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Abstract

Four species of the genus Sticta are described as new from Bolivia, based on mor-
phological examination and phylogenetic analysis of the fungal ITS barcoding marker.
Additionally, two species are reported as new to Bolivia (their identification confirmed by
molecular data) and one previously reported species is confirmed by molecular data for
the first time. Detailed morphological and anatomical descriptions are provided for all
new species. Two of the new species, S. isidiolobulata Ossowska, B. Moncada, Liicking
& Kukwa and S. madidiensis Ossowska, B. Moncada, Liicking & Kukwa belong to clade |,
as defined in previous studies. In contrast, S. montepunkuensis Ossowska, B. Moncada,
Licking & Kukwa and S. macrolobata Ossowska, B. Moncada, Liicking & Kukwa, also de-
scribed here as new to science, belong to clade lll. Sticta isidiolobulata has an irregular
to suborbicular thallus of medium size, with isidia developing into spathulate lobules, cy-
anobacterial photobiont and apothecia with entire to weakly-crenate margins. The large
irregular thallus of the cyanobacteria-associated S. macrolobata has broad lobes, apoth-
ecia with verrucous to tomentose margins and cyphellae with raised margins, whereas
S. madidiensis has a medium-sized, palmate to irregular thallus with a stipe, but without
vegetative propagules and apothecia. Sticta montepunkuensis has large and irregular
thalli with green algae as photobiont, apothecia with crenate to verrucous margins and
urceolate cyphellae with a wide pore and a scabrid basal membrane. Two species, S.
beauvoisii Delise and S. riparia Merc.-Diaz are reported as new to Bolivia (the latter also
as new to South America) and belong to clade Ill. Sticta tomentosa (Sw.) Ach., species
confirmed from Bolivia by molecular data, belongs to clade Il. Sticta beauvoisii is char-
acterised by a smooth yellowish-brown upper surface with darker apices and abundant,
marginal isidia and a brown lower surface with golden-chocolate brown primary tomen-
tum and sparse, golden-brown rhizines. Sticta riparia has a strongly branched thallus,
with undulate lobes and abundant, marginal, palmate, grey to dark brown phyllidia and
greyish-brown lower surface with the primary tomentum absent towards the margins.
Sticta tomentosa has palmate, bluish thalli with white cilia and abundant, submarginal
apothecia and creamy-white lower surface with a sparse, white primary tomentum.
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Introduction

The name Sticta was first introduced by Schreber (1791), who classified these
lichens as a section within the genus Lichen. Later, Acharius (1803) raised Sticta
to the rank of a genus. Sticta has a subcosmopolitan distribution and includes
macrolichens with true cyphellae and tomentum present at least on the lower
surface of the thalli, for example, Galloway (1994, 1995), Moncada (2012) and
Moncada et al. (2018, 2020). At the beginning of the 215t century, about 120 spe-
cies were known within the genus (Kirk et al. 2008), but recently, the number of
known taxa has tripled (Moncada et al. 2021a). This increase is mainly related
to the application of integrative taxonomy, based on molecular, morphological
and anatomical data and the exploration of tropical regions, which are often
habitats of unknown, endemic species (Tensberg and Goward 2001; Moncada
2012; Lendemer and Goffinet 2015; Moncada et al. 2018, 2020; Mercado-Diaz
et al. 2020; Ossowska et al. 2022a). In Colombia, for example, intensive field
surveys and laboratory analyses have increased the number of identified Sticta
from 42 (Sipman et al. 2008) to 150 (Moncada 2012; Moncada et al. 2013a, b,
2014). Similar explorations have been carried out in other regions of the Neo-
tropics (Dal Forno et al. 2018; Torres et al. 2021; Ossowska 2021; Ossowska et
al. 20223, b; Crous et al. 2023), as well as in other parts of the world (McDon-
ald et al. 2003; Simon et al. 2018; Moncada et al. 2020, 2021a; Di Meglio and
Goward 2023; Kaasalainen et al. 2023). However, in many regions, the genus
Sticta is still in need of revision, so the number of described species within the
genus is much lower than estimated (Moncada et al. 20214, b, ¢).

In Bolivia, located in the central part of the Neotropical Region of South
America, research on Sticta has been conducted since the 19* century (Nyland-
er 1859, 1861; Rusby 1896; Herzog 1922, 1923; Feuerer et al. 1998). As a result,
eleven Sticta species were reported, based solely on their morphological and
anatomical characters (Ossowska 2021 and literature cited therein). Recently,
modern approaches in the taxonomy of Sticta, including molecular analyses,
have been applied to Bolivian collections, resulting in recording nine additional
species, including seven new to science (Moncada and Liicking 2012; Ossows-
ka et al. 2022a, b; Crous et al. 2023). Here, we present the descriptions and
records of seven additional species, including four new to science (Sticta isidi-
olobulata Ossowska, B. Moncada, Liicking & Kukwa, S. macrolobata Ossowska,
B. Moncada, Liicking & Kukwa, S. madidiensis Ossowska, B. Moncada, Liicking
& Kukwa and S. montepunkuensis Ossowska, B. Moncada, Liicking & Kukwa),
two new to Bolivia (S. beauvoisii Delise and S. riparia Merc.-Diaz) and the first
record of S. tomentosa (Sw.) Ach. confirmed by molecular data.

Material and methods

Taxon sampling

The study was based on specimens collected during fieldwork in the Yun-
gas and Tucumano-Boliviano Regions of Bolivia and deposited at KRAM, LPB
and UGDA Herbaria. Morphology and anatomy were examined under stereo-
and compound microscopes (Nikon SMZ800N and ZEISS Axioskop). Spot
test reactions were made with K (potassium hydroxide solution), C (sodium
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hypochlorite solution), Pd (paraphenylenediamine) and KC (K followed by C on
the same thallus fragments). Secondary compounds were further analysed us-
ing thin-layer chromatography (TLC) in solvents A and C (Orange et al. 2001).

Species, which were distinguished by Moncada (2012), but have not yet been
formally described are marked with quotes (e.g. ‘S. isidioimpressula’).

DNA extraction, PCR amplification and sequencing

The protocols for DNA extraction and sequencing of the nulTS rDNA marker
followed Ossowska et al. (2022a).

Sequence alignment and phylogenetic analysis

The obtained sequences were aligned with available sequences of the genus
Sticta (Suppl. material 1: table S1), using our previous alignment (Ossowska
et al. 2022a) based on a recent master alignment (Moncada et al. 2020). The
new sequences were added to the existing alignment using MAFFT 7.164 with
the “-add” option (Katoh and Frith 2012; Katoh and Standley 2013), with sub-
sequent manual inspection in BIOEDIT 7.0.9 (Hall 2011). Phylogenetic analysis
was performed using Maximum Likelihood in RAXML 8.2.0 (Stamatakis 2014)
on the CIPRES Science Gateway (Miller et al. 2010), with non-parametric boot-
strapping using 400 pseudoreplicates (based on an automated saturation crite-
rion) under the universal GTRGAMMA model. Trees were visualised in FigTree
1.4.2 (Drummond and Rambaut 2007). After initial analysis of the full taxon set
containing 1,049 terminals, the alignment was reduced to a subset containing
3-10 accessions per species, for a total of 211 terminals and the phylogenetic
analysis was repeated using the above approach.

Results and discussion

Seven new nulTS rDNA sequences were generated for this study. Three of
these clustered into clades of previously-defined Sticta (McDonald et al. 2003;
Moncada 2012; Widhelm et al. 2018; Mercado-Diaz et al. 2020). These are S.
beauvoisii and S. riparia, which are new to Bolivia, and S. tomentosa, which was
reported from Bolivia, but not confirmed with molecular data until now (Fig. 1).
Notes on all three species are given below.

Four sequences form distinct lineages, suggesting previously undescribed
taxa, are grouped within clades | (fuliginosa clade) and Ill (weigelii clade), as
defined by Widhelm et al. (2018) (Fig. 1). Comparison of morphological and an-
atomical features of these specimens with similar and related taxa, as well as
phylogenetic analysis, confirmed they represent species new to science. These
are Sticta isidiolobulata sp. nov. and S. madidiensis sp. nov. in clade | and S.
montepunkuensis sp. nov. and S. macrolobata sp. nov. placed in clade Ill sensu
Widhelm et al. (2018) (Fig. 1). Detailed descriptions of all four new Sticta spe-
cies are given below.

At present, the genus Sticta contains more than 500 species and more than
one hundred morphological and sixty anatomical characters can be used for
their circumscriptions (Moncada et al. 2014, 2021a; Ossowska et al. 20223;
Kaasalainen et al. 2023). These include the presence and type of vegetative
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Figure 1. Best-scoring Maximum Likelihood tree of the Sticta target clade containing the new species from Bolivia (red)
and the species new to Bolivia and phylogenetically confirmed from Bolivia (blue), based on the fungal ITS barcoding
marker. Supported clades are thickened. For complete tree with individual support values, see Suppl. material 2.

propagules, such as isidia, phyllidia, soredia or lobules (Galloway 1994, 1995;
Moncada 2012; Moncada et al. 2014; Ossowska et al. 2022a; Kaasalainen et
al. 2023). Moreover, some species may develop two types of propagules, like
the newly-introduced S. isidiolobulata, which has isidia and lobules or S. cyano-
caperata Kaasalainen and S. andina B. Moncada, Liicking & Sérus. having isidia
and phyllidia (Moncada 2012; Moncada et al. 2021b; Kaasalainen et al. 2023).
Of the Sticta species known from Bolivia with records confirmed by molecu-
lar data, seven produce vegetative propagules and most of them have isidia:

S. andina, S. aymara Ossowska et al., S. beauvoisii, S. isidiokunthii B. Moncada

& Liicking and S. weigelii (Ach.) Vain. (Moncada et al. 2014; Ossowska 2021;
Ossowska et al. 2022a). The structure of the isidia and their distribution on the
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thallus, as well as their colour and size, are diagnostic to distinguish species.
For example, in S. isidiokunthii, isidia are darker and in S. beauvoisii lighter than
the thallus; they are cylindrical to squamiform in S. beauvoisii and globular to
cylindrical in S. aymara, palmate to coralloid in S. andina and cylindrical in other
isidiate species (Moncada 2012; Moncada and Liicking 2012; Moncada et al.
2021b; Ossowska 2021; Ossowska et al. 2022a).

