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M. Meco, A. Mullaj & Z. Barina

The vascular flora of the Valamara mountain range (SE Albania), with
three new records for the Albanian flora

Abstract

Mego, M., Mullaj, A. & Barina, Z.: The vascular flora of the Valamara mountain range (SE
Albania), with three new records for the Albanian flora. — F1. Medit. 28: 5-20. 2018. — ISSN:
1120-4052 printed, 2240-4538 online.

As a result of floristic investigations in the Valamara mountain range carried out between 2007
and 2016, 567 taxa belonging to 305 genera and 89 plant families were recorded, of which 307
taxa are reported as new for the area. A phytogeographical analysis showed that the Eurasian
chorological type was the most dominant comprising 126 taxa (22.2% of the flora), the second
was Balkan with 104 taxa (18.3%). There are 9 endemic and subendemic taxa. Epilobium
alsinifolium, Dichoropetalum stridii and Taraxacum pindicum are new for the Albanian flora.
Life-form analysis indicates that 56.8% of the species are hemicryptophytes; this high percent-
age points to the Mediterranean nature of the investigated area. A total of 119 species (20.9 %)
are listed as deserving conservation status. Of these, 49 are in the Albanian Red List, 76 species
in the JTUCN Red List, two in the Habitats Directive, one included in Annex I of the Bern
Convention and seven species in Appendix II of CITES.

Key words: floristic investigation, biodiversity, phenology, chorology, conservation.

Introduction

Valamara is a mountain range in south-eastern Albania, located between the districts
of Korga, Pogradeci and Gramshi. It has a number of peaks, the highest of which is
‘Maja e Valamarés’, which reaches 2373 m elevation. The flora of the Valamara Mts is
poorly explored and no detailed studies are available. The first floristic records from
this region are by Markgraf (1927, 1931) and Demiri (1959). Sporadic floristic records
were later published by Paparisto & Qosja (1976), Golz & Reinhard (1984), Barina &
Pifké (2008, 2011), Shuka & Tan (2009) and Meyer (2011), and some notes on the
vegetation of the area were published by Vangjeli (1983) and Buzo (1990). On the basis
of these references and the collections deposited in the Tirana herbarium (TIR, 262 taxa
are documented for the Valamara Mts).

The geographical location, complex topography, climate characteristics, different rock
substrata and soil types and hydrological conditions, are factors contributing to a rich flora
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and vegetation and make the Valamara Mts unique. In this study we provide a list of the
vascular flora together with an analysis of taxonomy, chorology, phenology, life form and
conservation status for each species.

Study area: geology and climate

The three main summits of the Valamara Mts are ‘Guri i Topit’ (2122 m), ‘Lenie’
(2013 m) and ‘Valamara ‘ (2373 m); at ca. 2100 m there are eight glacial lakes (Fig. 1).

The geology of the study area consists mainly of different sedimentary rocks
spanning from early Cretaceous to Oligocene (140-30 million year old), together
with some older magmatic Jurassic rocks (170 million years). The two main rock
types encountered in the study area are flysch and ophiolite. Serpentine (ophiolithic)
substrate covers large areas in the Valamara Mts, whereas limestone and various
kinds of acidophilous metamorphic rocks are less prominent (Kabo 1990-1991;
Norconsult 2010).

According to the categories of climatic regions in Albania, the Valamara Mts belong to
the Southeast Mountain Mediterranean zone. The main characteristics of this climatic zone
are dry summers and wet winters. The average annual temperatures vary from 7.5 °C to
14.7 °C and the coldest month of the year is January with an average temperature of -1.9
°C. July is the warmest month with an average temperature between 16.4 °C and 23.6 °C.
Snowfall occurs annually and the number of days with snow cover varies from 30-35
days/year in the lower regions, to 80-90 days/year in the highest parts (Kabo 1990-1991;
Norconsult 2010).

Vegetation

Due to the variation in altitude (from 700 to 2373 m), complex topography and the
different rock substrates, a wide range of vegetation and habitat types are found within the
study area. The vegetation of the Valamara Mts occurs in two different belts based on
climatic and soil conditions:

1) montane forests are found at altitudes of ca. 700—1600 m, and are dominated by
Fagus sylvatica and Pinus nigra; some smaller areas are covered by Pinus
heldreichii. At lower elevations the vegetation is dominated by P. nigra.

2) alpine habitats: timberline is usually at an altitude of 1700 m asl.. The subalpine
brushwood consists of low shrubs such as Juniperus communis subsp. nana, Daphne
oleoides, Rosa spp. and Chamaecytisus spp. In many places the timberline has been
artificially lowered by humans, and regeneration is prevented by grazing. Summer
grazing by sheep and goats is often heavy. Above the timberline a variety of habitats
occur, including snowbed meadows, mountain grasslands, screes and rocks;
vegetation type and species composition are much influenced by the bedrock. Dry
grassy moors cover vast areas above timberline and are dominated by Carex sp. pl.,
Stipa sp. pl., Festuca sp. pl., Sesleria sp. pl., Nardus stricta, etc.
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Fig. 1. The Albanian territory where is shown the study area (Valamara Mts).

Materials and Methods

The study is based on the results of field work carried out between 2007 and 2016.
Collections of plant material (ca 1000 specimens) were made during different seasons of
the year from all the representative habitats covered by different vegetation types.
Herbarium specimens are deposited at University of Tirana (TIR) and Hungarian Natural
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History Museum (HNHM). The species list is based on the authors’ own collections,
herbarium material at TIR, field observations and published information as provided by
Markgraf (1927, 1931), Demiri (1959), Paparisto & Qosja (1976), Golz & Reinhard
(1984), Vangjeli (1983), Buzo (1990), Barina & Pitké (2008, 2011), Shuka & Tan (2009)
and Meyer (2011).

Plant identification follows Flora Europaca (Tutin & al. 1968-1980, 1993), Flora of
Albania (Paparisto & al. 1988; Qosja & al. 1992, 1996; Vangjeli & al. 2000), nomenclature
is mainly according to Euro+Med Plantbase (2006-). For conservation status we consulted
the Albanian Red List of vascular plants (Council of Ministers’ decision, 2013), the [IUCN
Red List of Threatened Species (IUCN 2016), Bern Convention (Council of Europe 1979),
Annex II, IV and V of Habitat Directive (Council Directive 92/43/EEC) and Appendix 11
of CITES Convention (CITES 2011).

The chorology of the taxa is principally based on critical comparison of information
provided by Strid & Tan (1997, 2002), Davis (1965-1988), Pignatti (1982), and Tutin
& al. (1968-1980, 1993).

Life forms of the taxa are according to the systems of Raunkiaer (1934), Ellenberg
(1956) and Ellenberg & Miiller-Dombois (1967a, 1967b). The following abbreviations
apply: Ph = phanerophyte, NPh = nano-phanerophyte, Ch = chamaephyte, H =
hemicryptophyte, G = geophyte, T = therophyte, Hyd = hydrophyte, Lian = liana. The data
concerning the flowering period or sporulation period for ferns were taken from Flora of
Albania (Paparisto & al. 1988; Qosja & al. 1992, 1996; Vangjeli & al. 2000) and Mountain
Flora of Greece (Strid 1986; Strid & Tan 1991). Number of species for each month was
counted taking in consideration that for most of the species period of flowering lasts more
than one month, and in this way each species was counted in all flowering months. The
maps of the study area with indicated locations of species reported here for first time for
Albania were prepared in ArcMap 10.1.

Results

567 taxa belonging to 305 genera and 89 families were identified within the study
area. Taraxacum pindicum, Dichoropetalum stridii and Epilobium alsinifolium are
new records for Albania and 306 taxa are new for the study area (Electronic
Supplementary File 1). Hemicryptophytes are the most frequent followed by geo-
phytes, therophytes, phanerophytes, chamaephytes, hydrophytes, and lianas. The taxa
belong to 58 floristic elements (Table 2), of which the Eurasian and European with 127
and 104 taxa, respectively, are the largest. One Albanian endemic species, Festucopsis
serpentini, and eight sub-endemic taxa were also identified. A total of 119 taxa have
some conservation status (Table 3). Forty-nine are included in the Albanian Red List,
76 are part of the [IUCN Red List, two species belong to annexes II, IV and V of the
Habitats Directive (Council of Ministers’ decision, 2013; IUCN 2016; Council
Directive 92/43/EEC). Centranthus longiflorus is included in annex I of Bern
Convention and seven species are listed in Appendix II of CITES.
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Taxonomic analysis

Of the 567 vascular plant taxa observed in the Valamara Mts 95.9 % (544 taxa) of
them are angiosperms and 4.1 % (23 taxa) pteridophytes. The flora comprises 15.6 %
of the total Albanian flora, with 31.7 % of the genera and 50.8 % of the families (Mego
& Mullaj 2015).

In table 1 families with the greatest number of the species are shown (ten or more
species), that represent 64.1 % of all taxa and 62.9 % of the genera. In monocots, the
Poaceae has the greatest number, 10 % of all taxa and 9.2 % of all genera. In Albanian
flora, Poaceae is the third family with the highest number of taxa. In our study area,
species of this family are dominant because the upper part of Valamara Mts is
dominated by grasslands and rocky treeless terrains. Family with highest number of
species is Asteraceae. It represent 10.2 % of total number or 58 taxa and 9.8 % or 30
genera. The high number of the species of Asteraceae comes by the fact that this is the
biggest family of the flora of Albania (Mego & Mullaj 2015) and from a high presence
of Circumboreal species, Orofil and Eurosiberic species, about 29.3 % of all
Asteraceae grow in the upper part of Valamara Mts. Other families with greatest
number of the taxa and genera are: Caryophyllaceae (5.8%), Rosaceae (5.6%),
Fabaceae (5.4%), Lamiaceae (5.3%), Brassicaceae (4%), etc. (Table 1). Genera with
five or more species are 24, such are Carex (11 species), Campanula (10 species),
Silene (9 species), Galium (8 species), Trifolium (8 species), Geranium (7 species),
Hieracium (6 species), Plantago (6 species), Poa (6 species), Allium (5 species), etc.

Table 1. Largest families in the flora of Valamara Mts.

Genera Species and subspecies
Family No. (%) No. (%)
Apiaceae 14 (4.6) 15 (2.6)
Asteraceae 30 (9.8) 58 (10.2)
Boraginaceae 7(2.3) 10 (1.8)
Brassicaceae 14 (4.6) 23 (4.0)
Campanulaceae 3(1) 12 (2.1)
Caryophyllaceae 14 (4.6) 33(5.8)
Cyperaceae 5(1.6) 21 (3.5)
Fabaceae 14 (4.6) 31(54)
Lamiacea 18 (5.9) 30(5.3)
Orchidaceae 8(2.6) 10 (1.8)
Poaceae 28 (9.2) 57 (10)
Ranunculaceae 12 (3.9) 18 (3.2)
Plantaginaceae 2 (0.7) 10 (1.8)
Rosaceae 17 (5.6) 32 (5.6)
Scrophulariaceae 9(3) 15 (2.6)




10 Meco & al.: The vascular flora of the Valamara mountain range (SE Albania) ...

New records for the Albanian flora

1) Taraxacum pindicum Kirschner & Stépanek [Asteraceae]

SE Albania. Valamara Mts, at the western foot of Guri 1 Topit’ mountain, ¢. 900 m west-
northwest of the peak and c. 5.9 km north-northeast of village Grabové, 40.8425 N,
20.443889 E, in mountain pasture, 1862 m a.s.l., 18.08.2007, coll. Z. Barina & D. Pifko
(BP769285), det.: J. Stépanek & J. Kirschner.

T. pindicum belongs to Taraxacum sect. Piesis (DC.) Kirschner & Stépanek, which is
unique in the genus and comprises only a few species. So far, it is known only from the N
Pindos, Greece, described from the Katara Pass (Kirschner & Stépanek 1998). In the
Valamara Mts it is restricted to mountain pastures on serpentine substrate, between 1800—
1900 m a.s.l. (Fig. 2). However, Taraxacum is a taxonomically difficult genus and the
species might thus be overlooked and present also at other localities. 7. pindicola belongs
to T. sect. Erythrocarpa. We have observed that the species is rare in the rocky grasslands
of Northeastern Albania from 2000 to 2700 m a.s.l.

2) Dichoropetalum stridii (Hartvig) Pimenov & Kljuykov [4piaceae]

SE Albania. Northern slope of Mount of Valamarg, c. 2.4 km south of the summit, c. 3.7
km northwest of village Shalés and c. 5.8 km east of village Shénepremte, (district of
Korgg), 40.77285 N, 20.46428 E; in open grassland, on serpentine, 2092 m as.l.,
16.08.2007, coll. Z. Barina & D. Pifkd, Nr. 12647 (BP750303).

First described as P. lavrentiadis subsp. multicaulis Strid & Papanicolau (Strid &
Papanicolau 1980), later considered a separate species differing in numerous characteris-
tics from P. lavrentiadis (Hartvig 1986) and with different habitat preferences. So far
known only from a fairly small area in Northern Pindos (N Greece) from the Katara Pass
to the Gramos mountains at the Albanian border, It occurs on the following mountains:
Aftia, Avgo, Gramos, Mavrovouni, Milea, and Smolikas (Hartvig 1986). Our new record
extends the area of the species more to the North (Fig. 2). Our record confirms that D.
stridii is a species of ophiolithic substrates. Further records for the border area with can be
expected in the Gramos Mts.

3) Epilobium alsinifolium Vill. [Onagraceae]

SE Albania. Valamara Mts, Gramsh district: a small mountain lake below lake ‘Guri i
Topit’, c. 750 m northwest of the peak of Mount “Guri i Topit” and c. 6.0 km north-
northeast of village Grabové, 40.842222 N, 20.447778 E, at the shore of a small mountain
lake, 1838 m a.s.l., 18.08.2007, coll. Z. Barina (BP761674).

Other localities outside the study area:

District of Librazhd, Jablanica Mt. (Mali i Jablanices); on the western slope of Mt.
“Varri i Marises” (2022 m), c. 6.7 km south-southeast of village Steblevé; 41.27968N,
20.50093E, in flysh, on gravel-conglomerate., 1887 m a.s.l.; 03.07.2008, coll. Z. Barina,
D. Pifko & A. Vojtko, Nr. 13926 (BP).

Malési e Madhe District (Rrethi i Malésisé s€¢ Madhe); above village Lépushé, 42.50204
N, 19.74179 E, on limestone rocks, cliffs, 1861 m; 02.08.2011, coll. Z. Barina & G.
Somogyi, Nr. 19683 (BP) (Fig. 2).
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Not so rare in the mountains of Central Europe and also at lower altitudes northwards,
but very scattered in the Balkan Peninsula. Rare in the mountains of Bulgaria between
1400-1800 m a.s.l. (Assyov & Petrova 2006) and in the Greek Mainland (Pindos Mts,
Sterea Ellas and North Central; Dimopoulos & al. 2013), but absent from Montenegro
(Pulevi¢ 2005) and without confirmed records from Croatia (Strgulc Krajsek & al. 2009).
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Very rare in the mountains of Albania, so far known from altitudes between 1800 and 2000
m, where it occurs in wet places, along streams, at edge of mountain lakes, in flushes,
exceptionally on shady, damp rocks on various substrates. Further localities can be
expected in mountain habitats, especially in Northern and Eastern Albania.

Biological spectrum

Hemicryptophytes represent 57.0% of all species, followed by geophytes (13.8%),
therophytes (11.8 %), phanerophytes (7.8%), chamaephytes (8.8 %) and hydrophytes (0.9%).
In general, herbaceous species dominate (83.2%) as compared with trees and shrubs (16.8%).
Hydrophytes were found in glacial lakes of Valamara and are represented mostly by
Potamogeton crispus, P. natans, P. pusillus, Nymphaea alba and Myriophyllum spicatum,
which, according to Pignatti (1982), belong to rooting hydrophytes. Lianas are represented
only by Clematis vitalba. The high proportion of hemicryptophytes is determined by the fact
that Balkan flora is dominated by hemicryptophytes (Stojanov 1924, 1950; Stojanoff 1941;
Goranova & al. 2013) and their center of distribution is regarded Central Europe. The
geographical position of Valamara mountain range and its high altitude, creates climatic
conditions which favor these life forms (Cain 1950; Begon & al. 2006; Forseth 2012). The
high influence of Mediterranean climate in the low altitude and the eroded areas with shallow
soils have created favorable conditions even for a large number of therophytes (Stojanoff
1941; Stojanov 1950). High presence of geophytes is related to forest vegetation, which is
dominant on the lower slopes of Valamara Mts as well as with the influence of human activity,
especially with pastural activities (Tomovi¢ & al. 2005). More than 69% or 53 species of this
life form were found in herbaceous layer of these forests. Due to the high altitude, where most
of the surface is dominated by grassland vegetation, proportion of phanerophytes in the study
area compared with the flora of Albania, is a bit lower, respectively 7.8% and 9.3%. A
considerable area is destroyed and degraded and replaced by scrublands mainly dominated by
Juniperus communis, J. oxycedrus, Daphne oleoides, etc.

Phytogeographical elements

The vascular plants belong to 57 chorological groups which are indicated in Table 2.
After being grouped in ten larger centers, the analysis of chorological spectra showed that
the highest number of the species originate from Eurasia (21.7%, 123 taxa), followed by
Europe (18.3%, 104 taxa), Balkan (16.2%, 92 taxa), Mediterranean (11.5%, 65 taxa),
boreal (10.6%, 60 taxa), Euro-Mediterranean (7.9%, 45 taxa), temperate (6.3%, 36 taxa),
cosmopolitan / subcosmopolitan (5.1%, 29 taxa), endemic/sub-endemic (1.6%, 9 taxa); 0.7
% or 4 taxa originat from three other centers of distribution. The high number of species
with southern centre of distribution like south Europe, Mediterranean, Euro-Mediterranean
and Balkan species, are typical for xerothermic and xeromesophytic grassland
communities (Pedashenko & Vassilev 2014), which are predominant in the Valamara Mts.
The presence of a high number of boreal taxa (60 taxa, 10.6%), of which 9.1% belong to
circumboreal taxa, 1.0% artic-alpine and 0.4% alpine, is quite high within the flora of
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Albania (4.2%) and shows that the high altitude of Valamara Mts somewhat negates the
effect of the Mediterranean climate and creates conditions which favor the growth of
circumboreal species, mostly in its upper region.

