulietti & al. 1997), a megadiverse
ecosystem found in ancient mountain ranges across
South America, but especially in central and eastern Bra-
zil (Silveira & al. 2016). While this ecosystem has been

pos rupestres are still being discovered in the 21* cen-
tury. Such is the case of Serra do Padre Angelo, Pico da
Alianca and other neighbouring quartzitic sierras of the
Jodo Pinto formation in the Doce river valley in eastern
Minas Gerais, southeastern Brazil (Gonella & al. 2015;
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Lopes & al. 2016; Mello-Silva 2018; Andrino & Gonella
2021). The Jodo Pinto formation is a geologically ancient
region with a quartzitic rock substrate distinct from its
surroundings (Oliveira 2000), characterized by granitic
rock outcrops and vast lowlands that were once covered
by seasonal forests of the Atlantic forest domain, a bio-
diversity hotspot (Myers & al. 2000), but now majorly
deforested and converted into grazing land (MapBiomas
Project 2023). These rocky areas form “islands™ of iso-
lated mountaintops among a forest matrix and harbour
several newly described and endemic species of plants
(Gonella & al. 2015; Andrino & Gonella 2021; Antar &
al. 2021a, 2021b; Mezzonato-Pires & al. 2021; Caval-
canti & al. 2022; Goldenberg & al. 2022; Oliveira & al.
2022; Couto & al. 2023; Leme & al. 2023) and animals
(Reategui & al. 2022; Cordeiro & Camico 2023; Zacca
& al. 2023). Because of this, the region can be seen as
a significant location of biodiversity and endemism for
the neotropical flora, previously referred to as the “Jodo
Pinto centre of biodiversity” (Leme & al. 2023). Only
in the last decade, over 30 new species have been de-
scribed from this small region, and many others are still
to be named as explorations in the region progress. Two
of the recent discoveries from Serra do Padre Angelo
are remarkable in their gigantism within their respec-
tive families: they are Drosera magnifica Rivadavia &
Gonella (Droseraceae; Gonella & al. 2015) and Vellozia
gigantea N. L. Menezes & Mello-Silva (Velloziaceae),
rendering the nickname “Land of Giants” to these moun-
tains (Mello-Silva 2018).

The Jodo Pinto formation is located around 200 km to
the east of the Espinhaco range, a cordillera of over 1000
km extending from Minas Gerais to Bahia in eastern Bra-
zil that is the core area of the Brazilian campos rupestres
and a centre of diversity for Eriocaulaceae (Costa & al.
2023). The family has the largest number of endemic spe-
cies in the Espinhaco range (Colli-Silva & al. 2019), and
Paepalanthus Mart. is the most endemic-rich genus, with
a high rate of micro-endemism, i.e. species known only
from a single locality or even only from the type speci-
men (Costa & al. 2008, 2023). Many of these species
were described by the Brazilian naturalist Alvaro Astol-
pho da Silveira (1867-1945), who travelled along the Es-
pinhago range collecting plants and describing new taxa.
Silveira published over 250 new plant names, at least
181 of which were new Paepalanthus species (Heringer
2012). While most of the species published by Silveira
are still accepted, many were later considered synonyms
(Andrino & al. 2022). This can be explained by the limit-
ed number of herbarium specimens in Brazil at that time,
hindering the study of morphological variation, the dif-
ficult access to type specimens mainly deposited in Euro-
pean herbaria and the adoption of very restrictive species
delimitation concepts (Heringer 2012). The delimitation
of some species described by Silveira remains challeng-
ing due to several factors. Many of these species are still
known only from the type specimens, which often have
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very nonspecific location data and are represented by a
single or a few collected plants (Andrino & al. 2022).

Recently, a new classification for Eriocaulaceae was
carried out, focusing on the subfamily Paepalanthoidae
(Andrino & al. 2023a). The limits of the megadiverse ge-
nus Paepalanthus have been revised based on molecu-
lar and morphological evidence, with distinctive clades
recognized as segregated genera. One of these genera is
Giuliettia Andrino & Sano, consisting so far of 30 spe-
cies and one variety, which are characterized by plants
that hardly exceed 20 cm tall, with mostly unbranched
stems with fasciculate scapes at the apex, trimerous flow-
ers, pistillate flowers with free petals, and seed coat sur-
face with irregular isodiametric cells without any kind of
appendages (Andrino & al. 2023a).

As the biological prospecting studies of Serra do
Padre Angelo advance, new records and taxa are being
identified, including in Eriocaulaceae a new species
described for the region, Paepalanthus oreodoxus An-
drino & Gonella (Andrino & Gonella 2021). This species
presents a remarkable disjunction pattern between Serra
do Padre Angelo and the core area of campos rupestres,
the Espinhago range. Other unidentified plants of Erio-
caulaceae were collected subsequently, including a small
species with very distinctive morphology that was, at
first, thought to belong to a new, undescribed species of
Giuliettia. In thoroughly reviewing the names and types
in Giuliettia, and because the genus was segregated from
species previously contained in Paepalanthus (Andrino
& al. 2023a), we decided to thoroughly examine the spe-
cies in Paepalanthus as well. However, despite this re-
cent taxonomic change, the newly examined specimens
of Giuliettia showed morphological similarities to the
enigmatic P. minimus Silveira, a small species that was
known only from the type specimen and collected more
than one hundred years ago and more than 200 km from
the new collections. Here, we present a report on the re-
discovery of P. minimus and its subsequent transfer to the
genus Giuliettia, which is supported by observations of
its growth habit, reproductive characteristics and seed
morphology, as well as the updated classification system.
Furthermore, we discuss the implications of this redis-
covery for the taxonomy, biogeography and conservation
of this diminutive species. The rediscovery of this taxon
enriches the flora of this small but peculiar Serra, which
still lacks any kind of protected area status.

Material and methods

Fieldwork to Serra do Padre Angelo has been carried out
since 2013. Specimens were collected, herborized and
deposited in the herbaria MBML and UB (acronyms ac-
cording to Thiers 2023+). The morphological data were
obtained from the study of herbarium specimens and in
situ observations. The description and illustrations of the
taxon followed the usual botanical terminology (Stearn
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1973; Radford 1986) and Rosa & Scatena (2007) for
flower morphology.

The maps were prepared using the QGIS software
(QGIS Sofware Team 2023) using layers obtained from
IBGE (2023), ICMBio (2023) and Sisema (2023) plus
data on land use and fire history from the MapBiomas
Project (2023). The preliminary conservation status was
assessed following the JUCN Red List categories and
criteria (IUCN 2012), and the calculations of area of oc-
cupancy (AOO) and extent of occurrence (EOO) were
obtained with the GeoCAT tool (Bachman & al. 2011)
using the standard parameters.

