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Abstract

Three new Iberian records of C. monacensis are reported and described. The material
conforms to previous records of C. monacensis, except for the overall paler colour of the
thalline exciple and thallus, differing from the C. cerina complex in darker apothecial
discs, paler thalline exciple and thallus, and above all, in the granular thallus. In the analy-
ses of the ITS region, sequences of C. monacensis do not form a supported clade, whereas
in the Bayesian analysis two separated clades are retrieved, namely a main clade with
nearly all the sequences, including a specimen from Soria sequenced here (ARAN-Fungi
19741), and another one that contains the only previous known Iberian collection from
Caceres (van den Boom 38821) that has a 218 b.p. insertion at the end of the 18S region
and might belong to a related taxon. It is concluded here that further studies including
other genetic markers are needed to understand the divergence of the ITS region within
C. monacensis.

Key words: Juniperus thurifera, endangered species, species delimitation, Caloplaca
cerina.

Resumen

Se citan y describen tres nuevas colecciones de C. monacensis. El material coincide con
descripciones previas de la especie, salvo en el color mas palido del excipulo talino y el
talo, y difiere a su vez de las especies del complejo C. cerina en el color mas oscuro de
los apotecios, el talo mas palido, y sobre todo, en el talo granuloso. En nuestros analisis
de laregion ITS C. monacensis no forma un clado apoyado filogenéticamente, e incluso,
forma dos clados en el analisis bayesiano; uno formado por casi todas las secuencias de
C. monacensis, incluyendo un espécimen de Soria (ARAN-Fungi 19741), y otro que
incluye el unico espécimen conocido previamente para la Peninsula Ibérica (van den
Boom 28821). Ademas, este tltimo espécimen posee una insercion de 218 p.b. al final
de laregion 18S y podria pertenecer a otro taxon. Se discute la necesidad de realizar es-
tudios mas profundos utilizando otros marcadores genéticos y que ayuden a interpretar
la divergencia de la region ITS en C. monacensis.

Palabras clave: Juniperus thurifera, especies amenazadas, delimitacion de especies,
Caloplaca cerina.
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Introduction

Materials and methods

The large heterogenous genus Caloplaca Th.
Fr. s.1. has been progressively segregated into
multiple genera (Arup et al. 2013), though ge-
neric delimitation in the 7eloschistaceae is still
unsettled (Llewellyn et al. 2023). The species
around Caloplaca cerina, type of Caloplaca
(Dodge & Baker 1938), form a small mono-
phyletic group characterized by a white to dark
grey crustose thallus lacking anthraquinones,
but with presence of Sedifolia-grey pigment
(K+violet), and lecanorine —considered zeo-
rine by Soun et al. 2011)— apothecia with ye-
llow to orange discs (Arup et al. 2013).

Due to the large morphological variation
many names have been described in the group.
Soun etal. (2011) revisited the C. cerina group
using morphological and molecular data of the
ITS region and recognized 20 phylospecies in
the Northern Hemisphere, most of which could
also be separated through morphological cha-
racters, and of which at least 4 are present in
the Iberian Peninsula, namely C. cerina s.1.
(clades A and D3), C. chlorina (Flot.) H. Oli-
vier (see also van den Boom & Rico 2006),
C. monacensis (Leder.) Lettau and C. stillici-
diorum (clades 1 and 5). Caloplaca squamu-
loisidiata van den Boom & V.J. Rico, despite
resembling morphologically the species of the
C. cerina group, does not belong to it (Vondrak
et al. 2008).

This study deals with C. monacensis, a spe-
cies of the C. cerina group only known from
a single locality in Caceres (Soun et al. 2011:
127) and that we have collected twice recently.
Given that C. monacensis is a forgotten species
recognized by few authors, never cited in the
Iberian literature and possibly endangered in
Poland (Kubiak & Wilk 2016), encourage us
to publish those new records with the hope that
C. monacensis is found in the future in further
locations.

Morphological study

This study is centered around three specimens
of C. monacensis recorded in Spain and de-
posited in the ARAN herbarium. Specimens
were studied with a light microscope. Anato-
mical characters were observed from hand-cut
sections observed in water. Statistics are based
on measurements of 20 spores from each co-
llection: L =mean length, W = mean width
and Q=L /W, .Extreme values are given in
parentheses. Only spores with well-developed
septa were measured