The endemic and sub-endemic group comprise 9 species which represent 1.6% of the
Valamara flora. Festucopsis serpentini is the only endemic species while sub-endemic
species are represented by Bornmuellera baldaccii, Campanula hawkinsiana, Cerastium
smolikanum, Cistus albanicus, Onosma mattirolii, Taraxacum pindicum, Dichoropetalum
stridii and Viola dukadjinica. All these species occur in both Albania and Greece.

Table 2. Centre of distribution of vascular flora of Valamara Mts and number of species belonging to
each chorological group.

Phytogeographical elements Taxa No. (%)
1 Eurasian 123 (21.7)
1. Euro-caucasian 71 (12.5)
2. Europ. - Siber (Euro-Siberian) 29 (5.1)
3. Europ. - Asia (Eurasian) 10 (1.8)
4. Orof. Europ. - Caucas. (Euro-caucasian orofil) 3(0.5)
5. S Europ-S Siber. (south European- south Siberian) 3(0.5)
6. S Europ - Subsiber (south European- sub Siberian) 2(0.4)
7. S Europ. - CaucAsia. (south European- asiatic Caucasian) 2(0.4)
8. Orof. Europ. - Asia (Eurasian orofil) 1(0.2)
9. Pontic 1(0.2)
10. Subpont. (sub Pontic) 1(0.2)
2 European 104 (18.3)
1. S Europ. (south European) 40 (7.0)
2. Orof. - S Europ. (south European orofil) 22 (3.9)
3. C Europ. (central European) 19 (3.3)
4. Europ. (European) 11(1.9)
5. SE Europ. (southeast European) 6(1.0)
6. S Europ. - Pont. (south European- Pontic) 3(0.5)
7. Pontic-Europ. (Pontic-European) 1(0.2)
8. E Europ. (east European) 1(0.2)
9. Europ. - Balk (European-Balkan) 1(0.2)
3 Balkan 92 (16.2)
1. Balk. (Balkan) 53(9.3)
2. SubBalk (sub Balkan) 30 (5.4)
3. Amphiadriatic 4(0.7)
4. StenoBalk. (steno Balkan) 3(0.5)
5. S Balk (south Balkan) 1(0.2)
6. Illir. (Anfiadriat.) (Anfiadriatic- Illiric) 1(0.2)
4 Mediterranean 65 (11.5)
1. Medit. (Mediterranean) 12 (2.1)
2. Stenomedit. (steno Mediterranean) 10 (1.8)
3. Orof-Medit. (Mediterranean orofil) 10 (1.8)
4. NE Medit. (north east mediterranean) 6(1.0)
5. Medit.-Atlant. (Mediterranean atlantic) 5(0.9)
6. Orof. NE Medit. (north east Mediterranean orofil) 4(0.7)
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Table 2. continued.

7. SubMedit. (Submediterranean) 3(0.5)
8. E Medit. (East Mediterranean) 2(0.4)
9. Medit.- Mont. (Mediterranean mountains) 2(0.4)
10. Medit.-Turan. (Mediterranean-Turanian) 2(0.4)
11. N Medit. (north Mediterranean) 2(0.4)
12. S Medit. (south Mediterranean) 2(0.4)
13. Stenomedit-N Orient. (steno Mediterranean- north Oriental) 2(0.4)
14. Orof. W Medit. (west Mediterranean orofil) 1(0.2)
15. NE Medit.-Pontic (north Mediterranean-Pontic) 1(0.2)
16. Stenomedit.-Turan. (steno Mediterranean- Turanian) 1(0.2)
5 Boreal 60 (10.6)
1. Circum.-Boreal (Circumboreal) 52.(9.1)
2. Artico-Alpine (Artico-Alpine) 6(1.0)
3. Alpine 2(0.4)
6 Euro-Mediterranean 45 (7.9)
1. Europ. - Medit. (Euro-Mediterranean) 44 (7.7)
2. Europ. - Medit.Occid. (Euro-Mediterranean occidental) 1(0.2)
7 Temperate 36 (6.3)
1. Pan-temperate 30(5.3)
2. Pan.subtrop. (pan-subtropical) 5(0.9)
3. Pantrop. (Pantropical) 1(0.2)
8 Cosmopolitan / sub cosmopolitan 29 (5.1)
1. Cosmop. (Cosmopolitian) 9(1.6)
2. Subcosmop. (sub Cosmopolitian) 20 (3.5)
9 Endemic/Subendem. (Sub-Endemic) 9 (1.6)
1. Endem. (Endemic) 1(0.2)
2. Subendem. (Sub-Endemic) 8(1.4)
10 other 4(0.8)
1. S Am (south Americ) 1(0.2)
2. C Asia (center Asia) 1(0.2)
3. Asia 1(0.2)
4. E Asia (east Asia) 1(0.2)
480\434
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Fig. 3. Number of species in flowering by month.
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Species with conservation values

Of the 567 taxa identified in the Valamara Mts, about 20.9% (119 taxa) have a
conservation status as classified in the Albanian Red list or the IUCN Red list (Table 3).
Forty-nine of them (41.2 % of the taxa with conservation status) are included in Albanian
Red List, approved by the Decision of Council of Ministers in 2013. These species
represent 12.2 % of the Albanian Red List of vascular plants. According to this national

Table 3. Species with a conservation status according IUCN red list IUCN 2016) and Albanian red

list (ARL) (Council of Ministers’ decision 2013)

no. Taxa 6 é no. Taxa % é
= =
= < = <
1. Abies alba LC 61.  Festucopsis serpentini NE
2. Achillea millefolium LC 62.  Gentiana lutea EN
3. Aconitum lamarckii VU | 63.  Gladiolus palustris DD LR
4. Adiantum capillus-veneris LC VU | 64. Halacsya sendtneri EN
5. Agrimonia eupatoria LR 65.  Herniaria parnassica EN
6.  Agrostis canina LC 66.  Hippocrepis comosa LC
7. Alchemilla xanthochlora LC 67.  Hordeum bulbosum LC
8. Alkanna scardica LR | 68.  Hypericum perforatum EN
9. Allium schoenoprasum LC 69.  Isatis tinctoria DD
10.  Alyssoides utriculata LR | 70.  Juncus conglomeratus LC
11.  Alyssum bertolonii LR | 71.  Juniperus communis LC VU
12.  Anthyllis vulneraria DD 72.  Juniperus oxycedrus LC VU
13.  Agquilegia vulgaris DD 73.  Lilium albanicum EN
14.  Arabis hirsuta DD 74.  Luzula forsteri DD
15.  Aster albanicus EN | 75.  Lythrum portula LC
16.  Athamanta turbith EN | 76.  Mentha longifolia LC
17.  Atropa bella-donna CR | 77.  Myriophyllum spicatum LC
18.  Berula erecta LC 78.  Narthecium scardicum A48
19.  Betula pendula LC CR | 79. Nasturtium officinale LC
20.  Blysmus compressus LC CR | 80. Neottia nidus-avis LC
21.  Bornmuellera baldaccii EN | 81.  Nymphaea alba LC VU
22.  Botrychium lunaria EN | 82.  Onosma mattirolii A8
23.  Brachypodium retusum LC 83.  Origanium vulgare EN
24.  Calamagrostis pseudophragmites LC 84.  Ostrya carpinifolia LC
25.  Caltha palustris LC VU | 85.  Parnassia palustris LC
26.  Campanula hawkinsiana LR | 86.  Platanthera chlorantha
27.  Campanula tymphaea LR | 87.  Phleum alpinum LC
28.  Carex digitata LC 88.  Pinus heldreichii LC
29. Carex distans LC 89.  Pinus nigra LC
30.  Carexflava LC 90.  Pinus peuce NT EN
31.  Carex nigra LC 91.  Poa pratensis LC
32.  Carex paniculata LC 92.  Polygonum amphibium LC
33.  Centaurea pindicola EN | 93.  Polygonum hydropiper LC
34.  Cerastium smolikanum CR | 94.  Populus nigra LC
35.  Chamaecytisus tommasinii EN | 95.  Potamogeton crispus LC
36.  Chamaespartium sagittale LC 96.  Potamogeton natans LC
37.  Cephalanthera longifolia 97.  Rhus coriaria VU
38.  Cephalanthera rubra 98.  Salvia officinalis LC VU
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Table 3. continued.

39.  Cistus albanicus EN | 99.  Sanguisorba officinalis LC
40.  Corylus avellana LC 100,  Satureja montana subsp. VU
montana

41.  Crepis geracioides VU [101.  Sedum serpentini LR
42.  Crocus dalmaticus LR |102.  Sesleria coerulans LC

43.  Cyperus difformis LC 103.  Sideritis raeseri NT

44.  Cyperus flavescens LC 104.  Silene vulgaris LC

45.  Cyperus fuscus LC 105.  Silene caesia DD
46.  Cyperus glaber LC 106.  Silene tommasini EN
47.  Cyperus longus LC 107.  Sorbus aucuparia CR

48.  Dactylorhiza saccifera 108.  Stipa pulcherrima VU

49.  Dactylorhiza cordigera LC 109.  Taxus baccata LC VU
50.  Dictamnus albus VU |110.  Thymus teucroides DD
51.  Centranthus longiflorus LR [111.  Trifolium pratense LC

52.  Dryopteris filix-mas 112.  Trifolium pilczii LR
53.  Eleocharis palustris LC 113.  Trollius europaeus VU
54.  Epilobium angustifolium LC 114.  Urtica dioica LC

55.  Epilobium parviflorum LC 115. Vaccinium myrtillus \'48}
56.  Epipactis palustris LC 116. Veronica beccabunga LC

57.  Equisetum palustre LC 117. Veronica serpyllifolia LC

58.  Equisetum telmateia LC 118. Viola dukadjinica LR
59.  Eriophorum angustifolium LC 119. Viscum album VU
60.  Euphrasia minima EX

conservation status, 15 species (30.6%) are extinct (EX), 15 species (30.6%) vulnerable
(VU), 11 species (22.4 %) of least concern (LC), five species (10.2 %) critically
endangered (CR), four species (4.2 %) DD (deficient data), and one species (2.1 %) NE
(not evaluated). According to the ITUCN Red List 76 species were evaluated, which
represent 13.4 % of all vascular flora of the study area. Conservation status for about 84
% is categorized as least concern (LC), 8 % deficient data (DD), 3 % vulnerable (VU), 3
% near threatened (NT), 1 % extinct category (EX), 1 % critically endangered (CR).
Gentiana lutea and Gladiolus palustris are two species which are part of the Habitats
Directive, respectively in Annexes V and I, IV. Centranthus longiflorus is listed in Annex
I of Bern Convention and seven species of orchids are listed in Appendix II of CITES viz.,
Cephalanthera longifolia, Cephalanthera rubra, Dactylorhiza saccifera, D. cordigera,
Epipactis palustris, Neottia nidus-avis, Platanthera chlorantha.

Analysis of flowering period

The flowering period and flowering state are important for plant identification and
choice of time for the field trips. June is the month with the greatest number of species in
flower (481 species), while the month with the fewest species in flower is December, only
Taraxacum haussknechtii (September to December).

About 52.7% (299 species) of taxa flower from January to July. Of these 221 species or
73.6% belong to hemicryptophytes, geophytes and therophytes, which finish flowering
before the environmental conditions which characterize serpentine substrate (high temper-
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ature and low humidity) reach the extreme values.

During the warmest months of July and August, only 41 species begin flowering., and
of these 10 species arecircumboreal and, Euro-Siberian. In Valamara Mts these species
occur at high altitudes. Fig. 3 shows the number of species in flower every month.

Discussion and conclusions

The predominance of Asteraceae is clear; other families (e.g., Brassicaceae,
Caryophyllaceae, Cyperaceae, Fabaceae, Lamiaceae, and Rosaceae) have only half the
number of species.

In Valamara Mts hemicryptophytes are the dominant life form, however, geophytes, thero-
phytes, phanerophytes and chamaephytes, all are represented by a high number of species. The
high dominance of hemicryptophytes even in Valamara Mts, as other Balkans territory such as
Bulgaria, Sokolovica Mt in Serbia and Montenegro (Uzunov & Gussev 2003; Tomovi¢ & al.
2005; Vuksanovi¢ & al. 2016), support the fact that flora of Balkan is dominated by this life
form (Goranova & al. 2013). Though Bulgaria is more continental and less mediterranean as
compared with Albanian, the high altitude of Valamara reduce the influence of the
Mediterranean climate and make its climate more continental so that both these areas have sim-
ilarities in their percentage of life forms. The high number of geophytes in the upper regions of
Valamara Mts is related to the extreme conditions of cold winters and summer drought, and as
influenced by pastural activities, such is overgrazing (Tomovi¢ & al. 2005). In the flora of
Montenegro where the average altitude is lower and climatic conditions not so extreme and pas-
tural activities less abundant, the number of geophytes is lower and after hemicryptophytes, the
second life form with the greatest number of the species is represented by chamaephytes. In
general, herbaceous species dominate (83.2%).

The high percentages of Euro-Caucasian, circumboreal, Euro-Siberian, south European
and central European species are related to the high elevation of the Valamara Mts. A con-
siderable number of species which are Mediterranean, Balkan, Euro-Mediterranean, south
European and sub-Mediterranean, reflect a modified-Mediterranean to moderate climateas
characteristic oft the lower parts of the range.

Taking into consideration the study area as compared to other Albanian territorities, the
presence of 119 plant taxa with a conservation status, representing 20.9% of the vascular
flora, makes this mountain range of some importancefor nature conservation. Eight sub-
endemics occur in the Valamara Mts. In the Balkans, Greece possibly the country with the
highest number of endemic taxa, ca. less than 900 (Kit Tan, pers. comm. 2017). The dis-
coveries of Taraxacum pindicum, Dichoropetalum stridii and Cerastium smolikanum, the
latter reported by Shuka & Tan (2009), in the Valamara Mts reduced them as endemics to
Greece, and the Valamara Mts are now the northernmost localities for these species.
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Khellaf Rebbas

Premiere observation de Physalis acutifolia (Solanaceae) dans la région
de M’Sila (Algérie), nouvelle pour I’Afrique du nord

Abstract

Rebbas, K.: Premiére observation de Physalis acutifolia (Solanaceae) dans la région de M’Sila
(Algérie), nouvelle pour I’ Afrique du nord. — F1. Medit. 28: 21-25. 2018. — ISSN: 1120-4052
printed, 2240-4538 online.

Physalis acutifolia (Solanaceae), native to the southwestern United States, California Texas,
and northern Mexico, has been observed in many localities in the M'Sila region, central north
Algeria. Distribution and ecological notes are also provided. This is the first report of this
species in N Africa.
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Introduction

Le genre Physalis comprend un certain nombre d’espéces comestibles et ornementales
d’importance commerciale. Sa haute valeur nutritionnelle et ses propriétés médicinales
potentielles entrainent un intérét commercial accru pour les produits de ce genre dans le
monde entier (Wei & al. 2012).

Ce genre contient plus de 90 especes dont 35 dans la région de Mexique (Cuevas-Arias
& al. 2008). Physalis acutifolia (Miers) Sandw. (= Saracha acutifolia Miers, Physalis
wrightii Gray) est originaire des Etats-Unis, de la Californie au Texas, et au nord du
Mexique, ou il peut étre trouvé dans de nombreux types d’habitats, y compris les zones
perturbées. C’est parfois une mauvaise herbe quand elle se développe dans les champs
agricoles, mais elle n’est généralement pas envahissante dans 1’habitat sauvage.

En Afrique du nord, la plante n’est pas citée dans 1’index de Dobignard & Chatelain
(2010-2013). De méme aucune flore ou catalogue d’Algérie (Battandier 1888-1890;
Battandier & Trabut 1905; Maire 1952-1987; Quézel & Santa 1962-1963; Ozenda 1983)
ni méme de Tunisie (Bonnet & Barrate 1896; Pottier-Alapetite 1979-1981; Le Floc’h & al.
2010; Guittonneau 2011), ni aussi au Maroc (Fennane & Ibn Tattou 1998, 2005; Fennane
& al. 2007) ne signale ce taxon. Cette plante n’est pas signalée dans 1’Euro+Med
PlantBase (Euro+Med 2006-) et pas méme dans les plus récents contributions sur les espé-
ces étrangeres dans les territoires voisins (Celesti Grapow & al. 2016).
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L’index de Dobignard & Chatelain (2010-2013) a cité 5 especes de Physalis: P. alke-
kengi L. et P. viscosa L. au Maroc, P. angulata L. en Mauritanie, Maroc, Egypte, P. ixo-
carpa Hornem. en Egypte, P. peruviana L. en Madére, Mauritanie, Maroc.

En Algérie, Munby (1847) a signalé Physalis somnifera L., sur les décombres autour
d’Alger, au cimetiére des Juifs a Bab-el-Oued.

