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Abstract
The genus Calogaya (Teloschistaceae, Xanthorioideae) was established to accommodate mainly epilithic lichens with lobate
thalli, previously regarded as the BCaloplaca saxicola group.^ Data supporting the recognition of this new genus came from
European lichens, and although the genus is soundly based, we have found in Asia numerous epiphytic lineages and lineages with
reduced, non-lobate thallus in dry continental areas. The taxonomic and functional diversity of Calogaya is distinctly higher
in steppe and desert areas of Asia than in the less arid regions of Europe. We sampled 238 specimens, mostly from arid
regions of north-western China, Iran, southern Siberia and Turkey. Three nuclear DNA loci were analysed separately and
jointly by Bayesian inference, maximum likelihood and *BEAST approaches. Delimitations of 28 putative species were
tested by BP&P multispecies coalescent model with joint analysis of species delimitation and species-tree estimation.
Finally, we recognised 22 taxonomic units: 16 are at species rank, 3 are treated as subspecies and 3 are complexes, treated
here as a single entity, but in reality probably including more than one species. Calogaya altynis, C. biatorina subsp.
asiatica, C. decipiens subsp. esorediata, C. haloxylonis, C. orientalis, C. xanthoriella and C. xinjiangis are newly de-
scribed. Caloplaca zoroasteriorum is combined into Calogaya, and Calogaya persica is reduced to a subspecies. The
taxonomic status of Calogaya saxicola is unclear, and the name is employed here Bsensu lato^ for several non-
monophyletic epilithic lineages with short-lobed thalli. Calogaya biatorina and C. ferrugineoides are the two other
heterogeneous taxonomic units probably including more species.

Keywords Caloplaca saxicola . Functional traits . Species concept . Infraspecific taxa . Taxonomic units . New taxa

Introduction

Lichen diversity research in dry continental areas of temperate
Eurasia has been largely neglected. This is especially true for
the large family Teloschistaceae. Since Magnusson (1940,
1944), few authors have studied Teloschistaceae in these
areas, though some recent papers have described particular
species from dry continental areas (e.g. Frolov et al. 2016;
Kondratyuk et al. 2013; Shahidin et al. 2010; Søchting and
Figueras 2007; Vondrák et al. 2013b). In our experience,
Teloschistaceae often dominate the biotopes in various steppe
and desert areas in Eurasia, and its genera Calogaya,
Pyrenodesmia and Xanthocarpia are common and diverse
there, apparently more diverse than previously assumed. We
found high diversity of Calogaya in arid regions of China,
Iran, Turkey and southern Siberia. As well as taxonomic di-
versity, we also observed high functional diversity, i.e. diver-
sity in characters determining niches that the lichen may
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occupy and how it interacts with other organisms. Our new
data change considerably the overall character of the genus.

Calogaya, as proposed by Arup et al. (2013), was defined
as a monophyletic group in a phylogenetic analysis of three
loci including mainly epilithic species with conspicuous lo-
bate thalli. Their results supported the view that Calogaya
mostly contains species formerly grouped in Gasparrinia or
the Caloplaca saxicola group (Gaya 2009; Gaya et al. 2011).
These species share the lobate thallus as the most distinct
character. Although most DNA sequence data provided by
Arup et al. (2013) and Gaya et al. (2011) were from
European and North American lobate lichens, sequencing of
numerous non-lobate Teloschistaceae populations and data
from GenBank revealed that Calogaya also includes three
non-lobate species: (1) Calogaya bryochrysion (=
C. alaskensis), a sorediate arctic-alpine crust with a circumpo-
lar distribution (recently combined into Calogaya by Vondrák
et al. 2016); (2) C. schistidii forming a yellow, usually non-
lobate crust over bryophytes; (3) C. ferrugineoides, a crust
with a reduced thallus surrounding apothecia. The latter was
described from Central Asia by Magnusson (1944) and se-
quence data (ITS barcode) were provided by Vondrák et al.
(2012). Calogaya sensu Arup et al. (2013) contains only two
species producing vegetative diaspores (Calogaya
bryochrysion and C. decipiens).

Arup et al. (2013) reported five epilithic species, five
epiphytic species (including muscicolous C. schistidii)
and one species that can be both epiphytic and epilithic
(C. bryochrysion). Whilst all epilithic species occur also in
Europe (not in a dry continental climate), three of the epiphyt-
ic species are restricted to dry continental regions in Eurasia
(Calogaya ferrugineoides, C. persica and C. polycarpoides;
Steiner and Poelt 1982; Vondrák et al. 2012).

This paper deals with the taxonomy of Calogaya, mainly
with taxa occurring in dry continental regions of Eurasia. We
evaluate further the variation in substrate preferences (epi-
phytic vs. epilithic, the former is rather frequent in
Calogaya), presence of vegetative diaspores and thallus com-
plexity. Finally, we discuss the generic, species and infraspe-
cific concepts in Calogaya.

Materials and methods

Sampling

DNA sequence data were obtained from 238 specimens
including 84 from Turkey, 74 from NW China (Xin-
Jiang), 30 from Iran and 25 from Russia (mainly southern
Siberia). The remaining specimens came mainly from
Europe. Specimen data to new sequences are listed in
Supplementary Table 1.

Molecular protocols

DNA was extracted with a CTAB-based protocol (Aras and
Cansaran 2006). Three nuclear DNA loci were amplified:
beta-tubulin and MS204 genes and rDNA ITS1-5.8S-ITS2
(ITS barcode). PCRs were performed in a reaction mixture
containing 2.5 mM MgCl2, 0.2 mM of each dNTP, 0.3 μM
of each primer, 0.5 U Taq polymerase (Top-Bio, Praha,
Czech Republic) in the manufacturer’s reaction buffer and
sterile water to make a final volume of 10 μL. Primers and
cycling conditions are summarised in Table 1. Successful am-
plifications were sent for Sanger sequencing (GATC Biotech,
Konstanz, Germany). The amplification primers were used as
the sequencing primers.

Alignments

Sequences were edited in BioEdit 7.2.5 (Hall 1999) and
aligned by MAFFT version 7 (Katoh and Standley 2013;
available online at http://mafft.cbrc.jp/alignment/server/)
with L-INS-i method (Katoh et al. 2005). Gaps were coded
as a binary data in SeqState v.1.4.1 using simple coding
(Simmons and Ochoterena 2000). For the concatenated
dataset analysis, we used specimens with sequence data from
at least two of the three loci (153 specimens). Single-gene
analyses included 201 sequences of ITS, 167 sequences of
beta-tubulin and 116 sequences of MS204. We also placed
our ITS sequences into the context of the GenBank dataset.
For this purpose, we assembled a large alignment of 256 se-
quences including 205 of our sequences and 51 available
GenBank sequences (Calogaya and related genera; see Fig.
1). Lengths of alignments and numbers of variable positions
are summarised in Table 2. Rusavskia elegans was used as
outgroup in all alignments.

Phylogenetic analyses

Phylogenetic reconstructions were carried out using maxi-
mum likelihood (ML) and Bayesian inference. Models of nu-
cleotide substitutions (Table 2) were selected using AIC crite-
rion implemented in jModelTest v.0.1.1 (Posada 2008).
Maximum likelihood analysis of the concatenated alignment
(Supplementary Fig. 1) was carried out in RAxML-III
(Stamatakis et al. 2005). Bootstrap support was calculated
from 1000 replicates. Bayesian analysis was performed using
MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist
and Huelsenbeck 2003). It was employed for all datasets:
the Blarge^ ITS alignment containing available GenBank
sequences (Fig. 1), the single-gene alignments (Fig. 2,
Supplementary Figs 2-4) and concatenated alignment
(Fig. 3). Analyses were performed using two independent
runs with four MCMC chains. Trees were sampled after
every 500th generation. The analyses were stopped when
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the average standard deviation of the split frequencies be-
tween the simultaneous runs dropped below 0.01. The first
25% of trees were discarded as the burn-in phase, and the
remaining trees were used for construction of a 50% ma-
jority consensus tree.

Phenotype descriptions

Methods for phenotype description follow Vondrák et al.
(2013a). All observations were done on hand-cut sections
in water, without any chemical treatments. Measurements
are accurate to 0.5 μm for cells, and 1 or 10 μm for larger
structures. All measurements of cells include their walls,
except for tissues with glutinized cell walls. In each sam-
ple, ten or more measurements were done for each measur-
able character (rarely fewer, when measurable objects were
scarce). Following Ekman (1996), results of measurements
are given as (min–) X1–X2–X3 (−max), where X1 is the
lowest specimen arithmetic mean observed, X2 is arithmet-
ic mean of all observations and X3 is the highest specimen
arithmetic mean observed. Total number of measurements
(N), number of investigated samples (n) and standard de-
viation from all measurements (SD) are given for each
measured character in square parenthesis [N; n; SD].
Morphological terminology follows Smith et al. (2009)
and Vondrák et al. (2013a).

Species delimitation

Bayesian phylogeny based on the concatenated dataset of ITS,
beta-tubulin and MS204 sequences served as phylogenetic
hypothesis for testing species delimitations. Twenty-seven
groups resolved in the concatenated tree plus one putative
subspecies unresolved within Calogaya persica were tested
for species delimitation (see below).

*BEAST as implemented in BEAST v.2.4.5 (Drummond
and Rambaut 2007) was run on the three-loci concatenated
dataset of 153 specimens (the same as employed for
Bayesian inference). We used the Strict Clock model, the

Yule model, constant population function and default values
for the remaining priors. Two independent MCMC analyses
were performed for a total of 10,000,000 generations, sam-
pling every 5000th steps. Convergence of the two runs and the
adequacy of sampling were assessed with Tracer v.1.6
(Rambaut et al. 2014). After removing the first 20% of the
samples as burn-in, the runs were combined to generate pos-
terior probabilities of nodes from the sampled trees using
TreeAnnotator v.2.4.5 (Rambaut and Drummond 2009).

The putative taxa were evaluated using Bayesian MCMC
analysis for multi-locus data under the multispecies coalescent
model (Rannala and Yang 2003; Yang and Rannala 2010).
The joint analysis of species delimitation and species-tree es-
timation (Yang and Rannala 2014) was conducted using the
program BP&P v.3.1 (Yang 2015). This method accommo-
dates uncertainty in the species phylogeny as well as lineage
sorting due to ancestral polymorphism, though we are aware
of the fact that species delimitation methods based on multi-
species coalescent (including BP&P) tend to delimit structure
than species (Sukumaran and Knowles 2017); these methods
tend to support infraspecific lineages as species.

The species tree inferred by *BEASTwas used as a starting
tree. The rjMCMC algorithm 1 (α = 2, m = 1) was used to
change the species delimitation model, and the NNI/SPR
move was used to change the species-tree topology. Species
model prior was set to equal probabilities for rooted trees. A
gamma prior G (1, 20), with mean 1/20 = 0.05 (one difference
per 20 bp), was used on the population size parameters. The
age of the root in the species tree was assigned the gamma
prior G (2, 2000) which means 0.1% of sequence divergence,
whilst the other divergence time parameters were assigned the
Dirichlet prior (Yang and Rannala 2010: Eq. 2). Mutation rate
among loci was specified using random-rates model (α = 20).
The first 8000MCMC iterations were set as burn-in. A total of
200,000 post burn-in iterations were carried out, and MCMC
samples were taken in each iteration. The analysis was run
three times to confirm consistency between runs. The groups
with posterior probability consistently exceeding a threshold
of 0.95 were declared as distinct taxa.

