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ABSTRACT — Lecanora cavicola, L. laxa, L. stenotropa, and L. subaurea are reported as new
to South America, and L. flowersiana and L. semipallida as new to Bolivia. Distributions of
the species are discussed and information on their chemistry and diagnostic characters are
provided.
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Introduction

Although Bolivia is thought to have one of the largest biodiversities
worldwide (Ibisch & Mérida 2004), knowledge of its lecanoroid lichens is
still underexplored (Nylander 1861, Ryan & Nash 1993, Feuerer et al. 1998,
Lumbsch et al. 1996, Guderley 1999, Messuti & Vobis 2003, Feuerer & Sipman
2005, Quilhot et al. 2007). Several of its natural ecosystems are undoubtedly rich
in lichen diversity (Flakus & Kukwa 2007, Flakus et al. 2008, 2011, 2012), but
these may soon become endangered as in neighbouring countries. Therefore,
studies aimed at establishing an inventory of this diversity are fundamental
to lichen knowledge and conservation in this part of South America (Flakus
2010).

Only 14 Lecanora species were recorded from Bolivia (Rodriguez Flakus et
al. 2012), as compared with, for example, 124 known from the comprehensively
investigated Greater Sonoran Desert Region in North America (Ryan et al.
2004). The present survey, focused on Lecanora and based on part of material
collected from various biogeographic regions of Bolivia, has revealed 6 species
new to Bolivia, of which 4 are newly reported from South America.
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Material & methods

Morphology was studied using standard techniques, with preparations mounted
in water or a c. 25% solution of potassium hydroxide (K). Tissue measurements were
made in water, and ascospores in K. Granulations were observed in polarized light (pol).
The solubility of granules or/and crystals was tested with K and 65% nitric acid (N).
Lichen substances were studied by thin-layer chromatography (TLC) using the methods
of Culberson & Kristinsson (1970) and Orange et al. (2001). Spot-test reactions with
C, K and P were applied to determine the location of secondary metabolites in some
specimens.

Voucher specimens are available at KRAM, LPB and herb. Flakus.

Abbreviations used: ANMIN Apolobamba — Area Natural de Manejo Integrado
Nacional Apolobamba.

The species

Lecanora cavicola Creveld, Biblioth. Lichenol. 17: 273. 1981.

The species was studied in detail by Poelt & Leuckert (1984) who also provided
the first records of fertile individuals of L. cavicola from Central Europe. The
authors discussed the taxonomic position of this species and concluded it holds
an isolated position within the genus. They also chemically proved that the
species only produces atranorin and alectorialic acid, although in the original
description by Creveld (1981) the species was presented as also containing
thamnolic acid (see also Ryan et al. 2004). Flakus (2007) noted the lack of
this substance in L. cavicola in a west Carpathian population. No thamnolic
acid was found in Bolivian material, but traces of the protocetraric complex
in addition to atranorin and alectorialic acid (with related compounds) were
detected. A revision of the secondary metabolites content based on worldwide
sampling is necessary to evaluate the true chemical variation in L. cavicola.
Detailed descriptions are presented in Poelt & Leuckert (1984) and Ryan et al.
(2004).

Lecanora cavicola is widespread but rare in Europe (Creveld 1981, Poelt &
Leuckert 1984, Nimis & Martellos 2003, Santesson et al. 2004, Flakus 2007,
Edwards et al. 2009); it has also been reported from Asia (central Siberia;
Zhurbenko 1996), North America (Nash et al. 1998, Ryan et al. 2004),
Greenland (Alstrup et al. 2000), and New Zealand (Galloway 2007). It occurs
on hard siliceous rocks in alpine areas. In Bolivia it was found in moist Puna
and subnival Andean vegetation. New to South America.

SPECIMENS EXAMINED — BOLIVIA. DEPT. LA PAZ. PROV. BAUTISTA SAAVEDRA, ANMIN
Apolobamba, near Villa Amarca village, 4643 m, 15°16'47"S 69°01'47"W, 2010, Flakus
17347 & Rodriguez (KRAM, LPB); Prov. FRANZ TaMAYO, ANMIN Apolobamba, near
Puyo Puyo village, 4888 m, 15°56'55"S 69°07'58"W, 2010, Flakus 17563 & Rodriguez
(KRAM, LPB); Pelechuco municipality, Cafiuhuma village, near Puntani mountain,

4760 m, 15°01'51"S 69°11'98"W, 2008, Rodriguez 526, 532/2, 541, 549 (LPB); Prowv.
MugriLLo, below Potosi near campamento de mineros, on the road La Paz — Valle del
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Zongo, 4716 m, 16°17'43"S 68°07'42"W, 2011, Flakus 21851 & Plata (KRAM, LPB); Paso
Cumbre near La Paz city, 4405 m, 16°19'6"S 68°02'09"W, 2011, Flakus 22130 & Plata
(KRAM, LPB).

Lecanora flowersiana H. Magn., Acta Horti Gothob. 19(2): 38. 1952.

