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Greece is one of the world’s richest countries in Medicago taxa, counting 7 perennial and 27
annual species. This high diversity can at least partly be attributed to the geographical position
of the country, which enabled its enrichment with different chorological elements. Furthermore,
Greece is the outermost phytogeographical boundary of more than one third of the Medicago
species present in its territory. The distribution of species varies considerably, from endemic
taxa known to exist in only a few localities (M. strasseri) to species having their only European
records in Greece (M. heyniana, M. carica) and also widespread species found in several areas
of the Mediterranean. Between different regions, islands and islets an uneven distribution of
Medicago species is found, attributed to populations’ fluctuation or/and undercollection.
Isoflors showed that the higher concentration of species forms a belt defined by Kerkira to east
Thraki via Kriti. In the mainland, species concentration is dramatically reduced towards a
northwards direction. The Greek Medicago species exhibit a considerable altitude range, from
sea level up to ca. 2300 m and appear in various habitats, although they show a particular pref-
erence for limestone substrates, sand, sandy loam and loam soil textures. The preferences of
certain Medicago species in Greece are restricted to very specific vegetation types, while oth-
ers are found in a wide range of plant communities. Some annual species are adapted to
Mediterranean fire conditions and others have developed a weedy behaviour. Species that are
found in very few localities or grow in threatened environments may need protection.
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Introduction

The genus Medicago L. belongs to Fabaceae and includes a total number of 83 species,
according to the last taxonomic study of the genus (Small & Jomphe 1989). The natural
distribution of the genus covers broad regions of Eurasia and North Africa (Kouznetsoff
1926, Heyn 1963). The genus mostly includes herbaceous species with the exception of
three shrubs. The biological cycles may be annual, biennial or perennial. According to
Tutin (1968), Ivimey-Cook (1968), Heyn & Davis (1970), Huber-Morath (1970) and
Greuter & al. (1989) Medicago comprises many species in Greece. A critical review on
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species diversity, their geographical and altitudinal distribution and ecological preferences
in Greece is still lacking, although a considerable part of information has been accumulat-
ed from the first botanical explorations and up the recent times. Treatments of Medicago
taking into account species diversity, geography and ecology at country level are rather
scarce (e.g. Ehrman & Cocks 1990 for Syria, Crespi & al. (2003) for north Portugal and
Mehregan & al. 2003 for Iran). A worldwide ecogeographical analysis of the perennial
Medicago was presented by Bennett & al. 2006.

Therefore, the aim of this study is to collect and evaluate information from published
sources and herbarium collections, compile data and attempt an integrated approach on
Medicago species found in Greece, which apart from species diversity, also includes spa-
tial distribution and ecological requirements.

Materials and methods

Data compiling

Information on most Medicago taxa has been collected during visits to the following
Herbaria (abbreviations according to Holmgren & al. 1990): ACA, ATH, ATHU, B, BM,
C, K, LD (including the electronic database: http://www.biomus.lu.se/indexBdate.html),
MAIC, TAU, UPA, W, Natural History Museum of Kriti and the private collections of Z.
Kypriotakis, Th. Chitos and the author. In total c. 3100 specimens have been seen. Mr. C.
Pinatsis (Leonidas Pinatsis Herbarium) and Mr. R. Burton kindly offered written informa-
tion from their private Herbaria. The Greek Gene Bank of the National Agricultural
Research Foundation diffused to the author Medicago acquisitions. Prof. A. Strid provid-
ed the checklist of Fabaceae for Patmos Island extracted from the Flora Hellenica
Database. Moreover, several thousands of reference sources were screened for information
on Medicago species in Greece using the Flora Hellenica Bibliography (Strid 1996), as
well as more recent publications. These sources were used in order to register in detail the
following topics: locality, altitude, abiotic and biotic environmental factors and participa-
tion in plant associations. Lack of information on labels and sources was often noticed, a
problem also mentioned by Bennett & al. (2006). In this context a major problem is the
very rare information on population status, which could help in estimating the extinction
risk of a species (IUCN 2001). The environmental factors were limited to Greece.
Specimens with inadequate taxonomic features were not taken into consideration. The
Australian database of South Australian Research and Development Institute (SARDI) has
been reviewed for very rare species collected in Greece. The selected species were pot cul-
tivated so that their identity could be confirmed. The botanical nomenclature follows Med-
Checklist (Greuter & al.1989) and the yet unpublished treatment for Flora Hellenica (P.
Lassen, personal communication), which are almost alike the nomenclature adopted by
Small & Jompe (1989). Since those references no new Medicago species to science has
been described in Greece. Accepted names and synonyms were standardized using
Rechinger (1943a), Heyn (1963) and Greuter & al. (1989) as important references. In gen-
eral no subspecific taxa were accepted, the only exceptions being the two subspecies of M.
sativa, where sufficient information was available. Furthermore, the comparison between
an indigenous and a naturalized subspecies found in Greece would be of interest. The fol-
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lowing references were used for data extraction, in alphabetical order (only authors not
cited in other parts of this paper are presented here): Ade & Rechinger (1938), Anonymous
2000, Arianoutsou & al. (1986), Atchley (1938), Athanasiadis & Drossos (1990),
Athanasiadis & Eleftheriadou (1995), Athanasiadis & Theodoropoulos (1990),
Athanasiadis & al. (1993), Athanasiadis & al. (1996), Athanasiadis & al. (1998),
Babalonas (1970, 1980, 1981, 1984, 1988, 1989), Babalonas & al. (1998), Baldacci
(1894), Baltisberger (1991), Beauverd & Topali (1936), Béguinot & Andreucci (1925),
Béguinot & Vaccari (1914), Bergmeier (1995, 1998b, 2002), Bergmeier & Matthéds (1995),
Bergmeier & al. (1997), Biel (2005), Boissier (1872a, 1872b), Boissieu de (1896),
Boratynska & al. (1985), Boratynski & al. (1987), Boratynski & al. (1991), Boratynski &
al. (1992), Bornmiiller (1894, 1928), Bory de Saint-Vincent & Chaubard (1832), Brandes
(1998), Browicz (1991, 1994, 1997, 1999a, 1999b), Browicz & Zielinsky (1996), Brofas
& Karetsos (1992), Brofas & al. (2001), Burton (1991), Bohling (1994), Candargy
(1892,1899a), Celakovsky (1887), Chilton & Turland (1997, 2004), Christodoulakis
(1994), Chitos (2005), Chochliouros & Georgiadis (1997), Ciferri (1943, 1944), Clarke
(1810-1823), Constantinidis (1997, 2004), Constantinidis & al. (2004), Cousturier &
Gandoger (1916), Covillot & al. (1997), Davis & al. (1988), Deftner (1922), Diapoulis
(1940,1958), Dimalexis & al. (1999), Dimopoulos (1993), Drossos (1975, 1977, 1992),
Drossos & Athanasiadis (1989), Economidou (1973), Eleftheriadou & Theodoropoulos
(2003), Eleftheriadou & al. (1995), Ewing & Howieson (1987), Fielding & Turland (2005),
Fiori (1924a, 1924b, 1939), Formanek (1891a, 1891b, 1896, 1897, 1899, 1900), Forsyth-
Major & Barbey (1894a, 1896a, 1896b), Francis & Katznelson (1977), Francis & al.
(1995), Gandoger (1915, 1916a, 1917, 1920a, 1920b), Ganiatsas (1936, 1938, 1940, 1955,
1963, 1971), Gelmi (1889), Georgiadis (1994), Georgiadis & al. (1990), Georgiadis & al.
(1985), Georgou (1988), Gillespie (1989), Goulimis (1954, 1960), Gradstein &
Smittenberg (1977), Greuter (1970, 1974), Greuter & Rechinger (1967), Griesbach (1843),
Gutermann (1995), Habeck & Reif (1994), Halacsy (1892a, 1892b, 1894a, 1894b, 1901,
1906, 1908, 1910), Hansen (1982), Hansen & al. (1966), Hartvig & Strid (1995),
Haussknecht (1894), Hayek (1928), Heiselmayer (1996), Heiselmayer & Siebenbrunner
(1986), Heiselmayer & al. (1995), Heldreich (1880, 1883a, 1883b, 1898a, 1898b, 1898c,
1899a, 1899b), Hughes (1987), Hofmann (1968), Jahn & Schonfelder (1995), Jeanpert
(1919), Karagiannakidou & Kokkini (1987), Karagiannakidou & Raus (1996),
Karagiannakidou & al. (1995), Karagiannakidou & al. (2000), Karetsos (2001),
Katsikopoulos (1936), Knapp (1964, 1965), Kokmotos (1999), Konstantinou (1992),
Koumpli-Sovantzi (1991), Koumpli-Sovantzi & Vallianatou (1994), Koumpli-Sovantzi &
Yannitsaros (1993), Koumpli-Sovantzi & al. (2000), Koutsopulos & Sarlis (2002), Krause
& al. (1963), Krigas & Kokkini (2004, 2005), Krigas & al. (1999), Kull & Diamantopoulos
(1998), Lavrentiades (1979), Maire (1921a,1921b), Maire & Petitmengin (1907, 1908),
Malakates (1927, 1928b, 1933a, 1933b), Markgraf (1920), Maroulis & Artelari (2001),
Maroulis & Georgiadis (2005), Meikle (1954), Nadji (1892), Nutt & al. (1996), Oberdorfer
(1954a, 1954b), Ostermeyer (1887), Pampanini (1923, 1927), Panagopoulos & al. (2001),
Panitsa & al. (2003), Pantis (1987), Papanastasis (1989), Papanikolaou (1985),
Papanikolaou & Sarlis (1991), Papatsou (1975), Paraskeuopoulos (2006), Pavlides (1982,
1985), Phitos (1960), Phouphas (1968), Pieri (1814, 1824), Politis (1953), Preston & Strid
(1986), Quézel (1964, 1967), Quézel & Contandriopoulos (1965a, 1965b), Quézel &
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Katrabasa (1974), Ralf & al. (1995), Rauh (1949), Raulin (1869), Raus (1980, 1983, 1991,
1996b), Rechinger (1929, 1939, 1949, 1961), Rechinger & Rechinger-Moser (1951),
Regel (1943, 1947, 1952,1953), Reif & Loblich-Ille (1999), Rikli & Riiber (1923),
Ronniger (1941), Rothmaler (1944), Runemark & al. (1960), Samuelsson (1934), Sarika
& al. (2005), Sarlis (1980, 1990, 1994a, 1994b), Schonfelder & Besl (1988), Schwarz
(1981), Sibthorp & Smith (1813), Snogerup & Snogerup (1991, 1993), Snogerup & al.
(1980), Snowball (1998), Spreitzenhofer (1877), Stamou & al. (2003), Stefanaki-
Nikiforaki (1981, 1982, 2000a, 2000b, 2001), Stefani & al. (1891, 1895), Sterneck (1911),
Stojanov (1928), Stojanov & Jordanov (1938), Stojanov & Kitanov (1944, 1946, 1950),
Strid & Tzanoudakis (1998), Strid & Ugelvig (1986), Szijj (1983), Theocharopoulos &
Georgiadis (1984), Theocharopoulos & al. (1998), Theodoropoulos (1991, 1996),
Theodoropoulos & Eleftheriadou (2003), Theodoropoulos & Athanasiadis (1995), Tocl &
Rohlena (1902), Tsiotsiou & Christodulakis (2004), Tuntas (1905), Turrill (1918, 1920,
1937), Weiss (1869), Yannitsaros (1969, 1998), Vallianatou & Yannitsaros (1993, 2000),
Vandas (1905), Vierhapper (1914a), Vierhapper & Rechinger (1935), Vlachos & al. (2002),
Voliotis (1967, 1976a, 1976b, 1977, 1981,1983, 1984), Zaffran (1976, 1990), Zaganiaris
(1935b, 1938a, 1938b), Zerlentis (1959, 1965, 1968), Zotos & al. (2006).