DNA extraction, PCR amplification, sequen-
cing and alignment

DNA was extracted from dried material, using
the DNeasy Plant Mini Kit (Qiagen). Primer
combination used was ITS5-1TS4 (White et
al. 1990). The same primers were used for se-
quencing. PCRs were conducted in Applied
Biosystems GeneAmp® PCR System 9700
and 2720 Thermal Cyclers. Amplifications
were performed through the following pro-
gram: initial denaturation at 95 °C for 5 min,
followed by 35-45 cycles of 95 °C for 45-60
s, 50-55 °C for 50 s, 72 °C for 1 min, followed
by a final extension at 72 °C for 10 min. PCR
products were purified using the enzymatic
method Exo-sap-IT (USB Corporation, Santa
Clara, California, USA). PCR products were
visualized in a 1 % agarose gel, stained with
GelRedTM (Biotium Inc.) and a UV trans-illu-
minator. Purified PCR products were sequen-
ced at Macrogen Spain service.

Sequences were edited and assembled
using Sequencher v. 4.1.4 (Gene Codes Corp.,
Ann Arbor, MI) and deposited in GenBank.
Additional sequences used by Soun et al.
(2011) were downloaded from GenBank, kee-
ping two or three sequences from each clade,
except for the clade of C. monacensis of which
all available sequences were included. The
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dataset was automatically aligned in Aliview
(Larsson 2014), and manually adjusted. Ends
were trimmed and a 218 b.p. insertion in the
beginning of the ITS region was deleted from
sequences HM 538493 and HM 538494 iden-
tified as C. monacensis. The ITS data matrix
was subjected to Maximum Likelihood (ML)
and Bayesian analyses. The ML analysis was
conducted in IQ-TREE (Nguyen et al. 2015)
performing 1000 ultrafast bootstrap replica-
tes. The partitioning scheme and models were
estimated through the Bayesian information
criterion of ModelFinder (Kalyaanamoorthy
etal. 2017) integrated into [Q-TREE. The Ba-
yesian analysis was carried out in MrBayes v.
3.2.7 (Ronquist et al. 2012), using two para-
llel runs of eight Metropolis-coupled Markov
chain Monte Carlo (MCMCMC) chains for 10
M generations, starting from a random tree,
and sampling one tree every 100th generation
from the posterior distribution. Substitution
models were sampled across the GTR space
during the MCMC simulation (Ronquist et al.
2012). Stationarity was assumed when avera-
ge standard deviation of split frequencies fell
below 0.01. A burn-in sample of 50 000 trees
was discarded. To assess branch confidence, a
50 % majority rule consensus tree was com-
puted with the remaining 150002 trees using
the SUMT command of MrBayes. Maximum
Likelihood Boostrap values and Bayesian pos-
terior probability (PP) values > 95 and > 0.95
were considered to be significant, respectively.

Results

The ITS alignment comprised 48 sequences
and 549 characters. The ML analysis of our
dataset resulted in a single best ML tree of
-InL =2141.819. Bayesian analyses reached
an average standard deviation of split frequen-
cies below 0.01 after 1 900 000 generations.
The most likely tree of the Maximum Likeli-
hood analysis is provided in FIG. 1 alongside
Maximum Likelihood and Bayesian posterior

probabilities. Basal nodes are not supported
whereas most shallow clades are supported in
both analyses. All sequences of C. monacensis
included in the analyses form a clade that is
not supported in the ML analysis (ML-BP 84),
whereas in the MB analysis sequences of C.
monacensis fall in two clades, namely the main
clade comprising most sequences (BPP 0.82),
including specimen ARAN-Fungi 19741 and
aclade containing specimens v.d. Boom 38821
(HM538493) and JV3236 (HM538494), from
Spain and Bulgaria, respectively. The main C.
monacensis clade encompasses further three
more supported clades, as well as sequences
without a clear affinity.

Taxonomy

Caloplaca monacensis (Leder.) Lettau, Hed-
wigia 52(3-4): 240. 1912.

= Pyrenodesmia monacensis Leder., Ber.
Bayer. Bot. Ges. 4:26. 1896.

Lectotypus: Germany, an alten Stras-
senpappeln nicht weit vom Warthof bei Gie-
sing, Miinchen, March 1896, leg. Lederer,
M-0023624 (Arnold, Lich. Monacenses EXxs.
1896 no. 422, sub Pyrenodesmia monacensis).

FIGS. 2-5

Thallus granular, composed of coarse, irre-
gularly globose granules, sometimes elongated
and shortly finger-like, isidioid, 100-270 um
broad, pale greenish grey, often forming sma-
11, up to 300 um wide, convex white squamu-
les around apothecia, sometimes with minute
erect hairs, 10-50 x 2—3 um. Prothallus not
observed.

