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Una  nueva  especie  de  Thyrea (Lichinales:  Lichinaceae)  de  la
región centro occidental de Brasil

En el centro-oeste de Brasil, la región de la Serra da Bodoquena
comprende bosques ribereños, caducifolios estacionales y semide-
ciduos, donde se conocen unas 400 especies de líquenes. El área
está sufriendo los impactos de la agricultura y los incendios inten-
cionales, que amenazan la biodiversidad local. Estudiando los hon-
gos formadores de líquenes de la Serra da Bodoquena a través de
análisis integrativos, se describe una nueva especie, Thyrea pulve-
rulenta (Lichinales, Lichinaceae). Además, se generaron secuen-
cias de las regiones nuITS y mtSSU, y se infirió la posición del gé-
nero dentro de los Lichinomycetes, confirmando su estrecha rela-
ción filogenética con Watsoniomyces. También demostramos que
la región aún necesita ser estudiada, siendo un posible punto críti-
co de biodiversidad con especies endémicas. 

Palabras  clave: Bodoquena;  Cianolíquenes;  Diversidad;  Áreas
nativas; Afloramientos rocosos.

Abstract

In central-west Brazil, the Serra da Bodoquena region comprises ri-
parian, seasonal deciduous, and semideciduous forests, where ca.
400 lichens species are known. The area is suffering the impacts of
agriculture  and  intentional  fires,  which  threaten  the  local  biod-
iversity.  Studying  the  lichen-forming  fungi  from  the  Serra  da
Bodoquena through integrative analyses, a new species was dis-
covered, Thyrea pulverulenta (Lichinales, Lichinaceae). In addition,
sequences of nuITS and mtSSU regions were generated, and the
position of the genus within the Lichinomycetes was inferred, con-
firming its close phylogenetic relationship with Watsoniomyces. We
also demonstrated that the region still needs to be studied, being a
possible biodiversity hotspot with endemic species.

Key words: Bodoquena; Cyanolichen; Diversity; Native areas; Rock
outcrops.
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Introduction

The Brazilian central-west region is mainly cons-
tituted by the Atlantic Forest,  Amazon, Cerrado,
and  Pantanal  biomes  (Oliveira-Júnior  2020),
which are distributed within an area of approxi-
mately 1.600.000 km2 (IBGE 2020). The Serra da
Bodoquena is localized at the southwestern por-
tion of the region, within the Cerrado and near the
Pantanal (Figs. 1A & 1B), where mountains up to
800  m of  elevation  are  covered  by  forests  and
rocky outcrops partially protected by the Serra da
Bodoquena National Park.

Despite the National Park, the region has been
explored  by  ecotourism,  and  the  natural  areas
have  been  negatively  impacted  by  the  advance-
ment  of  agriculture,  pasture,  and  fires  (Zavala
2017, Cunha 2021). Therefore, brackish sawgrass
marshes,  riparian,  and  seasonal  deciduous  and
semideciduous forests are threatened, and conse-
quently  the  biodiversity  (Baptista-Maria  2009,
Zavala 2017, Scremin-Dias 2018).

Regarding the lichen-forming fungi diversity,
Aptroot & Spielmann (2020) reported almost 400
species from the Serra da Bodoquena, of which 23
taxa are cyanolichens, including Coccocarpia ery-
throxyli (Spreng.)  Swinscow  &  Krog,  Cocco-
carpia palmicola (Spreng.) Arv. & D.J. Galloway,
Collema furfuraceum (Schaer.) Du Rietz, Collema
glaucophthalmum var.  implicatum (Nyl.)  Degel.,
Collema leptaleum Tuck.,  Enchylium tenax (Sw.)
Gray,  Heppia  despreauxii (Mont.)  Tuck.,  Hon-
daria leptospora (Malme) Kitaura, M.C. Scur &
A.P.  Lorenz,  Lathagrium cristatum (L.)  Otálora,
P.M.  Jørg.  &  Wedin,  Leptogium  coralloideum
(Meyen & Flot.) Vain., Leptogium corticola (Tay-
lor)  Tuck.,  Leptogium cyanescens (Ach.)  Körb.,
Leptogium isidiosellum (Riddle) Sierk, Leptogium
marginellum (Sw.) Gray,  Leptogium milligranum
Sierk,  Leptogium phyllocarpum (Pers.)  Mont.,
Metamelanea caesiella (Th. Fr.) Henssen,  Paulia
gibbosa Henssen,  Paulia stipitata Henssen,  Pel-
tula  euploca (Ach.)  Poelt,  Peltula obscurans
(Nyl.) Gyeln.,  Synalissa matogrossensis (Malme)
Henssen, and Thyrea confusa Henssen.