Presentation of geographical distribution

There are at least, two different methods to choose from, when creating distribution
maps of each taxonomic entity. The first method, represented by Pignatti (1982), uses a
symbol to indicate the presence of any given taxon in a particular administrative region.
The second one, represented by Strid & Tan (1997), locates any given taxon more precisely
on a map, using coordinates. It was decided to use the first method for the following four
reasons: a. Though information contained in old sources is often incomplete, nevertheless
it can be valuable as it is not met in recent sources; b. The data colleted by herbaria and
bibliography have a qualitative value and not a quantitative one. Quantitative presentation
of data would request sampling procedures (e.g. Ehrman & Cocks 1990), which would
eliminate bias. Such features are beyond the available information provided by the exist-
ing data; c. The same symbol of each administrative region can depict different altitudinal
zones (Table 1); d. A sufficient amount of information is maintained by choosing the
appropriate geographical unit for each taxon mapping. In our case, the units used refer to
the prefectures (Nomos) and islands of Greece (Fig. 1), totaling up to 103 entities. The
administrative boundaries of a few prefectures do comply with the physical ones. Thus, the
mainland part of Nomos Evvias is incorporated in Nomos Viotias, Nomos Korinthias is
limited to Peloponnisos only, and Nomos Argolidos also includes that part of Nomos
Pireos situated in Peloponnisos. With regard to the islands, the largest of them were select-
ed for full representation on the distribution maps; however, detailed reference is made to
smaller islands or islets in Table 3 and the text, where necessary.

Maps construction

The data collected from various Herbaria, Gene Banks databases, personal communi-
cation and the references were summarized into tables, different for each species (all the
tables are available by the author upon request). The data of each table were then trans-
formed into distribution maps, where each species was indicated by its own symbol. This
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Table 1. Symbols used for the representation of altitudinal zones.

Reference without altitude

Altitudinal zone (m) Symbols

0-500 F (B[P A |V |

S01-T000 P [ A ¥k

1001-1500 a H | 4 A, ﬂ;’ $

1501-2000 @ E $ ﬂ '? ﬁ

2001-2500 & W iz
& H|® | AT PR

Note: The above symbols could appear also in various combinations (e.g. P
means that the altitudinal zone from 0 up to 1500 m is covered).

symbol was then modified in order to comprise five altitudinal zones (Table 1). In order to
construct the isoflors map according to Maxted & al. (2000) the total number of species
for each prefecture and island was calculated and then the appropriate lines were manual-
ly drawn (Fig. 17).

Results and Discussion
A. Species distribution and habitats

1. M. arborea L.

Linnaeus (1753) described M. arborea and indicated as provenance the Greek island of
Rhodos and Neapoli (Napoli of Sicily).

This shrubby species grows in natural, undisturbed habitats but is more often found in
anthropogenic localities, where the origin of the plants can be certainly attributed either to
planting or to escaping. It can be found in macchie and garrigue (the term also includes
phrygana, according to Th. Raus personal communication) vegetation types, sparse Pinus
halepensis forest, in (sub)nitrophilous frutescent vegetation (Bergmeier & Dimopoulos
2003) and in olive groves. It has the potential of naturalization (Turland & al. 1993). Thus,
some of the locations presented in Fig. 2 may either refer to planted material or individuals
spread from planted stock. According to Fig. 2 and Table 3 M. arborea extends over the
broadly defined Aegean region, particularly at low altitudes near the sea. Most probably,
natural stands of M. arborea are confined to islets of the Aegean Sea (e.g. Greuter 1979,
Malakates 1928a, Kamari 1988, Snogerup & al.1991), rocky places on larger islands like
Kasos (Forsyth-Major & Barbey 1894b) or Saria (Raus 1996a) and at the rocky foothills of
mountains in the mainland, as is the case of Mt Pateras (Constantinidis 1997). The species
is not considered as native in Kriti but recently it has been found in two of the Dionysades
island group, north-east of the Lassithi prefecture (Bergmeier & Dimopoulos 2003).
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Fig. 1. Map of Greece with names of prefectures and islands which are floristically covered.

M. arborea is characterized as chasmophyte (Greuter 1979) and islet chasmophyte
(Honer & Greuter 1991). This is substantiated by the fact that this species appears at steep
limestone cliffs and seashore rocks. Grazing seems to be the driving force that restricts the
species to cliffs and at the same time suppressing its expansion. The plants of M. arborea
are highly preferred for consumption by small ruminants (Amato & al. 2004). Therefore,
they only survive in isolated specific environments that offer long-term protection from
either wild or domesticated ruminants for thousands of years. When grazing pressure ceas-
es the plants may expand, if not limited by other unfavourable factors. Such an example is
reported from the natural environment of Dionysades islands, where the plants spreaded
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from cliffs to even grounds during the last 20 years (Bergmeier & Dimopoulos 2001, 2003).
The same expansion has been observed in the Philopapos Hill semi-natural environment in
Athens, where the plants colonize rocky places and increase in numbers. Obviously, the ori-
gin of this population should be attributed to planted material for decorative reasons.
Consequently, M. arborea can be characterized as a facultative chasmophyte.

From a phytosociological point of view M. arborea forms the Lavatera arborea-
Medicago arborea Ass. Bergmeier & Dimopoulos 2003, which appears both in the west-
ern and eastern Aegean islets (Bergmeier & Dimopoulos 2003).

2. M. strasseri Greuter, Matthids & Risse

Sobrino & al. (2001) treat this taxon taxonomically as a subspecies. Nevertheless in this
paper this taxon is maintained at species level (A. Strid, personal communication).

This is the only Greek endemic Medicago species, which is restricted to Kriti (Fig. 2),
currently known from seven different localities in the area (Z. Kypriotakis, personal com-
munication). Greuter & al. (1982) consider this species as a typical representative of the
chasmophytic element of the island. It is localized on limestone cliffs of Kriti (Greuter
1986) with a high relative humidity, together with broad-leaved element of the island. It is
localized on limestone cliffs of Kriti (Greuter 1986) with a high relative humidity, togeth-
er with broad-leaved sclerophyllous species (Greuter & al. 1982). It is absolutely intoler-
ant to grazing (ibid). It has been characterized as an obligatory chasmophyte or a true chas-
mophyte, which is both adapted and specialized to cliffs (Kypriotakis & Tzanoudakis
2001) in order to avoid grazing (Kypriotakis 1988). The last author also discovered this
species on an islet NW of Heraklion, where neither cliffs nor any indication of grazing
were observed (ibid., Kypriotakis & Tzanoudakis 2000). This may be reasonable, as some
species can be adapted to chasmophytic environments without necessarily being special-
ized chasmophytes (Snogerup 1971). Therefore, its characterization as an obligatory chas-
mophyte should be re-examined and probably change into a facultative chasmophyte.
Thus, M. strasseri behaves similarly to M. arborea, the way it is described above.