Description botanique et répartition géographique

Physalis acutifolia (Miers) Sandw. est une plante annuelle, avectiges et branches étalées
et ascendantes, pubescentes et 1égérement pubescentes sur les bords et les nervures des
feuilles, plus denses sur les nouvelles pousses, les tiges atteignant 50 cm de long; poils
atteignant 1 mm de long, non glanduleux. Feuilles elliptiques, souvent étroites, parfois lan-
céolées ou ovales, de 4-12,5 cm de long, de 1-5 cm de large, 1,8-6 fois plus longues que
larges; base aigué a acuminée souvent obliquement ainsi; apex aigu a acuminé; bords den-
tés a incisés ou dentés. Fleurs de 0,7-1,2 cm de long; pédoncule de 1,2-3 cm de long, habi-
tuellement environ 2-3 fois plus long que la fleur; calice de 0,3-0,5 cm de long, les lobes
étant aussi longs que le tube; corolle blanc jaunatre, parfois avec centre obscurci orange
jaunatre, 1-2,2 cm de large; anthéres jaunes, 3-4 mm de long, environ 3-4 fois plus longues
que larges. Le calice ovoide, 1,2-2,3 cm de long, 1-2 cm de large, baie de 0,6-1,3 cm de
diameétre; graines lenticulaires, 2-2.2 mm de large. Floraison et fructification, Juillet-
Septembre (Landrum & al. 2013)

Dans la région de M’Sila, cette solanacée a été observée dans 5 stations localisées dans
des champs de culture du piment (Tableau 1, Fig. 1 et 2).
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Fig. 1. Localisation géographique de la région de M’Sila.
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Tab. 1. Localisation des stations d’observation de P. acutifolia dans la région de M’Sila.
Station Nbre de plantes N E Altitude (m) Date
Lamarate 3 35°32°58" 04°29°21" 380 18/8/2017
Saida 7 35°35'12" 04°29'45" 376 18/8/2017
OuledMadi 4 35°36°25" 04°30°16" 361 18/8/2017
El Beida 3 35°37'17" 04°29'39"” 424 18/8/2017
Maaza 2 35°52°16" 04°23°45" 696 15/9/2017
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Fig. 2. Physalis acutifolia (1. Habitat: champ de culture du piment; 2. Port; 3. Fleur; 4. Fruit, photos:
K. Rebbas, 18.8.2017).

Intéréts et Activités pharmacologiques

Physalis L. est un genre américain qui a une utilisation alimentaire enracinée dans 1’ali-
mentation quotidienne de nombreuses régions géographiques du Mexique, ou les espéces P,
philadelphica et P. angulatas ont cultivées, ainsi que la récolte des fruits d’au moins une
douzaine d’espéces sauvages. Les preuves de la valeur nutritive et fonctionnelle des fruits
sont passées en revue, citant le contenu de certaines espéces en fibres, minéraux, protéines,
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lipides solubles et sucres, ainsi que les vitamines A et C, certains principes phytochimiques
bioactifs aux propriétés antioxydantes, anti-cancer, anti-inflammatoire et antibiotique,
entre autres. Ces propriétés font des tomates a coque des modéles biologiques de grand
intérét pour les industries agricoles et pharmaceutiques (Vargas-Ponce 2015).

Les plantes de Physalis sont aussi largement répandues dans toute 1’Inde, la Chine et
d’autres pays subtropicaux. Les alcaloides, les flavonoides et les withanolides sont les
constituants primaires des especes de Physalis principalement considérées pour étre
responsables de ses actions thérapeutiques larges. En dehors de 1’activité analgésique, ces
plantes sont utilisées pour traiter le cancer, la leucémie, 1’hépatite, ayant des propriétés
comme hépatoprotecteur, diurétique, anti-ulcére, anti-microbienne, anti-oxydante, anti-
inflammatoire, une activité protectrice rénale (Jyothibasu & Venkata 2015). D’autres espé-
ces de méme genre comme Physalis somnifera L. (Withania somnifera (L.) Dunal) a été
utilisée pendant des siécles dans la médecine traditionnelle indienne (Mirjalili & al. 2009;
Pandit & al. 2013). Au Yémen, ou il est connu sous le nom d’ubab, les feuilles séchées sont
broyées en une poudre a partir de laquelle une pate est fabriquée et utilisée pour les brilu-
res et les plaies (Hehmeyer & Schonig 2012).

Conclusion

Physalis acutifolia, ainsi que pour la flore d'Afrique du Nord, est une nouveauté pour
toute la région méditerranéenne. Cette découverte enrichit davantage la flore vasculaire
algérienne et elle constitue un ajout important pour la flore médicinale du pays.

Elle est fort probable que la population de P. acutifolia provient de graines introduites
au niveau des champs de culture du piment.
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A revision of Allium subsect. Allium (Amaryllidaceae) for the Maltese
Islands

Abstract

Mifsud, S. & Mifsud, O.: A revision of Allium subsect. Allium (Amaryllidaceae) for the Maltese
Islands. — F1. Medit. 28: 27-51. 2018. — ISSN: 1120-4052 printed, 2240-4538 online.

A revision of species in Allium subsect. Allium occurring on the Maltese Islands was done on
field and herbarium data. 4. ampeloprasum L., the presumed endemic 4. melitense (Borg.)
Ciferri & Giacomini and A. commutatum Guss. are the three species mentioned in the Maltese
floras within this group. The results clearly encompassed four different taxonomic units, corre-
sponding to 4. polyanthum Schult. & Schult. f. which has never been recorded for the Maltese
Islands, two populations of 4. commutatum and two forms (one sterile, one fertile) of their puta-
tive hybrid 4. commutatum % A. polyanthum growing on few coastal areas. A. ampeloprasum
is excluded from the Maltese islands while 4. melitense is synonymised with A. polyanthum.
All past records of 4. commutatum (apart from a giant form) are referred to A. polyanthum.
Moreover, 4. . commutatum % A. polyanthum is reported from Sicily for the first time.

Key words: Allium polyanthum, A. commutatum, Malta, Central Mediterranean region.

Introduction

The classification of the genus A/lium (Amaryllidaceae) has been intricate since the pio-
neer work of Don (1827) and subsequent treatments (Regel 1875; Vvedensky 1935;
Feinbrun 1943; Omelczuk 1962), but recent classifications (Friesen & al. 2006; Nguyen &
al. 2008; Li & al. 2010) divided the genus into three unnamed clades which are referred to
as lineages, and which together form 15 different subgenera. These clades were raised to
generic level (Allium, Caloscordum and Nectaroscordum) by Banfi & al. (2011) although
this treatment is still questionable. Subgenus Allium is further divided into fifteen sections,
of which section Allium is represented by some 115 species. This is further subdivided into
two subsections (Hermann 1939): subsect. Oenoprason F. Herm. which is characterised
with leaves having a semicircular or oblong cross-section and subsect. Scordoprason F.
Herm. with flat, channelled or V-shaped leaves (Mathew 1996). According to the article
22.1 of the ICN (McNeill & al. 2012) subsect. Scordoprason is superfluous and should be
corrected to subsect. Allium.
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The following native species of A/lium sect. Allium have been recorded for the Maltese
Islands (Weber & Kendzior 2006; Mifsud 2002-2014; Casha 2013): A. amethystinum
Tausch. (Allium subsect. Oenoprason), 4. ampeloprasum L., A. melitense (Sommier &
Caruana Gatto) Ciferri & Giacomini (a putatively Maltese endemic) and 4. commutatum
Guss. The latter three species within subsect. A/lium are dealt in this study.

The first Allium species recorded on the Maltese Islands was 4. ampeloprasum, with the
Maltese name “Korrat selvagg” (wild leek), flowering in June and growing in fields
together with the cultivated Allium porrum “Korrat” (Zerapha 1827). Grech Delicata
(1853) also listed A. ampeloprasum as the single species of wild leek in Malta, where he
reports it from cultivated and uncultivated places as at Corradino.

Sommier & Caruana Gatto (1915) catalogue A. ampeloprasum in their flora which they
reported it to grow in various locations on rocky ground, especially near the sea.
Additionally, they described a new variety from Boschetto — 4. ampeloprasum var.
melitense, which they distinguished because of its smaller hemispherical inflorescences up
to 3 cm accross and for being plants with a more delicate habit reaching only up to 25 cm
in height. They state that this local variety is similar to A. ampeloprasum var. hemispher-
icum Sommier (= A. hemisphericum (Sommier) Brullo) from Lampedusa and to 4. pres-
lianum Schult. & Schult. f. (=A4. rotundum L.), adding that it should be studied in a more
taxonomic depth while retaining A. ampeloprasum var. melitense as a provisional name.

Borg (1927) classifies A. ampeloprasum into three varieties: A. ampeloprasum var.
ampeloprasum (Maltese: Kurrat selvagg) which flowers in April-May and is very common
in rocky places near the sea and near fields; A. ampeloprasum var. porrum (Maltese:
Kurrat) which is widely cultivated and 4. ampeloprasum var. melitense considered endem-
ic to Malta. This variety was then elevated to a species level in the catalogue of Italian
Flora by Ciferri & Giacomini (1950).

Subsequent floristic accounts and publications maintained Borg’s treatment (Lanfranco
G. 1960, 1969; Haslam & al. 1977), until Lanfranco (1989) put forward for the first time
the species A. commutatum in the Red Data Book. He also quesioned the systematic status
of A. melitense. Additionally, reference was also made to giant forms of ‘4. commutatum’
occurring on the islets of Filfla and General’s Rock (found by Michael Briffa). It was con-
cluded that 4. ampeloprasum complex required further critical investigations (Lanfranco
1989; Lanfranco & Bonnett 2015). Our preliminary field observations also confirmed that
the species within Allium sect. Allium are not represented correctly in the Maltese florae
and local floristic accounts and hence a taxonomic revision was carried out.

Materials and methods

The study on Allium subsect. Allium was carried out between 2014 and 2016 both in
Malta and Gozo, mostly from wild samples but cultivated escapees were also included. In
addition, material from Cava d’Aliga and Marina di Modica, Ragusa, Sicily; and a three
specimens from Nantes, France (submited from cultivation by Errol Vela) were also stud-
ied for comparison purposes. A total of 165 specimens were examined in this study.
Relevant Herbarium specimens are deposited in the author’s personal herbarium and in the
National Museum of Natural History in Mdina, Malta. Electronic Supplementary File
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(ESF) 1 provides information about the material studied including the date of examination,
location, (locality and toponym) and the habitat. According to keys and species descrip-
tions by Stearn (1980), Mathew (1996), Aedo Pérez (2014), Tison & al. (2015) and Pignatti
(2017), the following set of morphological characters were chosen a priori for this study:
plant height; width of longest leaf; colour and size of leaf sheath; inflorescence size; pro-
portion of the leaf-sheathing along the stem; presence and morphology of papillae on mar-
gin and keel of leaves; colour of tepals and their midvein; size and shape of tepals includ-
ing the apex; presence and distribution of papillae on tepals; shape and size of tepal’s papil-
lae; shape of stamens (filaments and cusps); ratio of the length of the cusps with that of the
lamina of inner stamens whorl; the protrusion of anthers from corolla and finally the shape,
colour and size of the bulblets. The length of the beak of the spathe was found to be impor-
tant and measured for a smaller sample of specimens. The most important diagnostic char-
acters used to circumscribe taxa were the foliar and floral papillae, morphology of the sta-
mens (protrusion, shape of stamens and length of cusps) and the shape and size of the bul-
blets. The flowering time, width of leaves, colour of tepals and length of spate were of
additional support to carry out taxon circumscription.

Results

The character states recorded from 165 specimens are given in the ESF 2. On studying crit-
ically the diagnostic characters, four distinct groups (taxonomic units) from wild populations
were circumscribed and referred to as P, C, G and Z. The fifth group consisted of cultivated
specimens (or escapees) and was labelled as taxon K. A summary of the relationship of these
characters and how they were employed to delimit these five taxa is summarised in Table 1,
while a detailed account is given below.

Foliar papillae on leaf margins and keel

Seven types of leaf margins labelled A to G have been defined according to the pres-
ence, weathering, persistence, continuity, gruoping, regularity, size and shape of minute
papillae lining the margins and keel of young leaves. Leaf papillae can be classified in two
groups: i) types A to C with small, hemispherical or tuberculate papillae not longer than 75
um and at various levels of weathering - completely weathered or absent in type A to par-
tially preserved in Type C, not detected by the unaided eye (observed under x40 magnifi-
cation); and ii) types D to G composed of larger papillae, 100—400(—500) um and usually
visible by the naked eye or a lens; persistent even in old leaves during inflorescence, with
various shapes including subspherical and rounded (Type D) to digitiform (Type E) or teat-
shaped, hence with a broad base and slightly swollen tips (Type E and F). Leaf margins
were found to have either simple and homogenous papillae (Types A to D and Type G) or
complex, irregular and grossly heterogenous as in Type F and sometimes in Type E.

The seven types of leaf margins (type A to type G) are illustrated in Fig. 1 and
described below:
A: Smooth; margin a narrow hyaline lining without any papillae (Fig. 1a).
B: Subcrenulate; margin almost smooth but with flattened, weathered papillae (< 25 um

long) not visible to the unaided eye (Fig. 1b).
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Table 1. Main distinctive characters of the five groups recognized.

Diagnostic Group P Group Z Group G Group C Group K
character
Length of plants (15-)50(-100) | (80-)120(-180) | (80-)120(-180) | (60-)100(~150) | 70-120
(cm)
Length of foliar 25-75 150-250 150-250 100-200 300-450
papillae (um)
Weathering of Yes, leaf No No No No
foliar papillae margin
becomes
smooth
Shape of foliar Homogenous, Heterogenous, Heterogenous, Homogenous, Homogenous,
papillae simple, various shapes | various shapes simple, digitiform
subcylindrical | simple and simple and hemispherical,
complex forms | complex forms or broadly
conical
Length of spathe 2-5 6-11 7-13 15-30 Not recorded
beak (cm)
Flower colour Lilac to pale Dark purple Dark purple White or pale Light purple
purple green
Stamen protrusion | Included or Fully exserted Fully exserted Fully exserted Fully exserted
partially
exserted
No. of cusps on the 1 1(=2) (1-)2-3 (2-)3 1
internal stamens Type A Type A & B Type C & D Type D (& C) Type A
(Fig. 4)
Papillae on internal | Absent or very | Numerous Numerous small | Numerous small | Numerous small
tepals (Fig. 9) few small papillae papillae papillae papillae
throughout throughout throughout throughout
entire tepal entire tepal entire tepal entire tepal
Distribution of Type A Type C Type C Type B Type D
papillae on tepals
(Fig. 9)
Bulblet shape and Type A, 4-9, Type C, 818, Type C, 8-18, Type B, 15-35, | Type B, but less
size (mm). (Figs. 10 | homogenous heterogenous heterogenous homogenous compressed 18—
& 11) 25, homogenous
Seeds Fertile Fertile In majority Fertile Not recorded
sterile
Flowering period Beg May to End May to Beg/mid June to | End of June to End May to end
end of May mid June end of June mid July June

C: Irregularly subcrenulate-scabridulous; margin with short, narrow conical or subdigiti-
form papillae, 25-75 um long, visible with a a magnyfing glass, often in an irregular or
patchy distribution present towards the terminal part of leaf (Fig. 1c).

D: Regularly scabrid by subspherical or widely conical papillae,100-200 pm long simple,
widely spaced, homogenous present along entire margin (Fig. 1d).

E: Regularly denticulate-scabrid by short digitiform to tuberculate papillae, 200-300 um
long, mostly simple, densely packed, homogenous or heterogenous, present along
entire margin (Fig. le).

F: Irregularly denticulate-scabrid due to a mixture of large, cylindrical, digitiform or tuber-
culate papillae 200-300 pm long and small, hemispherical or subdigitiform papillae 50—
75um long, often with irregular and complex papillae, densely packed, heterogenous,
present along entire margin (Fig. 1f).
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Fig. 1. Different types of leaf margins based on the presence and type of papillae. Type A: smooth (4.
polyanthum: specimens AS523c, AS524a); Type B: subcrenulate with weathered flat papillae (4.
polyanthum: specimens BS502b, AS601a); Type C: subcrenulate-scabridulous with small cylindrical
papillae, 2575 um long (4. polyanthum: specimens AS513a, AS513b); Type D: scabrid with spher-
ical papillae, 100-200 um long (4. commutatum: specimen BS627a, CS625a); Type E: regularly den-
ticulate-scabrid with short digitiform to tuberculate papillae, 200-300 pm long, homogenous mor-
phology (4. commutatum % A. polyanthum: specimen AS601f & BS612a); Type F: irregularly den-
ticulate-scabrid with variously-shaped papillae, 200-300 pm long, heterogenous morphology (4.
commutatum x A. polyanthum: specimen AS601e & BS606a), where the various shapes of papillae
observed are illustrated in the bottom right inset; Type G: dentate-subpilose with digitiform papillae,
300-400 pum long (4. porrum var. kurrat: specimen BS603b & BS606¢).
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G: Dentate-subpilose with relatively long, slender, digitiform papillae without swollen
tips, 300-500 um long, usually simple, densely packed, homogenous, present along
entire margin (Fig. 1g).

Different shapes of papillae have been observed within the examined specimens, but
plants in Taxon Z and G and had very heterogenous papillae (Type F) with variable
shapes; either observed from different specimens of the same population or along leaf mar-
gins of the same specimen. Eight papillac forms have been in fact classified as shown in
Fig. 1f: minute-pustulate; slender digitiform; swollen digitiform; hemispherical-doliform;
hemispherical with eccentric narrow bulging ends; hemispherical with central wide
bulging ends (russian dolls); subcapitate; capitate with swollen heads (teat-shaped); and
complex forms with wide bases and 2 or 3 bulging or projecting ends. It is likely that these
morphological combinations are the result of the merging of narrow digitiform or pustulate
papillae (e.g. Type C) with broad, hemispherical-doliform papillae (e.g. Type D).

Based on foliar papillae, four unit were segregated as follows: taxon group P with type
A, B, or C papillae (smooth or weathered); taxon group C with type D papillae (homoge-
nous and persistent); taxon group Z and G with type E or type F papillae (persistent, het-
erogenous, simple or complex) and the cultivated taxon group K with type G papillae (very
long and subpilose margin).

Plant, leaf and umbel sizes

The examined specimens can be divided into two groups based on the plant plant height,
leaf width and inflorescence sizes. Taxon P made most of one group while taxon C, G, Z
and K represented the other group.

