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Abstract

Two additional species of Sticta are described as new to science based on material from 
Bolivia and Peru and supported by phylogenetic analysis of the fungal ITS barcoding 
marker. The two new species represent lineages within clade I on the global Sticta phy-
logeny. Sticta flakusiorum Ossowska, B. Moncada & Lücking is a species in the S. hum-
boldtii morphodeme and is characterized by lobes partly to entirely covered with white 
hairs, also covering the margins of submarginal and laminal apothecia, and the scabrid 
basal membrane of cyphellae, which is white to yellow, or partly brown, and when yellow 
K+ purple. The taxon was discovered at a single locality in Bolivia, but it is closely related 
to a potentially new Sticta species from Peru, which is here left undescribed. The other 
new species, S. kukwae Ossowska, Magain & Sérus., belongs to the S. weigelii mor-
phodeme. It has lobes with sinuous margins and dark, palmate to corymbose phyllidia. 
It was collected at several locations in Peru and a single locality in Bolivia.

Key words: Bolivia, diversity, integrative taxonomy, ITS rDNA, Lobarioideae, Peltigeraceae, 
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Introduction

Lobarioid lichens, long treated in their own family, Lobariaceae (Moncada et 
al. 2013a), are now recognized as a subfamily, Lobarioideae, within Peltigera-
ceae, along with subfamilies Nephromatoideae and Peltigeroideae (Kraichak 
et al. 2018; Lücking 2019; Lumbsch and Leavitt 2019; Widhelm et al. 2019, 
2021). Traditionally, the presence or absence of regular pores in the lower cor-
tex, called cyphellae, was the main feature that differentiated the genus Sticta 
(Schreb.) Ach. from other genera in the family (Galloway and Elix 2013; Mon-
cada et al. 2013a); however, apart from Sticta, a second lineage, nested within 
the Lobaria clade and separated in the genus Dendriscosticta B. Moncada & 
Lücking, also features cyphellae (Moncada et al. 2013a; Simon et al. 2022). In 
addition to Dendriscosticta, another nine genera have recently been segregated 
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from the collective genera Lobaria (Schreb.) Hoffm., Pseudocyphellaria Vain., 
and Sticta, including, e.g., Yarrumia D.J. Galloway (Galloway 2015) and Emman-
uelia Ant. Simon, Lücking & Goffinet (Simon et al. 2020). Currently, close to 500 
species have been accepted in the subfamily Lobarioideae (Kirk et al. 2008; 
Lücking et al. 2017), almost half of them within the genus Sticta (Moncada et 
al. 2014a, 2021a; Lücking et al. 2017; Ossowska et al. 2022a). The species of 
this genus are common in humid, cool to warm environments with high rain-
fall or humidity and are most diverse in tropical areas (Moncada 2012; Mon-
cada et al. 2014b, 2020). This is illustrated by the example of Colombia, where 
more than 150 Sticta species have been identified following extensive field and 
laboratory work (Moncada 2012; Moncada and Lücking 2012; Moncada et al. 
2013b, 2014a, b, 2015, 2021b). In comparison, the knowledge on the genus 
Sticta in neighboring countries is limited. For Ecuador, 46 names have been 
listed (Consortium of Lichen Herbaria 2023; Yánez-Ayabaca et al. 2023), but at 
least eight of these are doubtful records, including some known New Zealand 
endemics. Twenty-two species are included in the revised checklist for Brazil 
(Aptroot 2002; Dal Forno et al. 2018; Torres et al. 2021); however, Torres et al. 
(2021) suggest that the Cerrado forest ecoregion may host a significant num-
ber of novel Sticta species, indicating that the true diversity of species in Brazil 
may be higher. The checklist of lichens for Peru includes only ten Sticta species 
(Ramos 2014), but the majority of the records are historical and have not been 
critically checked. Meanwhile, twenty-eight Sticta taxa are known from Bolivia, 
mostly based on recent works (Moncada and Lücking 2012; Ossowska 2021; 
Ossowska et al. 2022a, b, 2024a, b; Crous et al. 2023).