Thyrea confusa  was the second species of the
genus reported in Brazil, after Thyrea porphyrella
M.  Schultz,  Büdel  &  Porembski,  from  Espírito
Santo state (Schultz 2001b). The  Thyrea A.Mas-
sal. species are distributed worldwide, especially
in  the  Northern  Hemisphere,  and  nowadays  are
known ca. 15 species (Lücking 2017). The inte-

grative approaches have been used as a tool for
the  cyanolichen  study,  but  for  the  genus,  only
three  Thyrea genetic  sequences  are  available  in
the GenBank database,  one sequence of  T.  con-
fusa from  Czech  Republic  (GenBank  accession
code OL396742; Vondrák 2022), one sequence of
T.  confusa from  Germany  (GenBank  accession
code  AF282915;  Schultz  2001a),  and  T.  pachy-
phylla (Müll. Arg.) Henssen (unpublished), all of
the 18S region.

The present study aimed to study Thyrea spe-
cimens collected in the Serra da Bodoquena, using
anatomical, morphological, and molecular appro-
aches. In addition, a new species was described,
the  first  sequences  of  the  nuITS  and  mtSSU
regions were deposited, and the confirmation of
the  species  belonging  in  the  Lichinales  was
inferred through phylogenetic analysis.

Materials and methods

The field expeditions were realized in November
2018,  during  the  Botany  course  offered  by  the
Post-graduate  Program  in  Plant  Biology  of  the
Federal  University  of  Mato Grosso do Sul.  The
Thyrea  specimens  were  collected  on  the  rocky
outcrops known as “Dente de Cão” in the Serra da
Bodoquena region (Fig. 1C). All specimens were
deposited  in  the  CGMS  herbarium  (Campo
Grande, Brazil), including the type material.

The material was observed under an Olympus
stereomicroscope, where anatomical sections were
made  and  observed  in  an  Olympus  CH30  light
microscope.  The  images  were  generated  with
Canon  REBEL3,  and  the  sequences  were  pro-
duced  through  the  FUNDECT/CNPq  recourses,
Chamada 04/2019, destined to  PDTCR post-doc
program.

The  DNA  was  extracted  using  a  Wizard®
Genomic DNA Purification kit (Promega), follow-
ing the manufacturer's protocol. The PCRs were
performed  according  to  Kitaura  (2018).  The
nuclear  Internal  Transcribed  Spacer  region
(nuITS)  and  the  mitochondrial  Small  Subunit
(mtSSU) sequences were generated for three spec-
imens,  and the sequences were deposited in  the
GenBank (Table 1).

The  sequences  of  both regions were used to
perform phylogenetic analyses with the Lichino-
mycetes clade (Table 1). Chaenotheca furfuracea
(L.) Tibell  (GenBank accession code JX000121)
and  Sclerophora  farinacea Chevall.  (JX000130)
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Figura 1. Área de estudio. A: Brasil, indicando los biomas de la región centro-oeste; B: Estado de Mato Grosso do Sul, indicando el área de
estudio; C: Afloramiento rocoso donde se recolectó el material.
Figure 1. Study area. A: Brazil, highlighting the biomes of the central-west region; B: Mato Grosso do Sul state, highlighting the study area;
C: Rock outcrop where the material was collected.

Species GenBank Accession Code Reference
Heppia despreauxii (Mont.) Tuck. JN206650 Unpublished
Lempholemma polyanthes (Bernh.) Malme AY584709 Lutzoni et al. (2004)
Lichina confinis (O.F. Müll.) C. Agardh KX984072 Schultz (2017)
Lichina pygmaea (Lightf.) C. Agardh KX984066 Schultz (2017)
Lichinella nigritella (Lettau) P.P. Moreno & Egea MF766342 Kauff et al. (2018)
Peltula auriculata Büdel, M. Schultz & Gröger DQ922953 Miadlikowska et al. (2006)
Peltula brasiliensis (Zahlbr.) Büdel, Kauff & Bachran MF766339 Kauff et al. (2018)
Peltula corticola Büdel & Sant. MF766337 Kauff et al. (2018)
Peltula steppae (Kalb) Büdel, Kauff & Bachran MF766338 Kauff et al. (2018)
Phylliscum demangeonii (Moug. & Mont.) Nyl. AY853333 Wedin et al. (2005)
Thyrea pulverulenta (2)* OQ986601 Present study MJK 4657
Thyrea pulverulenta (3)* OQ986600 Present study MJK 4658
Thyrea pulverulenta (1)* OQ986599 Present study MJK 4660
Watsoniomyces obsoletus (Nyl.) D. Hawksw., M. Powell &
T. Sprib. (1) MW370265 Díaz-Escandón et al. (2021)

Watsoniomyces obsoletus (2) MW370266 Díaz-Escandón et al. (2021)
* Numbers in parenthesis
Tabla 1. Detalles de las especies utilizadas en el análisis filogenético de la región mtSSU. Las líneas en negrita corresponden a las secuencias
generadas en el presente estudio.
Table 1. Details of species used in the phylogenetic analysis of the mtSSU region. Sequences generated in the present study are in bold.
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were  used  as  outgroups,  considering  the  close
phylogenetic  relationships  with  Lichinomycetes
(Prieto & Wedin 2013, Díaz-Escandon 2021). The
intraspecific divergence among the Thyrea nuITS
sequences  were checked in the  Geneious v9.1.2
(Kearse 2012).