Phyllidia resemble isidia, but are flattened and dorsiventral (Nash 2008); they
are known in two taxa from Bolivia, S. scabrosa B. Moncada, Merc.-Diaz & Bun-
gartz subsp. scabrosa and S. riparia. They are dark brown in S. riparia, whereas
of the same colour as the thallus in S. scabrosa subsp. scabrosa (Moncada
2012; Mercado-Diaz et al. 2020; Moncada et al. 2021b; Ossowska et al. 2022b).

Lobules are like small lobes, i.e. forming minute cyphellae and partly also to-
mentum on the lower surface (Nash 2008; Moncada 2012; Mercado-Diaz et al.
2020; Moncada et al. 2020, 2021a). To date, only a few Sticta species with lobules
have been described, for example, S. guilartensis Merc.-Diaz from Puerto Rico or
S. antoniana B. Moncada & Liicking from Hawaii (Moncada 2012; Mercado-Diaz
et al. 2020; Moncada et al. 2020, 2021a). Sticta isidiolobulata described here is
the first lobulate species from Bolivia; in this taxon, the lobules develop from
isidia, especially at the edges of lobes and it is one of its diagnostic features.

Soredia are the rarest type of propagules found in Sticta (Moncada 2012;
Moncada et al. 2013b); however, none of the known sorediate taxa has been
found in Bolivia so far.

Another important diagnostic feature of Sticta is the presence of apothecia.
The fertile species in Bolivia are: S. amboroensis Ossowska et al., S. bicellulata
Ossowska et al., S. carrascoensis Ossowska et al., S. catharinae Ossowska et
al., S. macrolobata, S. monlueckiorum Ossowska, Flakus & Rodr.Flakus, S. mon-
tepunkuensis, S. pseudoimpressula Ossowska et al. and S. tomentosa (Moncada
2012; Ossowska et al. 202243, this paper; Crous et al. 2023). The most important
differences between them are the abundance of apothecia (scarce in S. bicellula-
ta and S. montepunkuensis or abundant in S. catharinae and S. amboroensis), their
distribution (submarginal in S. tomentosa, laminal to submarginal in S. macrolo-
bata or marginal in S. carrascoensis) or the structure of the apothecial margins
(crenate to hirsute in S. amboroensis, crenate to verrucose in S. montepunkuensis,
verrucous to tomentose in S. macrolobata, entire to crenate in S. pseudoimpressu-
la, hirsute to ciliate, but in young apothecia glabrous in S. monlueckiorum) (Mon-
cada 2012; Ossowska et al. 2022a; Crous et al. 2023). In addition, there is a group
of Sticta species that have two forms: with apothecia and vegetative propagules
as in S. andina, the newly introduced S. isidiolobulata and S. scabrosa subsp. sca-
brosa (but only in specimens from Bolivia both, phyllidia and apothecia, are pres-
ent) (Moncada et al. 2014, 20214, b; Ossowska et al. 2022b).

The cyanobacteria-associated Sticta madidiensis lacks both apothecia and
vegetative propagules. In Sticta, such situations are mostly known in species
possessing two photosymbiodemes, i.e. lichen thallus can be formed with a
green alga or a cyanobacteria (e.g. in S. lobarioides B. Moncada & Coca or S.
pseudolobaria B. Moncada & Coca). In such cases, the green algal form has
abundant apothecia, whereas the cyanobacterial form usually lacks apothecia
and vegetative propagules (Moncada 2012; Moncada et al. 2013a) as itisin S.
madidiensis. Potentially S. madidiensis is a species that also forms photosym-
biodemes, but at present, only the cyanobacterial thalli are known.
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Morphodemes, which are species that are morphologically and anatomically
similar, but phylogenetically distant, are common in the genus Sticta (Moncada
et al. 2021b). For instance, S. andina and S. scabrosa are morphodemes of
S. weigelii (Moncada et al. 2020, 2021b), whereas S. arenosella Di Meglio &
Goward and S. gretae Goward & Di Meglio are morphodemes of S. fuliginosa
(Di Meglio and Goward 2023). Such taxa have also been found in Bolivia and
S. isidiolobulata introduced in this paper and S. pseudoimpressula described by
Ossowska et al. (2022a) are morphodemes of S. impressula (Nyl.) Zahlbr. They
all have a pitted to scrobiculate or rugose upper surface with apothecia and
cilia (Moncada 2012; Ossowska et al. 2022a), but differ in the structure of the
cyphellae and also in the colour and thickness of the primary and secondary
tomentum. In addition, S. isidiolobulata also produces isidia and lobules, which
are absentin S. impressula. Despite similarities to S. impressula, the new S. isid-
iolobulata is closely related to the still undescribed species ‘S. pseudosylvatica’,
whereas S. pseudoimpressula forms a clade with S. bicellulata (Ossowska et
al. 2022a). Sticta montepunkuensis belongs to the S. laciniata morphodeme,
which has a green algal photobiont, a scrobiculate upper surface, with apoth-
ecia and without true cilia, but with a visible extension of the lower tomentum
(Hooker 1822). The differences are also in the size of the thalli (in S. laciniata
(Sw.) Ach., the thallus is smaller and highly branched), the distribution of the
apothecia (in S. montepunkuensis, they are mainly laminal and subaggregated
and in S. laciniata, submarginal and dispersed), the apothecial margins (in S.
laciniata apothecia margins are tomentose and, in S. montepunkuensis crenate
to verrucous) and the density of the cyphellae (S. montepunkuensis has more
abundant cyphellae towards the margins and in the centre than S. laciniata).

The diversity of lichen species in Bolivia is still not fully understood; however,
recent results systematically increase the number of species known from this
country (Flakus et al. 2019; Guzow-Krzeminska et al. 2019; Kukwa and Ossowska
2022; Kukwa et al. 202343, b). The knowledge on Sticta in Bolivia is also increas-
ing and recent morphological and anatomical studies supported by phylogenet-
ic analyses have contributed significantly to this (Ossowska 2021; Ossowska
et al. 2022a, b; Crous et al. 2023). With the taxa described here, Sticta currently
comprises twenty-six species in Bolivia (three other recorded species are defi-
nitely misidentifications; see Ossowska et al. (2022a)), of which twenty-one are
confirmed by molecular data. A further five species remain to be verified; these
are S. dilatata (Nyl.) Vain, S. fuliginosa (Dicks) Ach., S. kunthii Hook., S. laciniata
and S. sinuosa Pers. (Rodriguez-Flakus et al. (2016) and literature cited therein).
Literature data suggest that at least S. dilatata and S. fuliginosa can also be pres-
ent in Bolivia as they have been recorded from other South American countries
(Widhelm et al. 2018). Sticta fuliginosa s.str. is a subcosmopolitan species (Mc-
Donald et al. 2003; Hodkinson et al. 2014; Magain and Sérusiaux 2015; Di Meglio
and Goward 2023; Kaasalainen et al. 2023) and, in South America, is known only
from Brazil (Magain and Sérusiaux 2015; Widhelm et al. 2018). However, numer-
ous morphodemes of S. fuliginosa are known from the Neotropics (Moncada et
al. 2015); therefore, it is likely that Bolivian material may have represented one or
several of these. It is the same with S. laciniata. Records of the species may be-
long to other species, for example, to S. montepunkuensis, which is described as
a new species in this paper and belong to the S. laciniata morphodeme. The phy-
logenetic positions of S. kunthii (described from Peru) and S. sinuosa (described
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from Brazil) have not so far been confirmed by molecular data (Moncada 2012;
Kaasalainen et al. 2023), so it may be difficult to prove their presence in Bolivia.
Sticta kunthii was reported from Africa by Kirika et al. (2012), but Kaasalainen
et al. (2023) did not find this species amongst the studied species of Sticta. The
authors concluded that the specimens reported by Kirika et al. (2012) probably
represent S. umbilicariiformis Hochsc. ex Flotow and/or S. aspratilis Kaasalain-
en & Rikkinen (Kaasalainen et al. 2023).

It is worth noting that the new Sticta species described here have only been
found in single localities, suggesting their putative endemism. Previously, prob-
ably endemic Sticta species were described from Bolivia by Ossowska et al.
(2022a), so if all molecularly confirmed species of Sticta from Bolivia are con-
sidered, 38% of them are endemic. The occurrence of endemic species of Stic-
ta has been noted, for example, in Madagascar and the Mascarenes (Simon
et al. 2018), as well as in Puerto Rico (Mercado-Diaz et al. 2020). However, as
the genus is still not well studied in many regions, some species may appear
more widespread, for example, in this paper, we report the first record of S.
riparia from Bolivia, which has been known only from Puerto Rico so far (Mer-
cado-Diaz et al. 2020).

The question remains open also in the case of how many species occur in
Bolivia. The number of Bolivian specimens awaiting revision is still large and
taking into account all data from neighbouring countries, we estimate that
around 90 species of Sticta may occur in Bolivia.

Taxonomy
Species new to science described from Bolivia

Sticta isidiolobulata Ossowska, B. Moncada, Liicking & Kukwa, sp. nov.
MycoBank No: 852904
Fig. 2

Diagnosis. Differing from S. impressula in the presence of isidia developing into
spathulate lobules and apothecia with entire to weakly-crenate margins and the
presence of sparse, secondary tomentum.

