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1. Introduction
Coastal habitats influenced by salt spray are inhabited by specific organisms which are
adapted to high salinity. Many examples can be seen among vascular plants, mosses and also
lichens. Coastal lichens have been studied worldwide (e.g. Fletcher 1975 a, b, LaGreca et al.
2005, McCarthy 1991, Smith & Gremmen 2001); however, many sea shores are
lichenologically still very poorly known. The upper-most littoral zone and the supralittoral
zone of siliceous sea shore rocks can be divided into three zones according to the colours of
the predominant lichens (Knowles 1913): the black zone – the lower-most belt mainly
covered by diverse Verrucaria species and Lichina confinis; the orange zone – with prevailing
species of Caloplaca and Xanthoria; and the grey zone – with many grey or brown lichen
species.
The genus Caloplaca dominates the orange zone of seashores and is one of the most speciesrich within lichen genera. Recently, over 800 species have been estimated to exist worldwide
(Kärnefelt et al. 2002). This genus is characterized by its polarilocular spores, asci of
Teloschistes-type, and a usual presence of yellow to red pigments from the anthraquinone
group. Some recent work has found phylogenetic heterogeneity within Caloplaca (Gaya et al.
2003, Kärnefelt 1989, Søchting & Lutzoni 2003). Some Caloplaca species, namely those
from the section Gasparrinia, should be included in Xanthoria (Søchting & Lutzoni 2003),
and some species of Fulgensia should be placed in Caloplaca (Gaya et al. 2004).
The genus Caloplaca contains both clearly characterized, invariable species as well as
taxonomically difficult groups of species. Some groups have been investigated in detail, e.g.
C. citrina group (Arup 2006, Wetmore 2001), C. ferruginea group (Magnusson 1944,
Wetmore 1996), Gasparrinia group (Nordin 1972, Wetmore & Kärnefelt 1998),
Pyrenodesmia group (Wetmore 1994, Wunder 1974), and others. Most of these works are
based only on morphological and anatomical characters. The chemical characteristics are used
in relatively few recent studies on taxonomy of Caloplaca, most notably the analyses of
anthraquinones (e.g. Søchting & Fröberg 2003) and insoluble pigments in acetone (Wetmore
1994, Tretiach et al. 2003). The first study on taxonomy at the species level using molecular
methods has been carried out by Arup (2006) on the C. citrina group. However, more
molecular data (mainly on ITS1, 5.8S, and ITS2 regions) on many Caloplaca species exist,
but are unpublished (Arup, Fröden & Søchting, unpublished data).
Many species of Caloplaca were originally described as being restricted to seashore rocks.
However, although new seashore species are described from European seashores regularly
(Laundon 1992, Navarro-Rosinés & Roux 1993, 1995, Nimis & Poelt 1987, Roux & NavarroRosinés 1992, Sipman & Raus 2002, Tavares 1956), the taxonomy of coastal Caloplaca
species is rarely studied in detail (Arup 1992, 1993 a, b, 1997).
The maritime habitats around the Black Sea are isolated from Atlantic seashores and also
from the Mediterranean, which is connected with the Black Sea only by Bosporus. This
situation is favorable for the evolution of endemic Black Sea organisms via allopatric
speciation, including lichen species. However, the Black Sea shores are lichenologically still

very poorly known. The genus Caloplaca was extensively investigated in the northern
Ukraine, as seen in several lichenofloristic papers (Khodosovtsev 2001, 2002, 2003). In fact,
two endemic species of maritime rocks, Caloplaca geleverjae Khodosovtsev & S. Kondr. and
C. karadagensis Khodosovtsev & S. Kondr. were described from coastal rocks of the Crimean
peninsula (Khodosovtsev et al. 2003). Several records of Caloplaca are known from the
western Bulgarian part (Vězda 1975, Vondrák & Slavíková 2006). However, we have no data
from coastal rocks in the eastern, Russian and Georgian parts of this region, and very little
data on the occurrence of Caloplaca in the southern Turkish part (Yazici & Aslan 2003). In
Romania, coastal rocks are rare, due to unsuitable substrata and relief, and no data on
Caloplaca are known from that part of the Black Sea (Ciurchea 2005).

2. Questions to be solved
1. Which species of Caloplaca occur on sea shore rocks of the western Black Sea coast
and is the Caloplaca lichenoflora of the western Black Sea similar to that found on the
sea shores in western and northern Europe and in the Mediterranean?
2. Which is the distribution and ecology of western Black Sea Caloplaca species?
3. Methods
Suggested solution of the problem
1. DNA sequences will be obtained to reveal relationships to other, allied species. The
ITS1, 5.8S, and ITS2 regions of nrDNA will be used.
For the delimitation and characterization of the species, morphological, anatomical,
and chemical investigations will be carried out. In fertile species, the principal
anatomical characteristics are ascospore characters, and shape of paraphyses and
excipular hyphae. In the predominantly sterile species, the characteristics are restricted
to characters of vegetative reproduction, cortex arrangement, etc. Chemical
characteristics are mainly based on the composition of anthraquinones.
2. Two additional collecting trips are planed in 2007 and 2008 to obtain detailed data on
the ecology and the distribution of respective species in the studied area. The factors
affecting the occurrence of particular species in maritime habitats, such as substrate
and aspect preferences and sensitivity to salinity (Fletcher, 1973) will be investigated.
DNA-extraction, PCR-amplification and sequencing
Extraction using DNeasy Plant Mini Kit (Qiagen).
PCR-amplification of ITS regions of the nuclear rDNA using primers ITS1F (Gardes & Bruns
1993) and ITS4 (White et al. 1990).
Purification using QIAquick PCR purification Kit (Qiagen)
Sequencing using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystem) using
the primers mentioned above, and run on an ABI PRISM 3100 Genetic Analyzer.
Molecular data analysis
Sequences will be aligned by hand with sequences from GenBank. The alignment will include
only the ITS1, 5.8S, and ITS2 regions. The phylogenetic analysis will be carried out using
PAUP*4.0b10 (Swofford 2002).
Chemical analysis

