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Abstract
We provide new genetic and spatial data on the conservation of Paepalanthus longiciliatus (≡Coracoralina longiciliata 
(Trovó) Andrino, Eriocaulaceae), a narrowly distributed species from Goiás, Brazil, officially categorized as Critically 
Endangered (CR). Despite identifying potential occurrence sites surrounding the type locality, which still harbors a population 
of a few hundred individuals, efforts to locate new populations were unsuccessful. Most of these potential areas are indeed 
unprotected private properties. Herbarium searches also failed to yield additional specimens; consequently, the species is 
known only from three records at the type locality (1996, 2009, and 2024). The species occurs in typical dystrophic camb-
isoils of the Cerrado, with a clayey-silty texture, generally considered less suitable for large-scale monoculture. However, 
land-use changes observed over time indicate the transformation of native vegetation into a mosaic of diverse uses, including 
a paved road, monoculture plantations, and pastures, the latter often involving the use of fire and invasive grasses. Genetic 
data suggest low genetic diversity and high inbreeding, although the relatively high nucleotide diversity suggests that some 
genetic variation is still retained. These patterns likely reflect the effects of genetic drift in an isolated species restricted to 
a small population with limited dispersal capacity. The species’ rhizome and sprouting reproduction mode likely explain 
its survival under moderate adverse conditions. Given these findings, the species should remain categorized as Critically 
Endangered. Additional botanical explorations, the implementation of a Private Natural Heritage Reserve (RPPN), and ex-
situ conservation techniques are essential efforts to ensure the preservation of this species.
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1  Introduction

Eriocaulaceae (Poales) is a Pantropical family widely dis-
tributed throughout the Neotropical Region, especially in 
Brazil, which harbors about half of the ca. 1400 known spe-
cies (Giulietti and Hensold 1990; Stützel 1998; Giulietti 
et al. 2012). Species within this family often have narrow 
distributions, with many being microendemic and found 
only on one or a few adjacent mountains (Giulietti and Hen-
sold 1990; Giulietti et al. 2005). This restricted distribution 
pattern is associated with a strong substratum specialization 
and a limited dispersion capacity. As a consequence, these 
species are highly vulnerable to habitat disturbances, loss, 
or fragmentation (Giulietti and Hensold 1990; Stützel 1998; 
Costa et al. 2008, 2018; Trovó and Stützel 2011). Therefore, 
it is not surprising that numerous species of Eriocaulaceae 
appear on the Brazilian Red Lists, with many classified as 
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endangered or critically endangered (Martinelli and Moraes 
2013; Martinelli et al. 2014).

One of the threatened species from the Eriocaulaceae 
listed in the Brazilian Red List is Paepalanthus longicili-
atus Trovó (≡Coracoralina longiciliata (Trovó) Andrino). 
This species is a narrow endemic plant, found only in the 
vicinity of Niquelândia (Goiás state, Brazil) (Trovó et al. 
2013; Negrão et al. 2016). Since its original description, 
it has been recognized as a threatened species (Trovó and 
Sano 2011). It was officially categorized as Critically Endan-
gered a few years later (Negrão et al. 2016) and subsequently 
included in the Brazilian National Plan for the Conservation 
of the Threatened Flora of the Alto Tocantins Basin (Verdi 
and Oliveira 2025). As with most other evaluated Eriocaul-
aceae species, data on population genetics and demography 
are absent. Consequently, their conservation status assess-
ments are based primarily on the limited documentation 
of their geographic distribution. In this note, we revisit the 
conservation of P. longiciliatus based on new genetic and 
spatial data.