3. M. sativa L.

3a. M. sativa L. ssp. sativa

This subspecies of Iranian origin was introduced in Greece during the Median Wars
(Prosperi & al. 2001) and gained some importance in Greek agriculture (Bolton & al.
1972). During the Medieval ages the cultivation retreats in Europe (ibid.) and the same
should have probably happened in Greece. Authors who reported on the cultivated plants
of Greece do not referred to M. sativa ssp. sativa at all, or indicate it as very rarely culti-
vated (Fiedler 1840, Langkavel 1866, Hehn 1870). Several decades afterwards, Turrill
(1929) did not include it in his list of plants cultivated in the Balkan Peninsula and Kriti.
Heldreich (1862) mentioned that the cultivation of M. sativa ssp. sativa has just started in
Greece. This is in accordance with a statement by Kontsiotou (2005) that M. sativa ssp.
sativa was cultivated in Greece during 1860 in an area of about 9 hectares. At that time,
Greece was restricted to the area south of Thessalia and Kriti was part of the Ottoman
Empire. Heldreich (1877b) supports the restricted cultivation of M. sativa ssp. sativa by
stating that the taxon was still cultivated in small areas (gardens and beside roads) and not
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Fig. 2. Geographical and altitudinal distribution of Medicago arborea in Greece and total known dis-
tribution of M. strasseri.

in a large scale. He adds that most legumes (pulses) were cultivated for human consump-
tion and the rest for animal feeding. It is therefore concluded that during the 19 century
and possibly earlier centuries the feeding of domesticated animals was primarily based on
natural resources and on fallow land. In 1930 about two thirds of the agricultural land was
cultivated with cereals and the rest remains as fallow (Kontsiotou 2005). The introduction
of innovations was slow due to many structural problems (e.g. lack or small ownership of
land, cultivation of human food crops due to hunger, lack of machinery). Gradually, the
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cultivation of M. sativa ssp. sativa was expanded up to 18.600 hectares just before the
Second World War (ibid.).

M. sativa ssp. sativa is a naturalized taxon in Greece (e.g. Greuter & al. 1983, Krigas &
Kokkini 2004), escaping from cultivation probably during different periods after its origi-
nal introduction. It is found in the Greek mainland and many islands, including some of
the Kiklades (Fig. 3). It reaches an altitude of up to 1500 m (Ioannina prefecture, B!). It is
adapted to different environments, including hydrobiotopes, grasslands, abandoned fields
and waste places. In Kriti it can be found in wet places around estuaries (Greuter 1971). It
is a good example of a taxon fully naturalized in Greece, in contrast to M. sativa ssp. fal-
cata, which is native.

3b. M. sativa L. ssp. falcata (L.) Arcang.

This subspecies is widespread all over the country, being more common in the mainland
and absent from the south Aegean and Ionian islands with the exception of Kerkira. It
reaches the highest altitude of 1950 m (Fig. 3). In Kriti, this taxon is considered as being
in the process of naturalization (Greuter & al.1989, Yannitsaros 1991). Barclay (1986), and
Turland & al. (1993), who is reproducing Barclay (N. Turland, personal communication),
indicate that this taxon is cultivated for fodder and possibly naturalized along field mar-
gins. However, no cultivation of M. sativa ssp. falcata is substantiated, either in Kriti or in
Greece. For instance, Heldreich (1862) considered M. sativa ssp. falcata as a wild taxon
and commented, in contrast, that M. sativa ssp. sativa is very seldom found in cultivation
(in gardens and beside roads). Therefore, the probability of naturalization of M. sativa ssp.
falcata in Kriti through cultivation should be considered as not realistic. Another hypoth-
esis would be the naturalization of this taxon after an accidental introduction to Kriti. A
first step to examine this hypothesis would be to review the existing collection data. The
presence of M. sativa ssp. falcata in Kriti is reported in at least ten collection sites:
Prefecture of Chania: 1. Chania (Heldreich 1877a, Gandoger 1916b, specimen in K!),
Prefecture of Heraklion: 2. Heraklion (Heldreich 1877a, K!), 3. Gazi (Rechinger 1943b,
BM!), 4. Faistos (Lakowitz 1929), 5. Prassa near Knossos, 6. Hersonissos east of
Heraklion (Z. Kypriotakis, personal communication), 7. Near Arkalohori southeast
Heraklion (Z. Kypriotakis with the presence of the author) and Prefecture of Lasithi: 8.
Mesa Lasithaki (UPA!, collected 1982, altitude 850 m) and 9. Near Kristallenia Monastery
in 1994 at an altitude of circa 900 m (N. Turland, personal communication) and W!. The
above information indicates the presence of M. sativa ssp. falcata in various places sepa-
rated by a long distance, for more than 100 years. One can argue, nevertheless, that all
these localities are in the lowland and near cultivations. However, Egli (1993) reports the
taxon from Mt. Psiloritis, at an altitude of 1200 m. These findings reduce the likelihood of
naturalization through introduction.

Another hypothesis is that M. sativa ssp. falcata was introduced in Kriti introgressed in
the cultivated M. sativa ssp. sativa and then regenerated through deintrogression. It is cer-
tain that the exchange of genetic material between the two subspecies is possible (Muller
& al. 2003). Prosperi & al. (1996) observed the introgression between the two subspecies
in Spain. However, Sinskaya (1940) states that “when falcata is crossed with sativa, the
characters of the latter, i.e., of the cultivated type, are dominant. In this case extensive
experiments have shown that all degrees of “impregnation”...are possible”. Thus, the pos-
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M. sativa
@ $sp. sativa
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Fig. 3. Geographical and altitudinal distribution of Medicago sativa ssp. sativa and M. sativa ssp.
falcata in Greece.

sibilities that after deintrogression “pure” plants of M. sativa ssp. falcata have been pro-
duced, which also remain “pure” in their following generations and at all the localities
mentioned above should be considered as extremely low. On the other hand, the hybrid of
M. falcata x M. sativa has not been reported from Kriti (Rechinger 1943b, Turland & al.
1993). The habitats, climate or latitude of Kriti pose no problem to the distribution of this
subspecies on the island, as it has also been reported as native in Libanon and Morocco
(Mouterde 1970, Greuter & al.1989). It is therefore concluded that the status of M. sativa
ssp. falcata in Kriti should be considered indigenous rather, than naturalized. Future
research could spread more light on this issue.
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M. sativa ssp. falcata is adapted to various geological substrates (Table 4) and it is found
in degraded Quercus forest, Q. macrolepis habitats (Candargy 1899b), Pinus brutia and
Abies spp. forest, openings of Fagus sylvatica forest, Juniperus oxycedrus ssp. oxycedrus
and Juniperus foeditissima stands, open shrub (Quercus spp., Pyrus spinosa), grasslands,
road sides and fields (Bazos 2005), abandoned fields, as member of a weed flora and at
ruderal places.

Where edaphic conditions are favourable (deep and compact soil) it can expand and
cover up to the 25% of the land surface (Raus 1979). Together with Ononis spinosa and
M. sativa ssp. falcata it creates a form of Sarcopoterium spinosum community in east
Thessalia. These two taxa together may compete with S. spinosum, reducing it under 50%
of surface cover (ibid. and Th. Raus, personal communication).

4. M. prostrata Jacq.

This species was first discovered in Greece in several localities of Mt Vourinos
(Babalonas 1983) and later on Mts. Vermion (B!) and Falakron (UPA!). More recently it
has been found in N Pindos (Tan & Vold 2006) and in two localities of Mt. Chasia (Trikala
prefecture, UPA!), which currently form the southernmost border of the species distribu-
tion in Europe (Fig. 4). It is found at altitudes of 300 m and up to 2040 m (ibid.). It grows
on serpentine and calcareous substrates, in rocky slopes with open shrub dominated by
Quercus pubescens and Buxus sempervirens (Strid 1999), in Pinus heldreichii forest (Tan
& Vold 2006) and in grasslands.

5. M. marina L.

Medicago marina is widespread in many coastal habitats of Greece (Fig. 4). It occurs
in sandy beaches and dune systems, oligohaline lagoons (Lavrentiades 1971), hyperaline
and fresh water hydrobiotopes, alluvial deposits and riparian sites. Several authors have
studied the sand dune communities where M. marina grows (Babalonas 1979, Biondi
1989, Economidou 1969, 1975, 1981, Knapp 1965, Lavrentiades 1963, 1964, 1971, 1975a,
1976, Lavrentiades & Babalonas 1976, Gehu & al.1986, Géhu & al.1987, Christodoulakis
& Georgiadis 1990, Drosos & al. 1996, Oberdorfer 1952, Voliotis & Drosos 1983, Pavlides
1976a, 1976b, Krause & al. 1963, Mayer 1995). Sykora & al. (2001) reviewed the sand
coast vegetation communities of Greece and stated that M. marina participates in pioneer
communities of dunes. Based mainly on this review, the participation of M. marina in dif-
ferent phytosociological units is shown in Table 2.

