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During the past two years, considerable progress has been achieved towards the preparation of 
a checklist of lichens for Mediterranean countries. Checklists for numerous operational geo
graphical units are available and compilations have started for further countries. The existing 
checklists, which are being continuously updated, are available via the Internet. Standardization 
of the data and the preparation of databases, some of which are already accessible on the World 
Wide Web, is part of ongoing activities. An important step towards a synthesis is the develop
ment of a thesaurus of synonyms which will facilitate the linking of checklists and databases 
following different taxonomic concepts into a single information system. 

In the last decades there has been an increasing interest for lichen biodiversity, due to 
several reasons: lic4ens are used as sensitive biomonitors of air pollution and as indicàtors 
of ecological continuity, and are important agents of biodeterioration of stone monuments. 
In southern Europe, biomonitoring studies based on lichens are becoming increasingly 
numerous; Cislaghi & Nimis (1997), working in NE Italy, found a correlation between the 
incidence of lung cancer and air pollution levels as indicated by the occurrence of lichens, 
showing the possibility of shifting from the bioindication of pollution to that ofhealth risk. 
The Mediterranean area is also extremely rich in stone monuments, and these are often 
colonized by luxuriant lichen communities. Studies on lichen-induced biodeterioration 
processes on Mediterranean monuments are therefore numerous, especially in Italy, Spain 
and S France, but also in Greece and Israel (e.g. Nimis & al. 1992 and references therein). 
In contrast to northern Europe, matters of ecological continuity are still poorly studi ed in 
the Mediterranean region, probably because c10sed forests are more important in northem 
landscapes (Rose 1976, Tibell 1991). The Mediterranean area was strongly influenced by 
man, particularly since Greek-Roman times, when forests were actively destroyed over 
large areas, resulting in a significant change of available substrata for lichens. Man-made 
emissions, either directly as air pollution or by means of contributing to long term c1ima
tic change, also have an impact on the lichen flora. 
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A fundamental pre-requisite for a sound development of applied lichenology is a tho
rough knowledge of lichen floras in the Operational Geographic Units (OGU, Crovello 
1981) to be investigated. The first step towards a biodiversity inventory is the preparation 
of a checklist, which is not only a time-consuming and difficult task, but also a never
ending venture: it needs to be continuously updated following the stream oftaxonomic and 
floristic research (see Nimis 1996). 

Available eheeklists 

The initiative aiming at a compilation of an inventory of Mediterranean lichens was 
started in 1989 by the OPTIMA Commission for Lichens (Nimis 1996). The catalogue of 
Italian lichens was the initial contribution (Nimis 1993), followed by checklists for seve
ral other Mediterranean or adjacent regions: Cyprus (Litterski & Mayrhofer 1999), Israel 
(Galun & Mukhtar 1996, Kondratyuk & al. 1996a), Macaronesia (Hafellner 1995), 
Morocco (Egea 1996), ' Slovenia (Suppan & al. 1998, 2000), Tunisia (Seaward 1996), 
Turkey (John 1996), and Ukraine (Kondratyuk & al. 1996a). Other checklists are in pro
gress or planned: e.g. for Albania, Algeria, Crete, Greece, Iberian Peninsula, and Syria. We 
are optimistic to cover the entire range of the Mediterranean with further, still to be plan
ne d, checklist projects within the next years. 

The currently available checklists vary strongly in the number of species. Italy, with c. 
2,300 infrageneric taxa, is the country with the highest number, followed by the Iberian 
Peninsula, with c. 1,900 species, whereas only 234 species are known from Israel. The 
total number of species in the Mediterranean region at large is still hard to estimate, but, 
incIuding lichenicolous fungi, it wiU certainly exceed 3,000 taxa. Available data from 
other large regions such as Australia (2,494 species, Grgurinovic 1994), the North 
American continent excluding Mexico (3,799 species, Esslinger & Egan 1995), and 
Scandinavia (Norway and Sweden: 2,602 species, Santesson 1993) may be compared 
with this number. 