2 � Material and methods

Field trips were dedicated to locating additional populations 
of Paepalanthus longiciliatus in the surrounding areas of 
the type locality (14o26′17"S, 48o09′51"W) over the last 
decade. Visits to the most relevant herbarium collections 
for the Eriocaulaceae from Goiás (acronyms CEN, HEPH, 
IBGE, SPF, UB, UFG) and searches on online databases 
(Species Link and Reflora) also aimed to locate additional 
specimens and collection sites. In the type locality, we col-
lected eight individuals from the species aggregated popula-
tion for genetic analysis, maintaining a minimum distance 
of five meters between them (Table S1) and estimated the 
number of flowering and vegetative individuals by visual 
inspection. Voucher specimens are deposited at RB (barcode 
RB 885460). It is worth to mention that within the different 
classification systems available (Christenhusz et al. 2020; 
Andrino et al. 2023, 2025; Stützel et al. 2024) the species 
may be positioned in different genera, Paepalanthus Mart. 
or Coracoralina Andrino and Sano. Here we adopt a broad 
Paepalanthus concept and treat the species in its original 
genus.

Spatial data – Species distribution maps were prepared 
using QGis software, including political boundaries, eleva-
tion, and relief. The conservation status was evaluated using 
standard methods (IUCN 2024), following the recent frame-
work used for new species (Zavatin et al. 2023a; 2023b). 
Area of Occupation (AOO) was estimated with GeoCat 
(Bachman et al. 2011). Georeferenced data related to the 
historical series of vegetation transformation (MapBiomas 
2024), impacts of fire, and mining were obtained using fire 

frequency raster (MapBiomas 2025), SIGMINE database 
(ANM 2025), and fieldwork observations.

Genetic data – DNA was extracted from silica gel-dried 
leaf tissue using Nucleo Spin™ Plant kit (Marcherey-
Nagel™, Germany) with slight modifications. The integrity 
of DNA was assessed using 1% agarose gel and DNA con-
centration was estimated with a Nanodrop™ 2000 spectro-
photometer (Thermo Fisher Scientific, Waltham, MA, USA). 
To obtain genome-wide single nucleotide polymorphisms 
(SNPs), we employed the Multiplexed ISSR genotyping by 
sequencing (MIG-seq) method, as described by Suyama 
and Matsuki (2015), and followed library preparation pro-
tocol described by Suyama et al. (2022). Sequencing was 
conducted on the Illumina MiSeq platform (Illumina, San 
Diego, CA, USA) using the MiSeq Reagent Kit v3 (150-
cycle; Illumina).

After merging the forward and reverse reads of each sam-
ple following Suyama and Matsuki (2015), low-quality reads 
were removed using Trimmomatic v.0.32 (Bolger et al. 2014) 
with the following commands: HEADCROP:6, CROP:77, 
SLIDINGWINDOW:10:30, and MINLEN:51. The filtered 
reads were then assembled using Stacks v.2.41 pipeline 
(Rochette et al. 2019). The minimum depth was set to 6 (-m 
6), and default values were employed for the other options. 
Using the populations program in Stacks, we extracted SNPs 
retaining only loci with no missing data across samples. To 
eliminate paralogous loci and possible PCR errors, loci 
exhibiting observed heterozygosity > 0.6 and SNPs with 
minor allele count < 0.3 were removed. A total of 195 SNPs 
from the eight individuals were obtained, following stringent 
quality control measures. Finally, VCFtools and PGDSpider 
2 were used to generate input files for subsequent genetic 
analysis (Danecek et al. 2011; Lischer and Excoffier 2012). 
The filtered SNP dataset (VCF file) is available at https://​doi.​
org/​10.​5281/​zenodo.​18038​937.

We estimated expected (HE) and observed (HO) het-
erozygosities using the “adegenet” R package (Jombart 
et al. 2018; R Core Team 2025). Significant differences in 
heterozygosity variances were tested with Bartlett’s test 
of homogeneity (bartlett.test function) after arcsine-trans-
forming heterozygosity values to ensure data normality 
(Masuda et al. 2022). The inbreeding coefficient (FIS) and 
allelic richness (Ar) were calculated using the function from 
the “dartR” R package (Gruber et al. 2018), and nucleotide 
diversity (π) was estimated using DnaSP v.6 (Rozas et al. 
2017).