This paper presents two additional new Sticta species, S. flakusiorum and 
S. kukwae, both supported by molecular data, from Peru and/or Bolivia. Sticta 
flakusiorum has been found so far at a single site in Bolivia, whereas S. kuk-
wae has been collected from several localities in Peru and Bolivia. Detailed 
morphological and anatomical descriptions of both species are also given, 
together with a discussion on similar taxa.

Materials and methods

Taxon sampling

Fresh material for this study was collected during fieldwork in Bolivia in 2010–
2017 and Peru in 2012. The collected material is deposited in the LPB, UGDA, and 
DUKE herbaria. All material was examined under a dissecting and a compound 
microscope (Nikon SMZ800N and ZEISS Axioskop). Character assessment was 
based on the morphological and anatomical traits for Sticta described by Monca-
da (2012) and Moncada et al. (2014a). Spot reactions were done with K (potas-
sium hydroxide solution), C (sodium hypochlorite solution), Pd (paraphenylenedi-
amine), and KC (K followed by C) on close spots of exposed medulla of the same 
thallus fragments; secondary compounds were analyzed using the thin-layer 
chromatography method (TLC) in solvents A and C (Orange et al. 2001).

Species that were informally distinguished by Moncada (2012) and Mon-
cada et al. (2020) but have not yet been formally described are marked with 
quotes (e.g., ‘S. arachnosylvatica’).
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DNA extraction, PCR amplification, and sequencing

Genomic DNA from the Bolivian samples was isolated, and the nuITS rDNA 
marker was amplified following the protocol described in Ossowska et al. 
(2022a). Sequencing was performed in a Macrogen sequencing system (http://
www.macrogen.com). In the case of samples from Peru, DNA was extracted 
following the protocol of Cubero et al. (1999). PCR conditions and primers were 
the same as in Ossowska et al. (2022a).

Alignment and sequence analyses

The newly generated sequences were compared with available data from the 
genus Sticta (Suppl. material 1), 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), followed by 
manual checking in BIOEDIT 7.0.9 (Hall et al. 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 bootstrap-
ping using 400 pseudoreplicates (based on an automated saturation criterion) 
under the universal GTR GAMMA model. Trees were visualized in FigTree 1.4.2 
(Drummond and Rambaut 2007) and edited using Coral Draw 2019.

Results

We generated seven new nuITS rDNA sequences that form two distinct lineag-
es in the Sticta tree (Fig. 1), suggesting the presence of three new species, two 
of which are closely related sister species. The new sequences align close to 
other Sticta species, such as S. sylvatica (Huds.) Ach. and S. aymara Ossowska 
et al., within clade I (fuliginosa clade) sensu Widhelm et al. (2018).

The first of the new species, S. kukwae, is represented by one specimen 
from Bolivia and four from Peru. All specimens have a thallus with strongly 
sinuous margins and very dark phyllidia. One specimen (LG3227) from Peru 
had small and sparse apothecia, absent in the other specimens. However, 
other characteristics were consistent with the rest of the specimens in this 
clade (Fig. 1). Within clade I, the new species is closely related to S. umbili-
cariiformis Hochst. ex Flot. (Fig. 1).

The second new lineage is formed by two sister species. The lineage with 
a specimen from Bolivia is named in this paper S. flakusiorum and is closely 
related to the specimens from Peru, which potentially also represent a new 
species. At this point, we have named it Sticta sp. 36. It is a phyllidiate species 
(S. flakusiorum lacks vegetative diaspores), and morphologically it is similar to 
S. phyllidiokunthii B. Moncada & Lücking, with numerous, aggregated, palmate 
phyllidia that are marginal and laminal in S. sp. 36 and marginal in S. phyllidio-
kunthii (Moncada et al. 2013b). However, the material of S. sp. 36 is too sparse 
for a formal description at this point. Both species, S. flakusiorum and S. sp. 
36, are nested in the clade of S. viviana Alej. Suárez & Lücking and are closely 
related to S. phyllidiofuliginosa B. Moncada, A. Suárez & Lücking.

http://www.macrogen.com
http://www.macrogen.com
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Detailed descriptions of morphological and anatomical characteristics of 
S. flakusiorum and S. kukwae, together with figures and comparisons with 
similar and related species, are given below.