Group 1 (taxon P): smaller plants with height of (16—)25-80(-105) cm ( =55 cm), (2-)4—
12(—20) mm wide( =8.5 mm), and smaller flower-heads measuring (11-)22-48(—66) mm
wide (=35 mm);

Group 2 (taxon C, G, Z, and K): larger plants (65—)90—158(—181) cm long ( =125 cm),
leaves with a pale yellowish-green hue, (12—)16-28(—34) mm wide ( =22 mm), and larger
flower heads measuring (30-)42—72(-90) mm wide ( =57 mm).

Group C from Sicily were at the lower range of group 2 and upper range of group 1. Groups
G and Z had the largest plants in terms of plant size, leaf width and flower head diameter.

Stamens: cuspidate filaments and anther protrusion

All examined material was found to have tricuspidate inner stamens with the median
cusp being firm and bearing a fertile anther, whereas the lateral cusps were much longer,
thread—like, spindly, often found coiled, initially attached with a sterile anther which usu-
ally falls prematurely. The lateral cusps were longer than the median by (1.8)-2-4(—4.5)
times and could not be used to segregate specimens in any distinct group. However, the
ratio of the length of the filament’s lamina to the median cusp was more useful, and spec-
imens could be divided into two groups: one group had the lamina subequal or only slight-
ly longer from the median cusp by (0.9-)1.5(-2.0) times; while lamina of the other group
was in comparison longer by a ratio of (2.2—-)3.0-4.0(4.5). The former group had a more
distinct and longer median cusp resulting in the exertion of its anthers well out from the
corolla mouth by 2 mm or more. Taxon group C, Z, G and K had this latter type of sta-
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mens while taxon group P had shorter median cusps with their anthers at the level of the
corolla mouth or just exserted by 1 mm. (Fig. 2).

The amount of protrusion of the anthers out of the urn-shaped or bell-shaped perigone
is reported to be a very important character. In this study, it was found that this character
is not very easy to assess or reliable because for instance, some flowers had their anthers
protruding half-way through the orifice of the corolla mouth, whereas others had stamens
protruding marginally by about 1 mm within the same specimen. For consistency this
observation is carried out only at pollination. As described in the methodology, stamens
had to be exserted by 2 mm or more from the corolla mouth to be classified as exserted
anthers, otherwise they were classified as included anthers. Only taxon group P was found
to have included anthers.

More important and much easier to evaluate was the variation in the number of cusps
observed in the outer whorl of stamens. The studied material could be reliably divided into
four groups based on four types of outer stamens labeled Type A, B, C and D as shown in
Fig. 3. Type A consisted of specimens with an outer whorl of three simple, completely non-
cuspidate, stamens bearing a fertile stamen. Some individuals had monocuspidate stamens
but with a small and partial secondary tiny cusp, often detected by a hand lens or magnified
images. This is indicated by an arrow in Fig. 3-B3 and 3-B4. Stamens with this morphol-
ogy were grouped as Type B stamens. Type C stamens had a mixture of two or three cusps
(rarely just one) and often with one of the cusps of half or partial length. Leeks with an

Fig. 2. Protrusion of stamens from corolla mouth. A: Included, partially exserted, or shortly exserted
by 1 mm (4. polyanthum: left BS505a; centre AS524c; right BS512a); B: conspicuously exserted at
least by 2 mm (left: 4. commutatum (CS625a); centre: A. commutatum % A. polyanthum (BS609a);
right: A. commutatum (BS627f)).
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Fig. 3. Stamen morphology. Type A: inner and outer whorls simple and monocuspidate (4. polyanthum,
top:AS509a; bottom:AS523c¢); Type B: inner whorl tricuspidate, outer whorl simple and monocuspidate
sometimes with a partial lateral cusp (4. commutatum x A. polyanthum, top:AS601e; bottom:BS606¢);
Type C: inner whorl tricuspidate, outer whorl with two or three cusps, sometimes with a partial lateral
cusp, rarely simple (4. commutatum % A. polyanthum, top:BS612b; bottom: BS609a); Type D: inner
and outer whorls tricuspidate, rarely the outer whorl with a reduced lateral cusp (4. commutatum,
top:BS627¢; bottom:CS625a).

outer whorl of tricuspidate stamens, more or less consistently found so within different
flowers were categorized as type D stamens. It is here hypothesized that individuals having
Type B stamens with 1-2 cusps or Type C stamens with 2-3 cusps represent an intermediate
morphological state between simple monocuspidate stamens (Type A) and tricuspid sta-
mens (Type D).

All specimens within groups P and K had type A stamens, whereas group C and the cul-
tivated specimens had type D stamens. Group Z mostly had type A and type B stamens
while group G predominantly had type C stamens (occassionally type D).

Floral papillae
Two types of papillae have been detected: (i) small pustulate papillaec 2540 pm wide,
not visible by the naked eye, subcylindrical, slightly longer or subequal to their diameter
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and (ii) large papillae (80-)100-150(-=170) um wide, hemispherical, fusiform or com-
pressed conical papillae, shorter than their length. The presence and distribution patterns
of these two types of papillae on the external and internal petals are classified in four types
as follows (Figs 4 to 8):

Type A: Internal tepals without papillae. External tepals with large papillae, 100—170
um mostly present on the keel sometimes merging forming ‘walls’, with their frequency
decreasing abruptly towards the margin, hence becoming absent at the lateral borders of
the tepals. Papillae not numerous and visible to the naked eye mostly compressed spheri-
cal-fusiform in shape - Fig. 4 and Fig. 8.

Type B: Internal tepals with small, subcylindrical papillae 25—40um wide. External
tepals also with similar small papillae, uniformly distributed throughout the entire surface
of the tepal. Large papillae absent or few broad, large hemispherical papillac 80—110um
wide restricted only at a small part of the keel - Fig. 5 and Fig. 8.

Type C: Internal tepals with small, subcylindrical papillae, 2540 um wide. External
tepals with two types of papillae; small (2540 pum wide) pustulate papillae uniformly dis-

SRl - 7T X X e
Fig. 4. Type A floral papillae on external tepals of Group P (4/lium polyanthum), characterised by
large hemispherical papillae distributed on and close to the keel, often subfused forming rows or

walls, (100-)120-170 pm wide.
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Fig. 5. Type B floral papillae on external tepals of Group C (4/lium commutatum) characterised by

small, 30-40 um wide papillae evenly distributed throughout the entire surface and occasionally few
larger hemispherical to conical papillae on the keel 80-110 um wide.

tributed throughout the entire tepal and numerous large papillae mostly present on the keel,
sometimes merging forming short walls and occupying one third or more of the length of
the keel - Fig. 6 and Fig. 8.

Type D: Internal tepals with small, subcylindrical papillaec, 25-40 um wide.
External tepals with two types of papillae: small, (25-40 um wide), pustulate, papillae
uniformly distributed throughout the entire surface and large papillae (80—140 um
wide) scattered throughout most of the central part of the tepal hence not restricted
only on the keel, sometimes extending up to near the margin of the tepal but then
decreasing in size. Papillae numerous and in various sizes with the larger ones present
on or close to the keel - Fig. 7 and Fig. 8.

Type B and type C can generally be considered to be similar, but type C have more
numerous and larger papillae on the keel, running along at least one third of its length.

The distribution of the papillae on the tepals corresponded with the four groups circum-
scribed above. All specimens in taxon P had type A floral papillae. Group C primarily had
type B papillar distribution on its tepals while that of the cultivated group K was distinctly
type D. Plants within taxon group Z and G had type C papillac but some specimens in
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Fig. 6. Type C floral papillae on external tepals of groups G and Z (Allium commutatum x A.
polyanthum) characterised by small, 30—40 pm wide papillae evenly distributed throughout the
entire surface and several larger hemispherical to conical papillae on the keel, about 80-150 um
wide, sometimes fused at the base forming papillary walls.

group G occasionally possessed type B papillae but with a tendancy of being smaller.

On comparing the four types, here aided by a representative illustration (Fig. 8), it can
be preassumed that type C and perhaps Type D are a result of a combination or superim-
position of type A and type B papillae.

Bulblet shape
Two main bulblet shapes here referred to as helmet-shape and hemispherical or navicular
have been met during this study and labelled as Type A and Type B. Type A bulblets are char-
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Fig. 7. Type D floral papillae on external tepals of group K (Allium kurrat and 4. ampeloprasum)
characterised by small (3040 pm) and large (80-150 pm) papillae evenly distributed throughout the
entire surface but with the large papillaec more frequent on and close to the keel and gradually decreas-
ing in size towards the margin.

acterized by sub-globular structures, 4-9 mm in diameter, with a short flattened side at the base
hence forming a shape similar to a helmet. The flattened side is only 3—5 mm long and is always
shorter from the height or longest diameter of the bulblet body. Type B bulblets have an elon-
gated hemispherical or hemi-ellipsoid structure with acuminate or tapering ends, usually one
end more acuminate than the other. The flattened side is longer than the height or width of the
bulblet, and can be termed as navicular or compressed fusiform. They vary in size, usually
between 10-30(—40 mm) long and 6—12 mm high. Both type A and type B bulblets are homog-
enous in shape and are illustrated in Fig. 9.

Moreover, a third bulbet morphology has been categorized as Type C which collectively are
heterogenous and composed of a mixture of Type A and B bulblets and other bulblets which
are considered as a range of intermediates between the two forms, usually hemispherical with
a short acuminate end, sometimes compressed and measuring about 12 mm + 5 mm (Fig. 10).

Specimens within group P produced helmet-shaped (Type A) bulblets whereas those
forming group C produced navicular or compressed (Type B) bulbets. Group G and taxon
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Fig. 8. Representative line diagrams of the four types (Types A to D) of flora papillae on the internal
and external tepals.

group Z had heterogenous bulblets (Type C). It was further observed that the Sicilian spec-
imens produced smaller bulblets thna the Maltese plants, and that group Z had an elevated
number of helmet-shaped bulblets than group G.

Length of beak of the spathe.

Group P had the shortest beaks, typically 2—5 cm long; group C had the longest beaks,
15 cm up to 29 cm in some individuals and groups Z and G had intermediate lengths, nor-
mally between 7 cm and 13 cm. In all cases, the spathe splits open from one side and falls
down soon after anthesis.

Summary of the circumscribed groups.

Combining the results above, five taxon groups have been circumscribed, four from the
wild (groups P, G, Z, C) and one cultivated (group K). Their discriminating characters are
summarised in the Table 1.
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Fig. 9. Two of the three types of bulblet morphology found in the studied specimens. Type A subglo-
bose with a short flat base forming the what so called “helmet” shaped bulblets, 4—9 mm wide (Allium
polyanthum: specimen AS601a); and Type B with hemispherical to hemi elliptical-fusiform shapes
with one end distinctly acuminate, the other shortly acuminate, caudate or obtuse, always longer than
high, 15-30(—40) mm long (4/lium commutatum: specimen CS625b).

Discussion

Identity of group P

Found in exposed rocky patches in garigue, degrded garigue, steppe, abandoned fields,
less often in vegetated coastal areas and wasteground, 5-250 m asl. The characters of
group P corresponds with A. polyanthum. This species is related to 4. ampeloprasum, but
it is a smaller plant, with smooth margins in mature plants due to the quick weathering (or
absence) of papillae, have less papillae on the external tepals, and more importantly pos-
sess very few or usually complete absence of papillae on the internal tepals.

The classification of A. polyanthum is a rather debatable and subjective. Aedo Pérez
(2014) followed the classification of De Wilde-Duyfjes (1976); observing plants with
intermediate character-states between A. polyanthum and A. ampeloprasum to co-occur in
Spain, their taxonomic treatment was a single, broad 4. ampeloprasum. Jauzein & Tison
(2005) and Tison & al. (2015), consider such intermediates as a hybrid swarm of two dis-
tinct subspecies. Jeanmonod & Gamisans (2007), Dobignard & Chatelain (2010) and
Floc’H & al. (2010) also followed this classification. Mathew (1996) considered the dis-
tinction wide enough to treat A. polyanthum, A. ampeloprasum and A. porrum L. as distinct
species and later they were clearly separated on moleculer bases by Hirschbegger & al.
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Fig. 10. Type C bulblets composed of mixed Type A and Type B bulblets, and numerous irregular or
somewhat intermediate shapes measuring between 7-20 mm long (4. commutatum * A. polyanthum:
specimen AS601¢).

(2009). Since our plants are well distinct from the cultivated 4. porrum s. str. and since
specimens showing the characters of 4. ampeloprasum have not been found, the species
rank for 4. polyanthum is preferred in this work.

The presence of 4. polyanthum in Malta extends the western distribution of the species,
currently occurring in Algeria, Balearic islands, Corsica, France, Italy, Morocco, Sardinia,
Spain and Tunisia (GBIF 2017, Euro+Med 2006-2017). However unpublished records
from Greece and Crete have been confirmed (pers. comm J-M. Tison).

Identity of group C

Found in littoral habitats, 5-20m asl up to 300m inland. According to the keys and
descriptions of Stearn (1980), Mathew (1996), Aedo Pérez (2014), Tison & al. (2015) and
Pignatti (2017), group C corresponds perfectly with 4. commutatum. This species has been
confirmed only from Xghajra at the south east coast of mainland Malta and is to a new
record for the Maltese islands. All records of A. commutatum for the Maltese Islands in past
literature (Lanfranco 1995, Lanfranco & Lanfranco 2003, Mifsud 2002-2014, Bonett &
Attard 2005, Weber & Kendzior 2006, Lanfranco 2007, Casha 2013 and Lanfranco &
Bonett, 2015) refer to A. polyanthum or to groups Z and G for the reported ‘giant forms” at
Filfla and Fungus Rock and nearby mainland shores. The large population at Cava D’Aliga
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and the few individuals at Arizzo in Ragusa, Sicily are also 4. commutatum and were used
to compare their characters with the Maltese material. The Maltese population comprises of
plants that are distinctly larger from those in Cava D’ Aliga but within the variation range of
the species and they might be a result of ecotypism or more likely polyploidy. Moreover, all
specimens have white tepals instead of pink or purple as it was found at Ragusa, however
it is well known that the flower colour of 4. commutatum vary, and is found either white or
deep purple in France and Corsica (sometimes intermixed within the same population) or
pink in Greece. The Maltese population exhibit a homogenous morphology.

Identity of groups Z and G and their relationship with A. commutatum

Groups Z and G are found in littoral habitats or abandoned fields near the coast, 5-80 m
a.s.l. and are clearly related to 4. commutatum, but they do not match in a number of char-
acters, the most important being that the internal stamens are never tricuspidate: simple and
monocuspidate in group Z, bicuspidate sometimes tricuspidate but with the third cusp partial
in group G. Other important differences from 4. commutatum were observed in the morphol-
ogy of the papillae of the leaf margin and tepals, the spathe has a shorter beak, the corolla is
deep purple, flowering earlier by 3-4 weeks and the bulblets are heterogenous including hel-
met-shaped and irregular forms as described in detail below and summarised in Table 1.

On evaluating these diagnostic characters, group Z appears to have an array of interme-
diate characters between A. polyanthum (group P) and A. commutatum (group C). The type
C floral papillae (Fig. 6) of group Z superficially seems to be a direct superimposition of
Type A papillae (of 4. polyanthum) and Type B papillae (of A. commutatum). The foliar
papillae also seems to be a combined morphology or patter of mixed 4. commutatum and
A. polyanthum either in their simple form, hence both papillar forms are found separately
on the leaf margin or in a compound or complex form as if having shapes of both papillar
types merged together, typically forming broad-based papillae abruptly narrowing to a
teat-shaped tip or into capitate heads (Fig. 1f). Bulblets shapes typical of the two species
mentioned above were found together in specimens of groups G and Z together with irreg-
ularly shaped bulblets judged as intermediate forms. The flowering period (end May to
beginning of June) occurs after that of A. polyanthum (May) and before A. commutatum
(end June). The monocuspidate shape of the internal stamens in group Z is a strong char-
acter of A. polyanthum, while some tricuspidate internal stamens found in group G are typ-
ical in A. commutatum. The number of bicuspidate internal stamens found in group G
(Type C stamens, Fig. 3c) or tiny secondary lateral cusps (tiny appandage) ocassionally
found in group Z (Type B stamens, Fig. 3b) are considered as an intermediate form
between monocuspidate and tricuspidate stamens of A. polyanthum and A. commutatum
respectively. The length of the beak of group G and Z of 6-13 cm is also perfectly inter-
mediate between 2-4 cm in A. polyanthum and 12-30 cm in A. commutatum.

This morphological study strongly suggest that group Z and group G represent a hybri-
dogeneous population between 4. commutatum and A. polyanthum. As discussed above,
both groups either share character states of both parents resulting in an overall heteroge-
nous picture of both states, or have intermediate morphological states between the putative
parents or have characters which superficially appears to be a superimposition of character
states of the parents. As a result, it is concluded that groups Z and G are likely hybrids: A4.
commutatum * A. polyanthum.
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Group Z (Zutrieq, southern coast of Malta) show a more balanced character set
between the putative parents, while group G (Gozo populations) approaches more to the
parent A. commutatum, with a later flowering period, smaller papillae on the tepals and
2-3 cusps on the internal stamens. Interestingly, group Z produces fully fertile seeds,
but plants of group G in majority are sterile, where the seeds are shrivelled, empty and
crumble easily when pressed.

Some individuals within these taxon groups reach up to 180 cm in height, form an umbel
the size of a tennis ball, with huge leaves up 4 cm wide and generally very robust plants. These
large leeks have also been observed from the islets of Filfla and Fungus rock (Lanfranco 1989;
M. Briffa & J. Sultana pers. comm. 2014) and referred to giant forms of A. commutatum.
Likely, they also represent a well-established hybridogeneous community of 4. commutatum %
A. polyanthum as found in the closest shores in mainland Malta and Gozo respectively. Photos
of these large leeks growing in Filfla taken by Edwin lanfranco and Joe Sultana are in general
identical to groups Z or C, although their details could not be assessed.