Liehen biodiversity information on-Hne 

To provi de quick access to the available information and to enable the automatic crea
tion of a Med-checklist at a later stage, an information system for the Mediterranean chec
klists was created on the internet (Grube & Nimis 1997). Existing checklists are already 
available on the Web as plain text files, which may be searched or printed. The large chec
klist of Italy is exclusively available via queries to a database. Information on individuaI 
countries can be accessed via a 'master' page (http://biobase.kfunigraz.ac.at/medli
chens.html). These pages contain links to literature references and to an entry form for 
short additions or comments into new web pages. The e-mail addresses of individuaI con
tributors are included with each comment, so that these pages may serve as small discus
sion forum. Direct changes in the checklist files are not possible: the checklist author has 
to filter the newly added information, or to contact the contributors for further details. 
Large amounts of data cannot processed by the entry forms, and should be sent direct\y to 
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the checklist authors. At the last meeting ofthe OPTIMA Commission for Lichens in Paris 
(May 9, 1998), the authors of the existing checklists have agreed to continuously update 
their on-line checklists, following some pre-defined standards. 

A more flexible access to the data was made possible by converting the checklists into 
relational databases. Various software products already allows a great functionality of on
line databases (Grube 2000). In our project, we are using the database system OracIe 8 with 
the Oracle Web Application server 4.0. The Web Request Broker as the centrai component 
of the Web server handles the incoming requests and interfaces them with various back
end technologies called cartridges. These execute the requests, e.g. by processing PLlSQL 
routines which also dynamically generate the HTML output. The web request broker has 
an better performance than the traditional CGI scripts due to its inherent multi-process 
architecture. 

Lichenological information for Cyprus, Israel, Italy, Morocco, Slovenia, and Turkey is 
already in the database and can be accessed directly via the World Wide Web. A link to the 
database query form is incIuded in the country-specific page. At the moment, it is possible 
to retrieve information about the geographic distribution of a taxon in the countries. Other 
data such as synonyms, remarks, ecological indices, specimens in TSB (Nimis I 999b) and 
Northem Europe (Timdal 2000), or information on genus name and recent literature on 
queried genus, are available. In the more complex database tables of Italy (Nimis 1999a), 
data on synonymy, ecological parameters and other remarks can also be retrieved and a 
lava program was included to plot the geographic distribution of a taxon. The simple rou
tine receives data about the geographic distribution from the database as a string parame
ter and uses the data to draw points representating regions in Italy on a map. 

Taxonomic concepts in these five databased floristic tables are not homogeneous. For 
ex ampIe, the generic splitting of Parmelia s.l. was accepted in the checklist of Turkey 
(lohn 1996) but in the checklist of Italy (Nimis 1993). This makes it difficult to directly 
extract data for the automatic generation of a joint checklist from the database. To cir
cumvent problems caused by taxonomic inconsistencies, a thesaurus of synonyms was 
introduced. This is a simple table which contains information on the synonymy by asso
ciating synonyms with accepted names. All names are linked to a reference. Basically, this 
is a parti al implementation of the "potential taxon" concept proposed by Berendsohn 
(1995, 1997). For practical reasons, the names accepted in the tables will be those accep
ted in the continuously updated checklist of Italy, which contains the highest number of 
species. The thesaurus table is automatically invoked to look up the accepted name whe
never a name entered by the cIient is not found. The thesaurus, however, williater also per
mit the user to choose the taxonomic concept to be applied in his own output. While this 
is easily feasible at the genus level, the thesaurus is difficult to apply at the species level 
and changing species concepts cannot be covered by the thesaurus so far, because the data 
incIuded are based on reference rather than on individuaI specimens. Therefore, the inte
gration of specimen-based information systems such as herbarium databases will be our 
long term goal, started by the already available links to the lichen herbarium ofTrieste. A 
full integration of this information, which may follow the model by Berendsohn & al. 
(1999), will make it possible to fully adopt the potential taxon concept at the species level, 
to create accurate distribution maps, etc. 
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A further step: non-geographic information 

Non-geographic inforrnation is available in the database ofItaly since 1998. For every 
infrageneric taxon, seven additional fields are now available in a database forrnat: 

1) Growth-form: F: non-lichenized, non-lichenicolous fungus (belonging to genera 
including also lichenized species); LF: lichenicolous fungus, Cr: crustose, Cr.end: crusto
se endolithic, Cr.pl: crustose placodiomorph, Sq: squamulose, Fol: foliose, Fol.b: foliose 
broad-lobed (Parmelia-type), Fol.n: foliose narrow-lobed (Physcia-type), Frut: fruticose, 
Frut.f: fruticose filamentous. This system is still provisional, and rather rough: work is in 
progress for developing a new system of morpho-functional categories, more sensitive to 
ecological variation. 