Discussion

As a genus, Sticta is relatively easy to recognize in the field due to the foliose, large 
thallus with tomentum and cyphellae on the lower surface and the often charac-
teristic fishy odor caused by the presence of methylamine products (Galloway 

Figure 1. Best-scoring maximum likelihood tree of the Sticta target clade containing the new species S. flakusiorum from Bo-
livia (blue), S. kukwae from Bolivia and Peru (red), and S. sp. 36 from Peru (green), based on the fungal ITS barcoding marker. 
Branches associated with high bootstrap support values ( ≥ 70) are thickened and values are indicated near the branches.
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1994, 1997; Moncada 2012). However, species within this genus are much more 
difficult to distinguish, due to the lack of a clear concept of within-species varia-
tion, including the type of photobiont, the presence and type of vegetative prop-
agules, their shape, distribution, and size, as well as the width and length of the 
lobes or their shape (Moncada 2012). Molecular data have helped to address this 
issue and to refine the set of potentially diagnostic characters, and Moncada et 
al. (2014a) identified a total of over 150 morphological and anatomical features 
that should be taken into account (see also Ossowska et al. 2024a).

Even so, accurate species recognition may be hindered by intraspecific vari-
ability, such as the formation of photosymbiodemes, apotheciate vs. non-apoth-
eciate species pairs, and discrete morphodemes (Moncada et al. 2020, 2021b; 
Ossowska et al. 2022a, b, 2024a; Di Meglio and Goward 2023). For instance, the 
two vegetatively reproducing S. fuliginosa (With.) Ach. (with isidia) and S. limbata 
(Sm.) Ach. (with soredia) cannot be distinguished using the ITS barcoding mark-
er (Moncada et al. 2014a; Magain and Sérusiaux 2015). Another case is found 
in the large foliose S. filix (Sw.) Nyl. vs. the delicate S. lacera (Hook. f. & Taylor) 
Müll. Arg., both New Zealand endemics (Lücking et al. 2022), or in S. antoniana 
B. Moncada & Lücking and S. tomentosa (Sw.) Ach. from Hawaii (Moncada et 
al. 2020, 2021a), as well as S. arenosella Di Meglio & Goward and S. torii Ant. 
Simon & Goward (Simon et al. 2018a; Di Meglio and Goward 2023; Ossowska et 
al. 2024a, b).The Sticta fuliginosa clade also contains apotheciate specimens de-
void of isidia or soredia, suggesting the existence of individuals within the same 
species with different modes of reproduction. This was also observed in our new 
species, S. kukwae, with apothecia in one specimen from Peru, arranged in a 
clade together with non-apotheciate specimens. Similar cases were recently re-
ported for S. scabrosa B. Moncada, Merc.-Díaz & Bungartz subsp. scabrosa and 
S. cellulosa Kaasalainen, originally described as sterile (Moncada et al. 2021b; 
Kaasalainen et al. 2023), but later found fertile in material from Bolivia (Ossows-
ka et al. 2022b, 2024b). Some species, e.g., the widely distributed S. andina, show 
even greater variation in reproduction modes: this species was previously divided 
into three tentative taxa that differed in the type of propagation (Moncada et al. 
2021a, b; Ossowska et al. 2022a; Kaasalainen et al. 2023), but later they were 
merged into one species due to genetic similarities (Moncada et al. 2021b).

Traditional taxonomy in Sticta was largely based on morphodemes, i.e., partic-
ular gross morphologies that were recognized as species, e.g., narrow-lobed, cya-
nobacterial individuals with marginal isidia as S. weigelii (Ach.) Vain., broad-lobed, 
cyanobacterial specimens with laminal isidia as S. fuliginosa, or green-algal, apoth-
eciate individuals as S. canariensis (Bory) Bory ex Delise, S. damicornis (Sw.) Ach., 
or S. dichotoma Bory ex Delise. Molecular data have shown that these morphode-
mes consist of many, often only distantly related species (Moncada et al. 2013b, 
2014a, 2015; Lücking et al. 2021; Ossowska et al. 2024a). The two additional new 
species of Sticta introduced in this paper are also part of morphodemes: S. kuk-
wae is morphologically similar to S. weigelii, both having a brown, irregular to orbic-
ular thallus with dark, marginal vegetative propagules, whereas S. flakusiorum, due 
to its hairy upper surface, represents the S. humboldtii morphodeme.