Table 1 Sequenced loci; employed primers and PCR parameters

Locus Primers PCR settings

MS204 MS204-T-F1 (forward): GGTGACTTCTCTCGCAACCA;
MS204-T-R1 (reverse): CCAGCTTGTCCCATCCAG
(both designed in this study)

95 °C-10 min; 45×: 95 °C-30 s, 52 °C-30 s,
72 °C-60 s; 72 °C-10 min

nrITS ITS1F (forward): CTTGGTCATTTAGAGGAAGTAA;
ITS4 (reverse): TCCTCCGCTTATTGATATGC
(both published by Gardes and Bruns 1993)

94 °C-3 min; 7×: 94 °C-30 s, 62 °C-30 s (temperature
was decreased by 1 °C in each subsequent cycle),
72 °C-60 s; 38×: 94 °C-30 s, 56 °C-30 s,
72 °C-60 s; 72 °C-10 min

Beta-tubulin Bt3LM (forward): GAACGTCTACTTCAACGAG;
Bt10LM (reverse): TCGGAAGCAGCCATCATGTTCTT
(both published by Myllys et al. 2001)

94 °C-10 min; 40×: 94 °C-30 s, 52 °C-30 s, 72 °C-60 s;
72 °C-10 min
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Fig. 1 Large ITS DNA Bayesian
tree based on analysis of our new
sequences together with available
GenBank sequences. Branches
with high posterior probabilities
(PP > 0.95) are drawn in thick
lines. Clades recognised at the
species level are collapsed into
triangles of identical vertical
dimension. Grey triangles
indicate previously known taxa,
previously unknown taxa are in
black. Length of triangles
(horizontal dimension) reflects
number of haplotypes within
clades. Numbers of samples per
clade are in brackets following
names of taxa. Outgroup includes
closest genera of the subfamily
Xanthorioideae. (See the
BMethods^ section and Table 2
for more details)

Table 2 Basic information on alignments

Alignment Number of sequences Length of alignment/
indel codes

Variable positions
(all /in group only)

Parsimony informative
positions (all/in group only)

Nucleotide substitution
model

nrITS Blarge^ 256 589/144 513/458 369/307 GTR+ I + G

nrITS 201 559/78 364/348 225/206 GTR+G

beta-tubulin 167 533/2 172/166 131/130 GTR+G

MS204 116 696/25 312/300 243/216 HKY+G

concatenated (nrITS/beta-
tubuline/MS204)

153 1797/88 814/716 535/493 GTR+G/GTR +
G/SYM+ I + G
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Defining taxonomic units

On the basis of our data analyses, most specimens are classified
as species or subspecies, but some are unresolved and kept in
species complexes. An example of a species complex is phe-
notypically defined Caloplaca saxicola that is split into several
lineages in phylogenetic trees; each of these lineages may rep-
resent a separate species (see the BResults^ section). For de-
scribing taxonomy and variability in functional traits, we decid-
ed to employ a term Btaxonomic unit^ (OTU in the sense of
Sokal and Sneath 1963) including subspecies, species and un-
resolved species complexes and putting them on the same level.
If we only consider resolved species, we lose information.

Results

Large ITS phylogeny

Bayesian analysis of the large ITS sequence dataset including
NCBI data showed the relationships of our sequences to

Calogaya sequences available in GenBank. The reconstructed
tree (Fig. 1) contains 21 main monophyletic groups within
Calogaya and a few lineages represented by only one termi-
nal. Eleven of them were previously recognised as species by
Gaya et al. (2011) and/or Arup et al. (2013); grey groups in
Fig. 1. Another seven are newly recognised here (black groups
in Fig. 1). Further lineages are lumped under the name
Calogaya saxicola which is employed here for a heteroge-
neous group of lichens with small thalli and short lobes. The
previously recognised European species C. arnoldii confusa
and C. rouxii, were not found in arid continental territories.

Single-locus and concatenated phylogenies

All generated phylogenetic trees had an unresolved backbone.
If the unsupported nodes (posterior probabilities (PPs) < 0.95)
are collapsed in Figs 2 and 3, most putative species-level
groups stand in polytomy. Calogaya arnoldii and
C. lobulata are however resolved in most analyses as sister
groups to the rest of the taxa. Although the single-loci trees are
not fully congruent (Fig. 2; Supplementary Figs. 2–4), the

Fig. 2 Single-gene trees generated by Bayesian inference (ITS, on the
left; beta-tubulin, in the middle; MS204, on the right). Posterior
probabilities (PP > 0.75) drawn at branches. Clades recognised as taxa
are displayed as cartoons (triangles). Length of cartoons (horizontal

dimension) reflects number of haplotypes within clades. Height of
cartoons reflects sampling size. (More details in the BMethods^ section,
Table 2 and Supplementary Figs. 2-4)
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differences are mostly in poorly supported topologies which
entitles us to use the concatenated tree (Fig. 3) as a reasonable
phylogenetic hypothesis for testing species delimitation.
Twenty-seven groups resolved in the concatenated tree plus
Calogaya polycarpoides unresolved within Calogaya persica
were tested for their delimitation.

The topology of the trees based on three-loci dataset was
largely congruent between the Bayesian inference (Fig. 3) and
the species-tree estimation using *BEAST (Fig. 4). Both trees
showed poorly supported or unresolved backbone. The

differences were found in poorly supported nodes, and the
only exception was the sister relationship between
C. arnoldii and C. bryochrysion revealed in *BEAST.

BP&P species delimitation

Out of the 28 putative species based on phylogenetic analysis
of the concatenated dataset, 16 were resolved as distinct spe-
cies with posterior probabilities (PPs) exceeding 0.95
(numbers in italics in Fig. 4). The resolved distinct species

Fig. 3 Concatenated Bayesian
tree based on analysis of
alignment including all three loci
(ITS, beta-tubulin, MS204).
Branches with posterior
probabilities (PP > 0.95) are
drawn by thick lines. Clades
recognised on species level are
mostly displayed as cartoons
(triangles). Length of cartoons
(horizontal dimension) reflects
number of haplotypes within
clades. Height of cartoons reflects
sampling size. Numbers of
samples per clade are in brackets
following names of taxa. Clades
and names shaded in grey
represent new taxa or taxa newly
combined into Calogaya.
Columns on the right represent
selected phenotype expressions:
(1) substrate linkage: black—
inorganic, white—organic; (2)
vegetative diaspores: black—
present, white—absent; (3)
thallus complexity: black—
always lobate thalli, white—thalli
always without lobes, grey—
intermediate, some specimens
with lobes or lobes poorly
developed
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included six lineages which have not been recognised in pre-
vious treatments and which are described here as new taxa
(C. altynis, C. decipiens subsp. esorediata, C. haloxylonis,
C. orientalis, C. xanthoriella, C. xinjiangis). Among the tra-
ditionally recognised species, the rank of species was con-
firmed for six taxa (C. arnoldii , C. bryochrysion,
C. decipiens, C. lobulata, C.pusilla and C. schistidii). The
rank of species was further confirmed for two putative species
with the morphology of C. ferrugineoides and for twowith the
morphology of C. saxicola. For another nine putative species,
the rank of species was found as the most probable solution,
although the support was weak as PP values did not exceed
0.95, which could be due to lack of data (only one or few
specimens sampled per lineage). Those putative species in-
cluded lineages with the morphology of C. ferrugineoides (2
lineages) or C. saxicola (1 lineage) and one lineage similar to
C. polycarpoides with a single terminal (Calogaya sp.; XJU-
NALH 144878). Among the four putative species morpholog-
ically more or less matching C. biatorina, the lineage with
distinct C. biatorina morphology (C. biatorina sensu stricto)
was resolved as a distinct species. The remaining three puta-
tive species, including a lineage with distinct morphology de-
scribed here as subsp. asiatica, were not sufficiently resolved
in the analysis, although merging them into a single species
received higher support (PP = 0.80) than a split into individual
species. Also, no significant solution was found for the two
lineages within C. zoroasteriorum or for distinguishing
C. persica from C. polycarpoides. The two lineages present

within morphologically defined C. zoroasteriorum received
higher support when considered as a separate species (PP =
0.79 for both) than when merged as a single species (PP =
0.21). Similarly, in C. polycarpoides, the analysis showed
higher support for treating subsp. polycarpoides and subsp.
persica as separate species (PP = 0.75 for both) than when
merged as a single species (PP = 0.25).

Taxonomic units

Parts of Calogaya remain taxonomically unresolved, and we
decided to employ taxonomic units instead of species for dem-
onstration of general results. We recognised taxonomic units
on three levels (Table 3): species (16), subspecies (3) and
species complexes (3). The rank of species was accepted for
the lineages with distinct phenotype that are supported in the
concatenated tree (Fig. 3). All these lineages are resolved as
distinct species in BP&P analysis (PP > 0.95; Fig. 4).
Calogaya polycarpoides and C. zoroasteriorum, even though
not supported by BP&P, are considered species because
both form units with homogeneous phenotype and both
tend to form clades in most analyses (Figs 1, 2, 3 and 4).
The rank of subspecies was employed for three groups of
specimens with distinct phenotype that do not form distinct
lineage supported in the concatenated tree. Species com-
plexes are defined by phenotype similarity. Resolving the
taxonomy within these complexes will require future stud-
ies based on more extensive sampling.

Fig. 4 Species tree inferred from
three loci dataset (ITS, beta-
tubulin, MS204). Numbers in
normal font at each node are
*BEAST posterior probabilities.
Numbers in bold in front of
terminals or behind clamps are
BP&P posterior probabilities
referring to delimitation of
putative species
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Functional diversity

Functional traits, such as substrate preferences, reproductive
mode and thallus reduction, are more diverse in Calogaya
than suggested from mostly European sampling (Table 4).
Calogaya has been considered predominantly epilithic, but
our data revealed six new epiphytic species from continental
parts of Eurasia. All of them have reduced thallus without or at
most with traces of lobes (only two non-lobate species known
before) and three of them produce vegetative diaspores (two
species known before).

We report only two new subspecies from inorganic substra-
ta, but several saxicolous lineages requiring further appraisal
were found in the C. biatorina and C. saxicola species com-
plexes. Most recognised saxicolous species have a lobate thal-
lus, but morphotypes with fully reduced lobes are present
within C. arnoldii and C. saxicola species complexes. We
did not reveal any new epilithic lineages with vegetative
diaspores.