Nevertheless, it is safely assumed that Filfla and Fungus Rock harbour an Allium pop-
ulation showing features of group Z and group G respectively. Further karyological studies
are currently being carried out to confirm the 4. commutatum * polyanthum hybrid, also
detected in south France and North Africa (pers. comm. Errol Vela).

Identity of group K

The cultivated leeks collected from fields in Zurrieq, Xewkija and Mgarr ix-Xini shared
the same morphology and were identified as A. porrum L. s.1. According to two interviewed
farmers their crops correspond to A. porrum var. kurrat (K. Krause) Seregin. This taxon,
forms vigorous plants with thick stems and wide leaves (up to 35 mm broad) with character-
istic elongated papillae between 300 and 400 pm long at the margin and keel forming a sub-
pilose fringe (Fig. 1g). The tepals have a particular distribution of small and large papillae
throughout the external tepals, where the large papillae are not restricted on the keel but occu-
pying most of the face except at the border (Figs 7 & 8: type D). On examing material of 4.
ampeloprasum submitted to us from France, the same type of distribution was observed con-
cluding that these cultivars maintained these diagnostic characters from A. ampeloprasum
from which they originate. 4. porrum and A. porrum var. kurrat have not been found natu-
ralising rocky habitats away from their source of cultivation or known to form any popula-
tions except some casual escapees close to field margins. As a result they should be treated
as agricultural crops and not to be included in flora of the Maltese Islands.

What is Allium melitense?

A. melitense (Sommier & Caruana) Cif. & Giacom. was described as a small variety of
A. ampeloprasum. According to this revision they correspond to the lower small-sized
individuals within group P with all diagnostic characters identical to the larger plants of
this group. Therefore, no taxonomic distinction could be found plausible as has already
been suspected by Mifsud (2011).

In the early 20™ century, A. ampeloprason was thought to occur in steppic and garigue
communities in Malta. Being by description a rather large species (80-180 cm high), the
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small-sized Allium individuals may have contrasted with 4. ampeloprason and merited to
be described as a distinct small variety (4. ampeloprasum var. melitense). But since now
it is established that the Maltese plants are 4. polyanthum - a species with a height of 15—
100 cm, these small plants fall within the lower range of 4. polyanthum, hence resulting
that 4. melitense has no particular distinction. Individuals with a very small habit, flow-
erheads (2 cm across), bulblets (4-5 mm) and bulbs (8-12 mm) are considered to be small
ecotypes of A. polyanthum occurring in very degrarded areas or in restricted volume of soil
in pockets of karst rock.

The fact that the size of the plant and flower head have no taxonomic importance was
demonstrated in situ in several occassions. A clump of twelve plants found at Wied Diegu,
Zurrieq (Fig. 11) were composed both of normal sized plants (‘4. ampeloprasum’) and
small-sized plants (‘4. melitense’). The May-flowering Maltese population contributes to
a continuous range of sizes within the species concept of A. polyanthum. Such small plants
have also been observed in France intermixed with 4. polyanthum (pers. comm. Errol Vela,
2014). As a result, A. melitense and A. ampeloprasum subsp. melitense should be treated
as synonyms of 4. polyanthum.

Allium ampeloprasum and its status in Malta

A. ampeloprasum had been recorded from the Maltese islands in historical literature,
until it was gradually substituted by 4. commutatum (Lanfranco 1989). To verify that none
of our studied material correspond to A. ampeloprasum and since the distinction in literture
(eg. Stearn 1980; Mathew 1996, etc) is based on an unclear character of stamen exsertness,
a voucher specimen of A. ampeloprasum kindly submitted by Errol Vela was studied and
compared with the collected material. The diagnostic characters differed from those found
in all Maltese collections but related to specimens from or close to cultivated areas which
in this study corresponded to A. porrum var. kurrat. This taxon is often found in synonym
with A. ampeloprasum or as its infraspecific rank (ThePlantList 2013), although it is con-
sidered distinct by some authors for being a cultivated leek with wider leaves and larger
bulbets (Mathew 1996). The shape, distriburion and morphology of the floral papillae of
A. ampeloprasum was for example similar to A. porrum var. kurrat, but slightly smaller
and longer than it is wide, hence more conical in shape. Therefore, since A. ampeloprasum
was not collected from natural habitats it is suggested to be removed from the current flora
of the Maltese Islands and historical records likely refered to 4. polyanthum or its hybrid
with A. commutatum.

Specimens from the southeast coast of Sicily

On June 2015, a sizeable population of 4. commutatum was found east of Cava’ d’Aliga
beach on vegetated coastal rock, a few metres away from the sea. This population was
composed of several hundreds of individuals in three seperate clumps very close to each
other. On comparing with the Maltese population (Fig. 12), the Sicilian plants were in gen-
eral smaller and had pinkish tepals. A higher frequency of slightly larger papillae on the
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Fig. 11. Clump of twelve individuals of Allium polyanthum at Wied Diegu, Zurrieq (1 June 2014) and
their plant height and inflorescence size clearly showing that some measurements are within the
species concept of the presumed endemic 4. melitense, distinct and described for its small stature and
hemispherical inflorescences less than 3 cm wide.




46 Mifsud S. & Mifsud O.: A revision of Allium subsect. Allium (Amaryllidaceae) ...

keel of the external tepals was observed, but then not as numerous or large as in the hybrid
taxa (groups G and 7).

Five individuals of A. polyanthum were found at Spiaggia Bruca, close to Arizza beach,
in their developed but still closed fruit. It is assumed that their flowering period was sev-
eral weeks prior to this observation, hence in mid May. Despite the fact that these examples
were quite dry, they had leaves with a smooth leaf margin, Type A floral papillae and small
helmet-shaped bulblets. Previous notes to the name A4. polyanthum in Sicily, as synonym
of A. ampeloprasum, can be found in Giardina & al. (2007). The record of this species for
Sicily is included in the recent checklist of the Flora of Italy (Bartolucci & al. 2018).

Three individuals 4/lium sp. were found close to Marina di Modica, in a degraded veg-
etated littoral ground. They had very young pale green fruits and few old, shrivelled flow-
ers indicating that the flowering period occurred a few weeks before, more or less in mid
June. The leaf margin had half-weathered but distinct papillae; the outer stamens tricuspi-
date, inner stamens simple and monocuspidate; floral papillae Type C but with some large
papillae spread away from the keel in few tepals and numerous heterogeneous bulblets
with helmet-like, hemispherical and irregular (angular) shapes as in Type C bulblets (Fig.
10) This character set approaches that of A. commutatum * polyanthum. This is the first
record for Sicily and Italy according to Giardina & al. (2007) and Brullo & Guarino
(2017). Bartolucci & al. (2018) does not includes hybrids. Further investigations are need-
ed to clarify its distribution in Sicily.

Allium section Allium subsect. Scoroprasum on the Maltese Islands

A. polyanthum Schult. & Schult. f. Syst. Veg. 7: 1016 (1830)

= A. ampeloprasum var. melitense Sommier & Caruana Gatto; = A. melitense.
(Sommier & Caruana Gatto) Ciferri & Giacomini

Common in Malta, Gozo, Comino and other islets (Mifsud 2011; Mifsud & al. 2016),
probably also present in the islets of Filfla and General’s rock (Fungus rock). Habitat:
steppe and degraded garigue, but sometimes also in wasteground, abandoned clayey fields
(usually forming larger plants), and rarely in littoral areas. Native.

A. commutatum Guss. Enum. Pl. Inarim. 339 (1855)

Very rare and confirmed from the location at Xghajra, Malta, and very recenlty found
at Saint Paul’s Bay. Habitat: disturbed coastal rocky ground. Native, threatened by human
disturbance, future or illegal development, alien species, massive collection of waste
dumping and recreational activities close to the sea. It is suggested to include this species
in the future edition or the Red List for the Maltese Islands.

A. commutatum *x A. polyanthum

Rare but locally frequent in established populations at the coast of Wied iz-Zurrieq, Wied
Babu and Blue Grotto, Zurrieq in mainland Malta and at Dwejra, Xlendi and San Dimitri in
Gozo. Large individuals recorded from the islets of Filfla and General’s rock (Fungus rock),
(Lanfranco 1989; pers. comm. Michael Briffa and Joe Sultana) are likely other established
hybridigenous populations. Habitat: coastal rocky ground and steppe. Native.
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Fig. 12. Photos comparing the umbel, corolla and floral papillae of the external tepals of: 1. 4.
polyanthum (Mgarr ix-Xini, Ta’ Sannat, Gozo, 23 May 2014); 2. 4. commuatum (Xghajra, 25 June
2016); 3. A. commutatum % A. polyanthum (Wied iz-Zurrieq, 6 June 2015) from the Maltese Islands
and 4. A. commutatum (Cava d’Aliga, 27 June 2015) from the southeast coast of Sicily.
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Identification key to species of Allium subsect. Allium in Malta

1. Leaf margin subpillose with long digitate papillae more than 400 pm long. Only culti-

VALEA ..ttt A. porrum var. kurrat
1. Leaf margin smooth or with shorter conical papillae reaching up to 300 um long. Wild,
NAtIVe OF NAUTALISEA. ....coviviiiiiiiiiiicic et e 2

2. Stamens included, same level of corolla mouth or slightly exserted by 1 mm; leaf mar-
gins smooth (papillae absent) or rarely crenulate with weathered flattened papillae
<100 um long; inner tepals without or with very few papillae................ A. polyanthum

2. Stamens fully exserted by 2 mm or more above the corolla mouth; leaf margins scabrid
by persistent papillae, usually visible by naked eye (>150 um long) even in mature indi-
viduals; inner tepals densely papillose and punctate. ...........ccceevereevierverieneeneeeesreeennns 3

3. Outer tepals with numerous large papillac (>80 um) distributed throughout most of the
tepal except at the border and small papillaec (2040 pm) spread throughout the entire
surface. Inner stamens always simple and monocuspidate. ............... A. ampeloprasum

3. Outer tepals without of with few large papillae (>80 um) present only on the keel and
small papillae (20—40 um) spread throughout the entire surface. Inner stamens tricusp-
idate or bicuspidate (very rarely monocuspidate.) ........coccevereieririieniecienieeee e 4

4. Inner stamens mostly tricuspidate; outer tepals without large (>80 pum) papillae, or if
present occupying less then third of the keel; bulblets homogenous all fusiform-elleip-
soid, with a long tapering end; spathe beak >15 cm long..................... A. commutatum

4. Inner stamens either simple, or mixed biscuspidate and tricuspidate but never all tricus-
pidate; tepals with large distinct papillae (>80um) on at least one third of the length of
the keel; bulblets heterogenous; spathe beak usually < 15 cm long. ..........ccoeovviernnn
................................................................................... A. commutatum % A. polyanthum

Conclusion

This study on Allium subsection Allium has brought important changes for the flora of Malta,
which so far relied on historical flora (e.g. Sommier & Caruana Gatto 1915; Borg 1927; Haslam
& al. 1977). The study on 165 specimens from 59 populations resulted in the occurrence of
three reckognised taxa in the Maltese Islands: A. polyanthum (very common), A. commutatum
(very rare) and their hybrid A. commutatum x A. polyanthum (rare). A. melitense is now treated
as synonym of 4. polyanthum while A. ampeloprasum was not found in the examined material
and most probably is not present in natural habitats in Malta.

Despite these novelities, more karyological work is required to establish the chromo-
some numbers of these population especially for the two hybrid populations in the Maltese
islands, where the Gozitan population was found to be sterile while that from Zurrieq in
mainland Malta produced many sterile seeds.
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Abstract

Domina, G., Galasso, G., Bartolucci, F. & Guarino, R.: Ellenberg Indicator Values for the vas-
cular flora alien to Italy. — F1. Medit. 28: 53-61. 2018. — ISSN: 1120-4052 printed, 2240-4538
online.

Studies to date about plants alien to Italy have had limited focus on the ecology of this compo-
nent of the flora. Ellenberg’s indicator values are a useful tool to delineate the relationship
between plants and environment, recognizing for each species a functional role as biological
indicator; these values have been proposed for estimating the influence of the main environ-
mental factors in determining flora and vegetation changes on a specific surface area. This con-
tribution includes a list of 1206 taxa of plants naturalized in at least one administrative region
or casual in at least three regions of Italy. In addition, some methodological considerations on
the attribution and use of Ellenberg’s indicator values and a comparison with the average
indices for the native Italian flora are reported.

Key words: non-native flora, EIVs, bioindicator, plant ecology.

Introduction

Plant invasions have become one of the main drivers of global environmental changes
and the second major cause of the loss of global biodiversity after habitat loss (Sala & al.
2000). The Mediterranean region, and Italy in particular, host a large number of plants and
plant communities, and are among the areas most threatened with homogenization and
endemic extinction (Hulme & al. 2008). To date, studies in Italy about non-native flora
have focused mostly on the number of taxa, their alien status, and a rough estimation of
the biogeographic regions at regional scale (Celesti-Grapow & al. 2009, 2010, 2016). This
kind of approach offers clues on the habitat quality of a given region, but the study of the
ecological traits of the non-native taxa occurring in a given area could provide more infor-
mation not only about the naturalness of this area but also about its ecological conditions
and its potential for being prone to new alien invasions (Lodge 1993; Lloret & al. 2005).

The aim of this contribution, whose preliminary results were presented during the 112th
Congress of the Botanical Society of Italy, held in Parma from 20 to 23 September 2017
(Domina & al. 2017), is to provide an overview of the ecological preferences of the alien
flora of Italy through the use of Ellenberg’s indicator values (from now on: EIVs).
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The ecological requirements (Bazan & al. 2015), along with dispersal strategies
(Vincente & al. 2014), seed traits (Vittoz & Engler 2007; Moravcova & al. 2015), and their
adaptive responses to granivory (Guarino & al. 2005), are key factors in the establishment
and success of neophytes.

EIVs have been proposed to estimate the influence of the main environmental factors in
determining flora and vegetation changes on a specific surface area (Ellenberg 1974, 1996;
Ellenberg & al. 1992). Ellenberg outlined the synecological preferences of all Central
European vascular plants by means of numerical indices referring to seven main environ-
mental factors. Three indices refer to climatic variables: light conditions (L), temperatures
(T), and climatic continentality (K); and four refer to edaphic conditions: moisture (F),
reaction (R), nutrient availability (N), and salinity (S).

In the original scales (Ellenberg & al. 1992), all indices ranged between 1 and 9,
with the exceptions of F, ranging between 1 and 12, and S, ranging between 0 and 9.
Subsequent to the original formulation, the range for S has been limited to 0 and 3
(Ellenberg 1996).

Pignatti & al. (2005) assigned EIVs to the taxa of the flora of Italy and modified
Ellenberg’s scales to adapt them to the Italian territory. In fact the same species can be an
indicator of different habitats at different latitudes. For this reason, a recalibration at the
regional scale is needed to allow an ecological comparison of the floras of different cli-
mates. An enlargement of the scales L and T to 12 values, to respect the statistical homo-
geneity with Ellenberg’s original assumption, has been adopted (Pignatti & al. 2005).

The EIVs for the Italian flora published by Pignatti & al. (2005) were based on the
species list of the first edition of the “Flora d’Italia” (Pignatti 1982). Recently we have
seen the publishing of updates: the updated checklists of the native and alien flora to Italy
(Bartolucci & al. 2018; Galasso & al. 2018) and the first two volumes of the second edition
of the “Flora d’Italia” (Pignatti & al. 2017); the last two volumes and the digital supple-
ments will be issued soon. Thus the new complete data set for the updated flora of Italy is
under preparation. A recent update to the EIVs for the flora of Italy has been published for
ferns, fern allies, gymnosperms, and monocots (Guarino & al. 2012).

The aim of this paper is to provide the integration of the EIVs for the non-native flora
of Italy and, at the same time, to present some ecological considerations on the investigated
flora based on EIVs.

Material and methods

The floristic list used as a basis for this study was the updated checklist of the vascular
flora alien to Italy (Galasso & al. 2018). This list includes 1597 taxa (including hybrids),
with their family, main synonyms, and indication of their ecological behaviour (invasive,
naturalized, casual) in each administrative region. From this list, we extracted the taxa inva-
sive or naturalized in at least one region or casual in at least three regions of Italy, and we
added their EI'Vs. Besides the values already published in Pignatti & al. (2005) and Guarino
& al. (2012), more than 570 still lacking indices are newly proposed here. To assign these
new values, we considered the environmental conditions of the Italian localities in which
they were recorded. All the criteria and recommendations adopted by Ellenberg & al. (1992)
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have been followed, even if the criterion “per analogy” was leading our choices in most of
the cases (see Guarino & al. 2012 for details). The main problems in the assignment of
EIVs concerned taxa with a wide ecological niche, such as Ailanthus altissima (Mill.)
Swingle and Senecio inaequidens DC. or casual rare ones such as Gomphrena globosa L.
and Russelia equisetiformis Schltdl. & Cham. occurring in a few localities, often close to
cultivated plants. The same for species cultivated for human consumption since long time,
on a large scale, such as Avena sativa L., Brassica oleracea L., Triticum turgidum L., etc.

The significance of the differences observed in the EIVs of native vs. non-native flora
was checked by means of a two-tailed T-test, assuming that the two data sets had unequal
variance (heteroscedastic). All graphics and basic statistical analysis were produced by
means of MS Excel.

Results

On the whole, 1206 taxa recorded as naturalized at least in one administrative region or
casual in at least three administrative regions of Italy, were considered in this contribution.

Average EIVs for the non-native flora of Italy are: L= 7.81, T=7.64, K= 4.96, F=4.54,
R=5.45, N=4.49.