2) Photobiont: Ch: green algae other than Trentepohlia, Tr: Trentepohlia, Cy.h: cyano
bacteri a, filamentous forrns (e.g. Nostoc, Scytonema), Cy.c: cyanobacteria, coccaceous 
forrns (e.g. Gloeocapsa, Xanthocapsa). 

3) Reproductive strategy: S: mainly sexual, A.s: mainly asexual, by soredia, or soredia
like structures (e.g. blastidia), A.i: mainly asexual, by isidia, or isidia-like structures (e.g. 
schizidia), A.f: mainly asexual, by thallus fragmentation. 

4) Substrata: Sax: Saxicolous, Lign: On Lignum, Epiph: Epiphytic, Terr: On soil, terri
culous mosses, plant debris. 

5) Altitudinal range: This inforrnation is mainly based to the presence of a given 
taxon in 5 main vegetation belts. 1: eu-Mediterranean belt, potential vegetation: ever
green Quercus ilex forest, 2: submediterranean belt, potential vegetation: deciduous 
Quercus-Carpinus forests, 3: Mediterranean-montane belt, potential vegetation: Fagus
forests, 4: Oroboreal belt of the Alps (incl. Picea abies, Larix decidua and Pinus cem
bra stands), 5: vegetation above treeline (incl. Alpine tundras and eu-Oromediterranean 
vegetation). 

6) Eutrophication: 1: no eutrophication, 2: very weak eutrophication, 3: weak eutrophi
cation, 4: rather high eutrophication, 5: very high eutrophication. 

7) Water requirements: Mainly referring to air humidity, but sometimes utilized al so for 
the humidity of the substrata. 1: hygrophytic, 2: rather hygrophytic, 3: mesophytic, 4: 
xerophytic (in dry situations, but absent from extremely arid stands), 5: very xerophytic 
(rarely applied to Italian lichens for the scarcity of sub-desertic habitats). 

8) Light requirements: 1: in very shaded situations (e.g. deep gorges, closed evergreen 
forests), 2: in shaded situations (e.g. north exposed faces in closed deciduous forests), 3: 
in sites with diffuse light but scarce direct solar irradiation (e.g. horizontal surfaces in 
rather open deciduous woodlands), 4: in sun-exposed sites, but avoiding extreme solar irra
diation (e.g. horizontal or weakly inclined surfaces in more or less open stands), 5: in sites 
with very high direct solar irradiation (e.g. steeply inclined to vertical south-exposed sur
faces in completely open stands). 

9) pH oJ the substratum: 1: on very acid substrata (e.g. acid lignum, acid peaty soil, very 
acid, non eutrophicated siliceous rocks), 2: interrnediate between 1 and 3,3: on subneutral 
substrata (e.g. on base-rich siliceous rocks, and soil, on trees with eutrophic bark) , 4: 
interrnediate between 3 and 5,5: on basic substrata (e.g. pure limestone). 

Such and further non-geographical data permit much more complex queries. For 
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example, somebody interested in endolithic lichens occurring on the Temples of 
Agrigento can ask for the list of endolithic calcicolous species occurring in the 
Mediterranean belt of Sicily; people carrying out a biomonitoring study using epiphytic 
lichens near Vicenza can rapidly obtain a list of epiphytic species occurring in the sub
mediterranean belt of Veneto; material for lichens and forest continuity in the montane 
belt ofthe Gran Sasso National Park can be obtained from, e.g. a list of epiphytic macro
lichens with a suboceanic distribution occurring in the beech belt of Abruzzo. When 
phenotypic data on lichens become available in DELTA format (Dallwitz 1993, Rambold 
1996-2000), indicidual keys to species occurring under these ecological conditions will 
be available. More complex cross-queries will al so provide a consistent base of data for 
biogeographical comparisons, on the line of that provided for the whole of Italy by 
Nimis & Tretiach (1995). 