For the scanning electron microscopy (SEM) analy-
sis, seeds were taken from herbarium specimens (A. Sil-
veira 697 and P. M. Gonella & al. 3588), embedded in
water to remove parts of the fruit, dried and mounted on
stubs and gold-coated in a Leica SCD 500 sputter coater.
Specimens were viewed and photographed with a scan-
ning electron microscope JEOL-JSM-7001F.

Results

Taxonomic treatment

Giuliettia minima (Silveira) Andrino, L. H. Rocha &
Gonella, comb. nov. = Paepalanthus minimus Silveira,
Floral. Mont. 1: 107, t. 66. 1928. — Holotype: Brazil, Mi-
nas Gerais, in campis et sub rupibus prope Barauna [in
fields and under rocks near Barauna — former name of
the current Bardo de Guaicui, district of the municipal-
ity of Gouveia], Apr 1918, A. Silveira 697 (R [barcode
R0O00181868]!; isotype: UB!). — Fig. 1-6.

Description — Herbs annual, rupicolous, 1-12.5 cm tall.
Roots capillary. Stem unbranched, restricted to rosette or
etiolated, elongated, decumbent, thin, 0.1-8.8 mm long.
Leaves rosulate or spiralled, green, linear-lanceolate,
flat, 0.5-3 x 0.1-0.3 cm, membranous, pilose with short
trichomes on both surfaces c. 1 mm long, central nerve
visible up to %5 of length, margin ciliate, apex acute.
Spathes 0.1-0.6 mm long, abaxial surface pilose, base
with a tuft of long trichomes, margin ciliate, aperture
oblique, apex acuminate. Scapes free, fasciculate, 1-35
per plant, green, 0.6—-4.5 cm long, pilose with trichomes
0.2-0.5 mm long. Capitula cream-coloured, 2—6 mm in
diam.; involucral bracts in 2 series; bracts of external se-
ries green, linear-lanceolate to narrowly ovate, 1.2-3 x
0.2-0.8 mm, surpassing length of flowers by 0.7-2 mm,
pilose along central nerve abaxially, margin ciliate, apex
acute to obtuse; bracts of internal series ovate, 1-1.2 x
0.7-1.4 mm, hyaline, surfaces glabrous, margin ciliate,
apex obtuse to rounded. Floral bracts narrowly ovate,
c. I mm long, hyaline, surfaces glabrous, margin ciliate,
apex obtuse. Flowers 3-merous, diclinous, with pistil-
late flowers in periphery of capitula and staminate flow-
ers in centre. Staminate flowers c. 1.5 mm long; pedicel
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c. 0.5 mm long, with trichomes c. 2 mm long; sepals
3, free, narrowly oblong, c. 0.5 mm long, hyaline, sur-
faces glabrous, margin ciliate, apex obtuse; androphore
plus petals c. 1 mm long; petals 3, fused except free at
apex, c. 0.3 mm long, hyaline, glabrous, margin entire;
anthers dorsifixed; pistillodes filiform. Pistillate flowers
1.5-2 mm long; pedicel c. 0.5 mm long, pilose, trichomes
equalling those of staminate flowers; sepals 3, oblong-
oblanceolate, c. 1 mm long, hyaline, enlarging and be-
coming hygroscopic in fruit, margin ciliate; petals 3, free,
narrowly obovate, c. 0.5 mm long, hyaline, glabrous, apex
fimbriate; staminodes absent; gynoecium with nectarifer-
ous and stigmatic branches inserted in column at same
height; stigmatic branches 3, bifid, c. 0.8 mm long; nec-
tariferous branches 3, c. %2 as long as stigmatic branches,
papillose; ovary c. 0.5 mm long. Fruit a loculicidal cap-
sule, dispersed as an entire unit by calyx (autochorous).
Seeds reddish brown, ovoid, 390-500 x 230-290 pm;
seed coat formed by irregular isodiametric cells, without
appendages.

Phenology — Collected with flowers and fruits in Feb-
ruary, March, April, May and June; not observed during
the dry season, when only dried and dead plants of the
previous rainy season could be found (usually from July
to October).

Distribution, habitat and ecology — The exact location
where Alvaro da Silveira collected the specimens he used
to describe Paepalanthus minimus is unknown, because
the specimen label states it was collected around Barau-
na, a district now named Barao de Guaicui, in the munici-
pality of Gouveia (located at around 1200 m a.s.l.), but
the protologue (Silveira 1928) indicates it was collected
in the Pico do Itambé, at around 2000 m a.s.l. (Fig. 1).
Both the specimen label and the protologue indicate that
the species was found under rocks in a shaded place.
Both areas are located in quartzitic campo rupestre, in
the Diamantina plateau, part of the Espinhaco range in
central Minas Gerais (Fig. 1).

The new specimens were collected over 200 km to
the southeast of the possible type locality (Fig. 1), in
quartzitic campo rupestre areas of Serra do Padre Ange-
lo, municipality of Conselheiro Pena, Minas Gerais. In
this Serra, the species was found in two localities c. 3 km
distant from each other, in the Pico da Bela Adormecida
(also known as Pico do Padre Angelo; Fig. 4A) and in
the contiguous Serra da Palha Branca (locally known as
Mirante da Bela; Fig. 4B) to the southeast (Fig. 1C, 5).
At both places, Giuliettia minima grows on north-facing,
vertical rock walls with seasonal seepages. The species is
found mainly in rock crevices protected from direct sun-
light (Fig. 3A—C), agreeing with the type specimen label,
which indicates that the species was found under rocks.
Only a few individuals were also observed on more ex-
posed seepages, also facing north (Fig. 3D). The species
is found at elevations from 1080 to 1400 m.
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+ Giuliettia minima — possible type location

* Giuliettia minima — new records
[ state limits

[] Protected areas — federal and state levels
™™ Serra do Padre Angelo

i Pico da Alianca

Map B
Elevation (m)

2000
0

Fig. 1. Distribution map of Giuliettia minima. — A: reference map of South America highlighting Brazil and Minas Gerais; B: ap-
proximate occurrence of type collection of G. minima and new records reported here; C: main regions of Jodo Pinto formation.

Like other species of Giuliettia, G. minima is an an-
nual species (therophyte), which means it has a genera-
tion time of a few months, with seeds germinating in the
early rainy season and individuals dying by the early dry
season after setting seeds for the next generation (An-
drino & al. 2023a). A second, even shorter-lived genera-
tion may also occur, as implied by the small flowering
specimens attached to the capitula of larger individuals,
suggesting vivipary (e.g. the specimen P. M. Gonella &
al. 3588; Fig. 3A). The durability of the seed bank in the
soil is unknown for this species, although it has been esti-
mated to last for at least two years in other Eriocaulaceae
species (Garcia & al. 2014).