3 � Results & discussion

Our efforts to locate additional populations of Paepalanthus 
longiciliatus were unsuccessful, despite the high potential 
for occurrence sites inferred from satellite images of habitat 

https://doi.org/10.5281/zenodo.18038937
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similarity. Most of the areas surrounding the type locality 
are entirely within unprotected private properties, many of 
these inaccessible. We were able to visit a few areas in a 
region locally known as the Mantiqueira Mountain Com-
plex (14°41′44"S 48°30′42"W), where we registered only a 
few unusual specimens related to the P. chiquitensis Herzog 
species complex. Our herbarium searches were similarly 
unsuccessful. Two specimens (Fonseca 175 SPF; Fonseca 
et al. 2632 IBGE) were identified in 2014 as P. longicili-
atus. However, these are unfortunately misidentifications of 

teratogenic specimens also belonging to the P. chiquiten-
sis species complex, which is currently under review. The 
information indicating the possible occurrence of the species 
(under Coracoralina longiciliata) in Piauí (Flora e Funga 
do Brasil 2025), a state of North-Western Brazil, is inac-
curate. Therefore, P. longiciliatus (Fig. 1) remains known 
exclusively from the type locality (Figs. 1 and 2), based on 
three different collections made in 1996, 2009, and 2024.

The only known population of Paepalanthus longiciliatus 
is composed by a few hundreds individuals occurring as an 

Fig. 1   Paepalanthus longicili-
atus Trovó at the type locality 
in 2024. a Habitat. b Habit. c 
Capitulum seen from the side. 
d Capitulum seen from below, 
evidencing the involucral bracts. 
e Rosette, evidencing the sub-
terraneous rhizome. f Sprouting 
rosettes. Photos: Marcelo Trovó
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Fig. 2   Occurrence, including environmental and conservation spatial assessment of Paepalanthus longiciliatus. a location of the known popula-
tion in the municipality of Niquelândia. b 2023’s land use and natural vegetation. c Fire Frequency. d Natural vegetation and land-use transfor-
mations between 1990 and 2023. Elaborated by R. Ramos, September 2025
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aggregated patch restricted to the municipality of Niquelân-
dia, Goiás State (Central Brazil), along the GO-132 high-
way, at an altitude of 509 m (Fig. 2a). The species occurs in 
typical dystrophic cambisoils of the Cerrado, characterized 
by a clayey-silty texture, which is generally less suitable 
for monoculture plantations. The vegetation exhibits an 
herbaceous-shrubby savanna physiognomy, typical of the 
Cerrado biome (Fig. 2b). The environment in this area dis-
plays signs of disturbances in the vegetation caused by the 
construction and maintenance of a paved road. Additionally, 
the area is suitable for managing and consequently for the 
expansion of the existing pastures through the use of fire 
(Fig. 2c). The plant possesses rhizomes and vegetative repro-
duction (Fig. 1e–f) that allow it to survive during sporadic 
fire events, but recurrent fires can reduce population size. 
On the other hand, the complete absence of fire may alter 
competitive dynamics, as observed in P. fonsecae Trovó & 
Picanço (Trovó et al. 2025), favoring other herbaceous and 
shrubby species. In these dynamics, the use of exotic grass 
species has been noted as a significant factor as widely docu-
mented in the biome. Over time, changes have been observed 
in the native vegetation, which has transformed into various 
land-uses originally consisting of grasslands and savanna 
formations (cerrado s.s.). This transformation has led to the 
creation of diverse mosaics, including monoculture planta-
tions and pastures (Fig. 2d).

Paepalanthus longiciliatus is officially classified as a 
threatened species (Negrão et al. 2016). The original assess-
ment of its threat status was based on the scarce field data 
collected at the time of the species' description (Trovó and 
Sano 2011). Our field re-evaluation, conducted 14 years 
later, indicates that the species distribution and demograph-
ics have not changed significantly. Therefore, the area of 
occupancy (AOO) remains at 4 km2, also maintaining the 
criteria A2bc; B2ab(ii, iii, iv), which qualifies for the Criti-
cally Endangered (CR) status. The primary threat to the spe-
cies appears to be the impact of activities related to land-
use conversion in the region, particularly given that it is not 
found in any protected area. Although genetic parameters are 
not explicitly addressed in the IUCN (2024) guidelines, our 
findings provide valuable insights for conservation efforts, 
representing a new contribution to the knowledge about this 
species, as seen below.