Anthraquinones will be analysed using HPLC-MS chromatography as described in Søchting
(1997).
Pigments insoluble in acetone will be analysed following Meyer & Printzen (2000).
Microscopical examinations
Microscope work will be done using traditional methods (hand-made sections examined in
water, KOH, and lactophenol cotton blue at a magnification of ×1000).
4. Time schedule
2006 (not supported by this grant)
Taxonomic work on the Caloplac citrina/ marina/ microthallina group. For this part of work,
support from the SYNTHESYS grant (DK-TAF) is being pursued.
2007
Taxonomic work on the species of the Gasparrinia group, with a focus on the problematic
taxa C. thallincola/ aegaea and C. aff. scopularis.
A collecting trip to the Bulgarian Black Sea coast to investigate more sites, and obtain more
material, will be organized. This trip will be focusing on gathering data on the ecology of
these species.
2008
Taxonomic work on the heterogenous group of species with a thallus devoid of the yelloworange-red pigments, anthraquinones. This group includes the species Caloplaca
albolutescens, C. aff. chlorina, C. aff. furax, and C. fuscoatroides.
A second collecting trip to the Turkish Black Sea coast is planned. This trip will be also
focused on gathering data on ecology of the treated species.
Preliminary results of this project will be presented at the 6th IAL symposium.
2009
Taxomomic work on the problematic species C. inconnexa var. nesodes (= C. necator?) and
C. aff. ferrarii.
Work on the “taxonomically clear” species (i.e., dealing with the data on their ecology and
distribution only).
During the years 2007-2009, papers on the worked up groups will be submitted for
publication. The flash point of the work will be a revision of Caloplaca species occurring on
maritime rocks of the western Black Sea.
5. Research Team
Principal investigator: Jan Vondrák
The principle investigator is active in the field of taxonomy and nomenclature of the lichen
genus Caloplaca (see CV for more details). He will receive a basic knowledge in molecular
techniques on lichens during a 3-week stay at the University of Copenhagen in October, 2006
(advised by Prof. Ulrik Søchting).
Co-worker: Jaroslav Šoun
Participation in the respective project: working on the Gasparrinia group.

J. Šoun is currently working on the taxonomy of the Caloplaca aurantia group (a part of the
Gasparrinia group).
Co-worker: Pavel Hrouzek
Participation in the respective project: performing chemical analyses of anthraquinones
(HPLC-MS).
P. Hrouzek is currently working on investigations of cyanobacterial toxins using HPLC-MS
chromatography. He received specific knowledge in analyses of anthraquinones in lichens
during a recent collaboration with the principle investigator on the project: Caloplaca
soralifera, a new sorediate species of Caloplaca (Teloschistaceae) from Europe.
6. Supporting circumstances
Work already done on this project
Sampling for chemical and molecular analyses, and morphological and anatomical
observations:
In 2004 and 2005, three collecting trips were carried out to collect samples of Caloplaca from
the study area. 120 samples of rich lichen material were obtained, ten of which are expected
to be issued as exsiccates.
Study area and number of collecting sites:
Area of study contains the Black Sea coast in Romania (2 sites), Bulgaria (9 sites) and the
European part of Turkey (4 sites). The sites cover the area more or less equitably, representing
various substrata (siliceous and hard limestone rocks, soft calcareous sediments, and also
concrete).
Rough determination of the obtained material:
Collected material was roughly determined following keys and descriptions of species from
the Mediterranean and Atlantic coasts of Europe. 28 species were distinguished:
Caloplaca albolutescens, C. arcis, C. aurantia, C. aff. biatorina, C. aff. chlorina, C.
coronata, C. crenulatella, C. decipiens, C. demissa, C. aff. ferrarii, C. flavescens, C. aff.
flavocitrina, C. aff. furax, C. fuscoatroides, C. grimmiae, C. holocarpa agg., C. inconnexa
var. nesodes (= C. necator?), C. aff. lithophila, C. aff. marina, C. aff. microthallina,
Caloplaca polycarpa, C. rubelliana, C. saxicola agg., C. aff. scopularis, C. teicholyta, C.
thallincola (= C. aegea?), C. velana agg., C. viridirufa (= C. aractina).
DNA data were obtained from several samples of the group Caloplac citrina/ marina/
microthallina (performed by Dr Arup, Lund University). These data indicate that there are
several species that are morphologically similar to western European ones, but they
sometimes differ greatly genetically. On the other hand, there are also samples that differ
morphologically to some degree, but have DNA sequences similar to species from other parts
of Europe.
Collaborations
Investigations on anatomy and morphology will be performed at the home institution of the
principal investigator (University of South Bohemia, Faculty of Biological Sciences).
The HPLC analyses of anthraquinones will be carried out at the Academy of Sciences,
Institute of Microbiology, Section of Photosynthetic Microorganisms (Třeboň, CZ).
The molecular laboratory work (isolation, PCR, purification, and sequencing) will take place
at the University of Copenhagen in cooperation with Prof. Ulrik Søchting.
Analyses of the molecular data will be done with the help of Dr Ulf Arup (Lund University).
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