Distribution of substrate preferences, reproductive
modes and thallus reduction were mapped on the
concatenated phylogenetic tree (Fig. 3, stripes on the

Table 3 Characters of recognised taxonomic units in Calogaya. Names
of newly described taxa and new combinations are in italics. Phylogenetic
support: M monophyly, N in grey non-monophyly, (M) monophyly with

low support, ?missing data, grey shading unsupported; Functional traits:
Y presence of character, N absence of character

Taxonomy Phylogenetic support Functional traits

Rank Taxonomic units nrITS B-tubulin MS204 Concatenation BP&P posterior
probabilities

Organic
substrate

Thallus
reduction

Vegetative
diaspores

Species altynis M M M M 1 Y Y Y

arnoldii M N N M 1 N N/Y N

arnoldiiconfusa M ? ? ? ? N N N

biatorina sensu stricto N M M M 1 N N N

bryochrysion M M M M 1 N/Y Y Y

decipiens M N N M 1 N N Y

esorediata M N M M 1 N N N

haloxylonis M M M M 1 Y Y Y

lobulata M M M M 1 Y N N

orientalis M N M M 1 Y Y N

polycarpoides M M N M 0.25 Y N/Y N

pusilla M M M M 1 N N N

rouxii M ? ? ? ? N N N

schistidii M N M M 1 Y Y N

xanthoriella M M M M 1 Y N/Y N

xinjiangis M N M M 1 Y N/Y N

zoroasteriorum (M) ? N (M) 0.21 Y Y Y

Subspecies biatorina subsp. asiatica N M M M 0.14 N N N

polycarpoides subsp. persica N N N N 0.75 Y N/Y N

Species
complexes

biatorina sensu lato N N N M < 0.01 N N N

ferrugineoides sensu lato N N N N < 0.01 Y Y N

saxicola N N N N < 0.01 N N/Y N

Table 4 Species richness and
functional diversity within
Calogaya in Europe, dry
continental Asia and in Eurasia;
plus newly recognised part of
diversity. Taxonomic units reflect
Table 3

Groups of taxonomic units Europe Dry continental Asia Eurasia Newly revealed

All 9 20 22 9

Epiphytic 3 11 12 6

Without lobate thallus 2 8 8 5

With vegetative diaspores 2 5 5 3

Epiphytic, without lobate thallus 1 7 7 5

Epilithic, strictly without lobate thallus 1 1 1 0
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right). The species-level groups are mostly characterised
by the substrate. They grow either on inorganic substrata
(14 lineages/10 taxonomic units; including European
C. arnoldiiconfusa and C. rouxii) or on organic substrata (15
lineages/12 taxonomic units), usually on trees and shrubs but
also on wood and over bryophytes and organic soil. Some
exceptions exist: members of epilithic lineages are exception-
ally found on tree bark or wood (e.g. dust impregnated) in
communities with other epilithic lichens. Calogaya
bryochrysion is an exceptional species in the genus growing,
like numerous other arctic alpine lichen species, on both or-
ganic and inorganic substrata (see Vondrák et al. 2016).

Species in Calogaya are also characterised either by the
presence (5 taxa) or absence (17) of vegetative diaspores and
by the level of thallus reduction. Thallus lobes, always present
in e.g. C. biatorina, are always absent in e.g. C. haloxylonis,
and the thallus is always reduced to a thalline apothecial mar-
gin in C. orientalis. In C. arnoldii and in the C. saxicola spe-
cies complex, the thallus may be lobate or not (already
revealed by Gaya 2009).

Discussion

Generic concept

In the rather recent past, lichenologists employed some unrea-
sonably large genera (Arcadia 2009), but they have been, or
are starting to be, split up in recent decades (e.g. Crespo et al.
2010). The three main genera of Teloschistaceae, Caloplaca
including crustose lichens, Xanthoria with foliose lichens and
Teloschistes with fruticose ones, were reorganised into 39
genera (Arup et al. 2013). The old system had polyphyletic
genera, some of which were also inconveniently large
(Caloplaca had about 1000 species), and the new taxonomy
proposed by Arup et al. (2013) is undoubtedly an improve-
ment. It has been criticised because it left Bgaps^ in the taxo-
nomic space within Teloschistaceae. Many species that do not
belong in Caloplaca s. str. were not combined elsewhere and
remain, uncomfortably, in Caloplaca s. lat., but these species
are gradually being combined into new genera (e.g. Søchting
et al. 2014a, b). Another criticism is that some of the new
genera do not have any diagnostic morphological synapomor-
phies, and species were placed in them using only DNA evi-
dence. This is to some extent the case for Calogaya and most
other genera in Xanthorioideae. However, any alternative tax-
onomy would also have problems of their own, and we con-
sider that distinguishing the genera related to Calogaya, e.g.
Athallia and Flavoplaca, still makes a good deal of sense.
Flavoplaca tends to be strictly saxicolous and contains either
sorediate/blastidiate crusts or predominantly species with
strongly reduced thallus. Athallia tends to have strongly re-
duced thalli without vegetative diaspores. Calogaya tends to

form lobate thalli, at least in epilithic species, whereas lobate
thalli are exceptional in Athallia and Flavoplaca. The three
genera also have reasonable sizes including tens of species
(Arcadia 2009).

Other ideas about splitting Teloschistaceae were put for-
ward in Kondratyuk et al. (2014a, b). Kondratyuk’s taxonomy
is mostly independent of the one proposed by Arup et al.
(2013) and uses distinctly smaller genera, often monotypic
(Kondratyuk et al. 2015a, b). (For example, Kondratyuk
et al. 2015a described a new genus Lazarenkoella to
accommodate a single species L. zoroasteriorum that is
undoubtedly within Calogaya; see our data). We are not per-
suaded that this degree of splitting is a constructive approach
to the taxonomy of Teloschistaceae. (Incidentally,
Lazarenkoella is based on sequence data that do not belong
to Calogaya zoroasteriorum but to another Calogaya; see the
note in our taxonomic treatment). AlthoughCalogaya forms a
well supported group within Xanthorioideae (Figs. 1, 2 and 3),
the relationships among its species are mostly unresolved, and
we can see no justification for splitting Calogaya into smaller
units, such as Lazarenkoella.

Species concept

Gaya et al. (2011) attempted to incorporate the results of ITS
phylogeny of the Caloplaca saxicola group (now a part of
Calogaya) into the traditional species concept, raising distinct
morphotypes and ecotypes to species level. She recognised
eight species, most of them monophyletic, but Caloplaca
saxicola was paraphyletic with nested Caloplaca rouxii in
all analyses. As in our study, relationships between most
species remained unresolved. The species concept proposed
by Gaya et al. (2011) was based on clusters of similar se-
quences (usually monophyletic groups) with a phenotypic
sense, i.e., differing from other clusters by phenotype. This
concept was maintained by Arup et al. (2013) for the whole
of Calogaya including some ten species. It is also maintained
by us so far as possible, though we note that it may fail in some
of the cases. As the amount of sequence data available in-
creases (by addition of specimens from new substrata or re-
gions), new lineages of Calogaya will be detected in phyloge-
netic reconstructions and it becomes less easy to decide which
lineages should be regarded as species. For example, many
lineages have the BCalogaya saxicola^ appearance; some
others appear indistinguishable from C. ferrugineoides. We
have formally named as species most lineages with significant
BP& P support that can be circumscribed by phenotype (most-
ly by some combination of thallus appearance, presence/
absence of vegetative diaspores, substrate preferences and geo-
graphical range). Several clades with insufficient information
(including only one or few terminals) or clades indistinguish-
able from C. ferrugineoides or C. saxicola sensu Gaya (2009)
are left for future appraisal (taxonomic units in rank Bspecies
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complex^ in Table 3). In Teloschistaceae, we have experienced
similar difficulties for Pyrenodesmia, Rufoplaca, Rusavskia,
Xanthocarpia and other taxa (data not published) when a se-
quence dataset has been extended.

Infraspecific taxa

Here, we employ the rank Bsubspecies^ for all phenotypically
distinct taxa that are not clearly separated from another taxon
by our three-loci concatenated analysis nor by BP&P
(Table 3). Lücking (2008) proposed a well thought out but
rather strict system for infraspecific ranks, in which subspecies
is to be used only for phenotypically distinct and allopatric
populations of the same species, variety for distinct pheno-
types with overlapping but different geographic ranges and
forma for distinct phenotypes that do not differ in distribution.
However, this scheme does not offer any rank for taxa with the
same phenotype and distribution but differing in substrate,
presumably because Lücking did not consider that purely eco-
logical barriers to gene flow exist, in which case such Btaxa^
could not be taxonomically distinct. Lücking’s scheme may
work well in some groups of lichens, but in our experience, it
does not work for all. There is evidence for the existence of
purely ecological barriers to gene flow in some cases: speci-
ficity of closely related populations to different substrata is a
common case in Teloschistaceae (Gaya et al. 2015) including
Calogaya. Moreover, other kinds of barriers may exist, for
example modifications in genome size that are common in
fungi (e.g. Veselská et al. 2014) including lichenized fungi
(our unpublished data on Teloschistaceae). Another sympatric
crossing barrier is provided by different reproduction mode of
infraspecific taxa: crossing is strongly restricted if at least one
of the infraspecific populations has strongly reduced sexuality
(vegetative reproduction predominant).

Our main reason for employing only one infraspecific level
is that there is very little knowledge about gene flow between
infraspecific taxa of the same species inCalogaya, so it would
be hard to justify a more complicated scheme at present. We
definitely do not wish to ignore infraspecific taxa entirely,
because of their possible significance for biodiversity. For
instance, Tehler et al. (2013) did not recognise vegetatively
reproducing populations in several Dirina species at any in-
fraspecific level, which leads to the loss of ecological infor-
mation when records are made, because vegetatively repro-
ducing populations (at least in D. fallax and D. massiliensis)
have different ecological and geographical ranges: unlike sex-
ual populations, which are only coastal, asexual Dirina also
occurs far inland.

Functional diversity

The functional diversity approach has recently been employed
in lichenology (e.g. Bässler et al. 2015; Johansson et al. 2012,

2013; Nelson et al. 2015). Functional traits are characters that
influence the role of a particular organism in an environment.
Diversity in functional traits provides different information
than taxonomical diversity; it describes variability in the ad-
aptations to and the functions of organisms in an environment.
For example, numerous lichen species with a simple
cladoniiform growth form are favoured by forest fires, but
species with more complex growth form (reindeer lichens)
are excluded by fires (Nelson et al. 2015). For our purposes
in Calogaya, we selected the following three functional traits:
(1) presence/absence of vegetative diaspores (which
determines dispersal ability and ability of generative
reproduction, Vondrák et al. 2016); (2) degree of thallus re-
duction (which reflects ecology of particular species, e.g.
epilithic populations below overhangs have generally more
reduced thalli than populations on exposed rocks); (3) sub-
strate preferences (which is a derived character influenced
by a complex combination of morphological, physiological
and other traits, but it is simple and convenient to use and it
directly circumscribes a pool of possible niches). In contrast to
previous taxonomical treatments (Arup et al. 2013; Gaya
2009), our results revealed that both functional and taxonomic
diversity within Calogaya known in Europe are distinctly
lower than in dry continental regions of Asia. Whilst epiphytic
taxa and taxa with reduced, non-lobate thallus are a minority
in Europe (in both cases only 2 species), most epiphytic taxa
(11) and all known taxa with reduced thallus (8) are present in
dry continental Asia. There is a similar but less distinct differ-
ence in species producing vegetative diaspores (Tables 3 and
4). Thallus reduction, i.e. absence of thallus lobes, was more
frequently observed in epiphytic populations (in 7 of 12 tax-
onomic units) than in epilithic (1 of 10). This is consistent with
Vondrák et al. (2012): it is not possible to put a large crustose
thallus onto a small twig where many epiphytic Calogaya
prefer to grow.