In recent years, research on Sticta has intensified, resulting in the addition 
of many new species in various parts of the world (e.g., Lendemer and Goffinet 
2015; Magain and Sérusiaux 2015; Simon et al. 2018a, b; Dal Forno et al. 2018; 
Torres et al. 2021; Ossowska et al. 2022a, 2024a; Kaasalainen et al. 2023; 
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Di Meglio and Goward 2023; Yánez-Ayabaca et al. 2023). Many regions in the 
Neotropics, e.g., Colombia, Bolivia (Ossowska et al. 2024a) and Puerto Rico 
(Mercado-Díaz et al. 2020), but also Africa (Simon et al. 2018b; Kaasalainen 
et al. 2023) and Oceania, e.g., Hawaii (Moncada et al. 2020, 2021a), are being 
explored, but many other regions remain poorly studied in terms of the genus 
Sticta. For instance, the checklist of lichens from Peru includes only ten Sticta 
species (Ramos 2014), and these have not yet been critically restudied. Among 
the names in the Peruvian checklist are S. fuliginosa, S. laciniata Ach., S. sylvati-
ca, and S. weigelii, in which many new species have recently been distinguished 
(Moncada et al. 2021b; Di Meglio and Goward 2023; Ossowska et al. 2024a; this 
study). The new species presented here, S. kukwae, and the as-yet-undescribed 
S. sp. 36, are the first specimens from Peru supported by molecular data.

Taxonomy

Sticta flakusiorum Ossowska, B. Moncada & Lücking, sp. nov.
MycoBank No: 856228
Fig. 2

Diagnosis. Differing from S. humboldtii in the absence of true cilia, the presence 
of submarginal apothecia with entire to crenate margins, completely to partly 
covered by white hairs, spongy to fasciculate primary tomentum, and scabrid 
basal membrane of cyphellae, white to yellow (then K+ purple), or partly brown.

Type. Bolivia. • Dept. La Paz; Prov. Bautista Saavedra, Área Natural de 
Manejo Integrado Nacional APOLOBAMBA, between La Curva and Charazani, 
15°08'09"S, 69°02'03"W, 3780 m, open area with shrubs, Ceja de Monte Supe-
rior (Altimontano), on shrub, 15 Nov. 2014, M. Kukwa 14677 (holotype UGDA 
L-65223, isotype LPB).

Description. Stipe absent. Thallus orbicular, up to 5 cm diam., moderately 
branched, with 3–5 branches per 5 cm radius, branching pleurotomous to poly-
tomous; lobes suborbicular to flabellate, interspaced to adjacent, involute, with 
their apices rounded, revolute, and undulate and their margins sinuous, slightly 
thickened; lobe internodes 2–20 mm long, 3–15 mm broad; thallus coriaceous. 
Upper surface pitted to rugose, yellowish brown to chocolate brown, darker near 
the apices in the herbarium, shiny; lobes entirely hirsute or rarely with some 
parts lacking tomentum, covered by white hairs, without papillae and macu-
lae; true cilia absent, but lower tomentum partly projecting beyond the margins 
and resembling cilia, fasciculated to agglutinated, white to pale brown, up to 
0.5 mm. Apothecia submarginal and laminal, subaggregated, sessile to shortly 
stipitate, with pronounced invagination on the lower side, up to 2.0 mm diam.; 
disc brown to chestnut-brown; margin entire to crenate, completely to partly 
covered by white hairs, up to 1 mm long, simple to agglutinated, margin brown 
to dark brown. Vegetative propagules absent. Lower surface ribbed, brown; 
primary tomentum dense and usually thick to sparse to the margin, spongy 
to fasciculate, soft, white to brown; secondary tomentum present, arachnoid. 
Rhizines absent. Cyphellae 1–20 per cm2 towards the thallus center and 41–
60 per cm2 towards the margin, scattered, elongate to irregular, urceolate with 
wide pore to cupuliform, erumpent to sessile, remaining below the level of the 
primary tomentum, with the margin raised and involute to erect, cream to brown 

https://www.mycobank.org/MB/856228
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colored, with tomentum up to the pore; pore up to 1.5 mm diam.; basal mem-
brane scabrid, white to yellow, or partly brown, when yellow K+ purple and C+ 
red-orange, KC–, P–. Medulla compact, white to yellow, or partly brown, when 
yellow K+ purple and C+ red-orange, KC–, P–. No substances detected by TLC.