6. M. carstiensis Wulf.

The only Greek locality of this rare species is apparently Mt Pageon (Fig. 4). To our
knowledge, this is the southernmost limit of distribution in Europe. Northwards it is report-
ed from areas of Albania, former Yugoslavia, Bulgaria, northeastern Italy and southeastern
Austria (Small & Jomphe 1988). On Mt Pangeon, M. carstiensis occurs from 1050 m up
to 1250 m in Fagus forests and grassland, on calcareous substrate. Its rhizomatous growth
pattern (ibid.) and shade tolerance are very rare or unique features in the genus Medicago
(Lesins & Lesins 1979). The locations of M. carstiensis in Greece are very few and the
threats they may face need further investigation.
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Fig. 4. Geographical and altitudinal distribution of Medicago prostrata, M. marina and M. carstiensis
in Greece.

7. M. littoralis Loisel.

This species is widespread at lowland habitats of the mainland and on islands (Fig. 5).
Occasionally, it can be found at altitudes higher than 500 m. It occurs mainly in coastal
environments (fresh water hydrobiotopes, alluvial deposits, sub-littoral sandy places,
dunes and gravelly or sandy seashores) but also on steep cliffs. It can further be found in
garrigue, as a weed in olive groves and fruit orchards and in ruderal sites. M. littoralis par-
ticipates in different phytosociological units (Table 2).
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Table 2. The level of participation of Medicago marina and M.littoralis as constant species in diffe-
rent phytosociological units.

Phytosociological unit M. marina  M.littoralis ~ Reference

Ammophiletalia Ord. Br.-Bl. 1933

Otanthus maritimus Community \ Sykora & al. 2001
Erygnium maritimum Community v Sykora & al. 2001
Cypero mucronati-Agropyretum juncei Ass. v Sykora & al. 2001
(Kihnholtz-Lordat 1923) Br.-Bl. 1933
centaureetosum spinasae Subass. Géhu 1991 v \% Mayer 1995
Medicagini marinae- Ammophiletum australis Ass. v Sykora & al. 2001
Br.-Bl. 1921
Limonio graeci-Triplachnetum nitentis Ass. Mayer v v Mayer 1995
1995
Epherdo distachyae-Silenetum subconiae Ass. v Sykora & al. 2001
Oberd. 1952
Coridothymo capitati-Centaureetum spinosae Ass. \% Mayer 1995
Géhu 1991
Centaureo spinosae-Limonietum sinuati Ass. \4 Mayer 1995
Mayer 1995

8. M. truncatula Gaertn.

The distribution of M. truncatula is peripheral in Greece, mostly embracing coastal
areas of the mainland up to 800 m of altitude, and the islands of the Ionian and the Aegean
Sea. (Fig.6). It occurs in sandy fields and wet grasslands (Economidou 1969), wet mead-
ows with Juncus spp. (Georgiadis & al. 1997), strongly overgrazed and degraded garrigue
(Greuter 1976), garrigue with rocks and cliffs (Kamari & al. 1988), garrigue dominated by
Coridothymus capitatus, open shrub (Quercus sp. and Pyrus spinosa), Q. pubescens stands
(Matthas 1988), Q. coccifera-Phillyrea latifolia forest (Kamari & al. 1988), coniferous
forests, grasslands, fields and fallow fields, olive groves, as well as a weed in cereal crop
(Turland & al. 2004) and waste places.

9. M. doliata Carmign.

The species is scattered in Greece (Fig. 6) currently known in four areas: 1. Western parts:
Kerkira (Borkowsky 1994), Lefkada (B) and Etolo-akarnania (W), 2. Central parts:
Magnisia (Raus 1979), Evvia (LD), Attiki (BM), 3. East Aegean Islands (Lesvos (B),
Samos (Diill 2000), Ikaria (ibid.) and Rhodos (Rechinger1943a) and 4. Crete: Heraklion
(B). It grows on colluvial loam, gravel beach, near coasts (Borkowsky 1994), in grass-
lands, roadsides and as a weed in open olive groves (Turland & al. 2004).

10. M. tubeculata Retz. (Willd.)

It is distributed peripherally in the mainland and also appears in most of the islands (Fig.
7), occasionally up to 600 m of altitude. It is found in sandy seashores and stony places,
semi-natural and natural garrigue, macchie, Q. pubescens stands (Matthis 1988), as a weed
in olive groves and vineyards, in fallow fields, along field margins and road sides.
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Fig. 5. Geographical and altitudinal distribution of Medicago littoralis in Greece.

11. M. rigidula (L.) All.

Medicago rigidula is widespread almost all over Greece, having a poor representation
in Kiklades and being absent from Northern Sporades Islands. It reaches the altitude of
1800 m in Sterea Ellas (Fig. 7). It appears in riparian environments, garrigue with rocks
and cliffs (Kamari & al. 1988), garrigue with Sarcopoteriun spinosum, open garrigue
(Quercus coccifera, Pyrus spinosa), meadows in openings of Q. coccifera shrub (Strid
1999), macchie and clearings of macchie, Caprinus orientalis scrub, degraded Quercus
forest, Q. trojana forests, Q. pubescens stands (Matthds 1988), deciduous forests,
Juniperus oxycedrus ssp. oxycedrus and Juniperus foeditissima stands, woodland of J.
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Fig. 6. Geographical and altitudinal distribution of Medicago truncatula and M. doliata in Greece.

foeditissima and Q. trojana (Strid 1999), Abies stands, meadows and grasslands, as a weed
in various crops (Zaganiaris 1939), as cereal crops (Turland & al. 2004), olive groves,
edges of cereal fields (Strid 1999), fallow fields and waste places.

12. M. constricta Durieu

The distribution of this species mostly covers the eastern parts of Greece (Thraki, cen-
tral Makedonia, Aegean islands) reaching westwards Messinia (UPA!) and Kefallinia
Island (LD). The two latter areas constitute the westernmost border of the species distri-
bution range in the Mediterranean (Fig. 8). In some Aegean islands and Kriti it appears at
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Fig. 7. Geographical and altitudinal distribution of Medicago tuberculata and M. rigidula in Greece.

altitudes of up to 650-800 m. It grows on rocky limestones, in sandy areas near the sea and
also on saline soils. The biotic environments where Medicago constricta has been found
in Greece include macchie, grazed garrigue dominated by Quercus coccifera, Cistus spp.
or Coridothymus capitatus, areas with Asphodelus spp., dry meadows in openings of
shrublands, deciduous Quercus woodland, Pinus forest, waste places and fields (Snogerup
& al. 2001).

13. M. murex Willd.
Medicago murex is rather scattered in Greece, distributed in areas surrounded by the
Aegean Sea (Athos Peninsula is the northernmost known locality in Greece) and also the
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western parts of the country (Fig. 8), at altitudes from sea level up to 900 m. It is found in
sandy shores, open places in Phlomis spp. garrigue, Cupressus sempervirens thickets, Q.
pubescens stands (Matthds 1988), grasslands, as a weed in cereal crops, olive groves and
also in fallow fields (Turland & al. 2004).

14. M. rugosa Desr.

This species is common in south Greece (southwards of Sterea Ellas) and also in many
Aegean Islands, while it becomes rare in the northern parts of the country. It reaches the
altitude of up to 1000 m (Fig. 9). It is found in openings of garrigue, stands of Q. coccifera
(Paraskeuopoulos (2006) or Q. pubescens (Matthds 1988), fallow fields (Turland & al.
2004), and also participates in weed communities of cultivated fields (Turland & al. 1993),
olive groves (Paraskeuopoulos (2006) and ruderal places.

An interesting case to be referred is a specimen collected by Candoger (1916) in
Lassithi, Kriti and reported as M. helix Willd (= M. italica). Rechinger (1943a) accepted
this reference without checking the specimen of Gandoger (W. Greuter, personal commu-
nication). An examination of images of Gandoger’s collection (LY) by Th. Raus proved
that the specimen from Kriti (Gandoger 1708!) is actually M. rugosa not M. italica.

15. M. scutellata (L.) Miller

Medicago scutellata is found in northern Greece (central Macedonia, Thraki and North
Aegean Islands), the Ionian Islands, Sterea Ellas, the East Aegean Islands and Kriti
—Karpathos. In the Kiklades it is recorded only on Paros, Siros and Milos (Fig. 9). Its high-
est altitude record is 600 m and 750 m above sea level for the mainland and Kriti respec-
tively. The species recently rediscovered on the island of Lesvos by A. Vastaki, after its
original report there by Candargy (1899a). Specimens were collected near Charamida vil-
lage at the south-eastern parts of the island, in grazed olive orchards c. 300 m from the
seashore. Generally, M. scutellata occurs in littoral sandy places, garrigue dominated by
Sarcopoterium spinosum, grasslands, cultivated and fallow fields (Christodoulakis 1984,
Turland & al. 2004) and as a weed in various crops (Zaganiaris 1939).

16. M. blancheana Boiss.

This is an Anatolian element, distributed mainly in the East Aegean Islands and also
extending in eastern Kriti and east Macedonia (Fig. 9). The species is characterised as
adventive in its latter locality (Lassen 1999). Nevertheless, it should not be ignored that M.
blacheana also reported in the neighbouring region (Thraki) by Hayek (1927). It is found
in alkaline and clay loam soils (data taken from SARDI) and in fields (Snogerup & al.
2001).