Taxonomy

New taxa

Data for appraised specimens (herbarium, specimen accession
number, geography, altitude, co-ordinates) and NCBI’s acces-
sion numbers to their sequences are in Supplementary Table 1.

Calogaya altynis H. Shahidin, species nova
MycoBank: MB820485.
Fig. 5a, b
Type: CHINA. Xinjiang: Kunlun Mts (Karakurum), alt.

3830 m, 36.5175 N, 76.6166666E, on twigs of
Krascheninnikovia ceratoides, 20 June 2008, Abdulla Abbas
20080634 (holotype XJU-NALH)
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Type sequences: KY748973 (ITS), KY748759 (beta-tubu-
lin), KY748917 (MS204)

Etymology: Baltynis^ is the genitive singular case of the
noun Altyn (mountains in China in the geographical range
of C. altynis).

Short diagnosis: Thallus of scattered areoles or granules
(Fig. 4a), often restricted to a few areoles around apothecia,
sometimes hardly visible (Fig. 4b). Bright yellow to orange
blastidia formed at the margins of areoles. Apothecia dis-
persed, zeorine, 0.3–0.9 mm diam. Disk flat to concave,
dark orange to orange, thalline exciple light orange, thin,
sometimes sorediate. True exciple paler or of the same
colour as the disk. Asci with 8 ascospores. Ascospores
polarilocular, 10–17 × 5–7 μm, length/width ratio 1.9–
3.0; septum 2.0–3.4 μm

Ecology and distribution: Three localities known in alpine
desert in Altyn Mts (Altyn-Tagh) and Karakorum Mts, at al-
titudes 3730–4160 m. Growing on stems and twigs of old
shrubs Krascheninnikovia ceratoides.

Phylogeny: Calogaya altynis forms a well supported clade
in the single-locus trees (Fig. 2) and in the concatenated tree
(Fig. 3). Its closest relative could be C. ferrugineoides; the
sister relationship of the two species is supported (pp = 0.97)
in the concatenated tree. BP&P supported it as a distinct spe-
cies (Fig. 4).

Detailed description: Thallus crustose, corticolous, incon-
spicuous or of scattered areoles, orange to grey, (78–) 164–
200–274 (–408) μm in thick [24; 2; 77.5]. Blastidia occur at
margin of areoles or as tiny granules directly on substrate,
(16–) 31.6–35.9–40.7 (–49) μm diam. [27; 3; 8.3], not always
developed (Fig. 4b). True cortex absent; alveolate cortex up to
60 μm thick [20; 2; 11.3], of thick-walled cells, (4.8–) 6.2–
9.1-8.4 (–13.8) × (4–) 5–6.4–6.9 (–9.8) μm [23; 2; 2.4&1.7],
cell wall (0.4–) 0.62–1–1.16 (–1.9) μm thick [22; 2; 0.36].
Algal layer thin and discontinuous, rarely well developed.
Medulla absent.

Apothecia numerous to scarce, sessile, zeorine, (0.25–)
0.5–0.52–0.58 (–1.2) μm diam. [29; 4; 0.19]. Disc flat to
slightly convex, dark to light orange. Thalline exciple entire,
lower than the true exciple, sometimes eroded into blastidia,
lemon yellow to yellowish orange; (49–) 85–86–87 (–116)
μm thick in the upper part and (153–) 201–212–221 (–242)
μm thick in the lower part [18; 2; 22 and 68]. Cortex of
t h a l l i n e e x c i p l e c o n s p i c u o u s n e a r t h e b a s e ,
paraplectenchymatous or alveolate, (22–) 31.3–41.9–48.5 (–
68) μm thick [25; 3; 12.5], consisting of elongated to almost
isodiametric cells, (6.3–) 9.6–10.7-11.5 (–17) × (2.2–) 6–7.1–
7.8 (–10.5) μm [21; 3; 2.4 and 2.2], with thick cell walls, (0.5)
1.2–1.3–1.5 (2.2) μm [21; 3; 0.42]. True exciple
(parathecium) raising and entire, orange, (28–) 51–54.6–59.7
(–73) μm in wide [18; 3; 13.04], consisting of radiating cells
gradually shortened and thicker towards margin, upper 1–2
cell layers firmly covered by anthraquinone pigments, upper-
most cells are ± round, (4.3–) 7.2–8.3–9.6 (–12.9) × (3.4–)
5.8–6.3–7.1 (–8.9) μm [19; 3; 2.2 and 1.6], with thick cell
walls, (0.5–) 0.76–0.78–0.81 (–1.3) μm [18; 3; 0.22]. Lower
part of true exciple indistinct, (7.5) 12.3–13.6–14.6 (23) thick
[18; 3; 4.4]. Hymenium colourless, (45–) 55.7–59.4–64.5 (–
71.5) μm high [24; 3; 8.3]; Hypothecium (14.3–) 23.7–33.1–
38.2 (–55.4) μm high [26; 3; 12], with oil droplets, consisting
of ± round, oblong or irregular cells, c. 5–8 × 3–4 μm.
Paraphyses usually simple but sometimes branched or forked
or anastomosed near base, tip cells usually slightly swollen,
rarely almost roundish, (4–) 5.3–6.2-6.4 (–9) μm wide [29; 3;
1.3], basal cells (1.7–) 2–2.1–2.2 (–2.6)μmwide [23; 3; 0.24].
Asci 8 spored, (25–) 45.0–46.3–49.4 (–64) × (10–) 13.6–15–
15.2 (–20) μm [34; 3; 6.7&2.6], ascus length/width ratio
(2.08–) 3.04–3.16–3.64 (–4.3) [34; 3; 0.55]; Ascospores
(8.0–) 13.0–13.6–14.0 (–19.7) × (4.0–) 5.3–5.6–5.7 (–7.2) μm
[55; 3; 2.3 and 0.8], ascospore wall (0.4–) 0.63–0.67–0.76 (–
1.4) μm [39; 3; 0.17], ascospore length/width ratio (1.6–) 2.42–
2.46–2.51 (–3.2) [55; 3; 0.34]. Ascospore septum (1.7–) 2.6–

Fig. 5 a Calogaya altynis (XJU-NALH 20081049–6), morphotype with
blastidia. b The same specimen, morphotype with inconspicuous thallus.
c C. biatorina subsp. asiatica (PRA JV12707). d C. decipiens subsp.
esorediata (Mahroo 3164). e C. haloxylonis (holotype). f C. orientalis
(XJU-NALH 20136740). g C. xanthoriella (XJU-NALH 20081367). h
C. xinjiangis (XJU-NALH 20136641). Bar, 1 mm
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2.7–2.9 (–4.0) μm [55; 3; 0.5], septum width/ascospore length
ratio (0.1–) 0.19–0.21–0.22 (–0.31) [55; 3; 0.05].

Pycinidia rare, reddish orange, of Xanthoria type. Conidia
ellipsoid, (2.8–) 3.1–3.5–3.6 (−4.0) × (1.5–) 1.72–1.84–1.9 (–
2.3) μm [28; 2; 0.33 and 0.18].

Calogaya biatorina subsp. asiaticaM. Haji Moniri, Halıcı
& Vondrák, subspecies nova

MycoBank: MB820486
Fig. 5c
Type: TURKEY. Kahraman Maraş: Nurhak, alt. 2200 m,

38.034300 N, 37.417312E, on limestone in alpine zone, 31
Aug 2014, J. Vondrák 12670 (holotype PRA).

Type sequences: KY749012 (ITS), KY748805 (beta-tubu-
lin), KY748918 (MS204)

Etymology: Epithet refers to Asia; the whole known geo-
graphical range of the taxon lies within that continent.

Short diagnosis: Thallus ±orbicular, orange to red, with
lobate margin and areolate central part. Lobes are typically
slender, widened at tips, occasionally branched, not imbricate,
about 0.4–1.6 mm long and 0.2–0.4 mm wide. Areoles (in
central part of thallus) are round, convex and with ribbed
surface. White pruina is macroscopically visible towards
thalline margin but indistinct in thallus center; often forming
a rim between areoles and lobes. Apothecia in thallus centre
but also on lobes. Young apothecia urceolate, with deep crev-
ices in thalline exciple, but crevices diminish with age of
apothecia. Thalline margin always darker orange than discs.
Discs +/−white pruinose. Asci with 8 ascospores. Ascospores
polarilocular, ellipsoid, 10–12 μm long on average; length/
width ratio 1.9–2.4; spore length/septum width ratio 3.3–4.1.
Diagnostic characters against most similar taxa C. biatorina
subsp. biatorina and C. pusilla are summarised in Table 5.

Ecology and Distribution: Known only from limestone
rocks in dry and continental regions of southern Siberia, NW
China and Turkey, often in alpine zone, at altitudes 1310–
4830 m.

Phylogeny: Although it forms a supported clade distinct
from C. biatorina in the single-locus ITS phylogeny (Figs. 1
and 2, left), it is a part of the C. biatorina s.lat. clade in the
concatenated tree (Fig. 3). BP&P found no significant solution
for its status, although merging it into a single species with the
other two clades of C. biatorina sensu lato received higher
support than its treatment as a separate species (Fig. 4).

Detailed description: Thallus crustose, saxicolous,
placodioid, with marginal lobes and densely areolate in centre,
(0.5–) 1.04–1.16–1.25 (–2) cm diam. [21; 3; 0.42]. Lobes
slender, not overlapping, tightly apressed to substrate, (0.1–)
0.45–0.90–1.57 (–1.9) mm long [36; 4; 0.65] and (0.2–) 0.40–
0.47–0.50 (–1) mmwide [43; 4; 0.15]. Areoles round, convex,
(0.1–) 0.30–0.36–0.42 (–0.9) mm diam. [36; 4; 0.18].
Thickness of thallus (0.11–) 0.27–0.38–0.53 (–0.75) mm
[43; 4; 0.18]. Thallus surface rough to ribbed, dark orange or

red, usually white pruinose, but pruina often absent from tops
of lobes/areoles. Prothallus not seen. Vegetative diaspores ab-
sent. Cortex uneven (10–) 22.8–26.8–30.0 (–65) μm thick
[45; 4; 15.4], paraplectenchymatous, of cells (3–) 5.0–6.0–
6.5 (–12) μm × (2–) 3.35–3.80–4.0 (–8) μm [82; 4; 1.8 &
1.14] and containing extracellular crystals 3–8 μm × 1–
4 μm. Epinecral layer usually present, (10–) 23.0–34.3–50.1
(–87) mm thick [38; 4; 63], formed of deformed cortex cell
remnants. Algal layer (25–) 53–72–85 (–125)μm thick [45; 4;
24.85]; algal cells globose, (4–) 7.20–9.10–10.10 (–15) μm
diam. [66; 4; 2.73]. Medulla well developed, (75–) 154–230–
300 (–410) μm thick [41; 4; 93.95]; medullary tissue cellular,
formed of loose thin-walled paraplectenchymatus tissue,
consisting of cells variable in shape and size and of minute
extracellular crystals, c. 1–5 μm diam.