The  alignments  were  obtained  in  Geneious
v9.1.2  (Kearse  2012)  with  the  MAFFT  v7.308
algorithm (Katoh 2002). Additionally, the Gblocks
web server (http://phylogeny.lirmm.fr/) was used
to  exclude  unreliably  aligned  sites  (Dereeper
2008,  Castresana  2000).  The  phylogenetic  trees
were estimated  using  Bayesian  (BA) and Maxi-
mum Likelihood (ML) approaches in the CIPRES
web server (https://www.phylo.org) (Miller 2010).
Nucleotide substitution models were inferred fol-
lowing the Bayesian Inference Criterion in jMod-
elTest2 (Darriba 2012, Guindon & Gascuel 2003).

The  BA was  performed  in  MrBayes  3.2.7a
(Huelsenbeck  &  Ronquist  2001,  Ronquist  &
Huelsenbeck  2003)  using  GTR+G  substitution
model to nuITS and TVM+G to mtSSU analyses,
with  a  chain  length  of  10,000,000  generations
sampled every 1,000 steps. The first 25% of the
generated trees were discarded as burn-in, and the
50% majority-rule tree was built with the remain-
ing trees sampled. The ML tree was built with the
RaxML  8.2.12  (Stamatakis  2014)  using  the
GTR+G substitution model for both regions, with
1,000  bootstrap  replications  and  the  remaining
settings  as  default.  Posterior  probabilities  above

0.95 and bootstrap values above 0.70 were consid-
ered significant support values for the hypotheses
of phylogenetic relationships.

The specimens initially have been identified to
genus level by Schultz & Büdel (2002), and were
described according to the T. porphyrella descrip-
tion (Schultz 2001b). Periclinally arranged hyphae
were observed at the central region of the thallus
as well as T. porphyrella, but differed by the pres-
ence of photobiont cells, and the thallus was con-
sidered as homoiomerous. pycnoascocarps obser-
ved in Thyrea species are reported in the descrip-
tions as apothecia.

Results and discussion

The present study deposited the first sequences of
the nuITS and mtSSU regions of the Thyrea genus
in  the  public  library  GenBank.  The  variation
among nuITS sequences of T. pulverulenta ranged
from 98.4% to 99.7%. Due to the scarcity of nu-
ITS sequences available, only the phylogeny con-
structed with mtSSU sequences is shown. The se-
quences of the mtSSU were analyzed with other
taxa of the Lichinomycetes clade (Table 1). The
phylogenetic trees obtained revealed that  Thyrea
is  close  to  Watsoniomyces  obsoletus (Nyl.)  D.
Hawksw., M. Powell & T. Sprib., clustering also
with Lichina C.Agardh, Heppia Nägeli ex A.Mas-
sal. and Lempholemma Körb. (Fig. 2 & Table 1). 

Figura 2. Hipótesis filogenética de la ubicación de Thyrea dentro del clado de Lichinomycetes según los enfoques Bayesiano y de Máxima
Verosimilitud. Los valores por encima de las ramas corresponden al valor de bootstrap y las probabilidades posteriores, respectivamente. 
Figure  2. Phylogenetic  hypothesis  of  the  Thyrea placement  within  the  Lichinomycetes  clade  based  on  the  Bayesian  and  Maximum
Likelihood approaches. Values above branches correspond to posterior probabilities and bootstrap values, respectively.

http://phylogeny.lirmm.fr/
https://www.phylo.org/
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Similar results were observed by Díaz-Escandón
et al.. (2021), using the 18S region, where Thyrea
confusa (AF282915.1)  and  T.  pachyphylla
(AF336909.1) were close to W. obsoletus.

The  phylogenetic  analysis  shown  in  the
present study confirm the inclusion of T. pulveru-
lenta in  Lichinomycetes.  However,  extensive
work is needed to confirm the species placement
within Lichinomycetes and the internal  relation-
ships of  Thyrea, especially regarding the scarcity
of a complete genetic dataset, including the gener-
ation  of  genetic  sequences  of  the  other  species
that were registered in Brazil,  T. confusa and  T.
porphyrella.