Apothecia lecanorine, usually abundant, so-
litary to crowded, 0.5—-1.4 mm diam., urn-sha-
ped when immature, then expanded and dis-
ciform, sessile. Disc initially concave, then
plane, slightly convex at the end, dark orange,
sometimes with a faint white pruina. Thalline
exciple white to pale grey, often rough, some-
times furrowed, raised over the disc, reduced
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99/1 | HM538508 Caloplaca monacensis Bayerova et al. 6150 (hb. Palice) SVK
4 HM538506 Caloplaca monacensis Bayerova et al. 8875 (hb. Palice) SVK
HM538503 Calopl: mona is JV2244 (CBFS) BGR
HM538504 Caloplaca monacensis JV2127 (CBFS) BGR
L HM538505 Caloplaca monacensis JV6393 (CBFS) Hungary
L HM538496 Caloplaca monacensis Vondrak 164 (hb. éoun) CZE
HM538500 Caloplaca monacensis Palice 85 (hb. Palice) SVK

97/0.87

97/0.88 || HM538499 Caloplaca monacensis JV548 (CBFS) CZE C. monacensis
HM538502 Caloplaca monacensis JV2885 (CBFS) CZE

82/0.82 4 98/0.98 ) _
HM538501 Caloplaca monacensis Bayerova et al. 6154 (hb. Palice) SVK

[— PP086533 Caloplaca monacensis ARAN-Fungi 19741 ESP
L—— HM538495 Caloplaca monacensis JV762 (CBFS) BGR
HM538493 Caloplaca monacensis v.d. Boom 38821 (hb. v. d. Boom) ESP
9HSI\//IO5%284Q4 Caloplaca monacensis JV3236 (CBFS) BGR
HM538510 Caloplaca ulmorum Wetmore 90256 (GZU) USA
HM538511 Caloplaca ulmorum Wetmore 69226 (LD) USA
HM538509 Caloplaca ulmorum Lich. East. North Am. Exs. 268 (GZU)
100/1 | HM538534 Caloplaca isidiigera v. d. Boom 17968 (hb. v. d. Boom) CHE
HM538535 Caloplaca isidiigera JH68548 (GZU) AUS

99/1 - HM538539 Caloplaca cerina Sochting 11063 (C) IRN

qHM538540 Caloplaca cerina Sechting 11150 (C) IRN

48/-

67/-

. ulmorum
0.9

C
C. isidiigera
C

. cerina “B”
49/

100/1 EU365854 Caloplaca subalpina Vondrak JV692 (CBFS) .
\ﬁ C. subalplna
e EU365853 Caloplaca subalpina Palice 6983 (hb. Palice) CZE
] 99/1 HM538544 Caloplaca cerina Vondrak JV7619 (CBFS) ESP .
\ﬁ . C. cerina “A”
83/0.74 HM538545 Caloplaca cerina JV3824 (CBFS) Greece -
791 [ HM 4 lopl: turk is Al L04229 (LD) SWE -
‘ 100/1 538490 Caloplaca turkuensis Arup LO: 9 (LD) S! C. turkuens:s
HM538492 Caloplaca turkuensis Palice et al. s. n. (hb. Palice) CZE
100/1 HM538528 Caloplaca sterilis JV6963 (CBFS) ROM C sterilis
94/0.99 HM538529 Caloplaca sterilis JV6954 (CBFS) BGR :
37/ . "
HM538525 Caloplaca thracopontica Soun 301 (hb. Soun) TUR C th 5
. thracopontica
99/1 | EU365848 Caloplaca thracopontica JV5419 (CBFS) TUR P
94/0.86

EU365859 Caloplaca chlorina JV2055 (CBFS) BGR

98/1 HM538517 Caloplaca chlorina JV2056 (CBFS) CZE C. chlorina

C. chlorina

100/1 | EU681284 Caloplaca cerina Smerychyns’ka 0401(4)3 (KW) UKR
26/~ A

HM538464 Caloplaca stillicidiorum JV1992 (CBFS) BGR
HM538572 Caloplaca stillicidiorum JH67073 (GZU) AUT
HM538573 Caloplaca stillicidiorum Kocourkova 900101 (PRM) AUT
HM538554 Caloplaca stillicidiorum Khodosovtsev 2937 (KHER) UKR
HM538562 Caloplaca stillicidiorum Soun 246 (hb. Soun) TUR
45/~ HM538563 Caloplaca stillicidiorum Mishutin 2940 (KHER) UZB C. stillicidiorum s.I.
HM538460 Caloplaca stillicidiorum Kocourkova & Safranek 908963 (PRM) CZE
HM538459 Caloplaca stillicidiorum JV7620 (CBFS) UKR
AF353958 Caloplaca cerina Foucard s. n. (LD) SWE
HM538474 Caloplaca cerina JV2548 (CBFS) ESP
PP086534 Caloplaca cerina ARAN-Fungi 15434 ESP
HM538482 Caloplaca aff. pinicola Spribille 18340 (hb. Spribille) CAN