Apothecia usually abundant, (0.10–) 0.26–0.40–0.51 (–0.7)
mm diam. [73; 4; 0.15], zeorine to biatorine, at first urceolate
becoming sessile to adnate, (0.1–) 0.20–0.32–0.45 (–0.8) mm
high [41; 4; 0.17]. Disc orange, flat to convex, even, ± prui-
nose. Thickness of medulla under mature discs (35–) 69–98–
134 (–175) μm [42; 4; 39.19]. Thalline exciple orange, darker
than the disc, prominent, with dense deep cracks (in young
apothecia), reduced, with less and thinner cracks (in mature
apothecia), (10–) 21–25–30 (–40) μm thick in the middle part
[36; 4; 7.98] (in mature apothecia). Cortex of thalline exciple
restricted to the lower part, paraplectenchymatous, of thin-
walled cells, (3–) 2.8–4.7–5.4 (–8) μm× (2–) 3.3–4.0–4.6 (–
6) μm [50; 4; 1.1 and 1.1]. True exciple (10–) 15.1–16.3–17.2
(–27) μmwide [42; 4; 4.55], colourless, formed of thin-walled
paraplectenchmatous tissue in the uppermost part, of cells
(2.0–) 3.1–4.5–5.7 (–8.0) μm long × (1.0–) 2.2–3.0–3.7 (–
5.0) μm [47; 4; 1.5 and 1.04]; lower part of palisade
prosoplectenchyma of thin-walled cells, (3.0–) 4.2–6.2–7.0
(–10.0) μm× (1.5–) 2.5–2.6–2.9 (–4.0) μm [57; 4; 1.8 and
0.65]. Hymenium (32–) 52.0–65.0–73.7 (–87) μm thick [39;
4; 14.87]; colourless, glutinized, with extracellular oil drops;
uppermost part of hymenium yellow-brown by anthraqui-
nones. Hypothecium (23–) 35–46–66 (–75) μm thick [36; 4;
16] in central part, more or less flat, colourless, formed of thin-
walled cells of various shapes and sizes, (3.0–) 3.8–5.1–5.6 (–
8.0) μm× (1.0–) 3.3–3.7–3.8 (–6.0) μm [80; 4; 1.2 and 3.7];
sometimes with glutinized cell walls. Asci of the Teloschistes
type, clavate to cylindrical, 8-spored, (33–) 48–52–57 (–70)
μm × (11–) 14.3–15.0–15.3 (–23) μm [60; 4; 6.2&2.4].
Ascospores polarilocular, (7.0–) 10.4–11.2–12.1 (–
15.0) × (3.0–) 4.5–5.6–6.4 (–8.0) μm [96; 4; 1.8 and 1.0];
length/width ratio (1.14–) 1.93–2.04–2.37 (–3.50) [96; 4;
0.41]. Ascospore septa (2.0–) 2.8–2.9–3.2 (–5.0) μm wide
[96; 4; 0.76]; ratio of septum width/ascospore length (0.14–)
0.25–0.26–0.31 (–0.45) [95; 4; 0.06]; ascospore wall up to
1 μm thick; ascospores usually ellipsoid, but some sandglass,
rhomboid and citriform ascospores observed in all samples.
Paraphyses usually branched, containing oil droplets, (1.5–)
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2.3–2.5–2.7 (–5.0) μm wide in the lower part [69; 4; 0.7];
widened to (3.0–) 3.8–4.6–5.2 (–7.0) μm in the upper part
[73; 4; 1.0]; the number of widened cells below the paraphyses
tips 0–3; the tips always covered by external anthraquinone
pigments. Extracellular crystals ±present in all apothecial parts,
c. 1–5 μm diam., with no reaction with sulphuric acid.
Pycnidia not seen.

Calogaya decipiens subsp. esorediata M. Haji Moniri &
Vondrák, subspecies nova

MycoBank: MB820487
Fig. 5d
Type: IRAN. East Azerbaijan Province: Lake Urmia, rocks

near road c. 2 km N of Saraydeh, alt. 1280 m, 37.882956 N,
45.573871E, on siliceous rock, 7 May 2007, J. Vondrák 5822
(holotype PRA)

Type sequences: KY749050 (ITS), KY748812 (beta-tubu-
lin), KY748925 (MS204)

Etymology: Epithet refers to the absence of soralia (which
are present in C. decipiens subsp. decipiens).

Short diagnosis: Forming thick placodioid crust, up to
3 cm diam.; marginal lobes often folded and imbricate; thallus
surface matt yellow-ochre, sometimes white pruinose. Orange
zeorine apothecia abundant in central part of thallus. Thalline
apothecial margin always of the same colour as thallus. Disc
distinctly orange, not pruinose. Asci with 8 ascospores.
Ascospores polarilocular, ellipsoid, 9.5–10.5 μm long on av-
erage; ratio of septum width/ascospore length 0.25–0.35.
Similar to C. decipiens, but without vegetative propagules.

Ecology and Distribution: Known from siliceous and cal-
careous rocks in NW and NE Iran, at altitudes 980–1650 m.

Phylogeny: The subspecies esorediata forms a strongly
supported clade inside the clade of C. decipiens in the
concatenated tree (Fig. 3). It forms its own clade within
C. decipiens also in ITS and MS204, but it is unresolved in
beta-tubulin (Fig. 2). BP&P supported it as a distinct species
(Fig. 4).

Detailed description: Thallus crustose, epilithic,
placodioid, rosette forming, imbricate, matt yellow-ochre,
densely areolate at the centre. Lobe sides and folds white
pruinose, with crystals (3.0–) 3.0–3.2–3.3 (–4.0) cm diam.
[5; 2; 0.45]. Prothallus indistinct or absent. Areoles, convex,
round, polygonal or irregular (0.2–) 0.58–0.64–0.68 (–1.2)
mm [30; 2; 0.29]. Marginal lobes convex, folded, irregularly
branched, overlapped, usually broadened towards tips and
branching into 1–5 secondary lobules, (0.2–) 0.4–0.6–0.7 (–
1.0) mm wide at base [27; 2; 0.29], and (0.5–) 0.9–1.5–1.9 (–
3.5) mmwide at tips [30; 2; 0.77]; lobe length (2.0–) 3.5–4.0–
4.5 (–7.0) mm [32; 2; 1.29]. Thallus in section (0.2–) 1.1–1.2–
1.3 (–2.5) mm [39; 2; 0.67]. Vegetative diaspores absent.
Cortex uneven, (15–) 36–41–45 (–75) μm thick [15; 2;
18.9], of thick-walled paraplectenchymatous cells, (3.0–)
8.10–8.11–8.12 (–20.0) × (2.0–) 4.0–4.5–5.0 (–9.0) μm [47;
2; 3.5 and 1.33], with cell wall (1.0–) 1.2–1.4–1.5 (–2.0) μm
thick [32;2; 0.35]; mostly covered with brown-orange
epinecral layer, (12–) 24–27–29 (–62) μm thick [22; 2;
13.7]. Algal layer ±continuous, (75–) 117–130–143 (–225)
μm thick [15; 2; 41.3], but sometimes divided into indistinct

Table 5 Characters distinguishing Calogaya biatorina subsp. asiatica from the most similar Calogaya taxa. Character states in italics are considered
diagnostic against C. biatorina subsp. asiatica

Character C. biatorina subsp. asiatica C. biatorina subsp. biatorina C. pusilla

Thallus colour Dark orange to red Orange to reddish-orange Salmon, ochraceous-yellow
or yellow

Thallus size (mm) 10–15 2–20 2–18

Thickness of thallus (μm) (100) 270–530 (750) 100–250 (300) 100–365

Length/width of lobes
(mm); lobe position

0.4–1/0.4–0.5; not imbricate 0.4–3/0.3–1.5, contiguous
or imbricate

0.3–1.5/0.2–1.2; contiguous
or imbricate

Shape of inner areoles Round Angular, polygonal Irregular, polygonal

Pruina Macroscopically visible towards
thallus margin, but indistinct in
thallus centre; often forming
a rim between areoles and
lobes

Most of Asian specimens
not pruinose

Sometimes pruinose and covering
whole upper surface in central
parts of thallus

Thickness of algal layer (mcm) 55–85 40–80 40–125

Apothecium diam. (mm) 0.25–0.5 0.3–0.8 0.2–1.2

Thalline margin Darker than disk Paler than disk Same colour or paler than disk

Ascospore size (μm) (7)10.4–11.2–12.1(15) ×
(3)4.5–5.6–6.4(8)

(9)11–12.4–14(16.5) ×
(5)6.5–7.3–8(9.5)

(9)10.5–11.9–13.5(15.8) ×
(4.5)5.5–6.3–7(8.7)

Ascospore septum (μm) (2)2.8–2.9–3.2(5) (1.5)2–2.7–3.5(4.5) (2.5)3–3.9–4.5(6)

Length/septum ratio (2.34–) 3.32–3.93–4.06 (7.0) (2.7)3.4–4.7–6.2(9.8) (2.1)2.6–3.1–3.7(4.6)
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algal stacks; algal cells globose, (7.0–) 11.0–12.0–12.5 (–
22.5) μm diam. [29; 2; 4]. Medulla well developed, loose
prosoplectenchyma, (0.3–) 1.1–1.3–1.4 (–2.0) mm thick [20;
2; 0.5], medullary tissue consisting of thin-walled hyphae,
(1.5–) 3.2–3.6–3.8–5.0) μm thick [27; 2; 1.12]. Extracellular
crystals without reaction to sulphuric acid observed in both
cortex and medulla.

Apothecia frequent, mostly aggregated in the central part,
dark orange, zeorine to biatorine, round to oval, (0.6–) 1.26–
1.26–1.26 (–1.8) mm diam. [21; 2; 0.29], sessile, (0.22–)
0.41–0.43–0.44 (–0.6) mm high [21; 2; 0.10]. Medulla under
the apothecium distinct, (0.22–) 0.40–0.42–0.44 (–0.65) mm
high [17; 2; 0.13]; formed of hyphae (0.1–) 3.0–3.2–3.5 (–5.0)
μm thick [30; 2; 0.89]; sparse minute oil drops and crystals
present. Disc orange, flat to convex, even, usually with dotted
surface ornamentation, sometimes cracked (also in young
apothecia). Thalline exciple more visible in young apothecia,
slightly or not prominent in mature apothecia, of the same
colour as thallus, (12–) 23–35–47 (–68) μm wide in the mid-
dle part [16; 2; 18]. Cortex of thalline exciple formed of thin-
walled paraplectenchymatous cells, (5.0–) 7.4–7.5–7.6 (–
9.0) × (3.0–) 4.9–5.2–5.3 (–7.0) μm [24; 2; 1.07 and 0.94].
True exciple yellow to slightly yellow-orange, always paler
than the disk, colourless in inner parts, (6.0–) 12.2–12.8–13.3
(–18.0) μm wide [20; 2; 3.65]; formed of thin-walled cells, c.
0.2–0.5 μm thick; with paraplectenchymatous cells in the up-
permost part, (3.0–) 4.1–5.7–7 (−12) × (2.0–) 2.8–3.2–3.5 (–
5.0) μm wide [20; 2 ; 2 .2 and 0 .95] , and c lear
prosoplectenchymatous tissue in the lowermost part, with
cells (5.0–) 7.0–8.1–10.3 (–12.0) × (2.0–) 3.0–3.2–3.8 (–5.0)
μm [27; 2; 2.01 and 0.8] with thick walls, (0.5–) 0.6–0.7–0.8
(–1.0) μm wide [20; 2; 0.13]. Hypothecium usually flat,
colourless, (45–) 62–65–69 (–80) μm thick [19; 2; 10.6],
formed of cells with different shapes, (2.0–) 5.6–6.2–6.6 (–
10.0) × (2.0–) 3.4–3.7–3.8 (–5.0) μm [30; 2; 2.2 and 0.84].
Hymenium colourless, (50–) 57–60–62 (–79) μm high [22;
2; 8.3], with extracellular crystals of calcium salts, c. 1–2 × 2–
3 μm, with positive reaction to sulphuric acid; some minute
dispersed extracellular oil drops present. Paraphyses usually
simple, seldom branched, often formed of thin-walled cells,
glutinized cell walls not observed (1.0–) 2.0–2.05–2.1 (–3.0)
μmwide at base [29; 2; 0.48]; apical cells swollen (3.0–) 3.8–
4.2–4.4 (–5.0) μmwide [26; 2; 0.74]; the number of widening
cells below the paraphyses tips (1–4) [33; 2; 0.9]; the tips
always covered by external anthraquinone pigments. Asci
clavate, 8-spored, of Teloschistes type, (42–) 54–56–58
(–80) μm high [23; 2; 11.6], and (11.0–) 14.1–14.2–14.2
(–18.0) μm wide [22; 2; 1.7]. Ascospores well developed,
polarilocular, (4.0–) 4.8–5.0–5.0 (–6.0) × (8.0–) 9.7–10.0–
10.3 (–12.0) μm [27; 2; 0.7] and [34; 2; 1.43]; length/width
ratio (1.4–) 1.9–2.0–2.1 (–3.0) [27; 2; 0.38]; septa (2.0–)
2.4–2.5–2.5 (–3.0) μm thick [28; 2; 0.5]; ratio of septum
width/ascospore length (0.17–) 0.25–0.26–0.26 (–0.37)