Preliminary conservation status — Critically Endan-
gered: CR Blab(iii)+B2ab(iii). Giuliettia minima was
first collected in 1918, either near Bardo de Guaicuf (dis-
trict of Gouveia) or in the Pico do Itambé, but was never
found again in this region, even though both localities
were visited by many botanists over the last century, in-
cluding the authors of this paper and several Eriocaulace-
ae specialists. Although the lack of new specimens from
this region could be due to the diminutive size and specif-
ic habitat of the plants, which could have hindered their
being refound, it is also possible that the species could
have gone locally extinct as a result of habitat alterations
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in the past century. Because of the lack of precise infor-
mation on the collection site of the type specimen, it is
not possible to assess the current situation of the habitat
where it was first collected, nor include it in the calcula-
tions of AOO and EOO. Pico do Itambé is located in a
state-level protected area, the Pico do Itambé State Park.

The situation of the known population is alarming,
however, with continuing threats and an observed de-
cline in habitat quality (Fig. 4, 5). The region of Serra
do Padre Angelo was once surrounded by a matrix of
semideciduous seasonal forest, now largely degraded
and converted into pastures or agricultural land (Fig. 4G,
5B; MapBiomas Project 2023). The removal of the for-
est buffer around the campos rupestres areas in addition
to the common use of fire for pasture renovation has fa-
voured the invasion by alien species, especially molasses
grass, Melinis minutiflora P. Beauv. (Poaceae; Fig. 4E),
and bracken fern, Pteridium aquilinum (L.) Kuhn (Denn-
staedtiaceae; Fig. 4F), representing a severe threat to the
quality of the habitat, especially for the micro-endemic
species, which have very specific and restricted habitats
(Gonella & al. 2015; Andrino & Gonella 2021; Couto &
al. 2023). At both sites where the species was found at
Serra do Padre Angelo (AOO of 8 km? EOO polygon
cannot be calculated given the reduced number of sites),
the habitat is altered by human activities (e.g. fire, defor-
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Fig. 2. Giuliettia minima. — A—C: habit showing variation in size, stem and number of scapes per plant; D: capitulum, side
view; E: involucral bracts of external series; F: involucral bracts of internal series; G: staminate flower, one sepal removed for
observation; H: staminate flower with corolla sectioned for observation of pistillodes and stamens; I: pistillate flower; J: petal
of pistillate flower; K: gynoecium; L: seed. — Based on P. M. Gonella 3474. — Drawn by Joelcio Freitas.
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Fig. 3. Giuliettia minima. — A: habitat on shaded rock crevices, with some capitula presenting apparent vivipary; B: habitat under
rocks in shade with mosses; C: close-up of plants in habitat; D: plants in a humid rock crevice with organic matter in more exposed
site; E: collected specimen, P. M. Gonella 3474; F, G: capitula; F: posterior view, showing involucral bracts; G: front view. — Pho-
tographs: A: Serra da Palha Branca, March 2023, by Jilio César Ribeiro; B, C: Serra da Palha Branca, June 2020, by Gabriele A.
da Silva; D-G: Pico da Bela Adormecida, May 2022, by Paulo Minatel Gonella.

estation; Fig. 4) and severely invaded by the aforemen-
tioned invasive species. Furthermore, both areas are still
subject to constant, uncontrolled wildfires originating
from farming activities (Fig. 5C), such as the one that af-
fected the Bela Adormecida population in late 2020 (Fig.
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4D, 5D). The population of Serra da Palha Branca al-
ready shows signs of decline due to the history of fire and
the presence of invasive species, because it is extremely
localized even though the area presents several similar
habitats that are not occupied by the species. Given the
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Fig. 4. Habitat of Giuliettia minima and conservation threats. — A: Pico da Bela Adormecida, one of the highest
peaks of Serra do Padre Angelo and habitat of G. minima, May 2022; B: Serra da Palha Branca, part of Serra do
Padre Angelo, August 2022; C: habitat of Pico da Bela Adormecida population in June 2020, before the fire; D: same
area as C in October 2020, immediately after the fire; E: invasion of molasses grass, Melinis minutiflora, in Pico da
Bela Adormecida, with individuals of Vellozia gigantea in background, July 2017; F: area of Serra da Palha Branca
invaded by bracken fern, Pteridium aquilinum, February 2021; G: pastures and degraded areas surrounding Pico da
Bela Adormecida, April 2023. — All photographs by Paulo Minatel Gonella.
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Y% Giuliettia minima
[ Municipal limits
=" Serra do Padre Angelo

Fire record (1985-2020)
[ ] 0-nofire record

B 5times

Land use

[ Pasture and agriculture
] I Native forest
[ Rock outcrop

Burned area 2020
[ No fire record
[ Area burned

Fig. 5. Distribution of Giuliettia minima at Serra do Padre Angelo and conservation threats. — A: occurrence map of G. minima at
Serra do Padre Angelo; B: land use of region; C: fire record in region between 1985 and 2020; D: fire record in region in 2020, when
a wildfire affected Pico da Bela Adormecida. — Data on land use and fire from MapBiomas Project (2023).

annual growing cycle (which means yearly fluctuation of
the number of individuals), the complex topography of
the habitat, the likely existence of a seed bank and the
capacity of the species to flower at a small size, estima-
tion of population size is very difficult. Considering the
fragile habitat and the annual life cycle of the species, its
generation time is very short in a way that a stochastic
event, such as an intense fire or an extreme climatic event
like a drought, could cause local extinction or a dramatic
reduction of population size within a year.

Considering the reduced known population, restricted
occurrence, a narrow habitat preference that is suscepti-
ble to several threats to its quality and the fact that none
of its known subpopulations are within a protected area,
we recommend that Giuliettia minima should be catego-
rized as Critically Endangered based on the aforemen-
tioned TUCN (2012) criteria.

Proposed vernacular name — “sempre-viva-minima”
(Portuguese). Following the suggestion of Marinho &
Scatigna (2022), we propose a vernacular name for this
species as a way to promote knowledge about it to the
local communities and to address the urgency of promot-
ing conservation actions to protect the species and its
habitat. The proposed name considers the common name
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of many Eriocaulaceae species in Brazil (“sempre-viva”
— Portuguese for “everlasting”) plus the specific epithet,
which is easily relatable in Portuguese, meaning “mini-
mal” or “very small”.

Taxonomic remarks — The morphologically most similar
species to Giuliettia minima is G. bifida (Schrad.) An-
drino & Sano, both species sharing the small, delicate
habit and green involucral bracts surpassing the height
of the flowers in the capitula. However, G. bifida presents
a cylindric, erect, stiff, often brownish stem (vs acau-
lescent, or rarely with a filiform, slender, green stem in
G. minima; Fig. 2A-C, 3), leaves chartaceous with long
trichomes and multiple parallel nerves (vs membranous,
with short trichomes and a single central nerve) and the
involucral bracts lanceolate to linear-lanceolate, both in-
ternal and exterior series with an acute apex, the external
series green and the internal series bronze-coloured with
hyaline margins (vs involucral bracts linear-lanceolate to
narrowly ovate with an acute to obtuse apex in the exte-
rior series [Fig. 2E] and ovate with an obtuse apex in the
interior series [Fig. 2F], the external series green and the
interior series hyaline [Fig. 3F-G]).