HM538481 Caloplaca aff. pinicola Spribille 9397 (hb. Spribille) USA

100/1 E AY233219 Variospora aurantia Gaya et al. 13681 (BCC) ESP
EU639601 Variospora flavescens Gaya 368 (BCN) ESP

100/1

84/0.99

33/~

981

97/0.98

C. cerina “D”

C. aff. pinicola

A FIG. 1. Best tree of the Maximum
Likelihood analysis of selected ITS sequences
of the Caloplaca cerina group. Maximum
Likelihood ultrafast bootstrap values (ML-
BP) / Bayesian Posterior probabilities (BPP)
are shown on branches, ordered as ML-BP/
BPP. Thickened branches received support

at least in one analysis (ML-BP >95 % and/
or BPP >0.95). GenBank accession numbers,
original identification, voucher data, and ISO
country code are provided in this order for
each taxon.

< FIG. 2. Caloplaca monacensis
(ARAN-Fungi 19741).
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FIG. 3. A. Caloplaca monacensis (ARAN-Fungi 19554). B. C. monacensis (ARAN-Fungi 19741). C. C. monacensis

(ARAN-Fungi 19741), showing a granular thallus. D. C. monacensis (ARAN-Fungi 19741), showing areolate thallus
near young apothecia and pycnidia. E. Caloplaca cerina, clade D (ARAN-Fungi 15434), general aspect. F. Caloplaca
cerina, clade D (ARAN-Fungi 15434), close-up, showing a more grey smooth thallus.

in old apothecia, 40-70 pm thick, sometimes
pruinose, especially when young, due to hyali-
ne crystals insoluble in K, with scattered erect,
cylindrical to narrowly conical hairs, obtuse,
slightly thick-walled, 8—11 x 2-2.5 um. True
exciple indistinct. Epihymenium orange, cove-
red with granules. Hymenium 65-90 um thick,

hyaline. Hypothecium 40—-60 um thick, hyali-
ne. Algal layer 150-300 pm thick. Photobiont
green algae, not trebouxioid, 8—14 pm diam.
Asci 43-53 x 9—15 pum, 8-spored. Paraphy-
ses simple to branched, upper cells 2.5-3 pm
broad. Ascospores polarilocular, ellipsoid to
narrowly ellipsoid, (10-)11-15(-16) x (3.5-)
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FIG. 4. Caloplaca monacensis (ARAN-Fungi 19741). A. Granular thallus. B. Cells of the surface of the thallus. C. Granule
with protruding hairs. D. Detail of thallus hairs. Scale bars: A:1 mm B-D:10 um.

5-6 um, septum (3.0—) 3.5-5 (-5.5) um wide
(L,=12.4-144,W _=5.2-6,Q, =2.1-2.8, ratio
septum width/spore length 0.30-0.34. Pycnidia
sometimes present, immersed, with a slightly
raised ostiole, grey. Conidia bacilliform, some
slightly curved, 3—4.5 x 0.8—1 um.

Material examined: ESPANA. Cuenca:
Las Majadas, Pajar de Zen6n, 40.2686379
-1.8908692 (=10 m), euthrophic bark on isolated
Juniperus thurifera, 16-Oct-2022, leg. M. Prieto
& 1. Olariaga, ARAN-Fungi 19554. Soria: Bo-
robia, El Frontdn, 41.64645 -1.91389 (10 m),
on bark of Juniperus thurifera in open forest,
17-Oct-2021, leg. 1. Olariaga, ARAN-Fungi
19741. Ciria, Cafiada de los Pozos, 41.6343711
-1.92507179 (£10 m), on bark of Juniperus thu-
rifera in open forest, 17-Oct-2021, leg. I. Olaria-
ga, ARAN-Fungi 19767.

Additional material examined: Caloplaca
cerina. ESPANA. Huesca: Benasque, Cerler,
42.594261 0.542438 (+5 m), on bark of Fra-
xinus excelsior, 8-Aug-2020, leg. M. Prieto &
I. Olariaga, ARAN-Fungi 15434.