[16; 2; 0.06]; usually ellipsoid, but citriform, sandglass,
and rhomboid shapes rarely present.

Pycnidia frequent (less common than apothecia), (150–)
210–240–275 (–300) μm wide in section through the mid-
dle part [9; 2; 52.12], surrounded by cortex, distinguish-
able on surface by their orange tops contrasting with yel-
low thallus surface. Conidiophores raised from the com-
pact anastomosed tissue, packed together, various in shape,
formed of isodiametric, long or cone-shaped cells, (3.0–)
4.5–4.9–5.0 (–10.0) μm length [30; 2; 1.66]. Conidia usu-
ally ellipsoid (1.0–) 1.3–1.4–1.5 (−2.0) × (2.0–) 2.9–3.0–
3.1 (–4.0) μm [30; 2; 0.35 and 0.37].

Calogaya haloxylonis M. Haji Moniri, H. Shahidin &
Vondrák, species nova

MycoBank: MB820488
Fig. 5e
Type: CHINA. Xinjiang: Dzungaria basin desert, alt.

439 m, 44.412039 N, 87.858391E, on old Haloxylon
persicum stems, 3 May 2008, A. Abbas, H. H. Shahidin
20080186 (holotype XJU-NALH).

Type sequences: KY749022 (ITS), KY748763 (beta-tubu-
lin), KY748896 (MS204).

Etymology: Bhaloxylonis^ means pertaining to Haloxylon.
Although Greek form of the adjective is Bhaloxyli^, we prefer
to follow Latin grammar.

Short diagnosis: Thallus consisting of minute grey-green
to yellow squamules that dissolve into yellow blastidia.
Apothecia absent or sparse (rarely aggregated), orange,
zeorine. Thalline apothecial margin usually paler than the
disk. Asci with 8 ascospores. Ascospores polarilocular, c.
10.5–12.0 × 5.0–6.0 μm, with septa c. 2.5–3.2 (–5.0) μm, up
to 5 μmwide. Pycnidial tops dark orange. Conidia ellipsoid to
subglobose c. 1.5–3.0 × 1.0–1.5 μm.

Ecology and distribution: Known from three localities in
NE China (Xinjiang: Dzungaria basin and Tianshan Mts) at
altitudes 430–2710m and once collected in NE Iran at altitude
1550m. It is a strict epiphyte on twigs and stems ofHaloxylon
persicum, rarely on other woody plants.

Phylogeny: Calogaya haloxylonis forms a well-supported
clade in the single-locus trees (Fig. 2) and in the concatenated
tree (Fig. 3). Its relationships to other Calogaya species are
unresolved. BP&P supported it as a distinct species (Fig. 4).

Detailed description: Thallus epiphytic, covering up to
several centimetres, formed of minute yellow-orange to
strongly orange squamules. Squamules usually scattered, not
overlapping, (0.1–) 0.3–0.6–0.9 (–1.6) mmwide [59; 4; 0.31],
(0.1–) 0.25–0.27–0.3 (–0.4) mm thick [87; 7; 0.07], emerging
from ±hypophloedal yellow-grey hypothallus. Blastidia yel-
low to grey, formed onmargins of squamules or raised directly
from hypothallus, (13–) 33.35–37.90–43.20 (–75) μm diam.
[51; 4; 18.1]; prothallus not seen. Alveolate cortex conspicu-
ous, uneven, (12–) 26–31–34 (–62) mm [37; 4; 14.3], usually
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covered with thin yellow-brown epinecral layer, with dis-
persed ± isodiametric crystals of calcium salts, (1.0–) 1.56–
2.02–2.20 (–5.0) μm diam. [58; 4; 0.96]. Algal layer uneven,
(50–) 107–136–164 (–250) μm thick [34; 4; 59.4]; algal cells
(5.0–) 13.4–14.8–16.6 (–30.0) μm diam. [52; 4; 6]. Medulla/
algonecral medulla (63–) 124.6–131.9–143.5 (–212)μm thick
[36; 4; 42.6]; formed by prosoplectenchymatous tissue, of
thin-walled hyphae, (2.00–) 3.14–0.82–3.56 (–5.00) μm
diam. [34; 4; 0.82]; with ± isodiametric dispersed crystals of
calcium salts, (1.0–) 2.0–2.54–2.85 (–5.0) μm diam. [52; 4;
1.01]; forming needle-like crystals with sulphuric acid.

Apothecia absent or rather sparse, dispersed to aggregated,
zeorine, orange, rounded, (0.3–) 0.51–0.54–0.64 (–1) mm
diam. [38; 4; 0.13]. Mature apothecia adnate to sessile,
(0.10–) 0.24–0.3–0.34 (–0.75) mm high [25; 2; 0.14].
Medulla below the apothecium distinct, (75–) 130–132–133
(–250) μm high [23; 2; 38.6]; formed of compact isodiametric
cells under apothecial edge, becoming loose with long
branched hyphae below the apothecial centre; sometimes an
uneven layer of isodiametric cells forming the lowest surface.
Disc flat to weakly convex, even, not pruinose. Thalline
exciple persistent, orange, (20–) 30–80–133 (–195) μm wide
in the middle part [32; 6; 30]. Cortex of thalline exciple
formed of thick-walled cells variable in shape (rounded to
hexagonal) with lumina (3.0–) 4.9–7.6–8.4 (–13.0)
μm× (3.0–) 4.0–5.0–6.0 (–7.0) μm [59; 4; 2.17 & 1.15]; cell
walls (0.4–) 0.9–1.3–1.8 (–3.0) μm thick [50; 4; 0.75]; in
some parts covered with a light brown epinecral layer c. 5–
15 μm thick. True exciple prominent, persistent, colourless,
(12–) 19–21–23 (–35) μm wide [21; 2; 6.2]; formed of thin-
walled cells in the uppermost part, (3.0–) 4.1–4.6–4.9 (–7.0)
μm× (1.0–) 2.3–2.5–2.8 (–3.0)μm [26; 2; 1.05 and 0.58]; and
of elongated thin-walled cells in the lower part, (3.0–) 6.3–
6.7–7.0 (–9.0)μm× (1.0–) 1.9–2.5–2.9 (–4.0)μm [34; 2; 2.17
and 0.86]. Hypothecium flat, colourless, sometimes with
weak greyish tinge in the centre or at the base, (20–) 45–56–
64 (–100) μm thick [38; 5; 17.4], formed of intricate
paraplectenchymatous tissue with thin-walled cells, (3.0–)
5.4–5.7–6.7 (–11.0) μm× (2.0–) 3.6–3.8–4.1 (–7.0) μm [73;
4; 1.65 and 1.1]. Hymenium colourless, (43–) 52–70–85 (–
112) μm high [42; 5; 17.1], with ±gelatinous matrix and with
sparse minute oil drops; extracellular crystals of calcium salts
(1.0–) 2.5–3.3–4.1 (–10.0) μm × (1.0–) 2.1–2.4–2.6 (–5.0)
μm [40; 2; 2.2 and 1.25] with no reaction with sulphuric acid.
Paraphyses branched, thin-walled but sometimes glutinized,
(2.0–) 2.2–2.5–2.6 (–4.0) μmwide [67; 4; 0.56] in lower part,
widening gradually to (3.0–) 4.2–5.0–5.6 (–7.0) μm [70; 5;
1.02] in tip cells containing oil drops; 1–2 uppermost cells
widened, tips always covered by external anthraquinone pig-
ments. Asci clavate, 8-spored, of Teloschistes type, (32–) 42–
51–60 (–80) μm tall [66; 5; 8.9], and (8–) 11–14–15 (–20) μm
wide [66; 5; 2.8]. Ascospores polarilocular, (7.0–) 10.9–11.3–
11.8 (–16.0) × (3.0–) 5.2–5.5–5.7 (–8.0) μm [119; 5; 1.9 &

1.0], septa (10.0–) 2.5–2.9–3.2 (–5.0) μm [119; 5; 0.72].
Ascospore length/width ratio; (1.14–) 1.94–2.11–2.28 (–4.0)
[119; 5; 0.51]; septum width/ ascospore length ratio; (0.08–)
0.23–0.26–0.29 (–0.57) [119; 5; 0.08]. Well-developed asco-
spores ellipsoid, but rarely citriform or rhomboid ascospores
observed.

Conidiomata, pycnidia visible as strong orange spots on
thallus surface, (80–) 90–92–93 (–100) μm wide in section
through the middle part [13; 3; 8]; surrounded by cortex
tissue; pycnidial wall around ostiolum light to dark brown-
ish, otherwise colourless. Conidiophores arranged tightly;
conidiogeneous cells variable in shape, ± isodiametric, thin
walled, usually smaller than cortical cells surrounding pyc-
nidium, (2.0–) 3.8–4.1–4.5 (–6.0) μm in size [58; 3; 1.07].
Conidia ellipsoid to subglobose, (1.0–) 1.0–1.28–1.53 (–
2.0) × (1.0–) 1.62–1.28–2.80 (−3.0) μm [35; 3; 0.4 and
0.75].

Calogaya orientalis M. Haji Moniri, H. Shahidin, Halıcı,
Vondrák, species nova

MycoBank: MB820489
Fig. 5f
Type: CHINA. Xinjiang: westernmost fringe of the Kunlun

ShanMts, Oytagh, alt. 2840m, 38.898533 N, 75.225833E, on
dead wood of Juniperus centrasiatica in subalpine cold de-
sert, H. Shahidin & A. Abbas 20110301 (holotype XJU -
NALH).