Thyrea pulverulenta M.J. Kitaura, sp. nov. Fig. 3

MycoBank number: 848790
Holotype: Brazil,  Mato  Grosso  do  Sul,
Bodoquena,  Serra  da  Bodoquena,  Santa  Laura
Farm, Morro Dente de Cão, calcareous rocks, on
the top, saxicolous, -20.784611º, -56.750583º, 445
masl,  07-XI-2018.  M.J.  Kitaura 4660  (CGMS).
GenBank  codess:  nuITS  (OQ975317),  mtSSU
(OQ986599)
Etymology: The thallus is covered by pruina and
isidia, causing the pulverulent appearance.
Description: Thallus  blackish  under  fluorescent
light,  whitish  black  under  the  stereomicroscope,
0.5-3.0 cm broad, matt, opaque, gelatinous when
wet,  foliose,  initially  monophyllous,  irregularly
branched and incised with the age. Lobes 3.0-8.0
mm wide, 5.0-12.0 mm long, overlapping, ascend-
ing, and centrally attached. Upper surface smooth
at naked eye, smooth, rugulose and with irregular
ridges  at  10×  magnification.  Apical  margin
rounded,  plane  to  ascending,  smooth  and  thick-
ened; lateral margin smooth and thickened, plane,
undulated  and  sinuous.  Lower  side  is  blackish
green  to  greenish  gray,  smooth  under  different
magnifications.  Pruina  pale  gray  on  the  lamina.
Isidia originating on the surfaces, 5.0-30.0 (-50.0)
µm  diameter,  blackish  to  brownish,  simple  to
grouped. Lobules absent. Thallus attached by rhi-
zohyphae,  grouped in  the  central  part.  Homoio-
merous thallus structure, 250-400 µm thick, ecor-
ticate;  thallus  periphery  with  reticulate  arranged
hyphae,  filled  by  photobiont  cells,  25-100  µm
thick at  the  upper side,  75-100 µm thick  at  the
lower side; central hyphae thin, composed of few
periclinally arranged hyphae, with some dispersed
photobiont cells. The photobiont unicellular cya-

nobacteria, 5.0-7.5 µm diam, spherical to elliptic;
gelatinous sheath thin, up to 2,5 µm thick, brown-
ish at the thallus periphery, hyalin in the thallus
center.

Apothecia  abundant,  0.2-0.4  mm diam.,  usu-
ally laminal, semi-immerse; apothecial disc plane
or  concave,  brownish to  reddish,  proper exciple
yellowish  around  of  the  disc;  amphithecium
smooth,  concolorous  with  the  thallus,  lacking
ornaments  and  pruina.  Epihymenium  brownish,
ca. 5 µm high.  Hymenium 75-175 µm thick, I+
blue. Subhymenium ca. 75 µm thick, hyaline, I+
blue.  Exciple  proper  25.0-37.5  µm  thick  at  the
base,  12.5-25.0  µm thick at  the  lateral,  hyaline.
Ascospores simple, hyaline, globose to ellipsoid,
7.5-10.0 × 5.0-7.5 µm, spore wall distinctly thick-
ened  with  age,  up  to  2.5  µm  thick.  Pycnidia
immersed,  globose,  concolorous,  ca.  0.2  mm
diam., ostiole indistinct to yellowish. Conidia sim-
ple, bacilliform, ca. 3.0 × 1.0 µm. 
Additional material: Brazil, Mato Grosso do Sul,
Bodoquena,  Serra  da  Bodoquena,  Santa  Laura
Farm, Morro Dente de Cão, on the top, calcareous
rocks, saxicolous, (DD) -20.784611º, -56.750583º,
445 masl, 07-XI-2018.  MJ Kitaura 4657 (nuITS
OQ975319),  4658  (nuITS  OQ975318),  4659
(paratypes – CGMS, OQ986600).
Diagnosis: Thyrea  pulverulenta is  characterized
by the monophyllous thallus, lobes with pale gray
pruina,  and black inconspicuous isidia,  covering
the upper surface.

When  compared  with  other  isidiate  Thyrea
species,  T. confusa is characterized by the pres-
ence of thallus polyphyllous, pruina bluish gray,
lobes 1-3 mm wide, ± lingulate, isidia 7-20(-30)
µm  wide,  and  cyanobacteria  with  brownish
sheaths  (Henssen  &  Jørgensen  1990,  Jørgensen
2007), which differs of T. pulverulenta that is con-
stituted  by  monophyllous  thallus,  pruina  pale
gray, lobes 3.0-8.0 mm wide, rounded, isidia 5.0-
30.0(-50.0) µm diam. and cyanobacteria with hya-
line sheaths.  T. confusa was initially described to
France (Henssen & Jørgensen 1990) and reported
to other localities, such as Norway, Spain, Socotra
Island, mainly (northern) Mediterranean (Moreno
&  Egea  1992,  Jørgensen  2007);  Canada,  USA
(Nash III et al.. 2002); and Australia (Allen et al..
2001). Recently,  T. confusa was also reported to
the  Serra  da  Bodoquena  (Aptroot  & Spielmann
2020), and the specimen must be revised.

Thyrea  latissima Asahina is  characterized by

https://www.ncbi.nlm.nih.gov/nuccore/OQ986600
https://www.ncbi.nlm.nih.gov/nuccore/OQ975318
https://www.ncbi.nlm.nih.gov/nuccore/OQ975319
https://www.ncbi.nlm.nih.gov/nuccore/OQ986599
https://www.ncbi.nlm.nih.gov/nuccore/OQ975317
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Figura 3. Thyrea pulverulenta (holotipo, MJK4660). A: Lado superior del talo; B: Lado inferior del talo; C: Detalle de la superficie superior
en polvo; D: Sección transversal del talo y apotecio; E: Sección transversal del talo, detallando la cara superior y los isidios granulares.
Figure 3. Thyrea pulverulenta (holotype, MJK4660). A: Upper side of the thallus; B: Lower side of the thallus; C: Detail of the powdered
upper surface;  D: Transversal section of the thallus and apothecium; E: Transversal section of the thallus, detailing the upper surface and
granular isidia.