Genetic data revealed an overall low diversity within 
the species. The observed heterozygosity (HO = 0.2102) 
was significantly lower than the expected heterozygosity 
(HE = 0.2492; Bartlett’s test, p < 0.001), suggesting a deficit 
of heterozygotes in the population. In contrast, nucleotide 
diversity was relatively high (π = 0.1487), allelic richness 
was moderate (Ar = 0.8199), and the inbreeding coefficient 
(FIS = 0.2209) indicated high levels of inbreeding. This pat-
tern of low genetic diversity and high inbreeding is con-
sistent with the species’ limited dispersal capacity, small 

population size, and restricted distribution. As such, the 
genetic results obtained here may be similar for other Erio-
caulaceae (Cabrini et al. 2024, 2025), as most of the spe-
cies of the family are narrowly distributed in the Cerrado 
(Giulietti and Hensold 1990; Giulietti et al. 2005). Congru-
ent patterns have been observed throughout the Cerrado, 
where plant populations exhibiting particularly low genetic 
diversity are found in the central and southern regions, while 
genetic diversity tends to increase with distance from the 
center of the biome (Ballesteros-Mejia et al. 2020). This 
spatial trend likely reflects both historical and contemporary 
processes shaping genetic variation, including significant 
landscape modifications (Ballesteros-Mejia et al. 2020).

Although the Cerrado is the largest savanna in the world 
harboring a highly complex mosaic of habitats, large por-
tions of its landscape have undergone massive transforma-
tions in recent decades. This is mainly due to the conversion 
of natural areas into agricultural fields, pastures, and urban 
zones (Sano et al. 2010; Strassburg et al. 2017). These land-
use changes have resulted in habitat loss and fragmentation, 
disrupting population connectivity and reducing effective 
population sizes (Aguilar 2008; Diniz-Filho et al. 2009). In 
this context, limited gene flow among individuals can inten-
sify the effects of genetic drift, leading to the random loss of 
alleles and a gradual increase in homozygosity (Anderson 
et al. 2010; Holderegger and Di Giulio 2010; Leimu et al. 
2010). These processes are especially pronounced in small, 
isolated populations, where individuals tend to become more 
related to each other over time, reducing genetic variation 
and increasing the risk of inbreeding depression (Frankham 
et al. 2002; Frankham 2019). As a consequence, higher 
homozygosity and inbreeding depression may reduce fitness, 
and rapid environmental changes can further heighten the 
likelihood of extinction in populations that lack the genetic 
diversity necessary for an effective evolutionary response 
(Frankham 2005; Ouborg et al. 2006; DeWoody 2021).

We emphasize that the conservation of the microendemic 
species Paepalanthus longiciliatus depends largely on pro-
tecting the natural environment around its only known popu-
lation, the type locality. Unfortunately, this area is under 
severe human pressure, as it is entirely enclosed within pri-
vate properties. Efforts to promote the creation of a Private 
Natural Heritage Reserve (RPPN) are highly desirable in this 
region. Additionally, attempts to locate additional popula-
tions are crucial, as the low genetic diversity observed in the 
existing small population of the species could threaten its 
long-term survival facing environmental changes, highlight-
ing the species' vulnerability and the importance of preserv-
ing genetic diversity. In this sense, efforts to generate rapid 
and low-cost genetic data, as those deriving from MIG-seq 
techniques (Suyama and Matsuki 2015), were highly use-
ful for species conservation. Moreover, ex-situ conservation 
strategies may also help in the conservation of the species. 
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We point out that similar situations likely apply to many 
other species in the area, which is home to numerous micro-
endemic and threatened species (Verdi and Oliveira 2025). 
A related species, Paepalanthus flexuosus Trovó, faces simi-
lar threats; as it is restricted to the nickel mining areas of 
Niquelândia (Trovó and Sano 2011), and was not located 
during our recent field trips.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40415-​026-​01145-3.
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