Type. BoLIVIA. Dept. Cochabamba; Prov. Carrasco, Parque Nacional Carras-
co, between Meruvia and Monte Punku, 17°34'43"S, 65°15'25"W, elev. 3082 m,
Podocarpus forest, Ceja de Monte Inferior (Altimontano), corticolous, 26 Nov.
2014, M. Kukwa 15054 (holotype UGDA, isotype LPB).

Description. Primary photobiont cyanobacterial (Nostoc). Stipe absent.
Thallus irregular to suborbicular, subcoriaceous, up to 15 cm diam., moderately
branched, with 3-5 branches per 5 cm radius, branching polytomous to aniso-
tomic; lobes ligulate to flabellate, adjacent, plane to involute, with their apices
rounded and involute and their margins entire to crenate and not thickened;
lobe internodes (2-)3-5(-7) mm long, (3-)6—8(-10) mm broad. Upper sur-
face pitted to rugose-foveolate towards the centre, beige brown with slightly
darker apices when dry, shiny; surface glabrous, without papillae and pruina,
with orbicular to irregular, scattered, pale beige maculae; marginal cilia ab-
sent, but extension of the lower tomentum visible. Apothecia abundant, most-
ly laminal or submarginal, dispersed or rarely grouped in four, subpedicellate
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Figure 2. Morphology of Sticta isidiolobulata (holotype) A upper surface B lower surface C lower tomentum with cyphel-
lae D, E Isidia developing into spathulate lobules and apothecia F section of apothecium. Scale bars: 1 mm (A-D, F, G);
0.5 mm (E); 50 pm (F).

to pedicellate, without pronounced invagination on lower side, up to 2.5 mm
diam.; disc orange-brown or yellow (in young apothecia), shiny, concave in
young apothecia, convex in older; margin entire to weakly crenate, light brown,
not visible from surface view in mature apothecia. Vegetative propagules in the
form of flattened and branched isidia developing especially on margins into
spathulate lobules, aggregate, branched, horizontal, up to 0.25 mm long and
0.5 mm broad, darker than the thallus, brown grey, shiny. Lower surface un-
dulate and veined, beige to light brown towards the centre; primary tomentum
dense, but absent towards the margin, thick, but thinner towards the margin,
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spongy to fasciculate, soft, beige to brown in older parts; secondary tomentum
present, pubescent, sparse. Rhizines absent. Cyphellae 1-20 per cm? towards
the thallus centre and 21-40 per cm? towards the margin, scattered, round-
ed or elongated, urceolate with wide pore to cupuliform, prominent, remaining
below the level of the primary tomentum, with the margin erect to raised and
involute, cream to brown coloured, with tomentum; pore (0.25-)0.5-0.7 mm
diam.; basal membrane scabrid, white. Medulla compact, white. Pycnidia pres-
ent, immersed.

Upper cortex paraplectenchymatous, 30-75 pm thick, differentiated into two
cellular layers with the upper layer consisting of 1-2 cell layers, cells 4.5-12 x
4.5-7 pm, their walls 1-3.5 pym thick and their lumina rounded to elongated,
4-11 x 3—6 pym. Photobiont layer 25-55 pm thick, its cells 5-10 pm diam.
Medulla 50-150 pm thick, its hyphae 2—4 pm broad, without crystals. Lower
cortex paraplectenchymatous, 30-60 pm thick, of 2—4 cell layers; cells 6-15 x
6—12 ym diam., their walls 1-3 pm thick. Hairs of lower primary tomentum up
to 400 ym long, in fascicles more than 20, hyphae unbranched, septate with
free apices; hairs of secondary tomentum 10-18 pm long, 5-6 pm broad, con-
sisting of two 2—4 cells. Cyphellae cavity up to 250 um deep; cells of basal
membrane with many small papillae (up to 0.5 ym high). Apothecia biatorine,
up to 500 pm high, without or with distinct stipe; excipulum up to 130 pm broad,
without hairs. Hymenium up to 130 pm high; epihymenium 2.5-5 pm high, yel-
lowish, without gelatinous upper layer; epihymenium pale brown-orange. Asci
4-8-spored, ascospores fusiform, 1(-3)-septate, 25-35 x 6-8 pm.

Secondary chemistry. No lichen substances detected by TLC. All parts of
thallus and apothecia K-, C—, KC—, P-.

Habitat and distribution. Sticta isidiolobulata is known only from the type lo-
cality in the Parque Nacional Carrasco in the Cochabamba Department. It was
found on tree bark in Podocarpus forest.

Etymology. The epithet refers to the presence of isidia that develop into
spathulate lobules, especially at the lobe margins.

Notes. Sticta isidiolobulata is another morph within the S. impressula mor-
phodeme, like S. pseudoimpressula and the undescribed ‘S. isidioimpressula’
(Moncada 2012; Ossowska et al. 2022a). However, the new species is the only
one in this group characterised by the presence of both vegetative propagules
and apothecia, isidia developing into spathulate lobules, without true cilia and
with beige to brown primary tomentum, which is dense, but absent at the mar-
gins. Sticta pseudoimpressula lacks vegetative propagules, the tomentum is
greyish-brown to black and dense at the margins (Ossowska et al. 2022a). In
contrast, ‘S. isidioimpressula’ produces laminal, white to grey, cylindrical isidia,
instead of marginal, greyish-green and spathulate lobules observed in S. isidiol-
obulata. Furthermore, the primary tomentum in S. isidioimpressula is dense and
sparse towards the margins and without secondary tomentum (Moncada 2012).

The presence of propagules in the form of isidia and lobules is also charac-
teristic of S. macrofuliginosa B. Moncada & Liicking from Colombia (Moncada
et al. 2015) and S. parvilobata Merc.-Diaz from Puerto Rico (Mercado-Diaz et
al. 2020). However, in S. macrofuliginosa, isidia are cylindrical, whereas in S.
parvilobata, they are granular to globular. In contrast, the lobules in both spe-
cies are lobuliform. These taxa also differ from S. isidiolobulata in the upper
surface of the thallus, which is scrobiculate to foveolate with sparse laminal
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apothecia in the Colombian species and smooth to scrobiculate without apoth-
ecia in the Puerto Rican species. In addition, the primary tomentum is dense to
the lobe margins and spongy in S. macrofuliginosa and sparse, but sometimes
dense and hirsute to fasciculate in S. parvilobata (Moncada 2012; Moncada et
al. 2015; Mercado-Diaz et al. 2020).

The new species is related to the Colombian ‘S. pseudosylvatica’ (Fig. 1),
which still awaits formal validation. Both taxa differ in the structure of the upper
surface, which is smooth to ribbed in ‘S. pseudosylvatica’ and pitted to rugose
in S. isidiolobulata. Furthermore, ‘S. pseudosylvatica’ has abundant, laminal
isidia and primary tomentum is dense to the margins (Moncada 2012). The
abundance of cyphellae also varies between them and, in ‘S. pseudosylvatica’,
they occur in amounts of 21-40 per cm? towards the centre and 61-100 per
cm? towards the margins, while in the new species, there are 1-20 per cm? and
21-40 per cm?, respectively (Moncada 2012).

Sticta macrolobata Ossowska, B. Moncada, Liicking & Kukwa, sp. nov.
MycoBank No: 852905
Fig. 3

Diagnosis. Differing from S. laciniata in cyanobacteria as photobiont, thallus up
to 25 cm in diam., broad lobes, verrucous (rarely weakly crenate) to tomentose
apothecial margins, which is often ciliate in the lower part, light to dark brown
lower surface and cyphellae with elevated margins.

Type. BoLIVIA. Dept. Santa Cruz; Prov. Florida, Parque Nacional Amboro,
above la Yunga Village, senda Los Helechos, 18°03'30"S, 63°54'36"W, elev.
2330 m, Yungas cloud forest, corticolous, 07 June 2011, M. Kukwa 9801 (holo-
type UGDA, isotype LPB).

Description. Primary photobiont cyanobacterial (Nostoc). Stipe absent. Thal-
lus irregular, coriaceous, up to 25 cm diam., moderately branched, with 4-5
branches per 5 cm radius, branching pleurotomous to polytomous; lobes lac-
iniate to flabellate, plane, with their apices orbicular and involute, margins en-
tire, not thickened, with brown marginal line; lobe internodes 7-14 mm long,
7-50 mm broad. Upper surface smooth to shallowly scrobiculate, light brown
to brown with darker apices when dry, shiny; surface glabrous, without papil-
lae and pruina, but with irregular, scattered, pale beige maculae; marginal cilia
absent, but extensions of the lower tomentum visible. Apothecia abundant to
sparse, principally laminal to submarginal, dispersed to aggregated, pedicellate,
with pronounced invagination on the lower side, up to 5 mm diam.; disc plane,
brown to chestnut-brown, shiny, epruinose to delicately pruinose; margin per-
sistent, verrucous to tomentose, rarely weakly crenate, often ciliate in the lower
part, with brown tomentum, abundant in young apothecia, sparse in old ones.
Vegetative propagules absent. Lower surface plane to uneven, light towards
the margins and dark brown towards the centre; primary tomentum dense,
thick, but thinner towards the margin, spongy to fasciculate, golden-brown in
young parts to brown in older with lighter tips; secondary tomentum present,
pubescent. Rhizines present, irregularly dispersed, fasciculate to barbate, up
to 6 mm, dark brown. Cyphellae 1-20 per cm? towards the thallus centre and
41-60 per cm? towards the margin, scattered, rounded to irregular, urceolate
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Figure 3. Morphology of Sticta macrolobata (holotype) A upper surface B lower surface C apothecia with verrucous to to-
mentose margins D lower tomentum with cyphellae E rhizines F section of apothecium. Scale bars: 1 mm (A—=E); 100 um (F).

with wide pore, erumpent to sessile, remaining below the level of the prima-
ry tomentum, with the margin elevated and involute, brown-coloured, without
tomentum or with tomentum at the base; pore (0.25-)0.5-1(-1.5) mm diam,;
basal membrane scabrid, yellow. Medulla compact, yellow. Pycnidia present,
sparse, immersed.