There are 16 taxa (mainly Acacia sp. pl. and Sporobolus sp. pl.), tolerant to salinity (S
>1) and 31 (Tamarix sp. pl. and Aizoaceae) with some tolerance (S = 1). For these, the
average value of S is 1.63, denoting an overall relatively low tolerance to soil salinity.

Several ornamental species as Aeonium sp. pl., that in nature grow on semi-natural habi-
tats, in Italy have synecological preferences toward anthropized environments.

Others as Amaranthus sp. pl. show the same behaviour in countries where are native and
in those where are alien as well. A direct comparison with the average indices of the native
flora of Italy given in Pignatti & al. (2005) (Table 1 and Fig. 1) suggests that the alien flora
have similar light requirements (L= 7.85 vs. 7.84), higher temperature requirements (T=
7.67 vs. 6.36), slightly higher continentality (K= 4.96 vs. 4.60), slightly higher edaphic
humidity (F= 4.50 vs. 4.17), similar soil reaction (R=5.43 vs. 5.45), and a preference for
higher nutrient availability (N= 4.34 vs. 3.26).

In general (Table 1 and Fig. 2), the distribution of EIVs for the non-native species
has a lower variance and higher kurtosis, resulting in infrequent outliers as opposed to
frequent modestly sized deviations. This is particularly true for the T value, confirming
that the non-native component of the flora of Italy is significantly more thermophilous
than the native one.

The list of considered EIVs for the flora alien to Italy is available as Electronic supple-
mentary file to be readily used for data processing. As already suggested by Pignatti & al.
(2005) and Guarino & al. (2012), the current list of EIVs has to be considered a first
approximation, which may require a long period of adjustments and revisions. Ellenberg
(1974) himself, when proposing the first edition of his indicator values, stated that it was
a work in progress. This is particularly true for the exotic species that are found in one or
very few regions, often under dissimilar environmental conditions.
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Table 1. Arithmetic mean, variance, kurtosis, skewness, and T-test of the EIVs of the native flora and
of the alien flora to Italy considered in this study.

native alien |native |alien |native |alien |Dative alien
flora flora |flora |[flora |flora |flora |flora flora T-test
mean mean |var. var. kurt. |kurt. |skew. skew.

7.84 7.85 378 242 10.07 |030 |-0.09 -0.10 n.s.
6.36 7.67 |6.07 236 [-049 |091 -0.12 0.16 p<0.001
4.60 4.93 1.21 1.11 2.07 |2.83 0.14 -0.28 p<0.001
4.17 450 |522 |5.52 1.48 1.37 1.27 1.25 p<0.001
5.45 543 |4.08 1.81 -049 139 [-0.48 -0.20 n.s.
3.26 434 437 |447 |-0.16 |-0.89 |0.85 0.25 p<0.001

ACIEICIENS

native flora alien flora

L

]

Fig. 1. Ecograms for the native flora of Italy (left) and the alien flora (right) from the means of the six
ecological values: L — light; T — temperature; K — continentality; F — soil moisture; R — soil reaction; N
— soil nutrients. Only the numeric values have been considered (X values have been ignored).

Discussion and conclusions

Ellenberg’s indices should be seen as practical tools to draft quick estimates for ecolog-
ical interpretations of plant-species lists. This can be particularly useful in anthropogenic
and disturbed habitats, often hosting a high number of alien species, to make comparisons
with the ecological preferences of the surviving elements of the native plant cover. To date,
the application of EIVs to “fingerprint” the ecological context of plant communities
including a high percentage of non-native species has been quite limited. The reason could



Flora Mediterranea 28 — 2018 57

| ==—nNative L e Native T
—Alien

e Native K e Native =
— Alien
—— ——
4 /_'_"—_“-.
1 2 3 4 5 6 7 8 9
e Nattive: R s Native N
~ Alien — —Alien
—
1/ 2 3 4 5 6 7 8 \a
1 2 3 a 5 6 7 8 \

Fig. 2: Comparative distribution and polynomial regression curve of EIVs for the native vs. the alien
flora to Italy.

be the lack of such indices for many exotic species. In the present paper, EIVs are proposed
for most of the non-native flora of Italy, and their statistical properties have been compared
to the EIVs previously assigned to the nativeo flora of Italy.

We are aware that assigning EIVs to non-native species includes some critical points,
particularly because their ecological behaviour can shift from one region to another and in
many cases their distribution patterns are rather discontinuous, thus making difficult the
“averaging” of their ecological preferences at the national level.

Working on taxa coming from different areas, with a wide variability, the corrections
suggested by Berg & al. (2017) to assign the value of continentality proved to be very use-
ful for homogenizing data reducing subjectivity.
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However, it should be recognized that the Italian territory hosts many more narrow-
ranging species than broad-ranging ones, and their coexistence or close proximity with
broad-ranging and non-native species offers many useful indications for assigning the
most appropriate EIV to them.

Until now, for the Italian territory, the following papers corroborate the EIVs and their
utility: Pignatti & al. (1996, 2001a, 2001b); Pignatti (1998, 1999); Guarino & Bernardini
(2002); Fanelli & al. (2007); Schwabe & al. (2007); Gristina & Marceno (2008); Mossa &
al. (2008); Burrascano & al. (2009); Brunialti & al. (2010); Pretto & al. (2010); Blasi & al.
(2012); Pignatti E. & Pignatti (2014); Del Vecchio & al. (2015); Filibeck & al. (2015);
Guarino & al. (2015); and Marceno & Guarino (2015). We hope that this contribution will
encourage new applications.

Some authors (Durwen 1982; Bocker & al. 1983; Kowarik & Seidling 1989; Moéller
1992), even if sometimes recognising a practical utility in calculating average EIVs of a
species list, state that this is not mathematically correct, because EIVs are ordinal scales,
without dimensional correlation with chemical/physical parameters. This is certainly true,
but on the other hand it is demonstrated by vegetation data (see, for instance, Pignatti &
al. 2001a) that, when the number of samples is high enough, EIVs fit the normal distribu-
tion, whose essential parameters are average and variance. So, in addition to non-paramet-
ric statistics, all kinds of statistical tests based on average and variance can be used. If only
a small number of samples is available, a parametric statistical approach can be essayed
anyway, because in the case of Ellenberg’s scales it is always possible to transform data
into their respective ranks, to better approximate the normal distribution and to create the
conditions to use a parametric approach. This widens the potential applications of EIVs as
a practical tool to sketch biodiversity traits.
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Abstract

Ferrer-Gallego, P. P., Peris, J. B., Rosello, R. & Laguna, E.: Typification of the Iberian endemic
Salvia valentina Vahl (Labiatae). — Fl. Medit. 28: 63-66. 2018. — ISSN: 1120-4052 printed,
2240-4538 online.

The typification of the name Salvia valentina Vahl (Labiatae) is discussed. A lectotype collect-
ed in Sierra de la Murta (Valencia province, Spain) by Antoine Laurent de Jussieu in 1716 and
preserved in the herbarium of the Muséum national d’Histoire naturelle de Paris at P is desig-
nated as the lectotype.

Key words: Salvia, lectotype, nomenclature, Spain.

Introduction

The genus Salvia L. (Labiatae) represents a cosmopolitan assemblage of nearly 900-
1000 species displaying a remarkable diversity in growth forms, secondary compounds,
floral morphology and pollination biology (Hedge 1992; Walker & Elisens 2001; Walker
& Sytsma 2007). The demonstration of the non-monophyly of the genus (Walker & al.
2004) has led to a reinvestigation of the defining character of the genus, the elongation of
the connective tissue of the stamen (Walker & Sytsma 2007).

In the Iberian peninsula the genus comprises 18 species and several infraspecific
taxa and hybrids (Hedge 1972; Saez 2010). Salvia valentina was described by Vahl
(1804: 268) from material collected by Antoine Laurent de Jussieu in 1716 in La Murta
(Valencia province, Spain). It is a narrow endemic plant distributed only in the
Valencian Community and Catalonia (Spain). This species was treated as infraspecific
taxon of S. sylvestris L. [lectotype designated by Hedge (1961: 564), Herb. Burser XIII:
117 in UPS-Burser] as f. valentina (Vahl) Pau, or subsp. valentina (Vahl) O. Bolos &
Vigo, or as subspecies of S. nemorosa L. (S. nemorosa subsp. valentina (Vahl) O. Bolos
& al.) (see Bolos & al., 1993). Furthermore a variety was described: var. barcinonensis
(0. Bolos & Vigo) O. Bolos & Vigo (= S. nemorosa var. barcinonensis O. Bolos &
Vigo) with holotype at BC 596928. However, these names are currently considered as
synonymous of the S. valentina s. str. (Saez 2010). On the other hand, a hybrid of S.
valentina and S. verbenaca subsp. controversa (Ten.) Brig. has been described from

*To Prof. Dr. Ramoén Figuerola Lamata (1953-2017), in memoriam.
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material collected in Valencian province (Rétova, pr. Gandia), as S. x rosuae Figuerola
& al. (1990) (with holotype at VAL ex VF 15150).

The purpose of this paper is to contribute to the nomenclatural stability of the Vahl’s
name Salvia valentina by lectotypification. The lectotype is based on the protologue and
consultation of Vahl’s original material in the Jussieu herbarium at P (Muséum national
d’Histoire Naturelle, Paris). Jussieu’s handwriting was identified by comparison with pub-
lished samples (Burdet 1976).

Background and typification of the name Salvia valentina

The Vahl’s protologue (1804: 268) of Salvia valentina consists of a diagnosis “SALVIA
foliis cordato-lanceolatis inaequaliter crenatis, bracteis cordatis attenuatis basi coloratis
calyce longioribus”, with a complete and extensive morphological description of this plant
in Latin. The protologue also contains a synonyms cited from Barrelier (1714: ic. 1317)
“Horminum hispanicum, foliis herbae venti, flore coeruleo”, the geographical locality
“Habitat in regno Valentino locis aridis et desertis”, and material from the Jussieu herbar-
ium “Ex herbario Jussiaei”. The synonym is accompanied by an excellent illustration (see
Barrelier 1714: page 25, n. 237, ic. 1317), and therefore it is original material and candi-
date for the lectotype of this name.

In accordance with the transcription of Folch (Salvador 1972), Joan Salvador and
Antoine and Bernard de Jussieu were in Valencian area (incl. Sierra de la Murta) between
24 October 1716 and 8 November 1716. The herbarium of this travel is preserved in the
Jussieu herbarium at P, and several duplicate sheets are at BC (BC-Salvador) (see Bolos
1946; Layssus & Layssus 1970; Ibafez 2006).

In the Antoine Laurent de Jussieu herbarium at P there is only a herbarium sheet of this
plant, P-JU-5239 (code according to Catalogue de I’Herbier d’Antoine—Laurent de Jussieu
1868, conserved in the Laboratoire de Phanérogamie of the Muséum national d’Histoire
naturelle de Paris, MNHN) (see Stafleu 1964). This sheet, also with code P00657955,
bears a fragment well preserved and developed, with leaves and flowers, and a label hand-
written by Antoine Laurent de Jussieu “Salvia valentina / Sclarea folio lanceolato hispan-
ica Barr. obs. / N. 233 [237] p. 25. / horminum hispanicum foliis herba venti - / flore
coeruleo Barr. ic. 1317. / in deserto La Murta dicto Regni valentini” (image available at
http://mediaphoto.mnhn.fr/media/145942883370610omA6X167zCEPhRS).

We have been unable to trace any further original material, e.g., in the Salvador herbarium
at BC (see Ibafiez 2006) or in the Vahl’s personal herbarium at C. In conclusion, although the
Barrelier’s illustration match with the traditional concept and current use of Vahl’s Salvia
valentina, according to Art. 9.5 of the /CN (see also Art. 40 Note 2) (see McNeill & al. 2012)
the specimen at P (with code P00657955) can be considered as a syntype, and therefore it has
priority in the lectotype designation (see Art. 9.12 of the /CN). Fortunately, the specimen
match with the traditional concept and current use of the name (e.g., Sdez 2010; Mateo &
Crespo 2014) and it is designated as the lectotype of Salvia valentina.

Salvia valentina Vahl, Enum. P1.: 268. 1804
= S. sylvestris f. valentina (Vahl) Pau (1896: 86)
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= §. nemorosa subsp. valentina (Vahl) O. Bolos & al. (1993: 1215)

= §. sylvestris subsp. valentina (Vahl) O. Bolds & Vigo (1996: 347)

Lectotype (designated here):—[SPAIN]. “La Murta dicto Regni valentini” [La Murta,
Valencia] (P-JU-5239 [code  P00657955!]) (image available at
http://mediaphoto.mnhn.fr/media/145942883370610mA6X167zCEPhRS).

Note: The material of this species indicated by Vahl (1804) in the protologue as “Ex
herbario Jussiaei” perhaps is represented by a single specimen (i.e., P-JU-5239 [code
P00657955!]). However, it is not the holotype of the name since the author indicated in
the protologue other element, i.e., the Barrelier’s illustration (1714: ic. 1317) (see
McNeill 2014).
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Abstract
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1120-4052 printed, 2240-4538 online.

The floral diversity’s analysis of cork oak forests in Tlemcen mounts has revealed the existence
of 429 taxa belonging to 65 families and 265 genera. The comparaison of the flora in three cork
oak forests allowed us to highlight the occurrence of an important original flora, where 85 taxa
are present only in the forest of Hafir-Zarrifette, 87 in the forest of Sidi Hamza-Ain Souk-
Zerdeb and 65 belong to for the forest of Ifry, 84 taxa are common to all the three forests. The
number of endemic and/or rarely inventoried taxa contains 14 endemic algero-moroccan and 17
ibero-algero-moroccan ; 9 are endemic to North Africa (Algeria, Morocco, Tunisia) ; and 11 are
endemic to the Iberian peninsula and North Africa. So, despite the degradation of the endemic
and rare flora, what remains, is often accompanied by stable species in all the three forests.
These species can be used for the reconstruction of cork oak forests in the Tlemcen mounts.

Key words: inventory, endemism, cork oak, biodiversity.

Introduction

Si la richesse floristique des monts de Tlemcen est importante, celle des subéraies occu-
pe une place assez particuliére (Letreuch-Belarouci 2009). En effet, il est bien connu que
les subéraies ne se développent que sur des sols acides, ces habitats sont ainsi trés localisés
en Oranie (Boudy 1948). Des espéces particuliérement rares et endémiques sont souvent
inféodées a ces milieux qui constituent un important patrimoine naturel du pays (Letreuch-
Belrouci & al. 2009).

Dans ce contexte, I’inventaire et 1’étude phytoécologique des subéraies des monts de
Tlemcen ont été entamés depuis quelques années. Nous avons réalisé un premier inventaire
de la forét de Hafir-Zarifette (Letreuch-belarouci & al. 2009). Pour une meilleure connais-
sance des subéraies des monts de Tlemcen, nous avons entrepris deux autres inventaires,
un dans la forét de Sidi Hamaza-Ain Souk-Zerdeb (Taibi 2010) et un autre dans la forét
d’Ifry (Maazouz 2013).
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Dans le présent travail nous allons réaliser une synthése des différents inventaires pour
connaitre les espéces présentent dans 1’ensemble des subéraies de cette région. La mise en
évidence des espéces communes et abondantes dans les zones étudiées va permettre de pro-
poser grace a la méthode de Benabedli (1996) de réstaurer les formations de chéne-liege.
Cette méthode se base sur I’identification des especes ligneuses les plus présentent dite cons-
tantes dans un premier temps. Ces espéces doivent étre multipliées (par graines pré-germés
ou par plantules €élevées en pépinicre), dans un deuxiéme temps, pour préparer le milieu au
chéne-liege. L’étude des listes floristiques permet aussi d’identifier les especes rares et/ou
endémiques. Ces dernicres exigent le développement de stratégies pour les protéger.

Site et Méthodologie

Les monts de Tlemcen, région montagneuse de 1’Algérie occidentale, constituent le
massif montagneux le plus étendu du nord-ouest algérien. Ils correspondent a un vaste
horst de direction NE-SW et sont composés essentiellement de formations d’age jurassique
supérieur souvent calcaire ou dolomitiques et crétacé inférieur principalement gréseuses
(Despois & Raynal 1972). C’est sur ces derniers types de formations que se développent
les principales subéraies. En effet, les monts de Tlemcen sont principalement dominés par
les matorrals de chéne vert (Quercus ilex subsp ballota (Desf.) Samp.) ou apparaissent ¢a
et 1a des subéraies. Au sud-Ouest de la ville de Tlemcen apparaissent les subéraies de
Zarifette (962 ha) et d’Hafir (9872 ha) qui constituent la zone intégrale du parc national de
Tlemcen. Elles sont de loin les subéraies les plus importantes, suivies par celles d’Ain
Souk (1307 ha), Zerdeb (2381 ha) et Sidi Hamaza (1245 ha) qui constitue un autre ensem-
ble plus & ’Est sur le méme niveau altitudinal et les mémes expositions (Letreuch-
Belarouci 2009). La forét d’Yfri située plus bas, au nord-est de la ville de Tlemcen est
d’une contenance de 1080 ha (Fig. 1).

D’une maniére générale, le climat des monts de Tlemcen est marqué par une sécheresse
estivale qui se manifeste dés le mois de juin. Seulement 7,2% de précipitations estivales,
sur une tranche annuelle de 483 mm, d’aprés les données de la station de la ville de
Tlemcen situé a 805 métre d’altitude. La moyenne des températures maximales du mois le
plus chaud (M) est de 32,35 °c, celle des minima du mois le plus froid (m) est de 3,2 °c.
L’indice pluviométrique d’Emberger est de 51,1, ce qui confirme un climat semi-aride
supérieur a variante tempérée pour la station de Tlemcen. Ce bioclimat est le méme pour
la forét d’Ifry, alors que les deux autres subéraies le bioclimat sub-humide domine a cause
de leurs situations plus en altitude et leurs expositions favorables (Nord-Ouest). Pour I’o-
rographie la plupart des subéraies de cette zone s’installent sur des terrains en pente le plus
souvent sur des expositions Nord-Ouest.