monophyllous thallus, thallus up to 5 cm broad,
lobes 300-400 µm thick, ecorticate, isidia 15-100
µm on the lower surface (Asahina 1958), differing
of T.  pulverulenta  by thallus up to  3 cm broad,
lobes 250-400 µm thick, ecorticate, isidia 5.0-30.0
(-50.0) µm diam. on the upper surface.  Another
isidiate  species  is  Thyrea  asahinae (Yoshim.)
Yoshim., and is characterized by the thallus poly-
phyllous,  epruinose,  and with  isidia  globose  ca.
135  µm  (Yoshimura  1968),  differing  of  T.  pul

verulenta that has monophyllous thallus and prui-
na. Thyrea indica D.D. Awasthi & S.R. Singh has
lobes 1.0-2.5 mm wide and ornaments on the thal-
lus  and  apothecia  (Awasthi  &  Singh  1979),
whereas that T. pulverulenta has lobes 3.0-8.0 mm
wide  and  isidia  only  on  the  thallus.

The non-isidiate species Thyrea deusta (Tuck.)
Zahlbr.  (Tuckerman  1872),  Thyrea leptophylla
(Tuck.) Zahlbr. (Tuckerman 1862), Thyrea pachy-
phylla (Müller  Argoviensis  1881),  and  Thyrea
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girardii (Durieu & Mont.) Bagl. & Carestia (Vin-
cent  &  Maisonneuve  1846)  were  until  now
reported  to  North  Hemisphere;  differing  of  the
isidate T. pulverulenta.

The  other  Brazilian  Thyrea species,  Thyrea
porphyrella M. Schultz, Büdel & Porembski, has
thallus polyphyllous with upper surface smooth to
irregular, plicate to folded (Schultz et al.. 2001b),
and differs of T. pulverulenta that is characterized
by the monophyllous thallus and isidia.

The hyphae parallelly arranged was observed
at the medullar region of the thallus, which were
reported  as  primitive  heteromerous  thallus  by
Moreno  &  Egea  (1992).  However,  when  the
medullar region is lacking of photobiont cells, like
T. porphyrella (Schultz  et al.. 2001b), the thallus
is  heteromerous;  and  when  has  some  scattered
photobiont cells, like T. latissima (Asahina 1958),
the thallus is homoiomerous.

The diversity of cyanolichens of the Brazilian
central-west region has revealed larger than previ-
ously  known,  and  new  species  of  Leptogium
(Ach.) Gray (Kitaura et al.. 2019), Sticta (Scherb.)
Ach.  (Torres  et  al.. 2021),  Heterodermia Trevs.
(Souza et al.. 2022) and new records, such as H.
despreauxii,  M. caesiella,  P. gibbosa and P. stipi-
tata (Aptroot & Spielmann 2020) were reported.
Ultimately,  the  authors  highlight  the  importance
of  the  conservation  of  the  Serra  da  Bodoquena
natural areas, the maintenance of the ICMBio and
Chico  Mendes  Institutes,  and  the  necessity  of
more  integrative  lichenological  studies  in  the
Mato Grosso do Sul state, where frequently reveal
new lineages to science.

Acknowledgments

The authors want to thank Matthias Schultz that
confirmed  the  species  determination  using  his
Lichinomycetes dataset; and Jean-Mark E. Torres
that revised the Spanish parts of the manuscript.
This work was financed in part by the Fundação
Universidade  Federal  de  Mato  Grosso  do  Sul
(UFMS/MEC), Brazil. Marcos J. Kitaura was sup-
ported in part by the Fundação de Apoio ao De-
senvolvimento  do  Ensino,  Ciência  e  Tecnologia
do Estado  de Mato  Grosso do Sul  (FUNDECT,
Chamada 04/2019), and by the Conselho Nacional
de  Desenvolvimento  Científico  e  Tecnológico
(CNPq); and Mayara Camila Scur by the Coorde-
nação  de  Aperfeiçoamento  de  Pessoal  de  Nível
Superior - Brasil (CAPES) - Finance Code 001.

References

Allen D,  Lumbsch HT,  Madden S & Sipman H.  2001.
New  Australian  and  Australian  state  lichen  and
lichenicolous  lichen  reports.  Journal  of  the  Hattori
Botanical Laboratory 90: 269-291. https://doi.org/10.
18968/jhbl.90.0_269

Aptroot A & Spielmann AA. 2020.  New lichen species
and  records  from the  Serra  da  Bodoquena,  Mato
Grosso do Sul, Brazil, the westernmost Atlantic rain
forest. Archives for Lichenology 16: 1-26.

Asahina  Y.  1958.  Lichenologische  Notizen  (137-139).
The Journal of Japanese Botany 33 (3): 65-69.

Awasthi DD & Singh KP. 1979. New or otherwise inter-
esting lichens from Mt. Abu, Rajasthan, India. Nor-
wegian Journal of Botany 26: 91-97.