When describing Paepalanthus minimus, Silveira
(1928) compared it with P. pullus Korn., which was kept
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Fig. 6. Scanning electron micrographs of seeds of Giuliettia minima. — A: from specimen P. M. Gonella 3588 (UB); B: from speci-

men A. Silveira 697 (UB isotype).

in the genus Paepalanthus in the classification of Andrino
& al. (2023a). Paepalanthus pullus is distinct in having
a dense rosette of glabrous leaves, scapes glabrous, in-
volucral and floral bracts dark castaneous and stigmatic
branches simple (Andrino & al. 2023b).

Additional specimens examined — BRAZIL, MINAS GE-
RAIS: Conselheiro Pena, Serra do Padre Angelo, Pico da
Bela Adormecida, 19°19'0.07"S, 41°34'46.67"W, 1400
m, 15 Mar 2021 (fl./fr.), P. M. Gonella & al. 2303 (UB);
ibid., 23 Feb 2022 (fl.), L. H. Rocha & al. 46 (UB);
ibid., 11 May 2022 (fl./fr.), P. M. Gonella & al. 3474
(MBML, UB); ibid., 9 Oct 2022 (fr.), P. M. Gonella &
al. 3588 (UB); Serra da Palha Branca, 19°20'19.5"S,
41°33'26.3"W, 1080 m, 9 Jun 2020 (fl./fr.), P. M. Gonella
& al. 1286 (UB).

Discussion

The specimen Silveira 697, the type of Giuliettia mini-
ma, is a gathering of several small plants in poor condi-
tion. Nevertheless, the comparison of these plants with
the newly collected plants showed great morphological
similarities, such as the acaulescent habit, thin, delicate
leaves, similar spathe morphology including the presence
of a tuft of trichomes at the base, similar involucral bracts
and similar seed morphology (Fig. 6). Seed morphology
is especially important in the delimitation of Giuliettia.
The seeds of this genus lack the appendages characteris-
tic of Paepalanthus seeds (Andrino & al. 2023a). Seeds
of G. minima show typical morphology of the genus, and
a comparison of seeds of the type specimen with a new
specimen show similar shape and seed coat ornamenta-
tion (Fig. 6). The plants from Serra do Padre Angelo are
usually larger than those of the type specimen, but the
smallest plants were also recorded at the new location
(Fig. 2B), showing the phenotypic variation range of the
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species. The plants from Serra do Padre Angelo also show
the presence of long, green bracts in the external series
(Fig. 3F—G), which is not observed in the type specimen
of G. minima. However, this characteristic is also not
observed in all specimens from the rediscovery site and
may be considered part of the phenotypic variation of the
species. Despite the great distance between the type lo-
cality and the new specimens reported here, the extensive
morphological similarities corroborate the assignment of
these new specimens to G. minima. Rediscovery of taxa
far from the type locality is not uncommon in Brazil and
especially in the megadiverse state of Minas Gerais (e.g.
Menezes & al. 2022). These rediscoveries are usually as-
sociated with taxa with very specific habitats. However,
they can also be influenced by collection bias, because
areas near larger cities, research institutes, universities
and especially roads are more frequently sampled than
remote locations (Oliveira & al. 2016) such as Serra do
Padre Angelo (Gonella & al. 2021).

The delimitation of genera within subfamily Paepa-
lanthoidae has been challenging over the past decades
due to the recognition of a non-monophyletic Paepalan-
thus. Historically, tiny Eriocaulaceae species with deli-
cate habit used to be grouped in the genus Blastocaulon
Ruhland (now synonymous with Paepalanthus) and in P.
ser. Leptocephali Ruhland (Ruhland 1903). Recent mo-
lecular phylogenetic studies, however, found that none of
the two taxa were monophyletic and the features used
to define these groups were homoplasies (Giulietti & al.
2012; Andrino & al. 2021). Notwithstanding, these same
studies have shown that some species within those taxa
were phylogenetically close and formed clades defined
by other morphological characteristics. Species with
slender and delicate habit with unbranched stems, leaves
spiralled along the stem, trimerous flowers, seed coat
without appendages (Fig. 6) and inhabiting open rocky or
white sand areas formed a highly supported group (An-
drino & al. 2021), which was recently recognized as the
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genus Giuliettia, comprising 30 species and one variety
(Andrino & al. 2023a). Giuliettia minima is the 31* spe-
cies of the genus and the first to be reported to the cam-
pos rupestres of the Jodo Pinto formation. The putative
closest species, G. bifida, presents a broad distribution
from the Pantepui region in the Guiana Shield, includ-
ing Venezuela, Colombia, Brazil and Suriname, extend-
ing farther south in Brazil, where it also occurs in the
campinas and campinaranas (white sand ecosystems) of
Par4, in the Cerrado (Brazilian savanna) in Tocantins and
in the campos rupestres of the Espinhago range in Minas
Gerais and Bahia (Andrino & al. 2023b). Such a distri-
bution represents an intriguing connection between the
Brazilian Shield, which includes the campos rupestres of
eastern Brazil, with the Guiana Shield and the Pantepui.
The morphological similarity between G. minima and G.
bifida supports our hypothesis of phylogenetic proximity
between them and strengthens another hypothesis, that of
the recent colonization of Serra do Padre Angelo by Erio-
caulaceae species (Andrino & Gonella 2021). The early-
branching lineages of Giuliettia occur in the Caribbean
islands, more specifically in eastern Cuba, followed by
a lineage endemic to the Pantepui and later lineages that
diversified in the white sand ecosystems of Amazonia
and central and eastern Brazil, including the campos rup-
estres and coastal ecosystems (restingas; Andrino & al.
2021; Vasconcelos & al. 2020). Generally, such a pattern
is observed in other endemic-rich lineages of the campos
rupestres of eastern Brazil (Fiaschi & Pirani 2009; Riina
& al. 2019; Barbosa-Silva 2020).

The disjunction pattern between the Espinhaco range
and the Jodo Pinto formation observed in Giuliettia
minima is also reported in other campos rupestres line-
ages, including in Eriocaulaceae (Andrino & Gonella
2021). In that case, a new species belonging to a line-
age endemic to the Espinhago range was found in the
Jodo Pinto formation, similar to that reported for new
species of Asteraceae, Begoniaceae, Droseraceae and
Lamiaceae (Gonella & al. 2015; Siniscalchi & al. 2016;
Loeuille & al. 2019; Antar & al. 2021a; Kollmann &
Gonella 2021). Cases of the same species being found
in the two mountain complexes have also been reported
in the literature, for Velloziaceae (Mello-Silva 2018), but
also for a species of bird (Lopes & al. 2016), and many
other cases were found during the studies for the floristic
inventory of Serra do Padre Angelo (in prep.). This bio-
geographic pattern can be explained by past temperature
fluctuations that allowed the migration of mountaintop
campos rupestres species toward the east when lowland
forests of the Atlantic forest domain were replaced by
open vegetation of the Cerrado domain during drier and
cooler periods, followed by the isolation of such species
on higher elevations during wetter and warmer periods
(Behling 2002), resulting in the disjunction currently
observed and even eventual speciation in some lineages
(Siniscalchi & al. 2016; Andrino & Gonella 2021). Fu-
ture phylogeographic studies could aid in understanding
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this pattern and in answering when and how many times
the campos rupestres species colonized the Jodo Pinto
formation.