17. M. intertexta (L.) Miller

Medicago intertexta is present in a few localities of western Greece and only one in the
eastern parts (Samos Island, C, personal communication by O. Ryding). Samos is an iso-
lated locality and, to our knowledge, the easternmost limit of species’ overall distribution
(Fig. 10). M. intertexta is found near the sea but also at higher altitude on Kerkira Island
(Unger 1862).
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Fig. 8. Geographical and altitudinal distribution of Medicago constricta and M. murex in Greece.

18. M. ciliaris (L.) All.

The species has been reported in several localities and appears to be more widespread
that the related M. intertexta. It is mainly found in western Greece, Peloponnisos, Kriti and
some of the East Aegean Islands (Fig. 10). It grows in macchie, underneath Q. pubescens
stands (Matthids 1988), open grasslands (Turland & al. 1993), in abandoned terraced slopes,
in olive grooves (Greuter & al. 1984), beside roads and fields. Greuter & al. (1984) made
the hypothesis that the species in Kriti could have been introduced my man, accidentally or
by purpose. The likelihood of an introduction by purpose is very low because no cultivation
of annual Medicago species exists in Greece, according to author’s investigations.
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Fig. 9. Geographical and altitudinal distribution of Medicago rugosa, M. scutellata and M. blancheana
in Greece.

Moreover, according to Street & al. (2001) no cultivar of this species exists, not even in
Australia, which is pioneer in releasing Medicago cultivars (see also the Register of
Australian Herbage Plant Cultivars at http://150.229.2.64/ahpc/home.htm and the Australian
Plant Breeders Rights, http://www.ipaustralia.gov.au/pbr/). The fact that the species has
been collected in five clearly separated, geographically and altitudinally, localities of Kriti
(three mentioned by Greuter & al. 1984, a fourth at Festos region supported by a specimen
at B! and reconfirmed c. 2 km north of Festos by Z. Kypriotakis in a personal communica-
tion, and a fifth found near Agios Thomas, Eparhia Kenourgiou, Irakliou Prefecture by the
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author) minimizes the possibility of an accidental introduction. Furthermore, the scattered
presence of M. ciliaris in Greece reduces the possibility of any accidental transfer in Kriti
by escaping from introduced hay. On the other hand, the extent of this species distribution
includes areas south of Kriti as Africa (Greuter & al. 1989). Therefore, Kriti should not be
considered as out of the natural distribution range of the species.

19. M. muricoleptis Tineo

Medicago muricoleptis has a clear distribution to the west parts of Greece (Fig. 10). A
very interesting finding is the discovery of the species in Kavala prefecture (J. M. Prosperi,
personal communication), which forms a noteworthy expansion of the species’ distribution
to the east. M. muricoleptis has been found on sandy substrate, in olive groves, fallow
fields and wasteland (P. Lassen, personal communication).

20. M. minima (L.) Bart.

This is a species widespread all over Greece, reaching the altitude of 1800 m. (Fig. 11).
It shows good adaptation to overgrazing and high fire frequency (Pantis & Mardiris 1993).
It succeeds in many rock substrates (Table 4) and in fresh-water hydrobiotopes, riparian
environments, littoral places and carstic plains (Raus 1999). It is present in many different
habitats: garrigue dominated by Cistus or Sarcopoterium, communities of Thymus capita-
tus with either Ballota acetabulosa or Asphodelus ramosus and communities dominated by
A. ramosus (Pantis & Mardiris 1993), swampy areas with Platanus, in open shrub of
Quercus coccifera, meadows in openings of evergreen shrub formations (Strid 1999),
Caprinus orientalis shrub and mixed shrub dominated by C. orientalis and Juniperus
oxycedrus (Strid 1999), open woodland dominated by J. excelsa, J. oxycedrus ssp. oxyce-
drus communities, open deciduous oak shrub (Strid 1999). It is also found in J. foetidissi-
ma and Q. trojana woodland, Pinus nigra (Strid 1999) or Q. frainetto (Sarlis 1988) for-
mations, in openings of P. sylvestris (Eleutheriadou 1992), Q. trojana, Q. pubescens
(Matthis 1988), Fagus sylvatica or Castanea sativa, and Abies cephalonica (Sarlis 1988).
It also appears as a weed in open olive groves, cereal fields (Lavrentiadis 1961, Turland &
al. 2004) and mandarin orchards (Finkl 1962).

21. M. praecox DC.

The species is present in nearly all phytogeographical regions but appears to be scarcer
than M. minima (Fig. 11). It reaches the altitude of up to 1000 m in the mainland and up
to 1300 m in the island of Kriti. It has been reported in degraded, strongly overgrazed gar-
rigue with a weedy cover (Greuter 1976), as a rare weed of extremely man-influenced
habitats, in weed communities on trodden ground (Turland & al. 1993), in stream sides,
along roadsides and in ruderal places.

22. M. coronata (L.) Bartal

Medicago coronata appears in most parts of Greece except some of the northern pre-
fectures, at an altitude of up to 1000 m in the mainland and 1400 in Kriti (Fig. 12). It is
found on a wide range of ground substrates (Table 4), close to the seashore, at sub-littoral
and littoral places, on cliffs and rocky places. It is encountered in semi-natural shrub and
garrigue communities (Greuter 1976, Kamari & al. 1988), strongly overgrazed garrigue
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Fig. 10. Geographical and altitudinal distribution of Medicago ciliarias, M. intertexta and M.
muricoleptis in Greece.

(Hartvig & Strid 1997), garrigue dominated by Sarcopoterium, open shrubland with
Quercus coccifera, Juniperus pheonicia and Pistacia lentiscus, remnants of macchie, ever-
green shrub dominated by P. lentiscus or/and Euphorbia dendroides, in Q. pubescens areas
(Matthids 1988), in grasslands, as a weed in cereal crops (Zaganiaris 1939), in non-irrigat-
ed olive groves (Turland & al. 2004) and fallow fields.

23. M. polymorpha L.
This species has the same distribution pattern as M. coronata, reaching the altitude of
1600 m (Fig. 12). It is present in various substrates, inhabiting soils of different texture
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Fig. 11. Geographical and altitudinal distribution of Medicago minima and M. praecox in Greece.

(Tables 4 and 5) and is also found in riparian environments, streamsides, muddy places,
hyperaline hydrobiotopes, fresh water hydrobiotopes, sand coast and dunes, salty places,
halophilous lagoons (Wolf 1968/69) and wasteland. In Greece, M. polymorpha is found in
natural and semi-natural garrigue, macchie with Arbutus unedo, margins of macchie
(Turland & al. 1993), open shrub with Quercus ssp. and Pyrus spinosa, Caprinus orien-
talis scrub, evergreen scrub, Q. pubescens areas (Matthds 1988), Castanea sativa or Abies
forest, meadows and grasslands. It is also behaving as a weed of various crops (Zaganiaris
1939), and further found in olive groves, vineyards, citrus orchards (Protopapadakis 1985)
and fallow fields (Turland & al. 2004). It is constant species of Ephedra distachya — Silene
subconica Ass. Oberd. 1952 at the delta of Pinios river of Thessalia (Drosos & al.1996).
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Fig. 12. Geographical and altitudinal distribution of Medicago coronata and M. polymorpha in Greece.

24. M. arabica (L.) Huds.

Medicago arabica covers most parts of the country with some gaps in north Greece and
south Aegean (e.g. Kiklades, Karpathos Island), reaching the maximum altitude of 1300 m
(Fig. 13). It occurs in wet and shady places, in riparian environments, swampy areas with
Platanus, on cliffs and shrubland (Kamari & al. 1988), macchie, garrigue (Trigas & Iatrou
2000), meadows in openings of Quercus coccifera shrub (Strid 1999) and Caprinus orien-
talis or Q. coccifera-Phillyrea latifolia shrub (Kamari & al. 1988). It is also found in clear-
ings of various vegetation types: Q. pubescens (Matthds 1988), Pinus ssp. and Castanea
sativa forests, in wet grasslands, as a weed (Dimadou 1923) in cereals (Zaganiaris 1939,
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Fig. 13. Geographical and altitudinal distribution of Medicago arabica and M. disciformis in Greece.

Lavrentiadis 1961) and vegetables, in olive groves (Turland & al. 2004) and citrus
orchards (Protopapadakis 1985).

25. M. disciformis DC

This is a species widespread all over the country, from the lowlands up to the altitude
of 1500 m in Arkadia (Fig. 13). It has been reported in gravely beaches, ravines, littoral
places, garrigue with rocks and cliffs (Kamari & al. 1988), semi-natural and strongly over-
grazed garrigue with a weedy cover (Greuter 1976), garrigue dominated by Cistus or
Sarcopoterium, open shrublands with Quercus coccifera, Juniperus pheonicea, Pistacia




Flora Mediterranea 17 — 2007 241

lentiscus, remnants of macchie, mixed deciduous/evergreen scrub, woodland dominated by
0. trojana (Strid 1999), open and stony places of Pinus forest (P. halepensis and P. bru-
tia), in grasslands, as a weed, in cereal crops (Zaganiaris 1939), olive groves (Turland &
al. 1993), fallow fields and ruderal places.