Baptista-Maria VR, Rodrigues RR, Junior GD, Maria FS
& Souza VC. 2009. Composição florística de flores-
tas  estacionais  ribeirinhas  no  Estado  de  Mato
Grosso do Sul, Brasil. Acta Botanica Brasilica 23(2):
535-548.  http://dx.doi.org/10.1590/S0102-33062009
000200025

Castresana J. 2000. Selection of conserved blocks from
multiple alignments for their use in phylogenetic ana-
lysis. Molecular Biology and Evolution 17 (4): 540-
52.  https://doi.org/10.1093/oxfordjournals.molbev.a0
26334

Cunha ER, Santos CAG, Silva RM, Bacani VM & Pott A.
2021. Future scenarios based on a CA-Markov land
use and land cover simulation model for a tropical
humid basin in the Cerrado/Atlantic forest ecotone of
Brazil. Land Use Policy. 101: 105141. https://doi.org/
10.1016/j.landusepol.2020.105141

Darriba D, Taboada GL, Doallo R & Posada D. 2012.
jModelTest 2: more models, new heuristics and par-
allel  computing. Nature Methods 9: 772.  http://dx.-
doi.org/10.1038/nmeth.2109

Dereeper  A,  Guignon  V,  Blanc  G,  Audic  S,  Buffet  S,
Chevenet F . . .  Gascuel O. 2008. Phylogeny.fr: ro-
bust  phylogenetic  analysis  for  the  non-specialist.
Nucleic  Acids  Research  36:  W465-9.  http://dx.doi.
org/10.1093/nar/gkn180

Díaz-Escandón D, Hawksworth DL, Powell M, Resl P &
Spribille T. 2021. The British chalk specialist Lecidea
lichenicola  auct.  revealed  as  a  new  genus  of
Lichinomycetes.  Fungal  Biology  125  (7):  495-504.
https://doi.org/10.1016/j.funbio.2021.01.007

Guindon S & Gascuel O. 2003. A simple, fast and accur-
ate method to estimate large phylogenies by max-
imum-likelihood.  Systematic  Biology  52:  696-704.
http://dx.doi.org/10.1080/10635150390235520

Henssen A & Jørgensen PM. 1990. New combinations
and synonyms in the Lichinaceae. The Lichenologist
22 (2): 137-147. https://doi.org/10.1017/S002428299
0000093

Huelsenbeck JP & Ronquist F. 2001. MRBAYES: Baye-
sian inference of phylogeny. Bioinformatics 17: 754-
755.

IBGE.  2020.  Área Territorial:  Área territorial  brasileira.
Rio de Janeiro. Available in https://www.ibge.gov.br/
cidades-e-estados/ms/ (Accessed in 10-VIII-2022)

Jørgensen PM. 2007. Thyrea. In Nordic Lichen Flora -

https://www.ibge.gov.br/cidades-e-estados/ms/
https://www.ibge.gov.br/cidades-e-estados/ms/
https://doi.org/10.1017/S0024282990000093
https://doi.org/10.1017/S0024282990000093
http://dx.doi.org/10.1080/10635150390235520
https://doi.org/10.1016/j.funbio.2021.01.007
http://dx.doi.org/10.1093/nar/gkn180
http://dx.doi.org/10.1093/nar/gkn180
https://doi.org/10.1016/j.landusepol.2020.105141
https://doi.org/10.1016/j.landusepol.2020.105141
https://doi.org/10.1093/oxfordjournals.molbev.a026334
https://doi.org/10.1093/oxfordjournals.molbev.a026334
http://dx.doi.org/10.1590/S0102-33062009000200025
http://dx.doi.org/10.1590/S0102-33062009000200025
https://doi.org/10.18968/jhbl.90.0_269
https://doi.org/10.18968/jhbl.90.0_269


50 M.J. Kitaura et al. Anales de Biología 45, 2023

Cyanolichens (Ahti T, Jørgensen PM, Kristinsson H,
Moberg R, Søchting U & Thor G. eds.). Uddevalla:
Nordic Lichen Society 3: 74-75.

Katoh K, Misawa K, Kuma K & Miyata T. 2002. MAFFT:
a novel  method for  rapid multiple  sequence align-
ment based on fast Fourier transform. Nucleic Acids
Research  30:  3059-3066.  http://dx.doi.org/10.1093/
nar/gkf436

Kauff F, Bachran A, Schultz M, Hofstetter V, Lutzoni F, &
Büdel B. 2018. Molecular data favours a monogen-
eric Peltulaceae (Lichinomycetes). The Lichenologist
50 (3): 313-327.  http://dx.doi.org/10.1017/S0024282
918000105

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung
M, Sturrock S . . . Drummond A. 2012. Geneious Ba-
sic: an integrated and extendable desktop software
platform  for  the  organization  and  analysis  of  se-
quence  data.  Bioinformatics  28:  1647-1649.  http://
dx.doi.org/10.1093/bioinformatics/bts199

Kitaura  MJ,  Bernardo  CM,  Koch  NM,  Rodrigues  AS,
Torres J-M, Barbosa TD . . . Lorenz AP. 2019. Lepto-
gium  (Collemataceae,  Peltigerales)  from  Mato
Grosso do Sul state, Brazil: nine new records, three
new taxa and a key for the species. Phytotaxa 399:
127-146. https://doi.org/10.11646/phytotaxa.399.2.3