Comments

Caloplaca monacensis is easily distinguished
in the field by its lecanorine apothecia with a
dark orange disc, pale grey, thalline exciple
often rough, white to very pale grey and an en-
tirely granular thallus with a few areoles near
apothecia. Thalli of Iberian material possess
erect cylindrical hairs as cited by Soun et al.
(2011: 126). We have observed also similar
—but shorter— hairs on the thalline exciple.
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FIG. 5. Microscopic characters of Caloplaca monacensis. A. Apothecial section (ARAN-Fungi 19741). B. Close-up of apo-
thecial margin, showing the thalline exciple (marked with a t) (ARAN-Fungi 19741). C. Hairs from the surface of the thalline
exciple (ARAN-Fungi 19741). D. Paraphyses (ARAN-Fungi 19554). E. Asci (ARAN-Fungi 19554). F. Spores (ARAN-Fun-
gi 19554). G. Spores (ARAN-Fungi 19741). H. Conidia. Scale bars: A: 50 pm; B-G: 10 pm. Mounting medium water.

It appears that this character may be of taxo-
nomic significance as such hairs appear to be
absent in other species of the group.

The three specimens studied here are
macroscopically identical, but specimen
ARAN-Fungi 19554 has longer spores (FIG.
5F) than ARAN-Fungi 19741 (FIG. 5QG),

probably due to the fact that they were collap-
sed, old or immature in the latter. The Iberian
material examined here conforms otherwise
to the description by Soun et al. (2011), except
for the overall colour of the thallus and thalline
exciple that is paler in our material. Calopla-
ca cerina s.1., apparently a species complex,
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usually differs by having a paler orange-yellow
disc, darker grey thalline exciple, and a usually
smooth thalline exciple and thallus. According
to Soun et al. (2011: 122), however, the thallus
of specimens of clade D of C. cerina may be
warted. Caloplaca squamuloisidiata, despite
not belonging to the C. cerina group (Vondrak
et al. 2008) resembles C. monacensis, from
which it differs in having well-developed isi-
dia (up to 500 pm), lacking hairs on thallus and
thalline exciple surface and being saxicolous on
acid rocks (van den Boom & Rico 2006).

At molecular level (FIG. 1), the ITS se-
quence of specimen ARAN-Fungi 19741
nests in the C. monacensis clade, not suppor-
ted in any analysis as in Soun et al. (2011).
This is here interpreted as a lack or resolu-
tion of the ITS region to discriminate species
within the C. cerina group, probably due to
incomplete lineage sorting (Ulf Arup, pers.
comm.). Interestingly, sequences attributed
to C. monacensis show some sequence diver-
gence. The ITS sequence of specimens van
den Boom 38821 (HM538493, collected in
Caceres) and JV3236 (HM538494), both nes-
ting outside the main C. monacensis clade in
the Bayesian analysis, have a 218 b.p. long
insertion at the end of the 18S that is mis-
sing in the sequence of ARAN -Fungi 19741
(PP086533) and the rest of sequences in the
main clade of C. monacensis. The presence of
this insertion, of possible evolutionary signi-
ficance, would require further investigation.
Despite the lack of support in the ITS analy-
ses, we think that the Iberian material studied
here should be referred to C. monacensis. The
use of other markers for the study of the C.
cerina group will allow a further assessment
of current species hypotheses, as well as for
understanding existing ITS-sequence diver-
gence within C. monacensis.

The three Iberian specimens of C. mona-
censis studied here were collected in open
woodlands with ancient Juniperus thurifera
trees. Accompanying species were Alyxoria
varia (Pers.) Ertz & Tehler, Athallia pyracea
(Ach.) Arup, Frodén & Sechting, Diplotom-
ma pharcidium (Ach.) M. Choisy, Myriolecis
hagenii Ach.) Sliwa, Zhao Xin & Lumbsch,
Rinodina mayrhoferi A. Crespo and Xantho-
ria parietina (L.) Th. Fr. Nevertheless, C.
monacensis has been cited from several pho-
rophytes, such as Acer, Fagus, Fraxinus, Ju-
glans, Ostrya, Pistacia, Populus, Pyrus, Quer-
cus, Salix, Tilia and Ulmus (Soun et al. 2011;
Kubiak & Wilk 2016). Vondrak et al. (2009)
cited a collection on shaded calcareous rocks
as well. Our search for further records of C.
monacensis in the Iberian Peninsula yielded
only one more record from Céceres (van den
Boom 38821; Soun 2011; Soun et al. 2011),
which requires further study. It is very possible
that C. monacensis has been mistaken for C.
cerina s.1. or other species in the past (Soun et
al. 2011; Kubiak & Wilk 2016). We hope this
contribution helps to find further material of C.
monacensis in the Iberian Peninsula, and help
to include more markers of new specimens in
phylogenies to be able to better understand the
divergence of the ITS region.
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