Upper cortex paraplectenchymatous, 30—40 pym thick, differentiated into
two cellular layers with the upper layer consisting of 1-2 layers of small cells,
cells 4-15 x 4-10 ym diam., their walls 1-3 pm thick and their lumina round-
ed to isodiametric, 3-14 pym diam. Photobiont layer 45-75 pm thick, its cells
10-20 pm diam. Medulla 80—-120 pm thick, its hyphae 3-4 um broad. Lower
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cortex paraplectenchymatous, 30—-40 pm thick, homogeneous, consisting of
2-3 layers of cells, cells 7-15 x 6=10 pm, their walls 2—-4 pm thick. Hairs of
lower primary tomentum up to 220 um long, in fascicles of more than 20, hy-
phae simple or rarely branched, 6-8 pm wide with uneven walls, septate with
free apices; secondary tomentum sparse, locally developed, up to 2 cells and
up to 10 um long. Cyphellae cavity up to 250 um deep; cells of basal membrane
without papillae. Apothecia biatorine, up to 1 mm high, with distinct stipe; ex-
cipulum up to 150 pm broad, laterally with projecting hairs. Hymenium up to
125 pm high; epihymenium up to 10 um high, brown-orange, with gelatinous
upper layer, covered by tiny granules. Asci 6—8-spored, ascospores fusiform,
1(-3)-septate, 25-38 x 6—8 pm.

Secondary chemistry. Unidentified substance in Rf classes A2-3 and C2.
Basal membrane of cyphellae K- to K+ pale yellow, C—, KC-, P-. Medulla K+
ochraceous-yellow, C—, KC—, P-.

Habitat and distribution. Sticta macrolobata was found on tree bark in Yun-
gas forest. It was collected from a single locality in the Parque Nacional Ambo-
ré in the Santa Cruz Department.

Etymology. The name refers to the presence of wide lobes, which are up to
50 mm broad.

Notes. Sticta macrolobata resembles S. laciniata, but the latter has green
photobiont and the thallus is smaller, up to 10 cm broad and more branched
than in the new species (Hooker 1822; Moncada 2012). Both species have
apothecia with tomentose margins, but in the new species, the margins are also
verrucous to rarely weakly crenate and often ciliate in the lower part, whereas
in S. laciniata, only tomentose. In addition, in S. macrolobata, the apothecial
discs are brown to chestnut-brown and in S. /aciniata, orange to reddish (Hook-
er 1822; Moncada 2012).

The new species forms a clade with Sticta borinquensis Merc.-Diaz & Liick-
ing, S. densiphyllidiata Merc.-Diaz & Liicking, S. riparia and S. scabrosa (Fig. 1),
although with low support. All four species produce abundant propagules in
the form of phyllidia which are absent in the new species (Mercado-Diaz et al.
2020; Moncada et al. 2021b). Sticta borinquensis and S. densiphyllidiata are
epiphytic species known so far from Puerto-Rico (Mercado-Diaz et al. 2020)
and S. riparia is reported here as new to Bolivia (see below). Sticta scabrosa
subsp. scabrosa was recently confirmed from Bolivia (Ossowska et al. 2022b)
and apothecia were observed in the Bolivian specimens for the first time.

Sticta madidiensis Ossowska, B. Moncada, Liicking & Kukwa, sp. nov.
MycoBank No: 852906
Fig. 4

Diagnosis. Differing from other Sticta in having up to 1 cm long stipe, a palmate
to irregular thalli, without vegetative propagules and apothecia, with scabrid
upper surface.

Type. BoLIvIA. Dept. La Paz; Prov. Franz Tamayo, Parque Nacional y Area Nat-
ural de Manejo Integrado Madidi, below Keara Bajo, 14°41'90"S, 69°03'51"W, elev.
3060 m, open area with shrubs and scattered trees, Ceja de Monte Inferior (Altim-
ontano), on shrubs, 18 Nov 2014, M. Kukwa 14879 (holotype UGDA, isotype LPB).
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Figure 4. Morphology of Sticta madidiensis (holotype) A, B upper surface C, D lower surface E marginal cilia and exten-
sion of the lower tomentum F scabrid upper surface G lower tomentum with cyphellae H section of cyphella. Scale bars:
1 mm (A-G); 50 pm (H).
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Description. Primary photobiont cyanobacterial (Nostoc). Stipe present, up
to 1 cm long. Thallus palmate to irregular, coriaceous, up to 15 cm diam., mod-
erately branched, with 3-5 branches per 5 cm radius, branching pleurotomous
to polytomous; lobes laciniate to ligulate, imbricate, partly involute, with their
apices obtuse and acute and their margins entire to sinuous, thickened; lobe
internodes 4(7-)-17(-20) mm long, (5-)8-9(-12) mm broad. Upper surface
smooth to slightly canaliculate, brown to brownish-grey in central part of thal-
lus when dry, with darker apices and darker marginal line, shiny; surface slightly
scrobiculate to rugose, with papillae in young parts of lobes and without pruina,
but with irregular, scattered, beige maculae; marginal cilia sparse to abundant
fasciculate, white to brown, up to T mm, in some areas extension of the lower
tomentum present. Apothecia absent. Vegetative propagules absent. Lower
surface smooth, yellow-beige to orange-beige; primary tomentum dense, thick,
but thinner towards the margin, fasciculate to spongy, soft, whitish-yellow to
dark brown in the centre; secondary tomentum present, sparse, pubescent.
Rhizines absent. Cyphellae 1-10 per cm? towards the thallus centre and 21-40
per cm? towards the margin, dispersed, rounded to elongate, urceolate with
wide pore, erumpent to prominent, remaining below the level of the primary
tomentum, with the margin raised and involute or rarely erect, cream to dark
brown-coloured, without tomentum; pore (0.25-)0.5-1(-2) mm diam.; basal
membrane scabrid, white. Medulla compact, white. Apothecia not found.

Upper cortex paraplectenchymatous, up to 50 ym thick, differentiated into
two cellular layers with the upper layer consisting of 1-2 layers of smaller cells,
cells 5-15 x 5-10 pym, their walls 1-3 pm thick and their lumina rounded to
irregular, 4-14 x 4-9 ym. Photobiont layer 30—60 pm thick, its cells 10-20 ym
diam. Medulla 110-150 pm thick, its hyphae 4-5 pm broad, without crystals.
Lower cortex paraplectenchymatous, 30-40 ym thick, with 2-4 cell layers;
cells 7-16 ym x 6—12 diam., their walls 1-3 pm thick. Hairs of lower primary
tomentum up to 500 um long, in fascicles of more than 10, hyphae unbranched,
septate with free apices; secondary tomentum sparse of up to 10 pm long.
Cyphellae cavity up to 140 um deep; cells of basal membrane without or with
one papilla.

Secondary chemistry. No lichen substances detected by TLC. Basal mem-
brane of cyphellag, K+ yellowish, C—, KC—, P-. Medulla K+ yellowish, C—, KC—,
P-.

Habitat and distribution. Sticta madidiensis was found on shrubs in moun-
tain vegetation with scattered trees. The species is known only from one local-
ity in in the Madidi protected area in the La Paz Department.

Etymology. The name refers to the type locality.

Notes. The new species has a palmate thallus with a stipe, similar to S. cath-
arinae recently described from Bolivia (Ossowska et al. 2022a), which is, how-
ever, not related to the new species (Fig. 1). However, cilia in the new species
are sparse to abundant and white to brown, whereas in S. catharinae, they are
abundant, agglutinated to fasciculate, dark brown with paler tips (Ossowska
et al. 2022a). Furthermore, S. catharinae produces apothecia, which are not
known in S. madidiensis (Ossowska et al. 2022a). Another taxon with palmate
thalliis S. neopulmonarioides B. Moncada & Coca (a form with cyanobacteria),
but it has abundant, laminal and marginal propagules (phyllidia and lobules)
without apothecia (the form with green alga has apothecia, but the thallus is
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larger than in S. madidiensis and irregular). In addition, the primary tomentum
is absent towards the margins. Sticta neopulmonaroides is known only from
Colombia (Moncada 2012; Moncada et al. 2013a).

Sticta montepunkuensis Ossowska, B. Moncada, Liicking & Kukwa, sp. nov.
MycoBank No: 852907
Fig. 5

Diagnosis. Differing from other Sticta in the green algal photobiont, large thal-
li up to 30 cm diam., moderately branched, the upper surface scrobiculate to
pitted or rugose, the margins of the apothecia crenate to verrucous and the
presence of urceolate cyphellae with wide pores and scabrid, white to yellow-
ish-white basal membrane.

Type. BoLIVIA. Dept. Cochabamba; Prov. Carrasco, Parque Nacional Carras-
co, Korikaza close to Monte Punku, 17°33'30"S, 65°16'32"W, elev. 2880 m, lower
montane Yungas cloud forest, corticolous, 27 Nov 2014, M. Kukwa 15115 (ho-
lotype UGDA, isotype LPB).