The rediscovery of Giuliettia minima in Serra do
Padre Angelo adds to the increasing list of new species
and new records for these mountains. Despite such a
relevant number of endemic and threatened taxa found
in the region in the past decade, the campos rupestres
of the region are poorly served by protected areas, and
only those within the Sete Saldes State Park are formally
protected (Fig. 1C). Even so, this park still lacks the in-
frastructure and personnel for effective conservation ac-
tion (IEF 2021). These mountaintop campos rupestres
harbour some of the very few areas of native vegetation
that have not been converted into pastureland or planta-
tions in the east of Minas Gerais, also safekeeping for-
est remnants and their species increasingly threatened by
fire, deforestation and fragmentation, such as Araucaria
angustifolia (Bertol.) Kuntze (Araucariaceae; Moura
1975). This tiny rediscovery reinforces the urgency of a
broad discussion with the community, local government,
environmental agencies and scientific academy for a con-
servation strategy for this region to protect its endemic
species as well as vital natural resources.

Author contributions

COA and PMG designed the study. COA wrote the first
draft of the manuscript. LHR and PMG conducted field
observations and collections. PMG prepared the map
and performed the conservation status assessment. COA,
LHR and PMG revised and edited the manuscript.

Acknowledgements

We would like to thank Nilber Silva (herbarium R), for
forwarding a duplicate (isotype) of the type specimen of
Paepalanthus minimus to UB; Ednilson Caetano, Julio
Cesar Ribeiro, Lucian Medeiros, Danilo P. Cordeiro, Ga-
briele A. da Silva, Pedro R. Bartholomay, Thais Condez,
Eliana Ramos, Eduardo P. Fernandez, Glaucia Crispim
and George Azevedo for their support and companion-
ship during the field trips; Luiz Franca for logistic sup-
port during the field expeditions; Rafael Barbosa-Silva
for preparing the photographic figures; Joelcio Freitas
for the line drawing; Gabriele A. da Silva and Jilio Ce-
sar Ribeiro for allowing us to use their photographs in
this paper; Ingrid Gracielle Martins da Silva and the
Microscopy and Microanalysis Laboratory of the Insti-
tute of Biological Sciences of the University of Brasilia
(LMM-UnB) for the scanning electron micrographs. The
license for fieldwork (number 71692-1) was granted by
the Authorization and Information System in Biodiver-
sity (SISBIO) of the Chico Mendes Institute for Biodi-
versity Conservation (ICMBio). We thank the Instituto



Willdenowia 54 — 2024

91

Nacional da Mata Atlantica (INMA) and its Programa de
Capacitagdo Institucional (PCI) for support with logis-
tics and equipment. This work was undertaken with the
support of The Mohamed bin Zayed Species Conserva-
tion Fund (projects 192522325 and 212527281). We also
thank IDEA WILD for research equipment; LHR thanks
CNPq and the Universidade Federal de Sao Joao del-Rei
for a research fellowship; and PMG thanks a grant from
FAPEMIG (APQ-00653-21). Finally, we thank Fabiane
N. Costa (Universidade Federal dos Vales do Jequitinho-
nha e Mucuri) and an anonymous reviewer for their com-
ments on an earlier version of this paper.

References

Andrino C. O., Costa F. N., Hensold N., Ramos R. &
Sano P. T. 2022: Paepalanthus (Eriocaulaceae) of the
Brazilian flora: nomenclatural survey reveals twenty-
five new synonyms and widely applied illegitimate
names. — Syst. Bot. 47: 635-641. https://doi.org/10
.1600/036364422X16573019348193

Andrino C. O., Costa F. N., Simon M. F., Missagia R. V.
& Sano. P. T. 2023a: Eriocaulaceae: a new classifi-
cation system based on morphological evolution and
molecular evidence. — Taxon 72: 515-549. https:/
doi.org/10.1002/tax.12915

Andrino C. O. & Gonella P. M. 2021: An escape from
the Espinhaco range: a new species of Paepalanthus
subg. Xeractis (Eriocaulaceae) from the campos ru-
pestres of Serra do Padre Angelo, Minas Gerais, Bra-
zil. — PL. Ecol. Evol. 154: 137-149. https://doi.org
/10.5091/plecevo.2021.1770

Andrino C. O., Sano P. T, Costa F. N., Echternacht L.,
Sauthier L. J., Hensold N., Ramos R., Tissot-Squalli
M. & Trovo M. 2023b: Paepalanthus. — In: Flora e
Funga do Brasil. Jardim Botanico do Rio de Janei-
ro. — Published at https:/floradobrasil.jbrj.gov.br
/FB28943 [accessed 25 Jul 2023].

Andrino C. O., Sano P. T., Inglis P. W., Hensold N., Costa
F. N. & Simon M. F. 2021: Phylogenetics of Paepa-
lanthus (Eriocaulaceae), a diverse neotropical mono-
cot lineage. — Bot. J. Linn. Soc. 195: 34-52. https://
doi.org/10.1093/botlinnean/boaa070

Antar G. M., Harley R. M., Pastore J. F. B., Gonella P.
M. & Sano P. T. 2021a: Hyptidendron pulcherrimum
Antar & Harley, sp. nov. (Hyptidinae, Lamiaceae), a
new narrowly endemic species from Minas Gerais,
Brazil. — Adansonia, ser. 3, 43: 1-8. https://doi.org
/10.5252/adansonia2021v43al

Antar G. M., Siniscalchi C. M., Gonella P. M., Monge
M. & Loeuille B. 2021b: Novelties in Lepida-
ploinae (Asteraceae, Vernonieae) from the east-
ernmost campos rupestres of Minas Gerais, Bra-
zil: two new species and a range expansion. — PI.
Ecol. Evol. 154: 121-136. https://doi.org/10.5091
/plecevo.2021.1792

Downloaded From: https://bioone.org/journals/Willdenowia on 22 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Bachman S., Moat J., Hill A. W., de la Torre J. & Scott
B. 2011: Supporting Red List threat assessments with
GeoCAT: geospatial conservation assessment tool.
— ZooKeys 150: 117-126. https://doi.org/10.3897
/zookeys.150.2109