26. M. lupulina L.

The geographical distribution of Medicago lupulina covers nearly all the country (Fig.
14) and its altitudinal range are from sea level up to 2300 m. It is reported in sand
(Georgiadis & al. 1997), swampy areas with and without Platanus (Hartvig & Strid 1997),
fresh water hydrobiotopes, dump wet meadows (Dimalexis & al. 1999), shady ravines,
macchie vegetation (Arbutus unedo, Pyrus spinosa), garrigue, meadows in openings of
Quercus coccifera shrub (Strid 1999), open deciduous woodland and shrub of Caprinus
orientalis, Acer monspessulanum, Fraxinus ornus (Strid 1999), Juniperus foeditissima
stands, in Pteridium spp. thickets or in forests of various densities where one of the fol-
lowing species is mostly dominated: Abies cephalonica, A. borisii - regis, Fagus sylvatica
and Pinus sylvestris (Eleutheriadou 1992), P. nigra, P. halepensis, J. oxycedrus, Q. coc-
cifera, Q. pubescens (Matthés 1988), Q. trojana, Castanea sativa. It is further found in wet
and dry grasslands (e.g. Festuca, Daphne oleoides), in fallow fields, as a weed in vine-
yards, olive and citrus orchards (Protopapadakis 1985) and in wasteland.

27. M. heyniana Greuter

Based on the data currently available, this species exhibits a south-eastern Aegean dis-
tribution pattern (Fig. 14), confined to several Greek islands and the Marmaris Peninsula
of Turkey (Carlstrom 1987). Future research may, however, reveal other localities beyond
those already known (Lassen, 1983). The species should be considered an east
Mediterranean element (Th. Raus, personal communication). Till now, it has been found in
cliffs, burnt pinewood, garrigue with Phlomis spp. or Sarcopoterium spinosum (Panitsa &
Tzanoudakis 2000) and cultivated ground (Carlstrom 1987). It is the only Greek Medicago
species legally protected by the Presidential Decree no. 67/1981, falling into the category
of the non-endemic, rare and endangered species. Under this legislation its collection
needs an official permission. It has been included in the Greek Red Data Book, where it is
characterized as Vulnerable (Turland 1995). As overgrazing may constitute a threat for the
species, it is proposed that its protection should include fencing (ibid.). The conservation
status of its populations on Tilos Island is considered as good (Panitsa & Tzanoudakis
2000).

28. M. orbicularis (L.) Bartal

This species extends almost all over Greece, at altitudes from sea level up to 1800 m
like in Evritania (Fig. 14). It is reported in fresh water hydrobiotopes, littoral sandy places,
wet meadows with Juncus spp. (Georgiadis & al. 1997), semi-natural garrigue, strongly
overgrazed garrigue, garrigue dominated by Sarcopoterium spinosum (Economidou 1969),
meadows in openings of Quercus coccifera shrub (Strid 1999) or evergreen scrubs,
Juniperus foeditissima stands, shrubland dominated by Q. pubescens and Buxus semper-
virens (Strid 1999), macchie, in post-fire regeneration of P. halepensis forest (Sarlis 1976),
in forests of Q. trojana and Abies spp., in Q. coccifera-Phillyrea latifolia stands (Kamari
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Fig. 14. Geographical and altitudinal distribution of Medicago lupulina, M. heyniana and M.
orbicularis in Greece.

& al. 1988), in grasslands, abandoned and fallow fields (Paraskeuopoulos 2006), as a weed
(Dimadou 1923) in grain fields (Lavrentiadis 1980) and other crops (Zaganiaris 1939), in
open olive groves (Turland & al. 2004), at the edges of cereal fields (Strid 1999) and in
wasteland (Carlstrom 1987).

29. M. phrygia (Boiss. & Bal.) Small
The only two Greek localities of this species are found on the islands of Samos and
Ikaria. This is an Anatolian element, and the East Aegean Islands form the westernmost
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known boundary in species distribution (Fig. 15). In Greece, it is found on marble and
schist substrates, on sandy shores and in open dry-rocky places of grazed slopes with
patches of evergreen shrubs and scree. Unger (1862) cited this species in Kefallinia (Ionian
Islands), a locality that which would constitute a remarkable extension of its geographical
distribution. Unfortunately, no voucher was found in GJO (K. Zernig, personal communi-
cation) where Unger’s collection is housed. Since no other old or recent report or collec-
tion of this species are known from Kefallinia, Unger’s report may be a misidentification.

30. M. fischeriana (Ser.) Trautv.

The only record of this species in Greece comes from Samos Island (Fig.15), where it has
been found near the summit of Mt. Kerkis, at 1400 m (Burton 1999, R. Burton, personal com-
munication). This species is further extended to Anatolia and Crimea (Greuter & al. 1989) and
the Greek locality seems to be the westernmost boundary of its distribution range. M. fischeri-
ana is not registered in the Flora Hellenica Database (P. Lassen, personal communication).

31. M. polyceratia Trautv. [incl. M. medicaginoides (Retz.) Small and M. orthoceras (Kar.
& Kir.) Trautv.]

The taxonomic delimitation of Medicago polyceratia, as accepted here, is rather broad.
M. polyceratia s.str. does not occur in Greece but two very closely related taxa, M. med-
icaginoides (Retz.) Small and M. orthoceras (Kar. & Kir.) Trautv., have rare occurrences
in Greece. The three species need further investigations (Small & Jomphe 1989; P. Lassen,
personal communication) that would probably clarify their taxonomic status.

31a. M. medicaginoides (Retz.) Small

Medicago medicaginoides is recorded in only three Greek localities. Two of them are
found in Sterea Ellas, i.e. Mt. Timfristos (Dimitrellos & Christodoulakis 1995) and Mt. Iti
where it was collected by Gustavson (P. Lassen, personal communication). The third local-
ity is in northern Peloponnisos, on Mt. Klokos (LD). The species grows at the altitude of
1100 to 1800 m (Fig. 15). Its overall distribution includes former Yugoslavia, Bulgaria and
Crimea (Greuter & al. 1989), and therefore the Mt. Klokos locality should be considered
the southernmost boundary of species’ distribution. Interestingly, M. medicaginoides has
not been found in other parts of northern Greece and the disjunct Greek populations are
not geographically connected with populations of other Balkan countries. The species
appears on limestone, in Juniperus foeditissima stands, in Abies spp. forest and also in
rocky pastures (Dimitrellos & Christodoulakis 1995).

31b. M. orthoceras (Kar. & Kir.) Trautv.

There is only one record of Medicago orthoceras known in Greece, based on a speci-
men kept in LD (!). The specimen has been found in the southern parts of Evros prefec-
ture, close to the city of Alexandroupoli (Fig. 15). This place probably forms the western-
most boundary of this Anatolian element.

32. M. carica (Huber-Mor.) Small
This is an Anatolian element, which is found scattered, growing only on the islands of
Kastellorizo and Strongili (Greuter 1979) at the south-easternmost part of Greece (Fig. 15).
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Fig. 15. Geographical and altitudinal distribution of Medicago phrygia, M. fischeriana, M. medica-
ginoides, M. carica, M. orthoceras and M. monspeliaca in Greece.

On these two islands M. carica has been found on calcareous ground, karstic rocks, stony
and rocky slopes, semi-natural garrigue, in the more xeric types of garrigue, in low ever-
green shrub and at ruderal places (ibid).

33. M. monspeliaca (L.) Trautv. (= Trigonella monspeliaca L.)

This is a rather common species, widespread in most part of Greece, but apparently
absent in some prefectures of central and northern mainland. It reaches the altitude of 1700
m (Fig. 15), with most of the populations found at lower altitude. It has been reported in
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ravines, land neighbouring salty soils, sandy or rocky seashores, cliffs (Kamari & al.
1988), degraded and strongly overgrazed garrigue with a weedy cover (Greuter 1976),
semi-natural garrigue, burned garrigue, macchie, C. orientalis shrub, low evergreen scrub,
open shrubland with Quercus coccifera, Juniperus phoenicea and Pistacia lentiscus,
degraded Quercus spp. forest, Q. pubescens stands (Matthds 1988), Castanea sativa or
Abies spp. forests, grasslands, fallow fields, as a weed in cereal crop (Lavrentiadis 1961),
open olive groves (Turland & al. 2004) and ruderal places. It participates in the Trigonella
monspeliaca-Sarcopoterium spinosum Ass. Grabner & Heiselmayer 2000, which appears
on erosion rills (Grabner & Heiselmayer 2000), in the island of Mikonos (Kiklades).

B. General comments

1. Evaluation of the data

The data presented in this manuscript originate from literature records and botanical
collections. The conclusions, nevertheless, may be biased as certain areas of Greece (e.g.
Kriti) are much better explored floristically than others. A richer collection of Medicago
taxa and extended literature records that enable a more complete knowledge of their eco-
logical preferences may exist in those parts of Greece which are floristically more thor-
oughly covered. Greuter & al. (1975) presented maps showing ill-explored and unexplored
areas of Greece as well as the proportion of published floristic information. Nowadays,
these insufficiently explored areas have been reduced, but there is still some lack of ade-
quate floristic coverage in some Greek parts. For instance, Tan & Strid (1999) concluded
that Mt Parnonas is less explored than the neighboring Mt Taigetos. Another problem is
that the botanical information in certain cases is still based on old references (some of
which may need verification) or remains very scarce. It is characteristic that there were
found only two references on the presence of M. murex in Lakonia prefecture (Chaubard
& Bory de Saint-Vincent 1838, Zaganiaris 1934) and that the only record of M. scutellata
in Etoloakarnania comes from Garnweidner (1986). The potential of discovering addition-
al Medicago taxa in certain areas, as the Greek Islands, is underlined by the results of
Tsopra (2003), who found four new Medicago species in Milos.