Description. Primary photobiont green alga. Stipe absent. Thallus irregular,
up to 30 cm diam., moderately branched, with 3—5 branches per 5 cm radius,
branching pleurotomous to polytomous; lobes ligulate to laciniate, adjacent to
interspaced, plane to involute, with their apices rounded to obtuse and plane
and their margins entire, slightly thickened; lobe internodes (7-)10-18(-
20) mm long, (5-)10-15(-18) mm broad; thallus coriaceous. Upper surface
scrobiculate, pitted or rarely rugose, yellowish-brown and darkening towards
the margins when dry, with brown marginal line, shiny; surface glabrous, with-
out papillae, pruina and maculae; marginal cilia absent, but extension of the
lower tomentum visible. Apothecia sparse, principally laminal, pedicellate, with-
out pronounced invagination on lower side, up to 0.5 mm diam.; disc brown to
red-brown, shiny; margin crenate to verrucous, light cream-brown. Vegetative
propagules absent. Lower surface scrobiculate to undulate or faveolate, beige
to dark brown towards the centre; primary tomentum dense, thick, but thinner
towards the margin, fasciculate, soft, brown often with whitish tips; secondary
tomentum present, pubescent to arachnoid. Rhizines sparse, irregularly dis-
persed, often in groups, fasciculate to barbate, brown with paler tips, upto 1 cm
long. Cyphellae 41-60 per cm? towards the thallus centre and more than 100
per cm? towards the margin, scattered, rounded to slightly elongate, urceolate
with wide pore, erumpent to sessile, remaining below the level of the primary
tomentum, with the margin elevated and involute, brown-coloured, without to-
mentum; pore (0.3-)0.5-1.8(-2.5) mm diam.; basal membrane scabrid, white
to yellowish-white. Medulla compact, white. Pycnidia present.

Upper cortex paraplectenchymatous, not distinctly differentiated into lay-
ers, 50—-65 pm thick, consisting of up to nine cell layers, size of cells gradually
decreasing towards the upper part, cells 5-17 x 4=14 pm, their walls 1-4 pm
thick and their lumina rounded to isodiametric, 4-16 x 3—13 um. Photobiont
layer 30-50 pm thick, its cells 3.5-6 pm diam. Medulla up to 160 pm thick,
its hyphae 3-4.5 pm broad, without crystals. Lower cortex paraplectenchy-
matous, 35-50 pym thick, with 3—4 cell layers; cells 9-17 x 8-13 pym, their
walls 1-3 pm thick. Hairs of lower primary tomentum up to 220 pm long, in
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Figure 5. Morphology of Sticta montepunkuensis (holotype) A, B upper surface C lower surface D apothecia with crenate
to verrucous margins E, F lower tomentum with cyphellae and rhizines. Scale bars: T mm.

fascicles of 6-12, simple or often branched in upper parts, septate with free
or interlocked apices, up to 8 pm wide; secondary tomentum up to 25 pm
long. Cyphellae cavity up to 100 ym deep; cells of basal membrane usually
without or rarely with up to three papillae. Apothecia biatorine, up to 700 pm
high, with very short stipe; excipulum up to 250 um broad, laterally with pro-
jecting hairs on the lower side, simple to branched. Hymenium up to 150 pm
high; epihymenium up to 10 pm high, pale orange-brown, with gelatinous up-
per layer, ca. 4 um high. Asci 6—8-spored, ascospores fusiform, 1(-3)-septate,
17-32 x7-9 ym.
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Secondary chemistry. No lichen substances detected by TLC. All parts of
thallus and apothecia K-, C—, KC—, P-.

Habitat and distribution. Sticta montepunkuensis is known only from the
type locality in Yungas cloud forest in Nacional Parque Carrasco, where it was
collected on the bark of tree, at an elevation of 2880 m.

Etymology. The name refers to the settlement Monte Punku in Parque Nacio-
nal Carrasco, near where the new species was found.

Notes. The new species is related and morphologically similar to other green
algal Sticta species, such as S. lobarioides and S. pseudolobaria (Fig. 1). All
these taxa produce apothecia, but they are aggregated, with entire to verru-
cose margins in S. lobarioides, scattered with hairy to verrucous margins in S.
pseudolobaria and, in S. montepunkuensis, they are subaggregated with cren-
ate to verrucous margins. They also differ in the presence of a stipe (absent
in S. montepunkuensis) and the different sizes of the thalli (up to 20 cmin S.
lobarioides and over 15 cm in S. pseudolobaria). The upper surface in these
species is faveolate rather than scrobiculate to pitted as it is in the new species
and the primary tomentum is sparse over the entire surface, with no secondary
tomentum (primary tomentum dense, secondary present in S. montepunkuen-
sis) (Moncada 2012; Moncada et al. 2013a). For the differences between S.
montepunkuensis and S. laciniata, see the general discussion above.

Other species known from Bolivia with green algae and large thalli include S.
amboroensis and S. carrascoensis. The species differ in the structure of the to-
mentum. In S. amboroensis, it is spongy to dense, fasciculate, light to dark brown
and sparse towards the margin (Ossowska et al. 2022a). Sticta carrascoensis has
a primary tomentum that is dense towards the margin like in S. montepunkuensis,
but it is spongy, light to dark brown, whereas in the new species, it is fasciculate,
brown with white tips. Sticta montepunkuensis also has more abundant cyphel-
lag, i.e. 41-60 per cm?, towards the centre and more than 100 per cm? towards
the margin, whereas S. carrascoensis has 1-10 per cm? and 21-40 per cm?, re-
spectively and S. amboroensis 1-20 per cm? and 21-40 per cm? (Ossowska et
al. 2022a). Both, S. amboroensis and S. carrascoensis, have abundant apothecia,
which are sparse in the new species and are submarginal in S. amboroensis and
marginal to laminal in S. carrascoensis. Their apothecial margins are crenate to
hirsute in both species, rather than crenate to verrucous as in S. montepunkuen-
sis (Ossowska et al. 2022a). All three species are not closely related (Fig. 1).

Species newly reported from Bolivia

Sticta beauvoisii Delise
Fig. 6

Description. For the description, see McDonald et al. (2003) and Moncada
(2012).

Habitat and distribution. The records of S. beauvoisii presented here are the
first from Bolivia. The species was found on the bark of trees in Tucumano-Bo-
liviano forest at elevations of 1815 m and 1900 m in the Tarija and Chuquisaca
Departments. Before, S. beauvoisii was known from Colombia and North Amer-
ica: Canada and USA (McDonald et al. 2003; Moncada 2012; Moncada et al.
2020, 2021a).
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Figure 6. Morphology of Sticta beauvoisii A upper surface (Kukwa 16480) B lower surface (Kukwa 16480) C marginal
isidia (Kukwa 16480) D lower surface with tomentum, cyphellae and sparse rhizines (Kukwa 11103). Scale bars: 1 mm.
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Notes. Sticta beauvoisii is characterised by a smooth, yellowish-brown up-
per surface with darker apices, without apothecia, but with abundant, marginal,
cylindrical to flattened isidia, which are light to dark brown coloured, a brown
lower surface, golden-chocolate brown primary tomentum which becomes thin
and shorter towards the margins and a sparse, golden-brown, fibrillose to fas-
ciculate rhizines (Delise 1825; McDonald et al. 2003; Moncada 2012).

Sticta beauvoisii belongs to clade Ill sensu Widhelm et al. (2018) (Fig. 1), as
do, for example, S. weigelii and the undescribed ‘S. luteocyphellata’. However,
they differ in the colour of the upper and lower surface of the thalli, the isidia
and the tomentum. In ‘S. luteocyphellata’ the upper surface is light brown, with
a brown marginal line and dark brown isidia. The lower surface, on the other
hand, is cream to dark brown, with dense in the centre, but sparse towards
the margin primary tomentum and greyish-brown with paler apices (Moncada
2012). In S. weigelii, the upper surface is reddish-brown to dark brown with a
black marginal line and blackish-brown isidia, while the lower surface is beige
to reddish-brown with dark brown primary tomentum, dense to the margin
(Moncada 2012; Ossowska 2021). Both, ‘S. luteocyphellata’ and S. weigelii pro-
duce abundant rhizines, which are white and fasciculate in ‘S. luteocyphellata’
and brownish-black and fibrillose to anziform in S. weigelii (Moncada 2012;
Ossowska 2021; Torres et al. 2021). In contrast, S. beauvoisii has sparse, gold-
en-brown, fibrillose to fasciculate rhizines (McDonald et al. 2003). Another tax-
on with which S. beauvoisii may be confused is the not yet formally described
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‘S. pseudobeauvoisii’, but it produces narrow phyllidia, rather than isidia and
the primary tomentum is light grey to brown, dense and sparse towards the
margins (Moncada 2012). ‘Sticta pseudobeauvoisii’, like S. beauvoisii, belongs
to clade llI of the global Sticta phylogeny (Widhelm et al. 2018; Fig 1).

Specimens examined. BoLIVIA. Dept. Chuquisaca; Prov. Hernando Siles,
15 km west of Monte Agudo, 19°48'57"S, 64°05'60"W, elev. 1815 m, disturbed
Tucumano Boliviano Forest, corticolous, 20 July 2015, M. Kukwa 16480 (LPB,
UGDA). Dept. Tarija; Prov. Aniceto Arce, Papachacra, 21°41'52"S, 64°29'15"W,
elev. 1900 m, Tucumano Boliviano Forest, corticolous, 8 Aug 2012, M. Kukwa
11103 (LPB, UGDA).

Sticta riparia Merc.-Diaz
Fig. 7

Description. For the description, see Mercado-Diaz et al. (2020).