Upper cortex paraplectenchymatous, up to 35 μm thick, uniform, up of 5 lay-
ers of cells, their walls up to 1.5 μm thick and their lumina rounded to isodia-
metric, up to 5–15 × 5–10 μm diam. Photobiont layer up to 150 μm thick, its 
cells up to 10 μm diam. Medulla up to 120 μm thick, its hyphae up to 5.0 μm 
broad. Lower cortex paraplectenchymatous, up to 50 μm thick, with up to 7 cell 
layers; cells up to 10 μm diam. Upper primary tomentum up to 100 μm long, 
simple or in fascicles formed of up to 7 hyphae, hyphae simple. Upper sec-
ondary tomentum not seen on upper surface. Lower primary tomentum up to 
200 μm long, composed of fascicles formed of 10–15 hyphae, hyphae mostly 
simple, apically free, and flexuous. Lower secondary tomentum 30 μm long, 
of single, simple to branched hairs, moniliform. Cyphellae cavity up to 220 μm 
deep; cells of basal membrane without or rarely with up to 2 papillae. Apothecia 
biatorine, up to 500 μm high, with indistinct stipe, about 20 μm high; excipulum 
up to 400 μm broad, with projecting hairs, up to 1 µm long. Hymenium up to 300 
μm high; epihymenium up to 5 μm high, orange-brown, pigment present in the 
gel and in the walls upper cells of paraphyses, with very gelatinous upper layer. 
Asci 4–8-spored, ascospores fusiform, 1–3-septate, 25–35 × 6–8 μm.

Habitat and distribution. Sticta flakusiorum is an epiphytic species found in an 
open area with shrubs at an altitude of 3780 m in the Department La Paz, Bolivia.

Etymology. The species is named in honor of two lichenologists, Adam 
Flakus and Pamela Rodriguez-Flakus, for their contributions to the taxonomy 
of lichens and lichenicolous fungi of Bolivia.

Notes. The new species, S. flakusiorum, forms part of the S. humboldtii 
morphodeme, which also includes S. pseudohumboldtii B. Moncada & Lücking 
and S. parahumboldtii B. Moncada & Lücking (Moncada et al. 2013b). How-
ever, unlike in the other species, the upper surface of S. flakusiorum is rather 
hirsute, while in S. humboldtii and the other species, the hairs are very dense 
and resemble the primary tomentum present on the lower surface (Moncada 
2012). In addition, S. parahumboldtii has marginal soredia and lacks apothe-
cia (Moncada et al. 2013b). Furthermore, all species differ in the color of the 
lower surface and tomentum. In the new species, the lower surface is brown, 
and the primary tomentum is white to cream. Other species have a cream-col-
ored lower surface, and the primary tomentum is cream in S. parahumboldtii, 
cream-white in S. pseudohumboldtii, and cream to grey-brown in S. humboldtii 
(Moncada 2012; Moncada et al. 2013b). All species belong to clade I on the 
Sticta phylogeny (see Fig. 1), but the new species is more closely related to 
S. viviana. Sticta humboldtii and S. parahumboldtii are related to ‘S. arachnosyl-
vatica’, while S. pseudohumboldtii is close to S. arachnofuliginosa B. Monca-
da & Lücking (Widhelm et al. 2018). Among the species of this morphodeme, 
S. humboldtii has been reported more frequently than other species (Moncada 
2012; Moncada et al. 2013b), including records from Peru (Ramos 2014). How-
ever, only the Colombian records are supported by molecular data (Moncada et 
al. 2013b, 2014a), and therefore its presence in Peru needs to be verified. Sticta 
pseudohumboldtii and S. parahumboldtii are known so far only from Colombia 
(Moncada 2012; Moncada et al. 2013b, 2014a, b).
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In the phylogenetic tree, S. flakusiorum forms a lineage sister to a clade of 
a potentially new species, referred to as Sticta sp. 36 (see above). This taxon 
is distinguished by its thallus with smooth upper surface, sparse and laminal 
apothecia, and abundant, marginal phyllidia. Furthermore, the primary tomentum 
is greyish gold, whereas in S. flakusiorum it is white to brown. The specimens of 
S. sp. 36 are fragmentary; thus, we have decided not to describe it at this mo-
ment. Sticta sp. 36 was found in Peru in Puno (Lampa, Santa Lucia).