Barbosa-Silva R. G., Bueno M. L., Labiak P. H., Coelho
M. A. N., Martinelli G. & Forzza R. C. 2020: The
Pantepui in the Brazilian Amazon: vascular flora of
Serra do Aracd, a cradle of diversity, richness and
endemism. — Bot. Rev. 86: 359-375. https://doi.org
/10.1007/312229-020-09235-x

Behling H. 2002: South and southeast Brazilian grass-
lands during late Quaternary times: a synthesis. —
Palaeogeogr. Palacoclimatol. Palacoecol. 177: 19-27.
https://doi.org/10.1016/S0031-0182(01)00349-2

Cavalcanti T. B., Facco M. G., Inglis P. W., Graham S.
A. & Gonella P. M. 2022: A new genus of Lythraceae
emerges from rocky outcrops of the Atlantic forest in
Brazil. — Bot. J. Linn. Soc. 20: 1-19. https://doi.org
/10.1093/botlinnean/boac004

Colli-Silva M., Vasconcelos T. N. & Pirani J. R. 2019:
Outstanding plant endemism levels strongly support
the recognition of campo rupestre provinces in moun-
taintops of eastern South America. — J. Biogeogr. 46:
1723-1733. https://doi.org/10.1111/jbi.13585

Cordeiro D. P. & Camico J. L. 2023: New genus and spe-
cies of moth flies (Psychodidae: Psychodinae) from a
mountainous area in the Atlantic forest of Minas Ge-
rais, Brazil. — Zootaxa 5270: 115-123. https://doi.org
/10.11646/zootaxa.5270.1.6

Costa F. N., Andrino C. O. & Negrio R. 2023: Plantas ra-
ras, ameacadas e endémicas dos topos de serra do Es-
pinhagco Meridional. — Revista Espinhago 12: 1-19.

Costa F. N., Trovo M. & Sano P. T. 2008: Eriocaulace-
ae na Cadeia do Espinhago: riqueza, endemismos e
ameacas. — Megadiversidade 4: 89-97.

Couto D. R., Gonella P. M. & Costa A. F. 2023: Stigma-
todon enigmaticus (Bromeliaceae, Tillandsioideae),
a new lithophytic species from the campos rupestres
within the Brazilian Atlantic forest. — Phytotaxa 584:
207-215. https://doi.org/10.11646/phytotaxa.584.3.7

Fiaschi P. & Pirani J. R. 2009: Review of plant biogeo-
graphic studies in Brazil. —J. Syst. Evol. 47: 477-496.
https://doi.org/10.1111/j.1759-6831.2009.00046.x

Garcia Q. S., Oliveira P. G. & Duarte D. M. 2014: Sea-
sonal changes in germination and dormancy of bur-
ied seeds of endemic Brazilian Eriocaulaceae. —
Seed Sci. Res. 24: 113-117. https://doi.org/10.1017
/S0960258514000038

Giulietti A. M., Andrade M. J. G., Scatena V. L., Trovo
M., Coan A. I, Sano P. T., Santos F. A. R, Borges L.
R. B. & van den Berg C. 2012: Molecular phylogeny,
morphology and their implications for the taxonomy
of Eriocaulaceae. — Rodriguésia 63: 1-19. https:/
doi.org/10.1590/S2175-78602012000100001

Giulietti A. M., Pirani J. R. & Harley R. M. 1997: Es-
pinhaco range region, eastern Brazil. — Pp. 397-404


https://doi.org/10.3897/zookeys.150.2109
https://doi.org/10.3897/zookeys.150.2109
https://doi.org/10.1007/s12229-020-09235-x
https://doi.org/10.1007/s12229-020-09235-x
https://doi.org/10.1016/S0031-0182(01)00349-2
https://doi.org/10.1093/botlinnean/boac004
https://doi.org/10.1093/botlinnean/boac004
https://doi.org/10.1111/jbi.13585
https://doi.org/10.11646/zootaxa.5270.1.6
https://doi.org/10.11646/zootaxa.5270.1.6
https://doi.org/10.11646/phytotaxa.584.3.7
https://doi.org/10.1111/j.1759-6831.2009.00046.x
https://doi.org/10.1017/S0960258514000038
https://doi.org/10.1017/S0960258514000038
https://doi.org/10.1590/S2175-78602012000100001
https://doi.org/10.1590/S2175-78602012000100001
https://doi.org/10.1600/036364422X16573019348193
https://doi.org/10.1600/036364422X16573019348193
https://doi.org/10.1002/tax.12915
https://doi.org/10.1002/tax.12915
https://doi.org/10.5091/plecevo.2021.1770
https://doi.org/10.5091/plecevo.2021.1770
https://floradobrasil.jbrj.gov.br/FB28943
https://floradobrasil.jbrj.gov.br/FB28943
https://doi.org/10.1093/botlinnean/boaa070
https://doi.org/10.1093/botlinnean/boaa070
https://doi.org/10.5252/adansonia2021v43a1
https://doi.org/10.5252/adansonia2021v43a1
https://doi.org/10.5091/plecevo.2021.1792
https://doi.org/10.5091/plecevo.2021.1792

92

Andrino & al.: A tiny rediscovery in the Land of Giants

in: Davis S. D., Heywood V. H., Herrera-MacBryde
0., Villa-Lobos J. & Hamilton A. C. (ed.), Centres of
plant diversity: a guide and strategy for their conserva-
tion 3. The Americas. — Cambridge: WWF & IUCN.

Goldenberg R., Gonella P. M. & Meyer F. S. 2022: Four
new species of Pleroma (Melastomataceae) from
campos rupestres and vegetation on granitic inselbergs
in eastern Minas Gerais, Brazil. — Edinburgh J. Bot.
79: 1-30. https://doi.org/10.24823/EJB.2022.624

Gonella P. M., Rivadavia F. & Fleischmann A. 2015: Dro-
sera magnifica (Droseraceae): the largest New World
sundew, discovered on Facebook. — Phytotaxa 220:
257-267. https://doi.org/10.11646/phytotaxa.220.3.4

Gonella P, Siniscalchi C. M. & Loeuille B. 2021: Where
Linnaeus meets Wallace: new botanical discover-
ies highlight the biological shortfalls in the east-
ernmost campos rupestres of Minas Gerais, Bra-
zil. — Capitulum 1: 48-53. https://doi.org/10.53875
/capitulum.01.1.05

Heringer G. 2012: A importancia dos naturalistas para
a biodiversidade vegetal: especial referéncia ao mi-
neiro Alvaro da Silveira. — MG.BIOTA 4(6): 48-56.
https://periodicos.meioambiente.mg.gov.br/MB
/issue/view/40

IBGE [Instituto Brasileiro de Geografia e Estatistica]
2023: Mapas. — Published at https://mapas.ibge.gov.br
/bases-e-referenciais/bases-cartograficas/malhas
-digitais [accessed 1 Jul 2023].