Habitat and distribution. The record of S. riparia presented here is the first
one from Bolivia and South America, as the species has been previously known
only from Puerto Rico (Mercado-Diaz et al. 2020). In Bolivia, the species was
found on tree bark in semi-natural Sub-Andean Amazon forest in the Cocha-
bamba Department.

s, ord . /’m s AT L a'f.‘v-..v SRS T TR
Figure 7. Morphology of Sticta riparia (Kukwa 18724) A upper surface B lower surface with very sparse tomentum
C, D marginal phyllidia. Scale bars: T mm.
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Notes. Sticta riparia has a strongly branched thallus, with undulate lobes,
the margins of which are covered with branched, abundant, palmate, grey to
dark brown phyllidia. The lower surface is greyish-brown, with the primary to-
mentum absent towards the margins. In addition, cyphellae are abundant, with
a density of 41-60 per cm? towards the centre and more than 100 per cm?
towards the margins (Mercado-Diaz et al. 2020). It is similar to S. densiphyllid-
iata as, in both species, the lobe margins are abundantly covered by phyllidia,
but in S. densiphyllidiata, these are dispersed, coralloid and darker than the
thallus. Furthermore, the lower surface of the latter taxon is reddish with a
dense tomentum. The abundance of the cyphellae towards the margins and
centre is also a feature common to both taxa. However, in S. densiphyllidiata,
the membrane reacts with K+ weakly pink, whereas in S. riparia, it is K+ pale
yellow (Mercado-Diaz et al. 2020). Both species belong to clade Il of the Sticta
tree (Fig. 1). Sticta densiphyllidiata is only known from Puerto Rico (Merca-
do-Diaz et al. 2020).

Recently, a new phyllidiate species, S. cerradensis T.D. Barbosa, J.-M. Torres,
Kitaura & A.P. Loren, phylogenetically similar to S. riparia, has been described.
However, it has larger lobes and the lower surface is light brown to dark. Sticta
cerradensis is only known from Brazil (Torres et al. 2021).

Specimens examined. BoLIVIA. Dept. Cochabamba; Prov. Chaparre, Parque
Nacional Carrasco, Guacharos, 17°03'50"S, 65°28'31"W, elev. 445 m, semi-nat-
ural Sub-Andean Amazon forest, corticolous, 10 Nov 2016, M. Kukwa 18724
(LPB, UGDA).

Species confirmed for Bolivia with molecular data

Sticta tomentosa (Sw.) Ach.
Fig. 8

Description. For a description, see Moncada (2012) and Moncada et al. (2021a).

Habitat and distribution. The record of S. tomentosa given here is the first
from Bolivia supported by a DNA sequence. The taxon was previously reported
from the country by Nylander (1859, 1861) and Herzog (1922). The specimen
examined here was found on tree bark in in the lower montane Yungas cloud
forest in the Cochabamba Department. Outside Bolivia, S. tomentosa has been
reported from South and North America (Galloway 1995; Moncada 2012) and
Africa (Galloway 1995; Kaasalainen et al. 2023).

Notes. Sticta tomentosa has palmate, bluish thalli with white cilia, abundant,
submarginal apothecia with entire to crenate margins; the lower surface is
creamy-white with a sparse, white primary tomentum (Moncada 2012).

The palmate thallus is characteristic for newly-distinguished S. madidiensis;
however, the taxa differ in the size of the thallus, which is smaller in S. tomen-
tosa (up to 5 cm) with abundant, fasciculate cilia. In addition, S. tomentosa has
abundant apothecia, which are absent in S. madidiensis. Both taxa also differ
in the structure of the tomentum, which in S. tomentosa, is sparse and absent
towards the margin and white to greyish-white towards the centre, whereas in
S. madidiensis, the primary tomentum is dense towards the margin and whit-
ish-yellow to dark brown in the centre (Moncada 2012; Moncada et al. 2021a).
Both species are not closely related (Fig. 1).
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lae C apothecia D marginal cilia. Scale bars: 1 cm (A); 1 mm (B-D).

The species may also be confused with the phylogenetically closely-related
S. leucoblepharis (Nyl.) Tuck. (Fig. 1), but they differ in the colour of the cilia and
the density of the tomentum. In S. leucoblepharis, the cilia are golden-brown
and longer than in S. tomentosa, while the primary tomentum is dense and
sparse towards the margins. In addition, the apothecia are laminal rather than
submarginal as in S. tomentosa and smaller (up to 1.5 cm in diameter) and their
discs are orange (Moncada 2012; Moncada et al. 2021a).

Another phylogenetically similar taxon is S. antoniana B. Moncada & Liicking
and the two cannot be separated, based on nulTS rDNA sequences (Moncada
et al. 2020; Moncada et al. 2021a). However, there are important morphological
differences. Sticta antoniana has an irregular to orbicular and highly-branched
thallus, without cilia and with abundant lobules, the primary tomentum is thick
and dense, but without secondary tomentum. In S. tomentosa, on the other
hand, the thallus is palmate to suborbicular, moderately branched, with abun-
dant cilia and without vegetative propagules, while primary tomentum is sparse
and absent towards the margin and with secondary tomentum. Both species
produce apothecia, but unlike S. tomentosa, in S. antoniana, they are laminal
and with crenate margins (Moncada et al. 2020; Moncada et al. 2021a).

Specimens examined. BoLIVIA. Dept. Cochabamba; Prov. Carrasco, Parque
Nacional Carrasco, near Rio lbrisu, close to Sajtarumi, 17°27'09"S, 65°16'29"W,
elev. 2059 m, lower montane Yungas cloud forest, corticolous, 28 Nov 2014, M.
Kukwa 15138c (LPB, UGDA).

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 41



Emilia Anna Ossowska et al.: Additional Sticta species

Acknowledgements

We are grateful to the members of Herbario Nacional de Bolivia, Instituto of
Herbario Nacional de Bolivia, Instituto de Ecologia, Universidad Mayor de San
Andrés, La Paz, for their generous cooperation. We are also greatly indebted to
Emmanuél Sérusiaux, Joel A. Mercado-Diaz and anonymous reviewer for their
helpful comments and Agnieszka Jabtoriska and Magdalena Oset (Gdansk, Po-
land) for help with the molecular work. Lichen samples were collected in Bolivia
with the permission of Ministerio de Medio Ambiente y Agua and in coopera-
tion with Herbario Nacional de Bolivia (LPB).

Additional information
Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This research received support from the SYNTHESYS Project (DE-TAF-8180) http://
www.synthesys.info/ which is financed by the European Community Research Infra-
structure Action under the FP7 “Capacities” Programme and the University of Gdansk,
granted to EAO.

Author contributions

Emilia Anna Ossowska: conceptualisation, descriptions of new species, determination
of species, molecular laboratory work and analyses, chromatographic analyses, manu-
script writing and editing; Bibiana Moncada: descriptions of new species, phylogenetic
analyses, manuscript editing; Robert Liicking: phylogenetic analyses, manuscript writ-
ing and editing; Adam Flakus & Pamela Rodriguez-Flakus: photographic documentation,
fieldwork, manuscript editing, Sandra Olszewska: molecular laboratory work, manu-
script editing; Martin Kukwa: conceptualisation, material collecting, descriptions of new
species, secondary chemistry, manuscript writing and editing.

Author ORCIDs

Emilia Anna Ossowska © https://orcid.org/0000-0002-1357-6071
Bibiana Moncada © https://orcid.org/0000-0001-9984-2918
Robert Liicking @ https://orcid.org/0000-0002-3431-4636

Adam Flakus @ https://orcid.org/0000-0002-0712-0529

Pamela Rodriguez-Flakus @ https://orcid.org/0000-0001-8300-5613
Martin Kukwa @ https://orcid.org/0000-0003-1560-909X

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 42


http://www.synthesys.info/
http://www.synthesys.info/
https://orcid.org/0000-0002-1357-6071
https://orcid.org/0000-0001-9984-2918
https://orcid.org/0000-0002-3431-4636
https://orcid.org/0000-0002-0712-0529
https://orcid.org/0000-0001-8300-5613
https://orcid.org/0000-0003-1560-909X

Emilia Anna Ossowska et al.: Additional Sticta species

References

Acharius E (1803) Methodus Qua Omnes Detectos Lichenes, 275-281.

Crous PW, Costa MM, Kandemir H, Vermaas M, Vu D, Zhao L, Arumugam E, Flakus A,
Jurjevié Z, Kaliyaperumal M, Mahadevakumar S, Murugadoss R, Shivas RG, Tan YP,
Wingfield MJ, Abell SE, Marney TS, Danteswari C, Darmostuk V, Denchev CM, Denchev
TT, Etayo J, Gené J, Gunaseelan S, Hubka V, lllescas T, Jansen GM, Kezo K, Kumar S,
Larsson E, Mufeeda KT, Pigtek M, Rodriguez-Flakus P, Sarma PVSRN, Stryjak-Bogacka
M, Torres-Garcia D, Vauras J, Acal DA, Akulov A, Alhudaib K, Asif M, Balashov S, Baral
H-O, Baturo-Ciesniewska A, Begerow D, Beja-Pereira A, Bianchinotti MV, Bilanski P,
Chandranayaka S, Chellappan N, Cowan DA, Custddio FA, Czachura P, Delgado G, De
Silva NI, Dijksterhuis J, Duefias M, Eisvand P, Fachada V, Fournier J, Fritsche Y, Fuljer F,
Ganga KGG, Guerra MP, Hansen K, Hywel-Jones N, Ismail AM, Jacobs CR, Jankowiak
R, Karich A, Kemler M, Kisto K, Klofac W, Krisai-Greilhuber |, Latha KPD, Lebeuf R, Lopes
ME, Lumyong S, Macia-Vicente JG, Maggs-Kdlling G, Magista D, Manimohan P, Martin
MP, Mazur E, Mehrabi-Koushki M, Miller AN, Mombert A, Ossowska EA, Patejuk K,
Pereira OL, Piskorski S, Plaza M, Podile AR, Polhorsky A, Pusz W, Raza M, Ruszkiewicz-
Michalska M, Saba M, Sanchez RM, Singh R, Sliwa L, Smith ME, Stefenon VM,
Strasiftakova D, Suwannarach N, Szczepaniska K, Telleria MT, Tennakoon DS, Thines M,
Thorn RG, Urbaniak J, van der Vegte M, Vasan V, Vila-Vigosa C, Voglmayr H, Wrzosek
M, Zappelini J, Groenewald JZ (2023) Fungal Planet description sheets: 1550-1613.
Persoonia 51(1): 280-417. https://doi.org/10.3767/persoonia.2023.51.08

Dal Forno M, Moncada B, Liicking R (2018) Sticta aongstroemii, a newly recognized
species in the S. damicornis morphodeme (Lobariaceae) potentially endemic to the
Atlantic Forest in Brazil. Lichenologist (London, England) 50(6): 691-696. https://doi.
org/10.1017/S0024282918000403

Delise DF (1825) Histoire des lichens. Genre Sticta. Memoires de la Societe Linne'enne
du Normandie 2: 1-167.