Discussion and prospects 

Work on lichens is especially suited for serving as a model for similar intemational ini
tiatives conceming other taxonomic groups. Lichens are relatively few in number, they are 
sufficiently well-known, particularly in the Mediterranean region, and information on 
lichen biodiversity is of potential interest for a wide range of users. 

The progress of national checklist projects directly stems from the activities of the 
OPTIMA Commission for Lichens. Their coordination is supported by the on-line 
representation of the available data, and databased biodiversity information offers to 
individuai authors a consistent "added value" to their data, provided by the links to 
many different data sources. Considering the increasing speed in the accomplishment 
ofthe projects aims witnessed during the last few years, we are optimistic to be able to 
present a fully computerized generai checklist for all hitherto investigated countries in 
a very near future. 

Once the questions of standardization are solved, incorporated databased herbarium 
information, will have a great impact for environmental studies: the potenti al distribu
tion of a species, according to the distribution of preferred ecological conditions (Nimis 
& Martellos 2000), can be compared with the actual distribution to ass.es the rarity of a 
species. This will be important in lichen conservation and the creation of Red-Lists . 
When properly analysed, information from historic collections can be used to document 
changes in biodiversity (Shaffer & al. 1998). For well-investigated OGUs, it will be 
also possible to quantify more rigorously floristic similarities among climatically simi
lar, but geographically distant areas. Reports on "similar" lichen floras in 
"Mediterranean" areas of the World are often based on a few selected species only 
(Tretiach 1998). When larger species sets will be compared, these affini ti es could prove 
to be less significant, and the differences may provi de relevant information for further 
research. To date, phytogeographical evaluations are only possible within Italy, which 
is the best investigated country. However, intemational coordination and the database 
approach provided by the OPTIMA Commission for Lichens will soon permit to inclu
de several other countries in quantitative studies of lichen phytogeography in the 
Mediterranean region. 



296 Grube & Nimis, The Med-checklist of Mediterranean Iichens 

Acknowledgments 

We are grateful to Sabine Rostek (EDV Zentrum, Karl-Franzens-Universitiit Graz) for technical assi
stance. Ali members of the OPTIMA commission for lichens are acknowledged for discussions and 
suggestions. Part of the databasing work in Graz was financed by the Dept. of Biology, University 
ofTrieste (funds to P.L.N.). 

References 

Berendsohn, W.G. 1995: The concept of"potential taxa" in databases. - Taxon 44: 207-212. 
1997: A taxonomic information model for botanical databases: the IOPI mode l. - Taxon 46: 
283-309. 
, Anagnostopoulos, A., Hagedorn, G. , Jakupovic, J., Nimis, P. L. , Valdés, B., Giintsch, A., 
Pankhurst, R. & White, R. J. 1999: A comprehensive reference model for biological collec
tions and surveys. - Taxon 48: 511-562. 

Cislaghi, C. & Nimis, P. L. 1997: Lichens, air pollution and lung cancer. - Nature 387: 463. 
Crovello, T. 1. 1981: Quantitative biogeography: an overview. - Taxon 30: 563-575. 
Dallwitz, M. J., Paine, T. A. & Zurcher, E. J. 1993: User's guide to the DELTA system: a generai 

system for processing taxonomic descriptions. 4th ed. - Canberra. 
Egea, J. M. 1996: Catalogue oflichenized and lichenicolous fungi ofMorocco. - Bocconea 6: 19-

114. 
Esslinger, T. C. & Egan, R. S. 1995: A sixth check1ist ofthe lichen-forming, lichenico10us, and allied 

fungi of the continental United States and Canada. - Bryo1ogist 98: 467-549. 
Galun, M. & Mukhtar, A. 1996: Checklist ofthe lichens ofIsrael. - Bocconea 6: 149-171 . 
Grgurinovic, C. 1994 (ed.): Flora of Australia, voI. 55, Lichens. Lecanora1es 2, Parmeliaceae. -

Australian Biol. Res. Study, Canberra. 
Grube, M. & Nimis, P. L. 1997: Mediterranean lichens on-line. - Taxon 46: 487-493. 
Grube, M. 2000 (in press): On-line documentation oflichen biodiversity. - in: Kranner, I. , Beckett, 

R., Varma, A. (ed.). Methods in Lichenology. - Berlin. 
Hafellner, 1. 1995: A new checklist of lichens and Iichenicolous fungi of insular Laurimacaronesia 

including a lichenological bibliography for the area. - Fritschiana 5: 1-132. 
John, V. 1996: Preliminary catalogue of lichenized and lichico10us fungi of Mediterranean Turkey. 