ICMBio [Instituto Chico Mendes de Conservacao da Bio-
diversidade] 2023: Dados geoespaciais de referéncia
da Cartografia Nacional e dados temadticos produzi-
dos no ICMBio. — Published at https://www.gov.br
/icmbio/pt-br/assuntos/dados_geoespaciais/mapa
-tematico-e-dados-geoestatisticos-das-unidades-de
-conservacao-federais [accessed 13 Jul 2023].

IEF [Instituto Estadual de Florestas] 2021: Plano de Ma-
nejo do Parque Estadual de Sete Saldes. — Conselhei-
ro Pena: Instituto Estadual de Florestas.

TUCN [International Union for Conservation of Nature]
2012: JUCN Red List categories and criteria. Version
3.1. Second edition. — Gland & Cambridge: TUCN.
https://portals.iucn.org/library/sites/library/files
/documents/RL-2001-001-2nd.pdf

Kollmann L. J. C. & Gonella P. M. 2021: Novelties in
Begonia (Begoniaceae) from the campos rupestres of
Serra do Padre Angelo, Minas Gerais, Brazil: a new
species and a new record. — Phytotaxa 510: 69-77.
https://doi.org/10.11646/phytotaxa.510.1.7

Leme E. M. C., Gonella P. M., Couto D. R., Fernandez
E. P, Carvalho J. D. T., Almeida P. S. & Mariath J. E.
A. 2023: A “hairy situation” in Minas Gerais, Brazil:
a striking new species of Krenakanthus (Bromeliace-
ae: Bromelioidae) covered with uniseriate trichomes.
— Phytotaxa 619: 39-62. https://doi.org/10.11646
/phytotaxa.619.1.2

Loeuille B., Semir J. & Pirani J. R. 2019: A synop-
sis of Lychnophorinae (Asteraceae: Vernonieae).

Downloaded From: https://bioone.org/journals/Willdenowia on 22 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

— Phytotaxa 398: 1-139. https://doi.org/10.11646
/phytotaxa.398.1.1

Lopes L. E., Marcal B. de F. & Chaves A. V. 2016: The
patchy distribution of the pale-throated serra-finch
Embernagra longicauda (Aves: Thraupidae) in the
eastern Brazilian mountaintops: the overlooked cam-
pos rupestres of the Rio Doce valley. — North-West.
J. Zool. 12: 373-376. https://biozoojournals.ro/nwjz
/content/v12n2.html

MapBiomas Project 2023: Projeto MapBiomas — Cole¢do
7.1 da Série Anual de Mapas de Cobertura e Uso
de Solo do Brasil. — Published at https://brasil.map
biomas.org/ [accessed 12 Jun 2023].

Marinho L. C. & Scatigna A. V. 2022: A good practice:
why we should suggest vernacular names for new plant
species. — Bionomina 31: 108-114. https://doi.org
/10.11646/bionomina.31.1.7

Mello-Silva R. 2018: Land of the Giants. Remarkable bo-
tanical findings highlight a new area for conservation
in Brazil. — Rodriguésia 69: 933-937. https://doi.org
/10.1590/2175-7860201869245

Menezes E. L. F, Giordani S. C. O., Rosim M. S. &
Gonella P. M. 2022: Over a century later and 400
kilometers apart: rediscovery of Bulbophyllum bar-
batum (Orchidaceae) in Diamantina, Minas Gerais,
Brazil. — Phytotaxa 536: 175-182. https://doi.org
/10.11646/phytotaxa.536.2.6

Mezzonato-Pires A. C., da Silva Ribeiro R. & Gonella
P. M. 2021: Maracuja on the rocks: a new Passiflora
species (Passifloraceae sensu stricto) from the rupi-
colous ecosystems of the Brazilian Atlantic rainforest.
— Willdenowia 51: 371-381. https://doi.org/10.3372
/wi.51.51305

Miola D. T., Ramos V. D. & Silveira F. A. 2021: A brief
history of research in campo rupestre: identifying re-
search priorities and revisiting the geographical dis-
tribution of an ancient, widespread neotropical biome.
— Biol. J. Linn. Soc. 133: 464-480. https://doi.org
/10.1093/biolinnean/blaal75

Moura V. P. G. 1975: Capdes remanescentes de Arauca-
ria angustifolia (Benth.) O. Ktze. entre 19° e 20° de
latitude, nas proximidades do Rio Doce, MG. — Brasil
Florest. 6(23): 22-29.

Myers N., Mittermeier R. A., Mittermeier C. G., da Fon-
seca G. A. & Kent J. 2000: Biodiversity hotspots
for conservation priorities. — Nature 403: 853-858.
https://doi.org/10.1038/35002501

Oliveira C. T., Antar G. M., Gonella P. M. & Pirani J.
R. 2022: Two new species of Mikania Willd. (Astera-
ceae: Eupatorieae) from Minas Gerais state, Brazil.
— Acta Bot. Bras. 36(e2021abb0329). https://doi.org
/10.1590/0102-33062021abb0329

Oliveira M. J. R. 2000: Programa Levantamentos Geol6-
gicos Basicos do Brasil. Projeto Leste: Folhas Con-
selheiro Pena/Sao Gabriel da Palha — SE.24-Y-C-1I/
SE.24-Y-C-III (parte), escala 1:100.000 — Belo Hori-
zonte: SEME/COMIG/CPRM.


https://doi.org/10.24823/EJB.2022.624
https://doi.org/10.11646/phytotaxa.220.3.4
https://doi.org/10.53875/capitulum.01.1.05
https://doi.org/10.53875/capitulum.01.1.05
https://periodicos.meioambiente.mg.gov.br/MB/issue/view/40
https://periodicos.meioambiente.mg.gov.br/MB/issue/view/40
https://mapas.ibge.gov.br/bases-e-referenciais/bases-cartograficas/malhas-digitais
https://mapas.ibge.gov.br/bases-e-referenciais/bases-cartograficas/malhas-digitais
https://mapas.ibge.gov.br/bases-e-referenciais/bases-cartograficas/malhas-digitais
https://www.gov.br/icmbio/pt-br/assuntos/dados_geoespaciais/mapa-tematico-e-dados-geoestatisticos-das-unidades-de-conservacao-federais
https://www.gov.br/icmbio/pt-br/assuntos/dados_geoespaciais/mapa-tematico-e-dados-geoestatisticos-das-unidades-de-conservacao-federais
https://www.gov.br/icmbio/pt-br/assuntos/dados_geoespaciais/mapa-tematico-e-dados-geoestatisticos-das-unidades-de-conservacao-federais
https://www.gov.br/icmbio/pt-br/assuntos/dados_geoespaciais/mapa-tematico-e-dados-geoestatisticos-das-unidades-de-conservacao-federais
https://portals.iucn.org/library/sites/library/files/documents/RL-2001-001-2nd.pdf
https://portals.iucn.org/library/sites/library/files/documents/RL-2001-001-2nd.pdf
https://doi.org/10.11646/phytotaxa.510.1.7
https://doi.org/10.11646/phytotaxa.619.1.2
https://doi.org/10.11646/phytotaxa.619.1.2
https://doi.org/10.11646/phytotaxa.398.1.1
https://doi.org/10.11646/phytotaxa.398.1.1
https://biozoojournals.ro/nwjz/content/v12n2.html
https://biozoojournals.ro/nwjz/content/v12n2.html
https://brasil.mapbiomas.org/
https://brasil.mapbiomas.org/
https://doi.org/10.11646/bionomina.31.1.7
https://doi.org/10.11646/bionomina.31.1.7
https://doi.org/10.1590/2175-7860201869245
https://doi.org/10.1590/2175-7860201869245
https://doi.org/10.11646/phytotaxa.536.2.6
https://doi.org/10.11646/phytotaxa.536.2.6
https://doi.org/10.3372/wi.51.51305
https://doi.org/10.3372/wi.51.51305
https://doi.org/10.1093/biolinnean/blaa175
https://doi.org/10.1093/biolinnean/blaa175
https://doi.org/10.1038/35002501
https://doi.org/10.1590/0102-33062021abb0329
https://doi.org/10.1590/0102-33062021abb0329