Di Meglio JR, Goward T (2023) Resolving the Sticta fuliginosa morphodeme (lichenized
Ascomycota: Peltigeraceae) in northwestern North America. The Bryologist 126(1):
090-110. https://doi.org/10.1639/0007-2745-126.1.090

Drummond AJ, Rambaut A (2007) BEAST: Bayesian evolutionary analysis by sampling
trees. BMC Evolutionary Biology 7(1): e214. https://doi.org/10.1186/1471-2148-7-214

Feuerer T, Ahti T, Vitikainen O (1998) Lichenological investigations in Bolivia. In: Marcelli
MP, Seaward MRD (Eds) Lichenology in Latin America: History, current knowledge
and applications. CETESB — Companhia de Tecnologia de Saneamento Ambiental —
Estado de Sao Paulo, Sao Paulo, Brazil, 71-86.

Flakus A, Etayo J, Miadlikowska J, Lutzoni F, Kukwa M, Matura N, Rodriguez-Flakus P
(2019) Biodiversity assessment of ascomycetes inhabiting Lobariella lichens in
Andean cloud forests led to one new family, three new genera and 13 new species
of lichenicolous fungi. Plant and Fungal Systematics 64(2): 283-344. https://doi.
org/10.2478/pfs-2019-0022

Galloway DJ (1995) Studies on the lichen genus Sticta (Schreber) Ach.: Ill. Notes on
species described by Bory de St-Vincent, William Hooker, and Delise, between 1804
and 1825. Nova Hedwigia 61: 147-188.

Galloway DJ, Southern South American Species (1994) Studies on the lichen genus
Sticta (Schreber) Ach.: I. Southern South American species. Lichenologist (London,
England) 26(3): 223-282. https://doi.org/10.1006/lich.1994.1019

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 43


https://doi.org/10.3767/persoonia.2023.51.08
https://doi.org/10.1017/S0024282918000403
https://doi.org/10.1017/S0024282918000403
https://doi.org/10.1639/0007-2745-126.1.090
https://doi.org/10.1186/1471-2148-7-214
https://doi.org/10.2478/pfs-2019-0022
https://doi.org/10.2478/pfs-2019-0022
https://doi.org/10.1006/lich.1994.1019

Emilia Anna Ossowska et al.: Additional Sticta species

Guzow-Krzeminska B, Flakus A, Kosecka M, Jabtoriska A, Rodriguez-Flakus P, Kukwa M
(2019) New species and records of lichens from Bolivia. Phytotaxa 397(4): 257-279.
https://doi.org/10.11646/phytotaxa.397.4.1

Hall T (2011) BioEdit: An important software for molecular biology. GERF Bulletin of
Biosciences 2: 60-61.

Herzog T (1922) Beitrag zur Flechtenflora von Bolivia. Hedwigia 63: 263-268.

Herzog T (1923) Die Pflanzenwelt der bolivianischen Anden und ihres &stlichen Vorlan-
des. In: Engler A, Drude O (Eds) Die Vegetation der Erde, volume XV. Leipzig, 258 pp.

Hodkinson BP, Lendemer JC, McDonald T, Harris RC (2014) The status of Sticta sylvatica,
an ‘Exceedingly Rare’ lichen species, in Eastern North America. Evansia 31(1): 17-24.
https://doi.org/10.1639/079.031.0103

Hooker WJ (1822) Lichenes, Achar. In: Kunth, KS, von Humboldt A, Bonpland A (Eds)
Synopsis plantarum, quas in itinere ad plagam aequinoctatem orbis novi, collegerunt
Al. de Humboldt et Am. Bonpland. T. 1. Parisiis: Apud F. G. Levrault, 14-39.

Kaasalainen U, Kirika PM, Mollel NP, Hemp A, Rikkinen J (2023) The Lichen Genus Sticta
(Lobariaceae, Peltigerales) in East African Montane Ecosystems. Journal of Fungi
(Basel, Switzerland) 9(2): 246. https://doi.org/10.3390/j0f9020246

Katoh K, Frith MC (2012) Adding unaligned sequences into an existing alignment using
MAFFT and LAST. Bioinformatics (Oxford, England) 28(23): 3144-3146. https://doi.
org/10.1093/bioinformatics/bts578

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7:
Improvements in performance and usability. Molecular Biology and Evolution 30(4):
772-780. https://doi.org/10.1093/molbev/mst010

Kirika P, Mugambi G, Liicking R, Lumbsch HT (2012) New Records of Lichen-Forming
Fungi from Kenya. Journal of East African Natural History 101(1): 73-98. https://doi.
org/10.2982/028.101.0105

Kirk PM, Cannon PF, Minter DW, Stalpers JA (2008) Dictionary of the Fungi. 10" ed. CAB
International, Wallingford.

Kukwa M, Ossowska EA (2022) New records of Parmeliaceae from Bolivia. Opuscula
Philolichenum 21: 190-207.

Kukwa M, Rodriguez-Flakus P, Aptroot A, Flakus A (2023a) Two new species of Astrothe-
lium from Sud Yungas in Bolivia and the first discovery of vegetative propagules in the
family Trypetheliaceae (lichen-forming Dothideomycetes, Ascomycota). MycoKeys
95: 83-100. https://doi.org/10.3897/mycokeys.95.98986

Kukwa M, Kosecka M, Jabtonska A, Flakus A, Rodriguez-Flakus P, Guzow-Krzeminska B
(2023b) Pseudolepraria, a new leprose genus revealed in Ramalinaceae (Ascomycota,
Lecanoromycetes, Lecanorales) to accommodate Lepraria stephaniana. MycoKeys
96: 97-112. https://doi.org/10.3897/mycokeys.96.98029

Lendemer JC, Goffinet B (2015) Sticta deyana: A New Endemic Photomorphic Lichen
from the Imperiled Mid-Atlantic Coastal Plain of Eastern North America. Systematic
Botany 40(4): 933-941. https://doi.org/10.1600/036364415X689979

Magain N, Sérusiaux E (2015) Dismantling the treasured flagship lichen Sticta fuliginosa
(Peltigerales) into four species in Western Europe. Mycological Progress 14(10): e97.
https://doi.org/10.1007/s11557-015-1109-0

McDonald T, Miadlikowska J, Lutzoni F (2003) The lichen genus Sticta in the Great
Smoky Mountains: A phylogenetic study of morphological, chemical, and molecular
data. The Bryologist 106(1): 61-79. https://doi.org/10.1639/0007-2745(2003)106[0
061:TLGSIT]2.0.C0O;2

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 44


https://doi.org/10.11646/phytotaxa.397.4.1
https://doi.org/10.1639/079.031.0103
https://doi.org/10.3390/jof9020246
https://doi.org/10.1093/bioinformatics/bts578
https://doi.org/10.1093/bioinformatics/bts578
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.2982/028.101.0105
https://doi.org/10.2982/028.101.0105
https://doi.org/10.3897/mycokeys.95.98986
https://doi.org/10.3897/mycokeys.96.98029
https://doi.org/10.1600/036364415X689979
https://doi.org/10.1007/s11557-015-1109-0
https://doi.org/10.1639/0007-2745(2003)106%5B0061:TLGSIT%5D2.0.CO;2
https://doi.org/10.1639/0007-2745(2003)106%5B0061:TLGSIT%5D2.0.CO;2

Emilia Anna Ossowska et al.: Additional Sticta species

Mercado-Diaz JA, Liicking R, Moncada B, Widhelm TJ, Lumbsch HT (2020) Elucidating
species richness in lichen fungi: The genus Sticta (Ascomycota: Peltigeraceae) in
Puerto Rico. Taxon 69(5): 851-891. https://doi.org/10.1002/tax.12320

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for In-
ference of Large Phylogenetic Trees. Proceedings of the Gateway Computing En-
vironments Workshop (GCE), 14 November, 2010, New Orleans, 8 pp. https://doi.
org/10.1109/GCE.2010.5676129

Moncada B (2012) El género Sticta (Schreb.) Ach. en Colombia, Taxonomia, Eco-
geografia e Importancia. Doctoral thesis, Universidad Nacional de Colombia, Bogota.