Type sequences: KY749061 (ITS), KY748770 (beta-tubu-
lin), KY748908 (MS204)

Etymology:Epithet refers to the distribution ofC. orientalis
east of Europe.

Short diagnosis:Unlike otherCalogaya species, the thallus
ofC. orientalis is largely reduced to a thalline exciple, and this
character is most similar to some species of Athallia.
Muscicolous specimens are morphologically indistinguish-
able from the alpine A. saxifragarum. Corticolous specimens
strongly resemble A. cerinelloides. Both Athallia species have
distinctly broader ascospores and wider ascospore septa.
Whilst ascospore length/width ratio is about 2–2.3 in
C. orientalis, it is 1.3–1.7 in A. cerinelloides and 1.6–1.8 in
A. cerinelloides. Ascospore septa are 2–4 μm wide in
C. orientalis but usually more than 4.5 μm wide in both
Athallia species (more details for Athallia in Vondrák et al.
2012). Some species of Calogaya with reduced thallus (e.g.
C. ferrugineoides) are distinct in having stalked apothecia
with high loose medulla underneath; C. orientalis usually
has sessile apothecia.

Ecology and distribution: All records are from arid steppe/
desert habitats in Iran, Turkey and NW China, at altitudes
810–2840 m. Six sampled specimens are muscicolous on cal-
careous or volcanic outcrops, five are overgrowing plant de-
bris on soil and three are corticolous on shrub twigs or on sun-
lit bark of solitary trees.
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Phylogeny: Calogaya orientalis forms a supported clade in
all single-locus trees (Figs. 1 and 2) and in the concatenated
tree (Fig. 3), with unresolved relationships to other Calogaya
taxa. BP&P supported it as a distinct species (Fig. 4).

Detailed description: Thallus inconspicuous, thin, film-
like, mostly visible only as a white-grey rim around apothecia.
Cortex developed only in thalline exciple; distinct algal layer
andmedulla only present below apothecia. Algal cells globose
(10.0–) 14.1 (–17.5) μm diam [60; 1; 3.3]. Prothallus indis-
tinct from thallus. Vegetative diaspores absent.

Apothecia orange, zeorine to biatorine, dispersed to aggre-
gated in groups, rounded to slightly ellipsoid, (0.45–) 0.74–
0.75–0.96 (–1.30) mm diam. [48; 4; 0.20]. Mature apothecia
sessile to constricted at the base, or somewhat stipitate,
(0.15–) 0.31–0.34–0.36 (–0.48) mm high [41; 4; 0.07].
Medulla under the apothecium distinct, (20–) 131–115–162
(–210) μm high [20; 4; 59]; formed of isodiametric to
ellongated cells, (5.0–) 6.0–9.1–9.5 (–15.0) μm long [44; 4;
2.5] and (3.0–) 5.0–6.1–7.2 (–10.0) μmwide [44; 4; 1.6], or of
hyphae (1.5–) 3.0–3.4–3. 8 (–5.0) μm wide [36; 4; 0.9]; with
polygonal brownish extracellular crystals, (3.0–) 8.4 (–25.0)
μm long [17; 1; 5.0] and (3.0–) 6.4 (–12.5) μm wide [17; 1;
3.0]. Disc flat to weakly convex, in mature ascomata raised
and with uneven surface, not pruinose. Thalline exciple visi-
ble in young apothecia, orange, later inconspicuous but per-
sistent on the lower side of apothecial margin, (23–) 39–84–
135 (–222) μm wide in the middle part [38; 7; 44] (measured
perpendicular to the outer surface of the exciple, approximate-
ly at the midpoint of apothecial height). Cortex of thalline
exciple restricted to the lower part, formed of thick-walled
intricate paraplectenchyma, of angular cells with lumina
(4.0–) 7.2–8.9–11.0 (–15.0) μm long [49; 4; 2.7], and (2.5–)
5.3–6.3–8.5 (–10.0) μm wide [49; 4; 2.3], and with cell walls
(1.0–) 1.7–2.1–2.2 (–2.7) μm thick [32; 3; 0.4]. True exciple
prominent, persistent, yellow to yellow-orange, always paler
than the disk, colourless in inner parts, sometimes weakly
cracked in mature apothecia, (15–) 24–29–34 (–50) μm wide
[31; 4; 9.8]; formed of thin-walled cells in the uppermost part,
(3.0–) 4.4–5.5–6.2 (–10.0) μm long [38; 4; 1.6] and (2.0–)
3.5–4.0–5.0 (–6.0) μm wide [38; 4; 1.0] and of elongated
thin-walled cells in the lower part, (4.0–) 6.5–7.0–8.5 (–
12.0) μm long [28; 4; 1.7] and (2.0–) 2.5–2.9–3.1 (–5.0) μm
wide [28; 4; 0.5]. Hypothecium flat, colourless or sometimes
weakly greyish at the base, (13–) 28–30–28 (–70) μm thick
[40; 4; 10.6], formed of paraplectenchymatous tissue with
thin-walled cells (4.0–) 6.1–6.7–7.0 (–13.0) μm long [48; 4;
1.6], and (2.5–) 4.1–4.8–6.1 (–7.5) μm wide [48; 4; 1.2].
Hymenium colourless, (55–) 66–72–77 (–95) μm high [35;
4; 10.5], with some extracellular oil drops. Paraphyses
±branched, of thin-walled cells, (1.5–) 1.8–2.8–3.7 (–5.0)
μm wide [60; 4; 0.9], but cell walls sometimes glutinized;
apical cells swollen (4.0–) 5. 8–6.4–7.0 (–9.0) μm wide [61;
4; 1.1]; the number of widening cells below the paraphyses

tips 0–3; the tips always covered by external anthraquinone
pigments. Asci clavate, 8-spored, of Teloschistes type, (42–)
50–54–56 (–68) μm tall [48; 4; 5], and (10.0–) 11.8–14. 0–
15.6 (–20.0) μm wide [48; 4; 2.2]. Ascospores polarilocular,
(10.0–) 11.7–12.0–12.5 (–14.0) × (4.0–) 5.0–5.7–6.3 (–8.0)
μm [65; 4; 1.1 and 0.9]; length/width ratio (1.37–) 1.99–
2.22–2.38 (–3.00) [65; 4; 0.49]; ascospore wall about 0.5–
1 μm wide; septa (2.0–) 2.6–3.20–3.13 (–5.0) μm thick [65;
4; 0.82]; ratio of septum width/ascospore length (0.14–) 0.25–
0.26–0.30 (–0.45) [65; 4; 0.06]. Ascospores generally ellip-
soid, but rhomboid ascospores rarely observed. Pycnidia not
seen. Extracellular crystals from all thalline and apothecial
parts without reaction with sulphuric acid; (pol+).

Calogaya xanthoriella H. Shahidin, species nova
MycoBank: MB820491
Fig. 5g
Type: CHINA. Xinjiang: Tuo-li, alt. 1450 m, 45°49.003′N,

45.8167166 N, 83.58125E, on twigs of Berberis heteropoda,
7 Aug 2008, H. Shahidin 20081344 (holotype XJU-NALH).

Type sequences: KY749096 (ITS), KY748768 (beta-tubu-
lin), KY748866 (MS204)

Etymology: Epithet refers to thallus shape that resembles a
minute species of Xanthoria.

Short diagnosis: Thallus of short-lobed rosettes, but some-
times reduced to squamules around apothecia. Lobes and
squamules flat, yellow to greenish yellow. Apothecia small
(0.4–0.7 mm diam.), zeorine, distinctly stalked. Disc concave
to flat; thalline exciple yellow to orange. Asci with 8 asco-
spores. Ascopsores narrowly to broadly ellipsoid, 9–14 × 4–
7 μm, length/width ratio 1.5–3; ascospore septum 3–5 μm
wide, septum width/spore length ratio 0.25–0.42.

Ecology and distribution: Known from montane desert
steppes in central Tianshan Mts in China and in mountains
of continental Turkey at altitudes 900–2050 m. On bark of
shrubs or trees (e.g. Berberis, Lonicera and Malus sieversii)
or on weathered wood.

Phylogeny: Calogaya xanthoriella forms a supported clade
in the single-locus trees (Figs. 1 and 2) and in the concatenated
tree (Fig. 3). In the concatenated tree, it is closely related to a
lineage consisting of two saxicolous specimens (part of the
C. saxicola complex) from NW China and southern Siberia.
Their sister relation is supported (PP = 0.99). The relationship
of their common clade to other Calogaya taxa is not resolved.
BP&P supported it as a distinct species (Fig. 4).

Detailed description: Thallus crustose, corticolous, squa-
mulose to minutely lobate. Lobes flat, light golden yellow
to greenish yellow, very short, (0.05–) 0.1–0.14–0.17 (–
0.28) mm long [20; 2; 0.06] and (0.06–) 0.1–0.12–0.14
(–0.29) mm wide [20; 2; 57.4]. Thallus (120–) 140–180–
185 (217) μm thick [16; 3; 32.3]. Alveolate cortex (10–)
18.4–20.9–23.4 (–46) μm thick [23; 2; 8.1]; cortex cells
±round, (4.3–) 7.1–7.4–7.9 (–12.6) × (3.3–) 5.1–5.6–6.4 (–
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11.7) μm [16; 2; 2.3 and 2], cell walls (0.3–) 0.7–0.83–1.0
(–2.4) μm wide [16; 2; 0.48].

Apothecia lecanorine to zeorine, (0.2–) 0.4–0.4–0.6 (–0.7)
mm diam. [22; 3; 0.15], apothecial stalks connected at base, of
Xanthoriella type (sensu Steiner and Poelt 1982). Disc con-
cave to flat, orange to dark orange, disk surface with yellow
pruina, ±smooth. Thalline exciple paler than disk, bright or-
ange to greenish yellow, mostly hidden below apothecial mar-
gin; (41–) 56–59–60 (–98) μm thick in the upper part and
(76–) 133–148–153 (–259) μm thick in the lower part [13;
2; 17 and 43]. Cortex of thalline exciple (17–) 29.6–35.6–38.3
(–59) μm in thick [13; 2; 11.1], of oval to polygonal cells,
(5.3–) 9.3–10.2–11.7 (–16.4) × (3.2–) 6.9–7.7–9.1 (–12.6) μm
[18; 2; 3. 3&2.7], cell walls 1–2.5 μm thick. True exciple
(Parathecium) same colour as disc or paler, 18–58 μm wide,
outer part of radiating, oval cells, (6.1–) 6.8–6.8–6.9 (–
7.9) × (5.5–) 5.7–5.7–5.9 (–6.0) μm [7; 2; 0.65 and 0.2].
Inner part (between thalline exciple and hypothecium) (8–)
9.0–12.1–13.1 (24) μm thick [8; 2; 5], of narrow, long and
glutinized hyphae. Hymenium colourless, (50–) 58.3–63.2–
68.7 (–73.2) μm thick [18; 3; 6.4]. Hypothecium (12–)
17.3–25.3–29.9 (–49) μm thick [21; 3; 9.7], of thin-walled,
variously shaped cells, (3.2–) 4.8–5–5.2 (–7.7) × (2.3–)
3.1–3.3–3.5 (–4.2) μm [5; 1; 1.6 and 0.62]. Paraphyses
(1.6–) 2.2–2.3–2.4 (–3.0) μm wide [16; 2; 0.14], usually
simple, rarely forked, 1–3 uppermost cells swollen, with
oil droplets; tip cells (4–) 5.7–6.3–7.1 (–8.2) μm wide [11;
3; 1.2]. Asci clavate, (37–) 44.9–46.9–47.9 (−58) × (9–)
10.7–11.3 –13.7 (–14) μm [23; 3; 4.8 and 23; 3; 1.6], with
6–8 spores. Ascopsores ellipsoid, (8–) 10.6–11.2–12.9 (–
16) × (4–)5.0–5.2–6.2 (–7) μm [52; 3; 1.57 and 0.76],
length/width ratio (1.5–) 2.1–2.2–2.3 (–3.2) [52; 3; 0.31].
Ascospore septum (2.0–) 3.6–3.8–4.0 (–5.0) μm wide [52;
3; 0.65], septum width/spore length ratio (0.2–) 0.31–
0.34–0.36 (–0.4) [42; 3; 0.49]. Pycnidia not observed.