The hirsute upper surface is also characteristic of ‘S. arachnosylvatica’, 
S. minutula B. Moncada, A. Suárez & Lücking and S. hirta (Nyl.) Trevis (Moncada 

Figure 2. Morphology of Sticta flakusiorum (holotype) A upper surface B lower surface C, D hirsute upper surface with 
apothecium and lower surface with tomentum and cyphellae E apothecia with entire to crenate margins, covered by white 
hairs F primary tomentum spongy to fasciculate and cyphellae with scabrid basal membrane. Scale bars: 1 mm (A–F).
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2012; Moncada et al. 2014a, 2020), but these taxa differ from S. flakusiorum in the 
structure of the lobes, the presence of vegetative propagules, as well as the color 
of the lower surface and the structure of primary tomentum. In particular, the lobe 
margins in all these species are entire to crenate, whereas in S. flakusiorum they are 
sinusoidal; in addition, ‘S. arachnosylvatica’ and S. minutula have isidia. The lower 
surface of ‘S. arachnosylvatica’ is cream-white with primary tomentum dense to the 
margin (Moncada 2012), and in S. minutula the lower surface is cream-white with 
primary tomentum scarce over the whole area. Additionally, the latter taxon is dis-
tinguished by its sparse cyphellae (Moncada 2012). Sticta hirta has a creamy lower 
surface with irregular tomentum, sparse towards the margins, and it is fasciculate 
to spongy (Moncada 2012). All three species, ‘S. arachnosylvatica,’ S. minutula, and 
S. hirta, have been molecularly confirmed only from Colombia (Moncada 2012; 
Moncada et al. 2014a, 2020) but have not been reported from Bolivia and Peru.

Sticta kukwae Ossowska, Magain & Sérusiaux, sp. nov.
MycoBank No: 856229
Fig. 3

Diagnosis. Differing from S. weigelii in lobes with sinuous margins, in the presence 
of marginal phyllidia, and the scarce, submarginal apothecia, as well as the primary 
tomentum being light brown to brown, dense, and sparse towards the margins.

Type. Bolivia. • Dept. La Paz; Prov. Franz Tamayo, Área Natural de Manejo 
Integrado Nacional APOLOBAMBA, between la Cumbre and Pelechuco, close 
to Aguas Blancas, 14°49'12"S, 69°07'05"W, elev. 4070 m, open high Andean 
vegetation, Altoandino, saxicolous, 15 Nov. 2014, M. Kukwa 14729a (holotype 
UGDA L-65224, isotype LPB).