- Bocconea 6: 173-216. 
Kondratyuk, S., Navrotskaya, I., Khodosovtsev, A. & Solonina, O. 1996a: Checklist of Ukrainian 

lichens. - Bocconea 6: 217-294. 
Kondratyuk, S.Y. , Navrotskaya, I. L. , Zelenko, S. D. , Wasser, S. P. & Nevo, E. 1996b. The first chec

klist of lichen-forming and lichenicolous fungi ofIsrael. 1-136. - Haifa. 
Litterski, B. & Mayrhofer, H. 1999: Catalogue of lichenized and lichenicolous fungi of Cyprus. -

Stud. Geobot. 16: 57-70. 
Nimis, P. L. 1993: The lichens of Italy. An annotated catalogue. - Mus. Reg. Sci. Nat.. Torino. 

Monogr. 12: 1-897. 
1996: Towards a checklist of Mediterranean lichens. - Bocconea 6: 5-17. 
1999a: Lichen Database of Italy 1.0. - Univo Trieste, Dept. Biol., IN 1.0/99 
(http ://biobase.kfun igraz.ac.at/tlechte/owa/askitalflo ). 
1999b: Lichen Herbarium (Herb. Nimis, TSB) 1.0 - Univo Trieste, Dept. Biol. , lN2.0/99 
(http://biobase.kfunigraz.ac.at/tlechte/ owalasktsb ). 
& Martellos, S. 2000, in press: Predictive distributional maps of Italian lichens. The fourth 
IAL Symposium. Abstracts. 
& Tretiach, M. 1995: The liGhens of ltaly, a phytoclimatical outline. - Crypt. Bot. 5: 199-208. 



Bocconea 13 - 200 l 297 

, Pinna, D. & Salvadori, O. 1992: Licheni e conservazione dei monumenti. - Bologna. 
Rambold, G. (ed.) 1996-2000: LIAS: Global Information System for Lichenized and Non-lichenized 

Ascomycetes. Botanische Staatssammlung Miinchen, Department of 
Mycology.(http://dbsys.botanik.biologie.uni-muenchen.de/botsamml/lias/index.cfm). 

Rose, F. 1976: Lichenological indicators of age and environmental continuity in woodlands. - Pp. 
279-307 in: Brown, D. H., Hawksworth, D. L. & Bailey, R. H. (ed), Lichenology: progress and 
problems. - London. 

Santesson, R. (1993) The lichens and lichenicolous fungi of Sweden and Norway. - STB F6rlaget, 
Lund. 

Seaward, M. R. D. 1996: Checklist ofTunisian lichens. - Bocconea 6: 115-148. 
Shaffer, H. B. , Fisher, R.N. & Davidson, C. 1998: The role of natural history collections in docu

menting species declines. - Tree 13: 27-30. 
Suppan, U., Priigger, J., Mayrhofer, H., Grube, M. & Batic, F. 1998. Towards a check-list of 

Siovenian lichens. - Sauteria 9: 341-350. 
Suppan, U. , Priigger, J. & Mayrhofer, H. 2000. Catalogue of lichenized aand lichenicolous fungi of 

Siovenia. - Bibl. Lichenol. 76: 1-215. 
Tibell, L. 1991: Crustose lichens as indicators of forest continuity in boreal coniferous forests. -

Nord. J. Bot. 12: 427-450. 
Timdal, E. 2000: Norwegian Lichen Database. (http://www.toyen.uio.no/botaniskllavherb.htm). 
Tretiach, M. 1998: Forum discussion "Lichens a special case in Biogegraphical Analysis". - lnt. 

Lichenol. Newsl. 31, I : 24. 

Addresses ofthe authors : 
Dr. Martin Grube, Institut fur Botanik, Karl-Franzens-Universitiit, Holteigasse 6, 
8010 Graz, Austria. 
Prof. Pier Luigi Nimis, Dipartimento di Biologia, Università di Trieste, Via Giorgeri 
10, 1-34127 Trieste, Italy. 