Calogaya xinjiangis H. Shahidin, species nova
MycoBank: MB820492
Fig. 5h
Type: CHINA. Xinjiang: Tianshan Great canyon, alt.

3032 m, 43.288633 N, 87.420983, on stem and twigs of
Juniperus pseudosabina, 11 July 2014, H. Shahidin 144933
(holotype XJU-NALH).

Type sequences: KY749024 (ITS), KY748830 (beta-tubu-
lin), KY748946 (MS204)

Etymology: Bxinjiangis^ is the genitive singular case of the
noun Xinjiang, thus meaning Bof Xinjiang^ (C. xinjiangis is
only known from Xinjiang).

Short diagnosis: Thallus inapparent or yellow, bullate are-
olate to subsquamulose, usually surrounding young apothecia.
Apothecia numerous, zeorine, 0.5–1.0 mm diam., usually
grouped, stalked. Disc bright orange, thalline exciple yellow.
Asci with 8 ascospores. Ascospores 8–14 × 5–9 μm, length/

width ratio 1.8–2.3. Ascospore septum 2.5–4 μm wide, sep-
tum width/spore length ratio 0.19–0.34.

Ecology and distribution: Known from two localities in
Tianshan Mts (NW China, Xinjiang) in montane/subalpine
steppes, at altitudes 2500–3000 m). Growing on bark of
Juniperus centralasiatica and J. pseudosabina.

Phylogeny: Calogaya xinjiangis forms a supported clade in
the single-locus trees (Figs. 1 and 2) and in the concatenated
tree (Fig. 3). Its relationships to other Calogaya taxa are un-
resolved. BP&P supported it as a distinct species (Fig. 4).

Detailed description: Thallus crustose, corticolous, incon-
spicuous or forming bullate areoles or small squamules sur-
rounding young apothecia, orange to greenish yellow.
Areoles/squamules (0.09–) 0.11–0.16–0.2 (–0.26) mm diam.
[19; 3; 45.7]; thallus (35–) 79.4–88–98.4 (–127)μm thick [20;
2; 23.2]. Cortex uneven, (8.3–) 18–20–22 (–31) μm thick [17;
2; 6.5], alveolate, of cells (5.7–) 7.9–8.9–9.9 (−10.4) × (3.4–)
5.6–6.7–7.9 (–9) μm [14; 2; 1.4 & 1.8]; cell walls (0.56–)
0.92–0.98–1.1 (–1.3) μm wide [14; 2; 0.21]. Algal layer dis-
continuous, (41–) 51.2–57.3–69.5 (–76) μm thick [9; 2; 11.5],
algal cells (10–) 12.6–14.5–15.5 (–22) × (8–) 9.7–12.4–13.5
(–18.3) μm [16; 2; 2.8 and 2.5].

Apothecia abundant, (0.23–) 0.46–0.52–0.77 (–1.25) mm
diam. [28; 3; 0.2], usually grouped, along fissures in substrate,
stipitate, bright orange, zeorine. Disk plane to convex, dark
orange to ferruginous orange. Thalline exciple prominent and
bright orange in young apothecia, but reduced and hidden
below margin in older apothecia; (37–) 64–73–81 (–105)
μm thick in the upper part and (102–) 126–144–160 (–198)
μm thick in the lower part [15; 2; 18 and 27]. Cortex of
thalline exciple (12.3–) 23.4–29.4–49.1 (–59.6) μm [25; 3;
12.6], cortex cells with tiny oil droplets, of cells (5–) 9.3–
11.1–13.3 (–18.8) × (2.7–) 6.2–7.5–9.3 (–13.7) μm [30; 3;
3.5 and 3], cell walls (0.49–) 0.95–1.25–1.64 (–2.7) μm wide
[30; 3; 0.5]. True exciple (parathecium) well developed,
coloured as disk in mature apothecia, but yellow in young
apothecia, (35.4–) 40.8–52.3–59.2 (–76.9) μm wide [14; 3;
11.1], consisting of radiating oval cells (4.3–) 6.9–7.4–8.3 (–
13.1) × (4–) 4.9–5.5–6.7 (–7.8) μm [18; 3; 2.3 and 1], cell
walls (0.43–) 0.98–1–1.03 (–1.5)μmwide [14; 2; 0.3], lumina
with oil droplets. Lower part of true exciple (forming a belt of
cells between the thalline exciple and hypothecium) (7–) 9.9–
15.3–18.3 (–23) μm thick [18; 3; 3.9], of long and narrow
hyphae. Hymenium colourless, (45–) 51.3–63.1–80.2 (–91)
μm thick [17; 3; 14.8]. Hypothecium inspersed, colourless,
(14–) 32–33–37.8 (–60) μm in high [20; 3; 10.5], of cells
(3.4–) 6.1–6.6–7.6 (–13.3) × (2.2–) 3–4.2–5 (9.2) μm [22; 3;
3 and 1.6], with oil droplets. Medulla below apothecia strong-
ly developed. Paraphyses (1.6–) 2–2.2–2.3 (–2.9) μm wide
[36; 3; 0.29], usually simple, rarely forked near tips, tip cells
swollen, (4.3–) 5.6–6.3–7.1 (–8.6) μm wide [23; 3; 1.2], with
oil drops. Asci 8-spored, (42–) 49.4–52.7–57 (–64) × (9–)
14.2–14.8–15.6 (–19.5) μm [26; 3; 6.1 and 2.4], length/

Mycol Progress

Author's personal copy



width ratio (2.26–) 3.2–3.7–4.2 (–6.78) [26; 3; 0.94].
Ascospores (7.2–) 11.3–11.5–11.7 (–14.6) × (4.7–) 6.1–6.7–
7.2 (–9.5) μm [50; 3; 1.9 and 1], length/width ratio (1.13–)
1.64–1.73–1.91 (–2.4) [50; 3; 0.32], spore wall (0.4–) 0.68–
0.7–0.74 (−1) μm wide [29; 3; 0.18]. Ascospore septum
(2.2–) 2.83–2.9–3 (–3.9) μm wide [50; 3; 0.47], septum
width/spore length ratio (0.18–) 0.25–0.26–0.26 (–0.38) [50;
3; 0.045]. Pycnidia not observed.

New combinations

Calogaya polycarpoides subsp. persica (J. Steiner) M. Haji
Moniri & Vondrák, combinatio nova

MycoBank: MB820493
≡ Xanthoria polycarpoides var. persica J. Steiner, Annales

Mycologici 8:241. 1910.
Type: IRAN. Arak Province, Gulpeighan [Golpayegan],

33.53°N, 50.30°E, on Salix bark, 1905/1906, Th. Strauss (lec-
totype W, not seen).

Commentary: Steiner and Poelt (1982) considered
Caloplaca (= Calogaya) persica and C. polycarpoides as
two distinct species that are only distinguished by the number
of ascospores in asci. Both taxa are epiphytic, known mainly
from dry regions of western Asia. Our single-gene and
concatenated phylogenies (Figs 2 and 3) did not recognise
the two taxa that commonly grow in the same locality (even
on the same tree). BP&P found no significant solution for its
status but found higher probability for treating the two taxa as
a separate species than for merging them into a single species
(Fig. 4). Identical ecology, almost identical morphology and
the observed genetic similarity are reasons for their
recognition as infraspecific taxa. However, the increased
number of ascospores in asci of subsp. persica is a unique
character in Calogaya and may have evolutionary potential.
Kondratyuk et al. (2013) reported 8–16 ascospores in asci also
in Caloplaca (= Calogaya) zoroasteriorum, but his counts
came probably from apothecia of C. persica as both species
are commonly intermixed. (C. zoroasteriorum is rarely fertile
and we observed only 8-spored asci in this species.)

Calogaya zoroasteriorum (S.Y. Kondr., Kärnefelt, A.
Thell, Elix, J. Kim, A.S. Kondratiuk & J.-S. Hur) M. Haji
Moniri & Vondrák, combinatio nova

MycoBank: MB820494
≡ Lazarenkoella zoroasteriorum S.Y. Kondr., Kärnefelt, A.

Thell, Elix, J. Kim, A.S. Kondr. & Hur, in Kondratyuk,
Kärnefelt, Thell, Elix, Kim, Kondratiuk & Hur, Acta botanica
hungarica 57, p. 340. 2015.

≡ Caloplaca zoroasteriorum S. Y. Kondr. & M. Haji
Moniri, Acta Botanica Hungarica 55(1–2):56–59 2013.
(Illegitimate name).

Type: IRAN. Razavi Khorasan province: West of Torbat-e
Heidarieh, Baig, Rudmaajan, close to waterfall, on bark of

Prunus sp. Lat.; 35.455328°N, 58.839282°E; Alt.; 1118 m,
15 Sept 2012, F. Hooshmand and M. Haji Moniri 2481 (ho-
lotype TARI).

Commentary: Based on our DNA sequence data from four
specimens (including one paratype), this distinct sorediate
species (Kondratyuk et al. 2013) is placed in Calogaya. In
the concatenated tree, it forms two close lineages but without
supported sister relationship (Fig. 3). In single-locus ITS and
beta-tubulin trees, sequences of C. zoroasteriorum group to-
gether, but with no support (Figs 1 and 2). BP&P revealed no
significant solution for the status of the two lineages of
C. zoroasteriorum, but it found higher probability for
recognising them as separate species than for merging them
into a single species (Fig. 4). Because of their similar mor-
phology and ecology, we decided to merge specimens of both
lineages under the nameC. zoroasteriorum, although two taxa
may be included.

Kondratyuk et al. (2015a) accommodated the species in
the new monotypic genus Lazarenkoella belonging to a
different subfamily Brownlielloideae, but the genus and
the whole subfamily was described on the basis of a hybrid
dataset of DNA sequences: their concatenated dataset
contained ITS and nrLSU loci from the lichen mycobiont,
but mtSSU from a fungal contaminant. Furthermore,
Lazarenkoella was established on the basis of lichens that
are not C. zoroasteriorum. It was based on the DNA data of
specimens SK A45, SK A51 and SK A55. ITS sequences
from the first two belong to Calogaya, but to another taxon
(C. polycarpoides which is often present together with
specimens of C. zoroasteriorum). ITS sequence from SK
A55 belongs to Gyalolechia (possibly a mistake or con-
tamination in laboratory).
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