Moncada B, Liicking R (2012) Ten new species of Sticta and counting: Colombia as a hot
spot for unrecognized diversification in a conspicuous macrolichen genus. Phytotaxa
74(1): 1-29. https://doi.org/10.11646/phytotaxa.74.1.1

Moncada B, Coca LF, Liicking R (2013a) Neotropical members of Sticta (lichenized As-
comycota: Lobariaceae) forming photosymbiodemes, with the description of seven
new species. The Bryologist 116(2): 169-200. https://doi.org/10.1639/0007-2745-
116.2.169

Moncada B, Liicking R, Coca LF (2013b) Six new apotheciate species of Sticta (liche-
nized Ascomycota: Lobariaceae) from the Colombian Andes. Lichenologist (London,
England) 45(5): 635-656. https://doi.org/10.1017/S0024282913000376

Moncada B, Liicking R, Suarez A (2014) Molecular phylogeny of the genus Sticta (li-
chenized Ascomycota: Lobariaceae) in Colombia. Fungal Diversity 64(1): 205-231.
https://doi.org/10.1007/s13225-013-0230-0

Moncada B, Sudrez A, Liicking R (2015) Nueve especies nuevas del género Sticta (As-
comycota liquenizados: Lobariaceae) del morfotipo fuliginosa sensu lato de Colom-
bia. Revista de la Academia Colombiana de Ciencias Exactas, Fisicas y Naturales
39(150): 50-66. https://doi.org/10.18257/raccefyn.110

Moncada B, Mercado-Diaz JA, Liicking R (2018) The identity of Sticta damicornis
(Ascomycota: Lobariaceae): a presumably widespread taxon is a Caribbean en-
demic. Lichenologist (London, England) 50(5): 591-597. https://doi.org/10.1017/
S0024282918000373

Moncada B, Liicking R, Lumbsch HT (2020) Rewriting the evolutionary history of the
lichen genus Sticta (Ascomycota: Peltigeraceae subfam. Lobarioideae) in the Hawai-
ian islands. Plant and Fungal Systematics 65(1): 95-119. https://doi.org/10.35535/
pfsyst-2020-0005

Moncada B, Smith CW, Liicking R (2021a) A taxonomic reassessment of the genus Sticta
(lichenized Ascomycota: Peltigeraceae) in the Hawaiian archipelago. Lichenologist
(London, England) 53(1): 117-133. https://doi.org/10.1017/S0024282920000353

Moncada B, Mercado-Diaz JA, Smith CW, Bungartz F, Sérusiaux E, Lumbsch HT, Liicking
R (2021b) Two new common, previously unrecognized species in the Sticta weigelii
morphodeme (Ascomycota: Peltigeraceae). Willdenowia 51(1): 35-45. https://doi.
org/10.3372/wi.51.51103

Moncada B, Mercado-Diaz JA, Magain N, Hodkinson BP, Smith CW, Bungartz F, Pérez-Pérez
RE, Gumboski E, Sérusiaux E, Lumbsch HT, Liicking R (2021c) Phylogenetic diversity of
two geographically overlapping lichens: Isolation by distance, environment, or fragmen-
tation? Journal of Biogeography 48(3): 676—689. https://doi.org/10.1111/jbi.14033

Nash TH (2008) Lichen Biology (2" edn.). Cambridge University Press, Cambridge, 486 pp.

Nylander W (1859) Lichenes in regionibus exoticis quibusdam vigentes exponit synop-
ticis enumerationibus. Annales des Sciences Naturelles, la botanique 11: 205-264.

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 45


https://doi.org/10.1002/tax.12320
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.11646/phytotaxa.74.1.1
https://doi.org/10.1639/0007-2745-116.2.169
https://doi.org/10.1639/0007-2745-116.2.169
https://doi.org/10.1017/S0024282913000376
https://doi.org/10.1007/s13225-013-0230-0
https://doi.org/10.18257/raccefyn.110
https://doi.org/10.1017/S0024282918000373
https://doi.org/10.1017/S0024282918000373
https://doi.org/10.35535/pfsyst-2020-0005
https://doi.org/10.35535/pfsyst-2020-0005
https://doi.org/10.1017/S0024282920000353
https://doi.org/10.3372/wi.51.51103
https://doi.org/10.3372/wi.51.51103
https://doi.org/10.1111/jbi.14033

Emilia Anna Ossowska et al.: Additional Sticta species

Nylander W (1861) Additamentum ad lichenographiam Andium Boliviensium. Annales
des Sciences Naturelles, la botanique 15: 365-382.

Orange A, James PW, White FJ (2001) Microchemical methods for the identification of
lichens. British Lichen Society, London, 101 pp.

Ossowska EA (2021) First records of Sticta weigelii s.str. from Bolivia confirmed by
molecular data. Folia Cryptogamica Estonica 58: 65-72. https://doi.org/10.12697/
fce.2021.58.09

Ossowska EA, Moncada B, Kukwa M, Flakus A, Rodriguez-Flakus P, Olszewska S, Liick-
ing R (2022a) New species of Sticta (lichenised Ascomycota, lobarioid Peltigeraceae)
from Bolivia suggest a high level of endemism in the Central Andes. MycoKeys 92:
131-160. https://doi.org/10.3897/mycokeys.92.89960

Ossowska EA, Kosecka M, Jaskdlska J, Kukwa M (2022b) Two taxa of the genus Sticta
(Peltigerales, Ascomycota), S. andina and S. scabrosa subsp. scabrosa, new to
Bolivia confirmed by molecular data. Plant and Fungal Systematics 67(2): 45-54.
https://doi.org/10.35535/pfsyst-2022-0006

Rodriguez-Flakus P, Kukwa M, Etayo J, Licking R, Meneses RI, Rivas Plata E, Stanton
D, Truong C, Vargas R, Flakus A (2016) Preliminary catalogue of lichens and lichen-
icolous fungi from Bolivia. http://bio.botany.pl/lichens-bolivia/en,strona,catalogue,5.
html [Version 1.5. 31 December 2016]

Rusby HH (1896) An enumeration of the plant collected in Bolivia by Miguel Bang, with
description of new genera and species. Part Ill. Memoirs of the Torrey Botanical Club
6(1): 1-130.

Schreber JCD (1791) Genera Plantarum Eorumque Characteres Naturales Secundum
Numerum, Figuram, Situm, & Proportionem Omnium Fructificationis Partium. Ed. 8
[a]. Vol. 2. Frankfurt am Main.

Simon A, Goffinet B, Magain N, Sérusiaux E (2018) High diversity, high insular endemism
and recent origin in the lichen genus Sticta (lichenized Ascomycota, Peltigerales)
in Madagascar and the Mascarenes. Molecular Phylogenetics and Evolution 122:
15-28. https://doi.org/10.1016/j.ympev.2018.01.012

Sipman HJ, Hekking W, Aguirre-C J (2008) Checklist of lichenized and lichenicolous
fungi from Colombia. Instituto Ciencias Naturales. Facultad de Ciencias. Universidad
Nacional de Colombia. Biblioteca José Jerénimo Triana N° 20, Bogota D.C., 235 pp.

Stamatakis A (2014) RAXML Version 8: A tool for Phylogenetic Analysis and Post-Anal-
ysis of Large Phylogenies. Bioinformatics (Oxford, England) 30(9): 1312-1313.
https://doi.org/10.1093/bioinformatics/btu033

Tonsberg T, Goward T (2001) Sticta oroborealis sp. nov. and other Pacific North Amer-
ican lichens forming dendriscocauloid cyanotypes. The Bryologist 104(1): 12-23.
https://doi.org/10.1639/0007-2745(2001)104[0012:SOSNAOQ]2.0.C0O;2

Torres JM, Barbosa TD, Kitaura MJ, Spielmann AA, Lorenz AP (2021) Two new species
of Sticta (Peltigeraceae subfam. Lobarioideae) from the Brazilian Cerrado (Brazil-
ian savanna). The Bryologist 124(4): 506-521. https://doi.org/10.1639/0007-2745-
124.4.506

Widhelm TJ, Bertoletti FR, Asztalos MJ, Mercado-Diaz JA, Huanga J-P, Moncada B,
Licking R, Magain N, Sérusiaux E, Goffinet B, Crouch N, Mason-Gamerb R, Lumbsch
HT (2018) Oligocene origin and drivers of diversification in the genus Sticta (Lobaria-
ceae, Ascomycota). Molecular Phylogenetics and Evolution 126: 58—73. https://doi.
org/10.1016/j.ympev.2018.04.006

MycoKeys 105: 21-47 (2024), DOI: 10.3897/mycokeys.105.120810 46


https://doi.org/10.12697/fce.2021.58.09
https://doi.org/10.12697/fce.2021.58.09
https://doi.org/10.3897/mycokeys.92.89960
https://doi.org/10.35535/pfsyst-2022-0006
http://bio.botany.pl/lichens-bolivia/en,strona,catalogue,5.html
http://bio.botany.pl/lichens-bolivia/en,strona,catalogue,5.html
https://doi.org/10.1016/j.ympev.2018.01.012
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1639/0007-2745(2001)104%5B0012:SOSNAO%5D2.0.CO;2
https://doi.org/10.1639/0007-2745-124.4.506
https://doi.org/10.1639/0007-2745-124.4.506
https://doi.org/10.1016/j.ympev.2018.04.006
https://doi.org/10.1016/j.ympev.2018.04.006

Emilia Anna Ossowska et al.: Additional Sticta species

Supplementary material 1

Specimens of Sticta used in molecular analysis with locality, voucher
information, GenBank accession numbers and list of references

Authors: Emilia Anna Ossowska, Bibiana Moncada, Robert Liicking, Adam Flakus,
Pamela Rodriguez-Flakus, Sandra Olszewska, Martin Kukwa

Data type: docx

Explanation note: Sequences generated for this study are in bold.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.105.120810.suppl1

Supplementary material 2

Best-scoring Maximum Likelihood tree of the Sticta target clade containing
the new species from Bolivia (red) and the species new to Bolivia and
phylogenetically confirmed from Bolivia (blue), based on the fungal ITS
barcoding marker

Authors: Emilia Anna Ossowska, Bibiana Moncada, Robert Liicking, Adam Flakus,
Pamela Rodriguez-Flakus, Sandra Olszewska, Martin Kukwa

Data type: pdf

Explanation note: Supported clades are thickened and individual support values are in-
dicated.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.105.120810.suppl2
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