Description. Stipe absent. Thallus suborbicular to irregular, up to 10 cm 
diam., moderately branched, with 3–5 branches per 5 cm radius, branching 
anisotomous to polytomous; lobes ligulate to flabellate, undulate, with their 
apices rounded, revolute, and their margins sinuous, not thickened; lobe inter-
nodes 5–9 mm long, 4–9 mm broad; thallus coriaceous. Upper surface smooth 
to shallowly pitted, yellowish brown to brown when dry, shiny; surface glabrous, 
few lobes with papillae but without maculae; true cilia absent. Only two apoth-
ecia found, submarginal, with slightly pronounced invagination on lower side, 
up to 1.5 mm diam.; disc brown; margin smooth, brown to dark brown. Phyl-
lidia present, marginal and laminal, simple, branched, palmate to corymbose, 
vertical to obliquely arranged, globular at first, then spatulate to squamiform, 
usually darker than the thallus. Lower surface uneven, light brown; primary to-
mentum dense and thick to the margin, sometimes absent at the very edge, 
fasciculate to spongy, soft, white to brown, sometimes brown with brighter api-
ces; secondary tomentum present, arachnoid. Rhizines present, only on few 
lobes, whitish to brown, simple to branched, densely distributed. Cyphellae 
1–20 per cm2 towards the thallus center and 1–20 per cm2 towards the margin, 
dispersed, rounded to irregular, urceolate with wide pore, erumpent to sessile, 
remaining below the level of the primary tomentum, with the margin elevated 
and involute, white to beige colored, with tomentum; pore up to 0.5 mm diam.; 
basal membrane scabrid, white, K+ yellowish, C–, KC–, P–. Medulla compact, 
white, K–, C–, KC–, P–. No substances detected by TLC.

https://www.mycobank.org/MB/856229
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Upper cortex paraplectenchymatous, up to 65 μm thick, uniform, consisting 
of up to 7 cell layers with cells 5–10 μm diam., their walls up to 1.5 μm thick. 
Photobiont layer up to 130 μm thick, its cells up to 15 μm diam. Medulla up 
to 120 μm thick, its hyphae 4 μm broad, without crystals. Lower cortex para-
plectenchymatous, up to 60 thick, with 7 cell layers; cells up to 10 μm diam., 
their walls up to 2.5 μm thick. Lower primary tomentum up to 400 μm long, with 
cells resembling secondary tomentum and probably representing thalloconidia, 
simple or in fascicles formed of up to 20 hyphae, hyphae simple. Lower sec-
ondary tomentum 70 mm long, simple to branched, moniliform. Cyphellae cav-
ity up to 150 μm deep; cells of basal membrane without or with single papillae. 

Figure 3. Morphology of Sticta kukwae (A, B, E holotype C LG3223, D LG3221, F LG3227) A upper surface B lower surface C, 
D lobes with sinuous margins and marginal phyllidia E lower tomentum with cyphellae and rhizines. Scale bars: 1 mm (A–F).
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Apothecia lecanorine (with algal layer below cortex), up to 250 μm high, without 
distinct stipe; excipulum 150 μm broad, without projecting hairs. Hymenium up 
to 75 μm high; epihymenium 5 μm high, orange-brown with gelatinous upper 
layer. Asci immature. Ascospores not observed.

Habitat and distribution. Sticta kukwae is known from Bolivia and Peru. In Bo-
livia, it was found saxicolous and was collected at a single locality in the Área 
Natural de Manejo Integrado Nacional Apolobamba in the Department La Paz, at 
an altitude of 4070 m. In Peru, it was also saxicolous and found in four localities in 
Puno, in a vegetation type of Roquedal, Matorral de Puna, at an altitude of 3850 m.

Etymology. Named in honor of the lichenologist Martin Kukwa for his contri-
bution to the taxonomy of lichens and lichenicolous fungi in Bolivia.

Additional material examined. Peru. • Puno - Carabaya, Ollachea - Macusani 
(20 km of Macusani), in a vegetation type of Roquedal, Matorral de Puna, on 
rocks on the ground/close to the ground, 23 May 2012, N. Magain (LG3225, 
LG3227, LG3221 & LG3223).