The species, a member of the L. dispersa group, is characterized by its sessile
apothecia with brown disc and thin, white crenate thalline margin. Anatomically
it is distinguished by paraphyses that are simple, thick, agglutinated (coherent
in K), and apparently submoniliform and expanded up to 4-5 pm in the
uppermost part. The epihymenium (up to 1/3 of the upper hymenium) is deeply
pigmented brown or reddish. Lecanora flowersiana produces no secondary
metabolites. Detailed characteristics are presented in Sliwa (2007a) and de la
Rosa et al. (2012).

The monograph of the L. dispersa complex in North America (Sliwa 2007a)
considers L. flowersiana to be a western temperate element confined the central
and western regions of the continent. However, later it was recorded in the
Canary Islands (van den Boom 2010) and Iran (Valadbeigi & Sipman 2010). De
laRosaetal. (2012) reported L. flowersiana for the first time from South America
(Argentina), and we now report it from Bolivia. It was found in the semi-desert
Inter-Andean Valley in a sunny location on a shrubby rocky slope.

SPECIMEN EXAMINED — BOLIVIA. DEPT. COCHABAMBA. PROV. QUILLACOLLO, East
Cordillera, area of Inkarraya-Sipesipe, dry Inter-Andean Valleys, 3146 m, 17°29'25"S
66°22'09"W, 2004, Wilk 3218 (KRAM, LPB).

Lecanora laxa (Sliwa & Wetmore) Printzen, Bryologist 104: 395. 2001.

The species is characterized by large flexuose and basally constricted
apothecia, whitish pruinose discs, broadly ellipsoid ascospores, and production
of usnic acid, + isousnic acid and + 1-5 terpenoids (incl. zeorin). Detailed
descriptions are presented in Sliwa & Wetmore (2000) and Printzen (2001).

Lecanora laxa is most similar to L. subviridis de la Rosa & Messuti, recently
described from Argentina (de la Rosa et al. 2010). The authors distinguish
L. subviridis mainly by somewhat smaller apothecia and ascospores, but the
characters seem to overlap in both taxa.

When L. laxa was described, it was known only from the western part
of North America (Sliwa & Wetmore 2000, Printzen 2001), but Martinez &
Aragdén (2004) reported it from Europe (Spain), and we have now found it in
Bolivia. The Bolivian voucher specimen was collected from twigs of a single
exposed roadside tree on a S-facing slope covered with montane Yungas forest.
New to South America.

SPECIMEN EXAMINED — BOLIVIA. DEPT. LA PAZ. PROV. BAUTISTA SAAVEDRA, San
Juan Piquendo between villages Chullina and Mataro, 3298 m, 15°10'19"S 68°55'05" W,
2006, Wilk 4266 (LPB).
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ADDITIONAL SPECIMEN EXAMINED — U.S.A. WYOMING. BiG HorN Co., Near Dayton
on U.S. 14 in foothills of Big Horn Mts, on Pinus ponderosa on steep S facing hill with
scattered pines and juniper, elev. 5300 ft. (1615 m), 1 Aug. 1965, Wetmore 12911 (KRAM;
isotype of L. laxa).

Lecanora semipallida H. Magn., Lichens from Central Asia 1: 89. 1940.

This distinctive member of the L. dispersa group seems to be well
circumscribed based on the following phenotypic evidence: sessile apothecia
with yellow, yellow-orange to pale brown epruinose to moderately pruinose
apothecial discs and thick white entire or crenate margins, epihymenial
granules that are soluble in K, and the presence of vinetorin (5-chloro-3-
O-methylnorlichexanthone) (Sliwa 2007a,b). Detailed characteristics are
presented in Sliwa (2007a) and de la Rosa et al. (2012).

Lecanora semipallida was shown to be a monophyletic species, but this is
only partly supported on the basis of phylogenetic inferences from the ITS
region (Sliwa et al. 2012). Part of the South American material reminiscent of
L. semipallida showing some morphological, chemical, and genetic differences
is not included here and will be treated elsewhere.

The species is new to Bolivia but has been noted previously in South
America in Argentina (de la Rosa 2012) and Peru (Sliwa et al. 2012). The
species is frequent worldwide. It is known from North America, Europe, Asia,
Australia, and New Zealand (Sliwa 2007b, 2009a,b, and literature cited therein;
Valadbeigi & Sipman 2010). Lecanora semipallida occupies predominately
calcareous rocks but also occurs on concrete or overgrowing other lichens; it
is occasionally corticolous. In Bolivia it was collected on rocks in Puna and
subnival Andean vegetation.

SPECIMENS EXAMINED — BOLIVIA. DEPT. LA PAZ. PROV. BAUTISTA SAAVEDRA, ANMIN
Apolobamba, near Taypi Cafluma village, 4506 m, 15°03'20"S 69°09'07"W, 2010, Flakus
17533 & Rodriguez (KRAM, LPB); Prov. FRANZ TaMAYO, ANMIN Apolobamba, near
Puyo Puyo village, 4795 m, 15°56'55"S 69°07'58"W, 2010, Flakus 17688 & Rodriguez
(KRAM, LPB); ProvV. MURILLO, near Cumbre pass, 4604 m, 16°21'59"S 68°02'37"W,
2006, Flakus 5811 (KRAM, LPB). PERU. DEPT. AREQUIPA. PROV. CAYLLOMA, Valle del

Colca valley, near Soccoro village, 3349 m, 15°38'32"S 71°43'22"W, 2006, Flakus 9423
& Cykowska (KRAM).