Pour la réalisation de cette étude trois catalogues ont été réalisés. Le premier a fait 1’ob-
jet d’une publication en 2009 (Letreuch-belarouci & al. 2009). Le deuxiéme et le troisiéme
ont été réalisés dans le cadre de mémoires de fin d’études (Taibi 2010 ; Maazouz 2013).
Ainsi 150 reléves phytosociologiques ont été réalisés dont 60 a Haffir-Zarrifet, 50 dans les
subéraies de Ain souk sidi Hamza et 40 a Ifry. En plus de ces données des récoltes ont été
effectées entre les points de relevés (a chaque fois quand on recontre une nouvelle espéce).
Les reléves des trois catalogues ont été effectuées en période printaniére durant le mois de
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Fig. 1. Situation géographique des trois subéraies dans les monts de Tlemcen.

mars, avril et mai (c’est la meilleure saison pour inventorier le maximum d’espéces). Des
passages ont été effectués durant les saisons estivales, automnales et hivernales.

Pour I’identification des espéces nous avons utilisé principalement la flore d’Algérie de
Queézel & Santa (1962-1963) (http://www.ville-ge.ch/cjb/flore/html/index.html) qui reste
la référence de base pour ce genre d’étude. Mais il est nécessaire d’utiliser d’autres flores :
Flore d’Afrique du Nord (Maire 1952-1987), Flore pratique du Maroc (Fenanne & al.
1999-2014), Catalogue des plantes vasculaires du Maroc du Nord (Valdes & al. 2002)

La systématique a été complétement revue et corrigée grace a la base de données Afrique et
I’index synonymique et bibliographique de la flore d’ Afrique du Nord (Dobignard & Chatelain
2010-2013). Les especes ont été rattachées aux familles suivant I’ APGIII (2009).

Le catalogue floristique (Fichier Electronique Supplémentaire 1) présenté en plus de la
liste des espéces ou taxons présents dans les subéraies, les informations suivantes: Nom
scientifique (les taxons sont organisés suivant I’ordre alphabétique dans chaque familles.
Ces dernicres sont organisées aussi par ordre alphabitiques dans le groupe en question;
Type biologique Thérophytes (Th) ; Espéces endémiques (on distingue les endémiques de
I’ Algérie et du Maroc (AM); de I’ Algérie, du Maroc et de la Péninsule Ibérique (AMI); de
I’ Algérie, du Maroc et de la Tunisie (Afn) et enfin de I’ Afrique du Nord et de la Péninsule
Ibérique (Afnl). Le statut des espéces exotiques cultivées est aussi précisé (Cul.).
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Le degré d’abondance, RR: I’espéce est considérée comme tres rare si elle n’est pré-
sente que dans 1 a 2 relevés; R: rare si elle est retrouvée de 3 a 5 fois; C: Commune si
elle se rencontre de 6 a 10 fois; AC: Assez commune si elle se recontre de 11 a 20 fois;
CC: Tres commun si on la rencontre plus de 20 fois. Pour chaque taxon nous avons noté
la subéraie, ou les subéraies, ou il a été observé.

Pour I’étude de la biodiversité nous avons utilisé les indices de Vanpeen-Bruhier (1998),
qui a proposé d’analyser la richesse spécifique en quatre niveaux : la richesse ponctuelle
par relevé, la richesse locale, la richesse globale et la richesse originale.

La richesse ponctuelle est le nombre d’espéces trouvées dans un relevé. Cette richesse
est calculée de maniére instantanée, relevé par relevé.

La richesse locale est la moyenne du nombre d’espéces par relevés de la méme catégo-
rie selon I'une des agglomérations choisies (paysage, type physionomique, type d’habi-
tat...). Elle traduit pour une catégorie de relevés donnée, la moyenne de la richesse ponc-
tuelle par relevé et permet donc de prendre en compte 1’hétérogénéité des relevés.

Dans le présent travail, on a calculé la richesse globale (richesse spécifique Alpha), la riches-
se originale (richesse spécifique Beta) et le fond commun (richesse spécifique gamma).

La richesse globale est définie comme étant la somme des espéces présentes dans une
catégorie. Elle peut étre calculée a tous les niveaux d’agrégation spatiale : les types d’ha-
bitats, paysages, les types physionomiques de la végétation et pour les autres catégories
pertinentes. La comparaison des différentes listes par catégories similaires permet de ren-
dre compte de I’hétérogénéité et du degré de distinction des catégories.

Résultats

En se référant aux trois catalogues floristiques, celui de Hafir et Zarifette (Letreuch-
Belarouci & al. 2009) et celui de Sidi Hamaza, Ain Souk, Zerdeb (Taibi 2010) et le cata-
logue d’Ifry (Maazouz 2013). On a pu inventorier 429 taxons de rang spécifique ou sous
spécifique, répartis entre 65 familles, les angiospermes dicotylédones forment le groupe
systématique le plus important avec 43 familles et 196 genres, les monocotylédones
contiennent 14 familles et 53 genres, les ptéridophytes comptent 7 familles et 9 genres et
les gymnospermes comptent seulement 2 familles et 4 genres.

Les catalogues floristiques insérés a la fin de ce manuscrit, regroupe tous les taxons pré-
sents dans les trois subéraies.

L’inventaire a permis de mettre en évidence les résultats résumés dans le tableau 1.

Ce tableau met en évidence la richesse de la forét de Sidi Hamza-Zerdeb-Ain Souk par
rapport aux deux autres. Celle-ci présente une richesse floristique plus importante de 3
taxons par rapport a Hafir-Zarifette et 17 taxons supplémentaires vis-a-vis a celle de la
forét d’Ifry.

Dans les subéraies de Hafir-Zarifette, les familles les plus riches sont les Asteraceae,
Fabaceae, Poaceae, Lamiaceae, Cistaceae et Asparagaceae avec respectivement 25, 22,
18, 12 et 10 taxons chacune. Ces 5 familles détiennent presque 50% de la richesse totale
du site. Au niveau de la subéraie d’Ifry les familles les plus riches sont les Asteraceae,
Poaceae, Fabaceae, Lamiaceae et Orchidaceae avec respectivement 32, 20, 18, 12 et 10
taxons chacune. Alors que dans la subéraie de Sidi-Zerdeb-Ain Souk les familles les plus
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Tableau 1. Nombre de espéces et sous-especes, familles et genres au niveau de chaque subéraie.

Subéraies de Hafir- Subéraie .de Sidi L.
Zarieffet Hamza-Ain souk- Subéraie d’Ifry
Zerdeb
239 61 familles 242 48 familles 225 59 familles
Richesse globale sp-et [ 174 genres | SP- et 169 genres | SP- et 7178 genres
subsp. subsp. subsp.
. 175 41 familles 202 33 familles 159 | 38 Familles
Angiospermes
dicotylédones SP-et [ 124 genres | SP-© | 136 genres | SP-€' | 124 genres
subsp. subsp. subsp.
52 12 familles 35 12 familles 56 13 familles
Monocotylédones sp-et [ 40 genres sp. et 30 genres sp-et [ 46 genres
subsp. subsp. subsp.
12 8 familles 05 3 familles 10 6 familles
Ptéridophytes et sp. et sp. et sp. et
Gymnospermes subsp. | 10 genres | subsp. 3 genres subsp. | 8 genres

riches sont les Asteraceae, Fabaceae, avec respectivement 39, 29 taxons chacune. Suivies
de loin par les Brassicaceae, Caryophyllaceae, Cistaceae, Lamiaceae, Apiaceae avec 14,
14, 12, 12, et 12 taxons respectivement. La famille des Poaceae n’est représentée que par
9 taxons seulement, alors qu’elle est la deuxiéme famille de point de vue importance taxo-
nomique dans la flore algérienne.

Les richesses originales traduisent I’hétérogénéité des milieux ou des secteurs, ainsi que
leur part dans le patrimoine floristique. Alors que le fond commun d’espéces représente le
nombre d’espéces que 1’on trouve partout. Il traduit I’homogénéité de la végétation, les espé-
ces les plus communément répandues ou n’ayant pas d’exigence écologique particuliere.

On remarque que la richesse originale de la subéraie de Sidi hamza-Zerdeb-Ain souk
est nettement plus élevée que celle du massif forestier Hafir-Zarifette et la forét d’Ifry. De
ce fait, cette forét englobe probablement un trés grand potentiel floristique. Le fond com-
mun rassemblant des espéces que 1’on peut trouver dans les trois subéraies est en nombre
élevé, elles sont dans leur globalité communes selon des degrés d’abondance variés, et par-
fois méme endémiques.

Tous ses différents niveaux de richesse spécifique permettent d’avoir un regard différent
sur la notion de richesse floristique d’un secteur et de relativiser les résultats obtenus pour
apporter une aide a la gestion de I’espace.

Flore endémique et rare dans les subéraies des monts de Tlemcen

Avec I’intérét de plus en plus important pour la biodiversité et la conservation de la
nature, 1’¢tude de I’endémisme végétal attire 1’attention des scientifiques. En effet, pour
déterminer les 25 hotspots mondiaux Myers & al. (2000), se sont particuliérement basés
sur le nombre de taxons endémiques par unités de surfaces. De méme Quézel & Médail
(1995) ont fait pour déterminer les dix points chauds ou points névralgiques (Hotspots)
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dans le bassin méditerranéen. De ce fait, on est amené a sélectionner les especes rares, ou
endémiques présentes dans nos subéraies.

A travers tableau 2 on remarque que le nombre total des taxons endémiques est
important, avec une remarquable abondance des endémiques ibéro-algéro-marocains
(17) ce qui confirme 1’appartenance des monts de Tlemcen a 1’hotspot Bético-rifain
(partagé entre la péninsule Ibérique, le Maroc et 1’Algérie). Sur les 17 taxons endé-
miques ibéro-algéro-marocaines un seul est bético-rifaines les restes sont des Ibéro-
mauritaniennes (Quézel & Santa 1962-1963). Les endémiques algéro-marocains (14)
et ibéro-Nord africains (11) représentent les taux les plus importants aprés la catégorie
précitée, laissant la place en dernier lieu aux endémiques de 1’Afrique du Nord (09).

Dans le massif forestier Hafir-Zarifette, Il n’y a qu’un taxon endémique algérien. Il s’a-
git de Coleostephus multicaulis. Les endémiques algéro-marocains comptent 7 taxons. Les
taxons endémiques ibéroalgéro-marocains sont au nombre de 11 dont 4 rares a I’échelle
nationale (Quézel & Santa 1962-1963). Les endémiques d’Afrique du Nord et les endé-
miques communes a la Péninsule ibérique et 1’ Afrique du nord sont représentées par 4 et
7 taxons respectivement.

Les taxons rares a 1’échelle du pays selon 1’échelle de Quezel & Santa (1962-1963) et
non endémiques comptent 17 taxons. 9 taxons sont endémiques et menacés (Letreuch-
Belarouci & al. 2009).

Dans la subéraie de Sidi Hamza-Zerdeb-Ain Souk, il existe une trentaine d’espéces endé-
miques. Les endémiques algéro-marocains comptent aussi 7 taxons. Les taxons endémiques
ibéro-algéro-marocains sont nombreux, on en compte 12. Les taxons endémiques de 1’ Algérie,
du Maroc et de la Tunisie sont peu nombreux (4). On compte 7 endémiques de I’ Afrique du Nord
et de la péninsule Ibérique. Il existe une flore rare remarquable au niveau de cette forét. En effet,
38 especes comprises dans un intervalle allant de 1’assez rares au trés rares a I’échelle du pays.

Tableau 2. Richesse originale et flore endémique et rares des trois subéraies.

Hafir- Sidi Hamza- Ifry Total
zarieffet Zerdeb-Ain Souk
Richesse originale 85 87 65
Endémiques Algériennes 1 0 0 1
Endémiques algéro- 8 7 4 14
marocains
(AM)
Endémiques ibéro-algéro- 8 11 9 17
marocains
(AMI)
Endémiques d’Afrique du 5 4 4 09
Nord
(Afn)
Endémiques de I’Afrique du 6 4 6 11
Nord et de la Péninsule
Ibérique (Afnl)
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La forét d’Ifry compte 23 taxons endémiques dont 9 endémiques Ibéro-algéro-maro-
cains, 4 endémiques algéro-marocains, 4 endémiques d’Afrique du Nord et 6 endémiques
ibéro-Nord Africains. Les taxons rares sont peu nombreux, Seuls un taxon est trés rare, 12
taxons sont rares et 1 est assez rare. La plupart des espéces inventoriées dans cette étude
sont communes ou assez communes pour I’ensemble du territoire national.

L’analyse des spectres biologiques vient compléter I’¢tude taxonomique de la flore des
trois subaries. Les représentations graphiques des pourcentages du nombre d’espéces
exprimées en fonction de leur type biologique (Fig. 2) donnent une idée de la structure de
la végétation dans la région d’étude. Les thérophytes occupent la part la plus importante,
suivie de loin par les géophytes, les hémicryptophytes, les chaméphytes, les nanophané-
rophytes et les phanérophytes. Cette tendance générale change d’une subéraie a une autre.
En effet, les géophytes occupent la deuxiéme place apres les thérophytes a Hafi-Zarifette
et Ifry, dans le massif forestier de Sidi Hamaza-Ain Souk-Zerdeb les hémicryptophytes
occupent la deuxieéme place apres les thérophytes. Ces derniéres présentent un taux beau-
coup plus élevé dans ce massif par rapport aux deux autres.

Discussions et Conclusions

Nous avons inventorié¢ 429 taxons en réalisant 150 relevés, alors qu’au Maroc, Aafi
(2007), pour un effort d’échantillonnage 2,5 fois plus important que le nétre (400 relevés),
a recensé une richesse similaire (408 taxons, réparties sur 62 familles et 261 genres). Pour
un effort beaucoup moins important (80 relevés) Meddour, (2010) a inventorié 217 taxons.
Ce résultat correspond parfaitement aux richesses obtenues pour les trois foréts séparément
avec une intensité d’échantillonnage plus ou moins égale. Plus a I’Est dans les subéraies
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Fig. 2. Spectre biologique de la flore des subéraies des monts de Tlemcen.
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de la Numidie orientale pour 150 relevés Bennadja et al. (2013) ont recensé 292 taxons.
Les subéraies des monts de Tlemcen présentent une richesse globale similaire a celles de
la Kabylie et plus élevée que les subéraies du Maroc et de la Numidie, qui présentent des
conditions écologiques plus favorables (des climats plus humides).

Cette importance est sans doute due a la dégradation du milieu. Letreuch & al. (2009)
et Meddour (2010) déplorent I’¢état des peuplements du chéne-liege. L’examen du spectre
biologique confirme cette situation. En effet, méme si le taux des thérophytes est habituel-
lement élevé dans les formations méditerranéennes. Il se situe entre 25 et 50 pourcents
pour les formations forestiéres (Barbéro 1989). Il devient beaucoup plus important par
ouverture du milieu sous 1’effet de la sécheresse et des perturbations (Daget 1980 & Grime
1977). La richesse de la subéraie de Sidi Hamza-Ain souk-zerdabe par rapport aux deux
autres le confirme. Elle présente le taux le plus élevé de thérophytes, qui sont pour la plu-
part des taxons trés communs (CC), assez commun (AC) ou commun (C) ou ¢’est-a-dire
observées dans plus de 10 relevés. Il faut signaler aussi que ces taxons sont communs a 1’é-
chelle nationale (Fig. 3).

Malgré la dégradation de ces écosystémes nos subéraies gardent tout de méme une cer-
taine richesse floristique. Les taxons endémiques constituent 10% du total, parmi ces endé-
miques une bonne partie présentent un degré de rareté plus ou moins important allant de
I’assez rare au rarissime. Cela nous a permis d’établir la liste suivante :

Allium massaessylum Batt. & Trab.: endémique algéro-ibéro-marocaine trés rare;

Fritillaria oranensis Pomel: endémique d’Afrique du Nord et péninsule Ibérique rare;

Gagea algeriensis Chaber: endémique ibéro-algéro-marocaine rare;

Ophrys atlantica Munby subsp. atlantica: espéce trés rare, signalée dans la région redé-
couverte récemment dans la forét de Haffir-Zarifette;

Centaurea eriophora L.: endémique ibéro-algéro-marocaine assez rare;

Coleostephus multicaulis (Desf.) Durieu: endémique algérienne;
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Fig. 3. Degrés d’abondances des taxons dans les trois subéraies.
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Diplotaxis siifolia Kunze: endémique ibéro-algéro-marocaine rare;
Guenthera setulosa (Boiss. & Reut.) Gomez-Campo: endémique algéro-marocaine raris-

sime. Espéce protégée par la loi de 1993;

Cistus umbellatus subsp. viscosus (Willk.) Demoly: Endémique algéro-ibéro-marocaine;
en Algérie, elle est présente uniquement dans la région de Hafir-Zarifette;

Helianthemum origanifolium subsp. molle (Cav.) Font Quer & Rothm.: Endémique algé-
ro-ibéro-marocaine rare;

Helianthemum papillare Boiss.: endémique algéro-ibéro-marocaine rare;

Convolvulus valentinus Cav.: endémique algéro-ibéro-marocaine rare;

Silene pomeli Batt.: endémique algéro-marocain rare trouver par Doumergue (herbier du
musée d’oran in Taieb 2012) dans la méme région de Ouled Mimoune;

Sedum mucizonia (Ortega) Raym.-Hamet: endémique algéro-ibéro-marocaine rare;

Ononis antennata subsp. natricoides Sirj.: endémique algéro-marocaine assez-rare;

Stauracanthus boivinii (Webb) Samp.: endémique algéro-ibéro-marocaine rare présente
seulement au niveau des monts Tlemcen,;

Linum numidicum Murb.: endémique d’Afrique du Nord, rare;

Linaria multicaulis subsp. heterophylla (Desf.) D.A. Sutton: endémique d’Afrique du

Nord, rarissime;

Linaria tristis subsp. marginata (Desf.) Maire: endémique algéro-marocaine localisée au
niveau des monts de Tlemcen dans la région de Ghar Rouban;
Hieracium amplexicaule L.: espéce rarissime protégée par la loi de 1993.