Notes. Sticta kukwae is another species in the S. weigelii morphodeme, along 
with the recently described S. andina B. Moncada, Lücking & Sérus., S. scabrosa, 
and S. waikamoi Moncada & Lücking. It differs from these species in the type of 
vegetative propagules and the presence of lobes with strongly sinuous margins, 
which have not been observed in the other species. Sticta weigelii s.str. and S. 
waikamoi produce isidia, and S. andina has isidia and phyllidia. Sticta scabrosa, 
as S. kukwae, produces phyllidia, but in this taxon, they are the same color as the 
thallus, whereas in the new species, they are blackish-brown. Both species can 
produce sparse apothecia, but in S. kukwae their margins are crenate and dark 
brown, whereas in S. scabrosa they are entire to very rarely shallowly crenate and 
in the same color as the thallus (Moncada et al. 2021b; Ossowska et al. 2022b). 
Sticta andina may also have apothecia, but they are abundant and with verrucose 
to crenate margins (Moncada et al. 2021a, b; Ossowska et al. 2022b). Another 
difference is found in the color of the lower surface, as S. andina has dark lower 
surface, in S. scabrosa it is yellow-brown, while in S. weigelii the color ranges from 
beige to dark brown, and in S. waikamoi it is dark brown (Moncada et al. 2020, 
2021a, b; Ossowska et al. 2022b). The newly described species has a light brown 
lower surface. Sticta andina and S. scabrosa have a wide distribution (Moncada 
et al. 2021a, b; Kaasalainen et al. 2023). In contrast, S. weigelii was previously as-
sumed to be widespread (Galloway 1994, 1997, 2006). However, recent research 
has shown that its distribution is probably limited to the Neotropics (Moncada et 
al. 2021b; Mercado-Díaz et al. 2023). All three taxa are also known from Bolivia 
(Ossowska 2021; Ossowska et al. 2022b). Sticta waikamoi is known from the Ha-
waiian islands (Moncada et al. 2020, 2021a). Only S. weigelii has been reported 
from Peru (Ramos 2014), but without molecular evidence.

In the phylogenetic tree (Fig. 1), the new species is closely related to S. um-
bilicariiformis. However, it has many marginal pustules, which can sometimes 
make it appear sorediate; thalli is often quite large, and lobes are thick with 
wavy to foveolate margins. Additionally, the lower surface is cream-colored to 
brown and thickly tomentose. Sticta umbilicariiformis has been documented 
in East Africa, with a high probability of its occurrence in other regions as well 
(Magain and Sérusiaux 2015; Kaasalainen et al. 2023).

The presence of lobes with sinuous margins is also a characteristic feature in 
the recently distinguished S. monlueckiorum Ossowska, Flakus & Rodr.-Flakus 
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from Bolivia. In S. monlueckiorum, the thallus is larger (up to 10 cm) and moder-
ately branched, while the apothecia are laminal with hirsute margins and with-
out vegetative propagules (Crous et al. 2023), whereas S. flakusiorum has a 
hirsute upper surface with abundant, submarginal apothecia and without vege-
tative propagules. All three taxa differ also in the color of the lower surface and 
the density of the cyphellae. In S. monlueckiorum, the lower surface is beige 
to yellowish, and the cyphellae have a density of 41–60 per cm2 towards the 
center and more than 100 towards the margins (Crous et al. 2023). In S. flakus-
iorum, the lower surface is brown, and the cyphellae are 1–20 per cm2 towards 
the center and 41–60 per cm2 towards the margins, and in S. kukwae, 1–20 per 
cm2 towards the thallus center and margins.

The hyphae of primary tomentum of Sticta kukwae produce peculiar struc-
tures that resemble budding conidia forming chains. Similar structures were 
found in the isidiate S. atlantica Magain & Sérus., S. fuliginoides Magain & 
Sérus., and S. fuliginosa by Magain and Sérusiaux (2015), who stated in the 
case of S. fuliginosa they can act as conidia. These cells in the mentioned spe-
cies are very similar to cells of secondary tomentum in several Sticta species, 
and possibly both can play a role of conidia. Such spores thus can be named 
thalloconidia, which are on the other hand known mainly in several species of 
the genus Umbilicaria Hoffm. (Hestmark 1990, 1991, 1992), but also in some 
crustose lichens (e.g., Miriquidica nephaea (Sommerf.) P.F. Cannon, Protopar-
melia leproloma (R. Sant.) Rambold & Poelt, Protoparmeliopsis peltata (DC.) 
Arup, Zhao Xin & Lumbsch, Rhizoplaca melanophthalma (DC.) Leuckert & Poelt, 
Sporastatia karakorina (Obermayer & Poelt) Davydov & Yakovch.) (Poelt and 
Obermayer 1990). However, the ultrastructural study of their development must 
be performed prior to the final change in the conception of their role.
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