Willdenowia 54 — 2024

93

Oliveira U., Paglia A. P., Brescovit A. D., de Carvalho C.
J.B., Silva D. P, Rezende D. T., Leite F. S. F., Batista
J. A. N., Barbosa J. P. P. P, Stehmann J. R., Ascher J.
S., de Vasconcelos M. F., De Marco P., Lowenberg-
Neto P., Dias P. G., Ferro V. G. & Santos A. J. 2016:
The strong influence of collection bias on biodiversity
knowledge shortfalls of Brazilian terrestrial biodiver-
sity. — Divers. Distrib. 22: 1232—-1244. https://doi.org
/10.1111/ddi.12489

QGIS Software Team 2023: QGIS geographic infor-
mation system. Open source geospatial foundation
project. — Published at http://qgis.osgeo.org [accessed
20 Jul 2023].

Radford A. E. 1986: Fundamentals of plant systematics.
— New York: Harper & Row.

Reategui N. S., Rafael J. A., Cordeiro D. P. & Silva-Neto
A. M. 2022: Neurostigma Enderlein, 1900 (Psocodea,
‘Psocoptera’, Epipsocidae): a new species of Brazil-
ian Atlantic rainforest, and new records for Bra-
zil. — J. Insect Biodivers. 34: 33—41. https://doi.org
/10.12976/jib/2022.34.2.2

Riina R., Berry P. E., Huber O. & Michelangeli F. A.
2019: Vascular plants and bryophytes. — Pp. 121-147
in: Rull V., Vegas-Vilarribia T., Huber O. & Sefaris
C. (ed.), Biodiversity of Pantepui: the pristine “lost
world” of the neotropical Guiana highlands. — Lon-
don: Academic Press. https://doi.org/10.1016/B978
-0-12-815591-2.00006-9

Rosa M. M. & Scatena V. L. 2007: Floral anatomy of
Paepalanthoideae (Eriocaulaceae, Poales) and their
nectariferous structures. — Ann. Bot. 99: 131-139.
https://doi.org/10.1093/aob/mcl231

Silveira A. A. 1928: Floralia montium 1. — Belo Hori-
zonte: Imprensa Oficial.

Silveira F. A. O., Negreiros D., Barbosa N. P. U., Buisson
E., Carmo F. F.,, Carstensen D. W., Conceicdo A. A.,

Willdenowia

Cornelissen T. G., Echternacht L., Fernandes G. W.,
Garcia Q. S., Guerra T. J., Jacobi C. M., Lemos-Filho
J. P, Le Stradic S., Morellato L. P. C., Neves F. S., Ol-
iveira R. S., Schaefer C. E., Viana P. L. & Lambers H.
2016: Ecology and evolution of plant diversity in the
endangered campo rupestre: a neglected conservation
priority. — Pl. & Soil 403: 129-152. https://doi.org
/10.1007/s11104-015-2637-8

Sisema [Sistema Estadual de Meio Ambiente e Recur-
sos Hidricos] 2023: Infraestrutura de dados espaciais
do Sistema Estadual de Meio Ambiente e Recursos
Hidricos. — Belo Horizonte: IDE-Sisema. — Published
at https://idesisema.meioambiente.mg.gov.br  [ac-
cessed 12 Jul 2023].

Stearn W. T. 1973: Botanical Latin, ed. 2. — London:
David and Charles.

Thiers B. M. 2023+ [continuously updated]: Index her-
bariorum: a global directory of public herbaria and
associated staff. New York Botanical Garden’s virtual
herbarium. — Published at https://sweetgum.nybg.org
/science/ih/ [accessed Jul 2023].

Vasconcelos T. N., Alcantara S., Andrino C. O., Forest
F., Reginato M., Simon M. F. & Pirani J. R. 2020:
Fast diversification through a mosaic of evolution-
ary histories characterizes the endemic flora of an-
cient neotropical mountains. — Proc. Roy. Soc. Biol.
Sci. Ser. B 287(20192933). https://doi.org/10.1098
/rspb.2019.2933

Zacca T., Cordeiro D. P. & Gonella P. M. 2023: A
new genus and endangered species of euptychiine
butterfly from isolated mountains in southeastern
Brazil (Lepidoptera: Nymphalidae: Satyrinae). —
Zootaxa 5346: 83-93. https://doi.org/10.11646/zoo
taxa.5346.1.5

= .
o BioOne

Open-access online edition bioone.org/journals/willdenowia =\ compLeTe

Online ISSN 1868-6397 - Print ISSN 0511-9618 - 2022 Journal Impact Factor 1.900
Published by the Botanic Garden and Botanical Museum Berlin, Freie Universitét Berlin
© 2024 The Authors - This open-access article is distributed under the CC BY 4.0 licence

Downloaded From: https://bioone.org/journals/Willdenowia on 22 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


https://bioone.org/journals/willdenowia
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/ddi.12489
https://doi.org/10.1111/ddi.12489
http://qgis.osgeo.org
https://doi.org/10.12976/jib/2022.34.2.2
https://doi.org/10.12976/jib/2022.34.2.2
https://doi.org/10.1016/B978-0-12-815591-2.00006-9
https://doi.org/10.1016/B978-0-12-815591-2.00006-9
https://doi.org/10.1093/aob/mcl231
https://doi.org/10.1007/s11104-015-2637-8
https://doi.org/10.1007/s11104-015-2637-8
https://idesisema.meioambiente.mg.gov.br
https://sweetgum.nybg.org/science/ih/
https://sweetgum.nybg.org/science/ih/
https://doi.org/10.1098/rspb.2019.2933
https://doi.org/10.1098/rspb.2019.2933
https://doi.org/10.11646/zootaxa.5346.1.5
https://doi.org/10.11646/zootaxa.5346.1.5