Lecanora stenotropa Nyl., Flora 55: 251. 1872.

The species can be separated from the superficially similar L. polytropa
(Ehrh.) Rabenh. by the ascospore shape, which is narrowly ellipsoid in L. steno-
tropa (8-14 x 2.5-4.5 pum; in Bolivian material 9-14 x 3—4 pm) and broadly
ellipsoid in L. polytropa (1014 x 5-7 um) (Edwards et al. 2009, see also Sliwa &
Flakus 2011). Both species usually produce fatty acids in addition to usnic acid
and zeorin; however, L. polytropa contains rangiformic acid, contrasting with
isorangiformic acid in L. stenotropa (Huneck 1982, Ryan et al. 2004, Edwards
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et al. 2009). It should be noted that no fatty acids were detected in the Bolivian
L. stenotropa population. Detailed descriptions are presented in Ryan et al.
(2004) and Edwards et al. (2009).

The species is known from Europe (e.g. Crespo et al. 2003, Nimis & Martellos
2003, Santesson et al. 2004, Flakus 2007, Edwards et al. 2009), North America
(LaGreca & Lumbsch 2001), and New Zealand (Galloway 2007). It is probably
much more widespread but overlooked due to its morphological similarity
to L. polytropa. The two species also share the same substrate preference
(hard siliceous rocks); however, L. stenotropa has to date been recorded only
from alpine habitats. In Bolivia the species was found in high Andean open
vegetation and in an open area near Yungas montane cloud forest. New to
South America.

SPECIMENS EXAMINED — BOLIVIA. DEPT. LA PAz. PROV. BAUTISTA SAAVEDRA,
ANMIN Apolobamba, near Taypi Cafiuma village, 4506 m, 15°03'20"S, 69°09'07"W,
2010, Flakus 17517, 17518 & Rodriguez (KRAM, LPB); San Juan Piquendo between
villages Chullina and Mataro, 3298 m, 15°10'19"S 68°55'05"W, 2006, Wilk 4179 (KRAM,
LPB); DEPT. SANTA CRUZ. PROV. CABALLERO, East Cordillera, Siberia village, 3480 m,
17°49'38"S 64°45'14"W, 2004, Flakus 4813, 4814 (KRAM, LPB, herb. Flakus); Wilk 3105
(KRAM, LPB); Prov. FRaNZ TamAYO, ANMIN Apolobamba, Pelechuco municipality,
near Socondori mountain, 4600 m, 15°05'20"S 68°13'9"W, 2007, Rodriguez 238, 245,

250 (LPB); Cafiuhuma village, near Puntani mountain, 4760 m, 15°01'51"S 69°11'98" W,
2008, Rodriguez 518, 587 (LPB).

Lecanora subaurea Zahlbr., Cat. Lich. Univers. 5: 547. 1928.

Having yellow-green areolate sorediate usually sterile thalli, L. subaurea
resembles L. epanora (Ach.) Ach. Although superficially similar, the two species
differ in morphology, anatomy, chemistry, and habitats (Earland-Bennett 1975).
Most frequently they can be distinguished by the soralia, which are mainly
marginal in L. subaurea and laminal in L. epanora. Chemical constituents
are also used to determine the species, since L. subaurea contains pannarin,
rhizocarpic acid, and zeorin (Earland-Bennett 1975, Obermayer 2009), whereas
L. epanora produces epanorin, rhizocarpic, and zeorin (Earland-Bennett 1975).
However, chemical study of the Bolivian L. subaurea collection showed the
presence of the following secondary metabolites: pannarin, rhizocarpic acid,
and traces of epanorin and zeorin. Therefore, only a high concentration of
epanorin can be considered as reliable for distinguishing L. epanora, although
the presence/absence of pannarin remains diagnostic for the two species. The
detailed description is presented by Edwards et al. (2009).

In Europe L. subaurea is commonly found on rocks rich in heavy metals,
especially iron, such as in the mining regions of central Europe, from where it
was originally described (Earland-Bennett 1975). It has also been reported as
growing on an old leather shoe (Tonsberg 1987). It favours sunny situations. A
broad account of the species distribution and ecology is provided by Follmann
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(1985). Besides Europe, the species is known from North America (Esslinger
& Egan 1995) and Asia (Urbanavichus & Andreev 2010). In Bolivia the species
was found in high Andean Puna vegetation. New to South America.

SPECIMEN EXAMINED — BOLIVIA. DEPT. LA PAz. PrROV. MURILLO, near Cumbre pass,
4672 m, 16°20'14"S, 68°02'20"W, 2006, Flakus 5743 (KRAM, LPB).
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