Kitaura MJ, Scur MC, Spielmann AA & Lorenz-Lemke
AP. 2018. A revision of Leptogium (Collemataceae,
lichenized Ascomycota) from Antarctica with a key to
species. The Lichenologist 50: 467-485.  https://doi.
org/10.1017/S0024282918000269

Lutzoni  F,  Kauff  F,  Cox  CJ,  McLaughlin  D,  Celio  G,
Dentinger  B . . . Vilgalys R.  2004.  Assembling the
fungal tree of life: progress, classification, and evolu-
tion of subcellular traits. American Journal of Botany
91:  1446-1480.  https://doi.org/10.3732/ajb.91.10.14
46

Lücking R, Hodkinson BP & Leavitt SD. 2017. Correc-
tions and amendments to the 2016 classification of
lichenized fungi in the Ascomycota and Basidiomy-
cota. The Bryologist  120 (1): 58-69.  https://doi.org/
10.1639/0007-2745-120.1.058

Miadlikowska J, Kauff F, Hofstetter V, Fraker E, Grube
M, Hafellner J . . . Lutzoni F. 2006. New insights into
classification and evolution of the Lecanoromycetes
(Pezizomycotina,  Ascomycota)  from  phylogenetic
analyses of three ribosomal RNA- and two protein-
coding  genes.  Mycologia  98  (6):  1088–1103.
https://doi.org/10.1080/15572536.2006.11832636

Miller MA, Pfeiffer W& Schwartz T. 2010. Creating the
CIPRES  Science  Gateway  for  inference  of  large
phylogenetic trees. New Orleans: Proceedings of the
Gateway  Computing  Environments  Workshop
(GCE).

Moreno PP & Egea JM. 1992. Estudios sobre el com-
plejo  Anema-Thyrea-Peccania  en  el  sureste  de  la
Peninsula Iberica  y  norte de Africa.  Acta Botanica
Barcinonensia 41: 1-66.  https://bibdigital.rjb.csic.es/
idurl/1/11884

Müller-Argoviensis  J.  1881.  Lichens  des  pentes  ro-
cheuses situées au N.-O. du pont du Rhône entre
Brigue  et  Naters,  cueillis  par  l'auteur  le  15  sept.
1880, à l'occaision de la réunion à Brigue de la So-
cieté  helvétique  des  sciences  naturelles.  Bulletins

des Travaux de la  Société  Murithienne [du Valais]
1881: 55-58.

Nash TH III,  Ryan BD,  Gries  C & Bungartz  F.  2002.
Lichen Flora of the Greater Sonoran Desert Region.
I. Arizona: Arizona State University.

Oliveira-Júnior  JF,  Teodoro PE,  Silva  Junior  CA,  Baio
FHR, Gava R, Capristo-Silva GF... Costa MS. 2020.
Fire foci related to rainfall and biomes of the state of
Mato Grosso do Sul, Brazil. Agricultural and Forest
Meteorology  282-283:  107861  [13].  https://doi.org/
10.1016/j.agrformet.2019.107861

Prieto M & Wedin M. 2013. Dating the diversification of
the major lineages of Ascomycota (Fungi). PlosOne
8(6):  e65576  [10].  https://doi.org/10.1371/journal.
pone.0065576

Ronquist  F  &  Huelsenbeck  JP.  2003.  MRBAYES  3:
Bayesian phylogenetic  inference under  mixed  mo-
dels. Bioinformatics 19: 1572-1574. http://dx.doi.org/
10.1093/bioinformatics/btg180

Schultz M. 2017. Morphological and molecular data sup-
port Lichina intermedia as a distinct austral-marine
species in the L. pygmaea group. The Lichenologist
49(4):  321-332.  http://dx.doi.org/10.1017/S0024282
917000251

Schultz  M,  Arendholz  W-R,  & Büdel  B.  2001a.  Origin
and Evolution of the Lichenized Ascomycete Order
Lichinales: Monophyly and Systematic Relationships
Inferred from Ascus, Fruiting Body and SSU rDNA
Evolution. Plant Biology 3 (2): 116-123. http://dx.doi.
org/10.1055/s-2001-12896

Schultz M, Büdel B & Porembski S. 2001b. Thyrea por-
phyrella, a new species of the Lichinaceae from in-
selbergs in tropical South America. The Lichenolo-
gist  33  (3):  211-214.  https://doi.org/10.1006/lich.
2000.0317

Schultz M & Büdel B. 2002. Key to the genera of the
Lichinaceae. The Lichenologist 34 (1): 39-62. https://
doi.org/10.1006/lich.2001.0367

Scremin-Dias  E,  Pott  VJ,  Damasceno-Junior  GA,
Cristaldo ACM,  Dias  FA & Pott  A.  2018.  Flora  de
campos úmidos calcários da Serra da Bodoquena.
Iheringia  Série  Botânica 73(supl.):  80-92.  http://dx.
doi.org/10.21826/2446-8231201873s80