Incorrect identification of specimens and published records that cannot be verified,
together with mistakes in the use of plants’ names and synonyms would be another source
of bias. Species misidentification may be found also in Gene Banks databases as well as
in some personal communications. For example, a Gene Bank database cited M. teneorana
in Lesvos Island, which would be a new species for the area. The cultivation of seeds from
the same accession proved that it was actually M. praecox. Another such example is M.
laciniata in Naxos, which is cited by Gillespie (1989) and was not possible to be con-
firmed. In this report, special attention has been given to the critical examination of rare
species in Greece. For these species in particular, visits to major Herbaria (see material and
methods) and personal communications allowed a critical examination of specimens and a
confirmation of their identity. Overall, part of some kind of misidentification could pass in
the results. However, the presentation of the data on the maps in a qualitative basis per
administrative region and the careful examination of the rare species are expected to note-
worthy reduce such errors.
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Although a large part of the available information has been used, there is certainly still
a considerable proportion of unpublished information, or data kept in public or private
Herbaria, or even personal collections, to which I do not have an access. It seems, there-
fore, that the floristic diversity and the distribution of Medicago in Greece are not fully
explored and changes are expected in the future. The interpretation of the results should
then be made after considering the issues mentioned above. Consequently, the present
paper attempts to trace existing tendencies in Medicago diversity, indicates the expansion
potentials of certain species and pays attention to particular factors responsible for species
distributions rather than draws definite conclusions. For example, some Medicago collec-
tion sites, as those around Athens, have now been completely destroyed, and the old col-
lections of Heldreich and Orphanides do not necessarily reflect the situation existing today.

2. Medicago species diversity and concentration in Greece

A comparison of Greece with other countries of approximately the same latitude and
longitude revealed that it is the second richest country after Turkey, totaling 34 species
(Fig. 16). Our quantitative data agree in many respects with the distribution maps provid-
ed by Kouznetsoff (1926) and Heyn (1963). In general, the highest species diversity with-
in Medicago is concentrated in the Mediterranean basin, with the highest diversity of
perennials found in Greece and of annuals in Turkey. This high level of diversity in Greece
could be attributed to its phytogeographical position, with different elements originated
from various phytochoria (e.g, Anatolian, Western Mediterranean) found in the regions of
the country. This trend is also followed by other genera of Greek flora (Raus 1997, Strid
& Tan 1997)

Within Greece, the concentration of species as expressed by the isoflors of Fig. 17 has
the following characteristics: 1.The peripheral parts including Kerkira, Kriti and the East
Aegean Islands appear to comprise the highest species concentration (20-24), apparently
due to the connections with different phytogeographical regions (i.e. central
Mediterranean and Anatolian). Furthermore, two regional endemics (M. strasseri and M.
heyniana also found in Anatolia) are known in the area. 2. A second belt almost parallel
to the peripheral one comprises a high species concentration (16-19). 3. A third region
comprising the eastern mainland, Evvia and north-east Kiklades Islands has an even high-
er species concentration (17-21). 4. Kiklades Islands can be divided into two sub-regions,
one belonging to the second belt and another to the southern and western one, with a
lower (5-16) species concentration. It seems, therefore, that Kiklades do not have an even
species concentration. Nevertheless, this picture may be the result of an ill exploration of
certain islands or of floristic records still unpublished. As data accumulate this pattern
may change. 5. In the mainland, there is a tendency of a reduction in species number
towards the northern parts. This may be attributed to a gradual reduction of annual species
and also inadequate exploration of some regions as the Thessalian and Makedonian low-
lands. 6. Between isoflors with high species concentration there exist “islands” with a
considerable lower species number (7-11), as in the Dodekanisos area. In this specific
area some species, like M. heyniana, M. murex, M. arabica, are not met in each island.
These differentiations, which include south Rodos, could be attributed to abiotic factors,
human impact and the size of each island. 7. If we compare neighbouring areas, each with
a high number of species, we find out that those species that are not present to both of
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Fig.16. Medicago species diversity of countries of approximately the same longitude (a) and latitude
(b) as Greece (based on Bertova (1988), Huber-Morath (1970), Ivimey-Cook (1968), Kozuharov
(1965), Lock (1989), Lounamaa (1992), Micevski (2001), Natkevicaite-Ivanauskiene (1971), Pignatti
(1982), Savulescu (1957), So6 (1966), Tabaka (1987), Talavera (2000), Tutin (1968), Zohary (1987),
Heyn & Davis (1970), Lock & Heald (1994), Greuter & al. (1989), Mirek & al. (2002), Varep & al.
(1959).

them are rather few. These may be endemics or species reaching their distribution limits
to a particular area. For instance M. strasseri, M. heyniana and M. carica are not common
between Crete and Dodecanese.

In Fig. 17, the species concentration according to the isoflors is presented in macro-geo-
graphical scale. Any presentation in a micro-geographical scale needs detailed sampling of
particular localities, in order to be representative of the existing reality. The use of the
available data from the botanical collections may be responsible for biased results (e.g. a
particular small population collected many times and the opposite, preference of highlands
compared to the lowlands, ignorance of common species). Even in that case, however, the
available information indicates that the concentration of species could depended on factors
like the geographical location (e.g. the East Aegean Island include some species with an
Anatolian origin), substrate (e.g. limestone seems to be the most favourable substrate), pH
(all species can grow in alkaline soils), precipitation (perennial taxa are increased in areas
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Fig. 17. Isoflor map for the genus Medicago in Greece. The numbers in each isoflor represent the
number of species.

with a high precipitation), biotic factors (e.g. grazing, human activities), stage of phytoso-
ciological succession (e.g. vegetation changes that follow a fire) but also on the genetic
plasticity of species population that permits to adapt and grow well under different condi-
tions. Such factors are discussed in the following parts of this work.

3. Geographical and altitudinal distribution

The geographical distribution patterns of Medicago species in Greece could fall within
the following categories:

a. Widespread species. i. Found all over the country without considerable gaps. The
species are abundant, appearing in nearly all regions (e.g. M. lupulina, M. arabica). ii.
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Found all over the country but scarce in some parts. The species may be absent (or appar-
ently absent) in some particular areas (e.g. M. doliata).

b. Peripheral species reaching the marginal parts of Greece, e.g. M. carstiensis, M. inter-
texta, M. muricoleptis, M. orthoceras, M. carica, M. phrygia.

c. Species with a disjunct distribution: they are found in a few distinct localities, which
are not directly connected with the main distribution of the species (M. medicaginoides).

d. Endemics: i. Local (M. strasseri), ii. South-east Aegean (M. heyniana).

These patterns describe the distribution of the species in a macro-geographical scale. In
a micro-scale there is a tendency of an uneven distribution, as in the case of islands and
islets (Table 3). Medicago species may be absent in many islets or only a very few species
may be found in areas of limited surface. Their populations fluctuate over time and this
may include absence of species in some years and their re-appearance (Snogerup &
Snogerup 1987), with numbers of individuals obviously related to seed bank reserves in
the soil, dormancy mechanisms and human interference. These phenomena may explain
undercollection of Medicago species and also conflicting observations in some specific
areas. For example, botanists report different Medicago species on Yioura and Dionysades
Islands (Table 3). Another explanation, however, may be that the floras of neighboring
islets are in some cases highly variable (Panitsa & Tzanoudakis 2001).

The altitudinal distribution varies considerably among species, independently of their
biological cycle. There are species appearing in all altitudinal zones (e.g. M. lupulina, M.
sativa spp. falcata, M. rigidula, M. minima); they extend from sea level up to 1800-2300 m.
Some species (e.g. M. monspeliaca, M. polymorpha) are found up to 1300-1500 m, while
others (e.g. M. rugosa, M. constricta, M. murex) do not exceed 800-1000 m. There are also
species distributed at lower altitudes, up to 500-600 (e.g. M. arborea, M. strasseri), and
species restricted to only one altitudinal zone (e.g. M. marina, M. muricoleptis).

4. Phytogeographical boundaries

Northeast Greece harbours the distribution boundaries of some species: M. orthoceras
and M. blancheana have there their westernmost limits and M. carstiensis its southernmost
limit (Fig. 18). These findings agree with the phytogeographical role of this area as
described by Raus (1997). Six Anatolian elements have their westernmost boundaries in
Greece, from Samos to Kefallinia. To the south, M. strasseri is known only from Kriti and
the islet of Paximadi off the northern coast (Kypriotakis 1988, Z. Kypriotakis, personal
communication), which thus forms the northernmost boundary of the species’ distribution.
In the mainland, M. prostrata has its southernmost limit at the area of Mt. Chasia, in north-
western Thessalia. The southermost distribution limit of M. medicaginoides is found in
northern Peloponnisos, where the species forms at least one isolated population (LD). Both
M. intertexta and M. muricoleptis have their easternmost boundary at western Greece but
also appear in Samos Island and the Kavala area, respectively. It is expected that the three
last species may be found in other localities too, particularly in areas that connect their
known collection sites. Greece is therefore proved to be, in accordance to Turrill (1929), a
meeting point of Medicago species also that have different origins. The Medicago taxa that
have their distribution limit in Greece account for more than one third of the total species
found in the country.
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Fig. 18. Phytogeographical boundaries of Medicago blancheana (blan ), M. carica (cari
L L1 M carstiensis (cars =m=m=m=), M. constricta (cons H— and W), M. heyniana (heyn
), M. fischeriana (fisc =—8—=) M. intertexta (inte 88— and ), M. medicaginoides
(medi @ @ &), M. muricoleptis (muri -0 and ), M. orthoceras (orth LL L 1), M. phrygia
(phry 1— — —), M. prostrata (pros — — —) and M. strasseri (stra =a=a=) in Greece.