Souza FM, Aptroot A & Spielmann AA. 2022. Key to Het-
erodermia  (Physciaceae,  Teloschistales)  in  Brazil,
with 15 new species. The Lichenologist 54 (1): 25-
44. http://dx.doi.org/10.1017/S0024282921000499

Stamatakis A. 2014. RAxML version 8: a tool for phylo-
genetic  analysis  and  post-analysis  of  large  phylo-
genies. Bioinformatics 30 (9):  1312-1313.  http://dx.
doi.org/10.1093/bioinformatics/btu033

Torres J-M, Barbosa TD, Kitaura MJ, Spielmann AA &
Lorenz AP. 2021. Two new species of Sticta (Pelti-
geraceae  subfam.  Lobarioideae)  from the  Bazilian
Cerrado (Brazilian savanna). The Bryologist 124(4):
506-521.  https://doi.org/10.1639/0007-2745-124.4.
506

Tuckerman E.  1862.  Observations on North American
and  other  lichens.  Proceedings  of  the  American
Academy of Arts and Sciences 5: 383-422. http://dx.
doi.org/10.2307/20021278

Tuckerman E. 1872. Genera Lichenum: an arrangement
of the North American lichens. XV. Amherst. Lewis-

http://dx.doi.org/10.2307/20021278
http://dx.doi.org/10.2307/20021278
https://doi.org/10.1639/0007-2745-124.4.506
https://doi.org/10.1639/0007-2745-124.4.506
http://dx.doi.org/10.1093/bioinformatics/btu033
http://dx.doi.org/10.1093/bioinformatics/btu033
http://dx.doi.org/10.1017/S0024282921000499
http://dx.doi.org/10.21826/2446-8231201873s80
http://dx.doi.org/10.21826/2446-8231201873s80
https://doi.org/10.1006/lich.2001.0367
https://doi.org/10.1006/lich.2001.0367
https://doi.org/10.1006/lich.2000.0317
https://doi.org/10.1006/lich.2000.0317
http://dx.doi.org/10.1055/s-2001-12896
http://dx.doi.org/10.1055/s-2001-12896
http://dx.doi.org/10.1017/S0024282917000251
http://dx.doi.org/10.1017/S0024282917000251
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1371/journal.pone.0065576
https://doi.org/10.1371/journal.pone.0065576
https://doi.org/10.1016/j.agrformet.2019.107861
https://doi.org/10.1016/j.agrformet.2019.107861
https://bibdigital.rjb.csic.es/idurl/1/11884
https://bibdigital.rjb.csic.es/idurl/1/11884
https://doi.org/10.1080/15572536.2006.11832636
https://doi.org/10.1639/0007-2745-120.1.058
https://doi.org/10.1639/0007-2745-120.1.058
https://doi.org/10.3732/ajb.91.10.1446
https://doi.org/10.3732/ajb.91.10.1446
https://doi.org/10.1017/S0024282918000269
https://doi.org/10.1017/S0024282918000269
https://doi.org/10.11646/phytotaxa.399.2.3
http://dx.doi.org/10.1093/bioinformatics/bts199
http://dx.doi.org/10.1093/bioinformatics/bts199
http://dx.doi.org/10.1017/S0024282918000105
http://dx.doi.org/10.1017/S0024282918000105
http://dx.doi.org/10.1093/nar/gkf436
http://dx.doi.org/10.1093/nar/gkf436


Anales de Biología 45, 2023 A new species of Thyrea (Lichinales) from Brazil 51

ton, Maine.
Vincent,  B-St  &  Maisonneuve  D.  1846.  Exploration

scientifique de l'Algérie. Paris: Botanique.
Vondrák J, Svoboda S, Malíček J, Palice Z, Kocourková

J, Knudsen K . . . Hofmeister J. 2022. From Cinder-
ella to Princess: an exceptional hotspot of lichen di-
versity  in  a  long-inhabited  central-European  land-
scape.  Preslia  94:  143-181.  https://doi.org/10.
23855/preslia.2022.143

Wedin  M,  Wiklund  E,  Crewe A,  Döring  H,  Ekman S,
Nyberg Å, Lumbsch H. 2005. Phylogenetic relation-

ships  of  Lecanoromycetes  (Ascomycota)  as  re-
vealed by analyses of mtSSU and nLSU rDNA se-
quence  data.  Mycological  Research  109  (2):  159-
172. http://dx.doi.org/10.1017/S0953756204002102

Yoshimura I.  1968.  Japanese species  of  Anema.  The
Journal of Japanese Botany 43: 354-358.

Zavala CBR, Fernandes SSL, Pereira ZV & Silva SM.
2017.  Análise  fitogeográfica  da  flora  arbustivo-ar-
bórea em ecótono no planalto da Bodoquena, MS,
Brasil.  Ciência  Florestal,  Santa  Maria,  27(3):  907-
921. https://doi.org/10.5902/1980509828640

https://doi.org/10.5902/1980509828640
http://dx.doi.org/10.1017/S0953756204002102
https://doi.org/10.23855/preslia.2022.143
https://doi.org/10.23855/preslia.2022.143