5. Ecological adaptation
a. Abiotic environment:

The available data presented in this paper indicate that the Greek Medicago species
exhibit a wide variation of adaptation to different geological substrates (Table 4). M. poly-
morpha and M. orbicularis are present in nearly all types of substrates. Most of the species
are found on limestone, calcareous and schist substrates (Table 4). There are 9 species,
annual and perennial, that are reported from serpentine substrates. With respect to soil tex-
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ture, most species grow on sand, sandy loam and loam (Table 5). M. polymorpha is found
on all soil types and M. arabica on nearly all types. As a rule, most species are growing on
soils with an alkaline pH, even of high values, but there are also some that adapt well to
moderate acidic pH (e.g. M. disciformis, M. murex, M. truncatula). The wider range of pH
(from 5.5 up to 10) adaptation has been observed in M. polymorpha, M. arabica and M.
orbicularis. Nevertheless, for several species the available data on their abiotic preferences
should not be considered as complete. It is expected that a wider range of adaptation to abi-
otic factors should exist.

The available data do not provide exact information on the climatic conditions under
which Medicago species grow in Greece. Nevertheless, by combining the climatic zones
of Greece with the geographical and altitudinal distribution of the species some comments
can be drawn. The species most tolerant to different climatic parameters appears to be M.
lupulina, followed by M. minima, M. orbicularis, M. arabica and others (see Figures 2-
15). In the opposite, there are species restricted to specific habitats as M. carstiensis.
However, the majority of the species, being annuals, are mostly connected with xirother-
mic conditions (e.g. those preventing in the lowland of south Greece and the Kiklades).

A good number of species are adapted to Mediterranean fire conditions. They are par-
ticipating in the post-fire vegetation regeneration of Pinus spp. forests. Such species are M.
arabica, M. orbicularis, M. littoralis, M. polymorpha, M. minima M. coronata, M. trun-
catula M. lupulina, and M. monspeliaca, germinating even during the 4 year after the fire
event (Papavasiliou 2001, Sarlis 1976, Kazanis & Arianoutsou 1994, Thanos & al. 1989).

b. Biotic environment

A brief summary of the biotic preferences of the Greek Medicago species is given here.
More details can be found under each species.

Some species, as M. marina, are restricted to very specific vegetation types. Others, like
M. lupulina, present a wide variation with respect to the phytocommunities where they are
found. Interestingly, several Medicago species play an important role on phytosociologi-
cal level.

Certain species are connected with human activities (Greuter 1976) and have developed
a weedy behaviour (e.g. Lavrentiadis 1980, Turland & al. 2004). Usually they are not
aggressive in their natural habitats. However, beyond their natural environment some
species may exhibit an aggressive potential, as the case of M. polymorpha in Australia,
which is spread in cleared and uncultivated land (Davidson & Davidson 1993). In Greek
agroecosystems the Medicago species does not pose any serious problems in cultivations,
despite their weedy behaviour (Giannopolitis 2004, C. Giannopolitis personal communi-
cation).

An interesting issue is the relationships between Medicago species and grazing animals.
Most Medicago species seem to benefit from animals that facilitate their dispersal
(Stebbins 1975, Thompson & al.1990) but, on the other hand, they are extensively used by
the herbivores for feeding. There are not many studies that investigate the impact of graz-
ing on Medicago species in Greece. One study in Kriti (Bergmeier 1998a, E. Bergmeier
personal communication) showed that M. coronata and M. monspeliaca frequently appear
in both grazed and non-grazed environments. The reproduction of M. coronata was some-
what, but not significantly, enhanced in non-grazed treatments, whereas the opposite was
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found in the case of M. monspeliaca. Bergmeier & Dimopoulos (2003) found that in grazed
islets the number of species was in general higher compared to the ungrazed islets, but the
reverse was true for species behaving as island specialists. The intensity of grazing also
plays a role. Personal observations by the author in a grazed garrigue and a neighbouring
protected and ungrazed area on Patmos Island indicated that the more closed canopy of the
latter area reduced or eliminated the herbaceous species with a direct negative impact to the
annual Medicago species. A study in Israel centred on the effects of grazing on annual
legumes showed that six annual Medicago species had a significant positive response to
grazing, to grazing of high and very high intensity (Noy-Meir & Kaplan 2002).

6. Species protection

Rare Medicago species in Greece as well as those that have in Greece limits of their
geographical distribution may need particular attention and protection (e.g. M. carstiensis,
M. orthoceras, M. medicaginoides). Human action (tourism, agriculture and animal hus-
bandry, constructions) in islands can seriously affect or even extinct the littoral vegetation
(Economidou 1995, Géhu & al. 1986, Spanou & al. 2006), directly influencing certain

Table 5. Soil texture where Medicago species were observed based on Snowball 1998, Ewing &
Howieson 1987, Francis & al. 1995, Hughes 1987, Gillespie 1989, Nut & al. 1996 and B.

Soil texture
Gravely or Loamy Sandy Sandy clay | Clay Sandy
stony Sand | sand loam Loam | loam loam | clay Clay

Species

M. arborea v v v

M. sativa

M. marina

M. littoralis

< |< < |<

M. truncatula
M. doliata
M. tuberculata

M. rigidula v

M. constricta

M. murex \

< [<|< |=<

M. rugosa v

< (< |< < < < [< < =
<

< < < [< < |<

M. scutellata v

M. ciliaris

<

M. minima v v

M. praecox

M. coronata

M. polymorpha

M. arabica
M. disciformis
M. lupulina

< < |< < |< [=
< < |< << [=<

< < [< |=<

< |< (<< < |<

< |< |< |<

M. heyniana

M. orbicularis

<
<
<
<
< < [< |=<

M. monspeliaca
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Medicago species. Diill (2000) estimated that M. marina, M. littoralis and M. scutellata
are endangered in Samos and Ikaria Islands, due to tourism and building activities.

The Medicago species could be divided in two groups: a. Species widespread in the
country not being under treat of extinction but eventually under treat of population
impoverishment, b. Rare or regional endemic species in Greece appearing in few
locations.

According to the data existing for the rare species we could initially subdivide the
above-mentioned second group into three categories adopting only one of the criteria of
TUCN (2001) used for the Red List. It is to be noted that the IUCN’s methodology needs
at least two criteria in order to be applicable. These categories are (the number in brackets
indicating approximately the locations): a. Critically endangered: M. fischeriana (1) and
M. orthoceras (1), b. Endangered: M. carstiensis (2), M. phrygia (2) and M. carica (3), c.
Vulnerable: M. strasseri (7), M. blancheana (7), M. intertexta (5), M. muricoleptis (6), M.
heyniana (6), M. medicaginoides (5). It should be mentioned that some records are very
old ones and not reconfirmed.

Medicago species’ protection is achieved to a certain degree through the NATURA
network based on the application of Directive 92/43 of the European Union. But more
energetic policies are needed in order to achieve an effective protection: Such measures
should include: a. Detailed studies on endemic (M. strasseri and M. heyniana) and rare
species followed by monitoring and specific measures about any particular threats
affecting their survivorship. b. In situ conservation measures to be decided. c.
Additionally collections in the different localities to be organized for ex situ conserva-
tion. d. Some Medicago genetic reserves to be established (may be comprising and other
rare species), applicable in areas of high Medicago diversity (e.g. Evvia, Kerkira, Naxos,
Chios, Crete) or areas with one rare species (e.g. Mountain Pagaion for M. carstiensis).
e. The protection of species actually widespread including the safeguard of their genet-
ic variation (Millar & Libby 1991), as well as of the specific plant communities in which
the species participates.

7. Further research

There are at least two references considered doubtful and need further investigation.
M. laciniata has been reported by Hansen (1980) on Kos Island. A search at C did not
reveal any voucher (O. Ryding and A. Strid, personal communication). Bolos & al.
(1996) also cite a specimen from Kefallinia as M. cf. italica. Their report needs further
clarification. Some other species, as M. orthoceras, are very poorly collected in Greece
and need more surveys in the field (P. Lassen personal communication). The genetic
variation and phytogeography of rare species will contribute to a better understanding of
their population structure and origin. In some cases, as M. intertexta, clearly more infor-
mation on environment details is needed. It is also expected that a more detailed floris-
tic survey of particular Greek areas will enrich our knowledge on Medicago species.
Indeed, the forthcoming 3™ volume of Flora Hellenica and other publications will offer
new localities and additional information on the diversity patterns and geographical dis-
tribution of the genus in Greece.
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