La protection des especes passe nécessairement par le maintien de la subéraie. Cette for-
mation végétale est actuellement trés menacée par le surpaturage et les incendies. Ces deux
perturbations dégradent les subéraies en ouvrant le milieu favorisant ainsi 1’installation des
thérophytes. Pour pallier ce phénomeéne il faut fermer le milieu par I’installation des espe-
ces buissonnantes ou arbustives, car il est difficile de mettre en place directement le chéne-
liege (Benabdelli 1996). Pour la reconstitution de la subéraie, il faut ainsi prendre en consi-
dération les espéces les plus présentes ou les plus stables. Il faut choisir parmi les phané-
rophytes, les nanophanérophytes et certaines chaméphytes les taxons qui couvrent bien le
sol (Medjahdi 2001). Nous proposons les espéces suivantes : Pinus halepensis, Pistacia
lentiscus, P. terebinthus, Arbutus unedo, Erica arborea, Quercus coccifera, Calicotome
intermedia, Cytisus villosus, Genista tricuspidata, Stauracanthus boivinii, Olea europea,
Rhamnus lycioides subsp. oleoides.

Il faut signaler a la fin que certaines especes ont été observées pour la premicre fois dans
ces subéraies et dans la région Tlemcen voir dans la région oranaise. Il s’agit de
Cystopteris fragilis subsp. fragilis observée pour la premiére fois dans la subéraie de Hafir-
Zarifette. Linum numidicum endémique d’ Afrique du nord observée en Numidie, Kabylie
et dans les montagnes marocaines. Il s’agit sans doute de la variété signalée au Maroc
(var. fontqueri Maire). Les subéraies des monts de Tlemcen gardent ainsi, certainement des
trésors floristiques a découvrir dans le futur.
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First record of Pilea microphylla (Urticaceae) in Sicily

Abstract

Scafidi, F. & Raimondo, F. M.: First record of Pilea microphylla (Urticaceae) in Sicily. — F1.
Medit. 28: 79-84. 2018. — ISSN: 1120-4052 printed, 2240-4538 online.

Pilea microphylla (Urticaceae) is a species native to Mexico and tropical South America that
has been collected for the first time in Sicily in the surroundings of the city of Palermo.
According to our observations, this species is to be considered as a casual alien.

Key words: alien flora, vascular flora, xenophytes, urban area, Palermo.

Introduction

Pilea is the largest genus of the Urticaceae and one of the largest genera in the Urticales
(Monro 2006). It includes over 600 species (Adams 1970; Burger 1977; Monro 2004), that
are mostly distributed throughout the tropics, subtropics, and warm temperate regions
(Monro & al. 2012). The majority of species are succulent herbs, epiphytes or small shrubs
growing in heavy shade (Monro 2009).

In June 2017, during the study of the alien urban flora of Palermo (Ciccarello & al.
2016) a remarkable population, identified as Pilea microphylla (L.) Liebm., was discov-
ered. This new alien species had not previously been reported in any Italian and Sicilian
floristic literature (Fiori 1926; Pignatti 1982; Giardina & al. 2007; Raimondo & al. 2010;
Celesti-Grapow & al. 2016; Domina & al. 2018; Galasso & al. 2018). Recently, it had been
founded as weed in the greenhouses in Lombardy (Northern Italy) (Acta Plantarum 2017:
http://www.floraitaliae.actaplantarum.org/viewtopic.php?t=98852 ).

Therefore, the new finding represents the first record for Sicily and the second for
Italy as well.

Material and Methods

Plant material was collected in the field. Herbarium specimens were deposited in FI,
PAL and PAL-Gr (acronyms according to Thiers 2011).

The taxonomical identification was made on the basis of the descriptions by Standley
(1937), Wagner & al. (1999), Monro (2001) and Bhellum & Hamid (2016). The protologue
by Linnaeus (1759) was also examined.
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Data about the habitat and the population size of P. microphylla are based on personal
observations in the field. The evaluation of the invasive status was defined according to
Pysek & al. (2004).

Results and Discussion

Pilea microphylla (L.) Liebm. in Kongel. Danske Vidensk. Selsk. Skr., Naturvidensk.
Math. Afd. ser. 5, 2: 296 (1851).

Typus: Jamaica? (LINN 1220.8! — lectotype) designated by De Rooij (1975).

= Parietaria microphylla L., Syst. Nat., ed. 10, 2: 1308 (1759).

= Urtica serpyllacea Kunth in Humb., Bonpl. & Kunth, Nov. gen. sp. 2: 37 (1817).

= Pilea muscosa Lindl., Coll. hot.: t. 4 (1821), nom. superfl.

=P serpyllacea (Kunth) Liebm. in Kongel Danske Vidensk. Selsk. Skr., Naturvidensk.
Math. Afd. ser. 5, 2: 296 (1851).

=P, portula Liebm. in Kongel. Danske Vidensk. Selsk. Skr., Naturvidensk. Math. Afd. ser.
5,2:297 (1851).

Pilea microphylla, commonly known as artillery weed, rockweed or gunpowder plant,
is native to Mexico and tropical South America (Monro 2001). It is mainly utilized in gar-
dens and landscapes as foliage or groundcover ornamental plant (Saha & al. 2017), but also
for many ethnobotanical uses (Bhellum & Hamid 2016).

At present, it is considered as a problematic weed affecting tropical and subtropical
environments worldwide (Pacific Island Ecosystems at Risk 2010).

In Europe, P. microphylla is known as casual alien in Belgium, introduced as weed via
plant nurseries (Verloove 2006); naturalized in the Balkan Peninsula (Ball 1976),
Archipelago of Madeira (Vieira 2002), or doubtfully naturalized in the Canary Islands
(Otto & Verloove 2016).

During our field surveys, P. microphylla has been ascertained occurring in the Favorita
Park of Palermo (Sicily, Southern Italy), that is placed on the southwestern foothills of Mt.
Pellegrino, at 36 a.s.l. (38° 08' 58.98" N 13° 20' 50.80" E).

Climate can be referred to thermo mediterranean type, with an average annual temper-
ature of 18°C and rainfall of 642 mm (Buffa & al. 1986).

P. microphylla was found on shady surrounding wall. Overall there are many hundreds
individuals covering an area of approximately 20 m? (Fig. 1).

The vector of introduction is uncertain. Probably, P. microphylla, escaped from
nearby gardens, where, probably, originally was introduced as weed in several pots of
ornamental exotic plants.

In the growing site considered here, flowering has been observed only in the year 2017,
from June up to September (Fig. 2); fruits, however, were not produced. It seems likely
that at present the spread of this species entirely depends on vegetative reproduction.
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Fig. 1. Habitat of Pilea microphylla in the Favorita Park in Palermo (Sicily, southern Italy), Photo by
F. Scafidi (18.07.2017).

Fig. 2. Individuals of P. microphylla in blooming. Photo by F. Scafidi (18.07.2017).
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Because the observation period is very short, further field research are necessary to fully
assess the proper behaviour of this plant. Therefore, at this state of knowledge, according
to PySek & al. (2004), it must be considered a casual alien.

For this reason, P. microphylla in Sicily should be permanently monitored, taking into
account that it could represent a future threat to natural and semi-natural habitats.

The discovery of this new taxon is added to other records in the last years for the urban
area of Palermo (Scafidi & al. 2016a, Scafidi & al. 2016b, Scafidi & al. 2016¢, Raimondo
& Spadaro 2017, Scafidi & Raimondo 2017, Spadaro & Raimondo 2017).

Specimina visa

ITALY: Sicily, Favorita Park (Palermo), shady surrounding wall, 38° 08' 58.98" N 13°
20' 50.80" E, 36 m a.s.l., 12 Jun 2017, F. Scafidi s. n. (F1, PAL, PAL-Gr).
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Karyosystematic study of some taxa from the Ionian floristic region
(Greece). 1

Abstract

Bareka, P., Katopodi, E., Kamari, G. & Phitos, D.: Karyosystematic study of some taxa from
the Tonian floristic region (Greece). I. — F1. Medit. 28: 85-97. 2018. — ISSN: 1120-4052 print-
ed, 2240-4538 online.

A karyosystematic study of five characteristic taxa from the Ionian Islands (Greece) is present-
ed. The cytogeography of Centaurea subciliaris is commented. The chromosome number of a
newly studied Teucrium halacsyanum population from Lefkada island is given. The taxonomic
position of Viola alba s. 1. is also discussed and a microphotograph (for the first time) of its
karyotype from Lefkada island is provided. The chromosome number and karyotype morphol-
ogy of Moraea mediterranea and Crocus speciosus subsp. speciosus are confirmed on material
from Lefkada island and the presence of the latter in the island is referred for the first time.

Key words: Centaurea subciliaris, Crocus speciosus, Moraea mediterranea, Teucrium
halacsyanum, Viola alba, cytology, distribution, taxonomy.

Introduction

The latter two authors of this publication already since 1966, among other research
interests, initiated the study of the flora of the lonian Islands in close collaboration with
their good friend and collaborator Jiirgen Damboldt (1937-1978), Professor in Systematic
Botany of the Freie University of Berlin.

In recent years, W. Gutermann (Wien) and his colleagues have also extensively studied
the flora of the Ionian Islands. In 2016, the results of this study, titled “Flora Ionica”, were
published as a comprehensive list of floristic findings from all the Ionian islands (Flora
Ionica Working Group 2016-onwards). However, as is usually the case with the rich native
flora of Greece, new floristic elements are constantly being added to the existing ones, and
surprises are never missing (Phitos & al. 2016).

The present publication is one more contribution to the flora of the Ionian floristic region.
The given information concerns five taxa found on the island of Lefkada. Four of them also
appear in other Ionian islands and belong to the corresponding floristic region. However,
Crocus speciosus M. Bieb. subsp. speciosus, known to be distributed in locations of mainland
Greece, is found for the first time in the Ionian region and specifically on the island of Lefkada.
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These new floristic findings confirm the need for a further study of the flora and vege-
tation of the Ionian Islands, which the last two authors of this publication have steadily pur-
sued over several decades. We estimate that this is particularly true for the island of
Lefkada with its mountainous geomorphology and a coastline with many sandy places,
creating a diversity of important habitats.

The above data for the five studied taxa are supplemented for the first time by cytogeo-
graphical information. It should be mentioned that previous karyological investigations on
plants from the Ionian Islands and especially from Lefkada have also been made by
Artelari & Kamari (1986), Kriemadi & al. (2002), Bareka & al. (2006) and Samaropoulou
& al. (2013).

Material and methods

Living plants of the studied taxa were collected from several locations of the Ionian area
(Table 1) and cultivated at the University of Patras and the Agricultural University of
Athens. Vouchers are deposited in Herb. Phitos & Kamari (UPA).

Chromosome counts were obtained from root tip metaphases, using the squash tech-
nique (Ostergren & Heneen 1962) with some small modifications. Chromosome plates
were observed with Zeiss Axiophot photomicroscope.

Chromosome terminology follows Levan & al. (1964), Stebbins (1971) and Kamari
(1976), taking into consideration comments and suggestions by Sybenga (1959), Bentzer
& al. (1971) and Favarger (1978).

Results and discussion

Centaurea subciliaris Boiss. & Heldr. s. 1. (Asteraceae)

Centaurea subciliaris, an endemic species of the lonian flora, grows on the islands of
Cephalonia and Lefkada (Fig. 1A), as well as on the opposite Akarnanika Ori (Mt.
Boumistos and Mt. Perganti) of mainland Greece (Prefecture Aetolia-Akarnania).

Centaurea subciliaris has been described by Boissier & Heldreich (in Boissier 1875)
from the island of Cephalonia. According to Matthids (1976), the plants of Mt. Boumistos
form a separate subspecies, i.e. subsp. acarnanica Matthds. Greuter (2003) upgraded
subsp. acarnanica to species level as Centaurea acarnanica (Matthds) Greuter. We think
that the morphological differences of the plants of Cephalonia from those of Mt.
Boumistos are not significant enough to distinguish them into two species, however, we
expect that the final conclusions of the ongoing, comprehensive study of the populations
of C. subciliaris s. 1. in the whole Ionian region, will shed more light.

With regard to the nomenclature, it should be noted that even though Centaurea subcil-
iaris is reported by Dimopoulos & al. (2013) as Centaurea alba subsp. subciliaris Boiss.
& Heldr. (Dostal), it is known that C. alba grows only in the western Mediterranean area
(Iberian Peninsula and southern France), while the Italian and Balkan populations, which
are referred to as C. alba (Dostal 1976), belong, in fact, to C. deusta Ten. (Lopez & Devesa
2011, Lopez-Vinyallonga & al. 2015).
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Table 1. Chromosome number, locality and collectors of studied taxa.
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Chromosome

subsp. thessala

Melissa, alt. 200-250 m

Taxon Locality Collectors
number
Centaurea Ins. Kephalonia, Mt. Aenos, G.' Kamarl, G
U A . .. Lisitsa, S.
subciliaris subsp. | 2n=2x=18 | at summit Chionistra, alt.
subciliaris 1600 m Moschopoulou & K.
Volteras, no 29013
Ins. Kephalonia, at the D. Phitos, G. Kamari
. o lowlands of Mt. Aenos, .
2n=4x =136 . . & G. Ismailos, no
above the village Michata,
29000
alt. ca. 450 m
Ins. Lefkada, Mt. Mega D. Phitos, G. Kamari
. Al Oros, close to the village .
2n=2x=18 . . & E. Katopodi, no
Eglouvi and Agios Donatos, 20138
alt. 600-650 m
Ir}s. Lefkada, close to the D. Phitos, G. Kamari
N o villlage Chortata, at the .
2n=4x =36 . & E. Katopodi, no
place named Paraspori, alt.
29134
668 m
Centaurea Sterea Ellas, Akarnanika D. Phitos & G.
subciliaris subsp. 2n=4x =36 | Ori, Mt. Perganti, alt. ca. Kamari,
acarnanica 1090 m no 28075
Crocus speciosus In=2x =18 Ins. Lefkada, Mt. Elati, alt. E. Katopodi s.n.
subsp. speciosus ca. 1000 m
Moraea Ins. Lefkada, at the northern | D. Phitos, G. Kamari
mediterranea 2n=4x =24 | sandy place named & E. Katopodi, no
Gyrapetra 29209
’ o= dx = 24 Ins. Kephalonia, supra sinu | D. Phitos & P.
Lagadakia, alt. ca. 20 m Minetos, no 29255
Teucrium Ins. Lefkada, from the D. Phitos, G. Kamari
halascvanum 2n=2x =32 | suburban area of the city & E. Katopodi, no
4 Lefkada 29292
3 Sterea El.las, Prov. Aetolia- G Kamari & E.
2n=2x=32 | Akarnania, Mt. Varasova, o
Liveri, no 29326
alt. ca. S m
. D. Phitos, G. Kamari,
Viola alba 2 =9x =20 Ins. Lefkada, gorge of E. Katopodi & B.

Lazaris, no 29262

Additionally, our doubts, regarding the presence of Centaurea subciliaris in Bulgaria
(Greuter & Raab-Straube 2008) were proven to be justified, based on the examination of
the photographs of three herbarium specimens from Mt. Stavryanka of Bulgaria (leg. D.
Delipavlov, I. Cheshmedziev & M. Popova 1980) from the Herbarium Instituti
Agriculturae “V. Kolerov” — Plovdiv, which had been identified as Centaurea subciliaris.
All three specimens, certainly, belong to the subsect. Phalolepis (Cass.) N. Garcia, Hilpold,
Susanna & Vilaters. However, the branching of the Bulgarian plants, the shape of the basal
leaves and the stem, as well as the bracts of the involucres, are distinctly different from the
corresponding features of C. subciliaris plants from the Ionian floristic region.
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Fig. 1. Studied taxa from Lefkada island: A, Capitula of Centaurea subciliaris s. 1. from the place
named Paraspori, close to the village of Chortata; B, individual of Crocus speciosus subsp. speciosus
from Mt. Elati; C, Moraea mediterranea from the northern sandy area, at the place Gyrapetra.
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Karyology

The chromosome number of Centaurea subciliaris from Cephalonia island was initially
given by Phitos & Damboldt (1971 & 1985) and later by Samaropoulou & al. (2013). In
these studies, the diploid 27 = 18 + 0-2B, as well as the tetraploid number 2n = 4x =36 +
0-4B, was found in plants from Mt. Aenos at 1300-1596 m a.s.l. In individuals from the
foot of the mountain (350450 m a.s.l.), only the diploid number 2n = 18 + 0-2B was
counted.

Matthés (1976) reports the same results as those by Phitos & Damboldt (1971) for the
typical Centaurea subciliaris from Cephalonia and, additionally, gives the tetraploid num-
ber 2n = 4x = 36 + 4B for C. subciliaris subsp. acarnanica from Mt. Boumistos
(Akarnanika Ori). For the typical subspecies, originating from the island of Lefkada, she
mentioned only the diploid number 2n = 18.

The somatic number 2n = 4x = 36 for the plants of C. subciliaris subsp. acarnanica
from Akarnanika Ori (Mt. Perganti), is confirmed here. However, for the typical sub-
species from Lefkada island we found 2n = 2x = 18 (Fig. 3A), also reported by Matthés
(1976), as well as 2n = 4x = 36 chromosomes (Fig. 3B) (see Table 1).

The karyotype of Centaurea subciliaris from Lefkada island is symmetrical with mostly
submetacentric (sm) to metacentric (m) chromosomes, and one acrocentric pair (two in
tetraploids) bearing small satellites (st-SAT) (Figs 3A & 3B). The size of the chromosomes
varies from 2.5 to 4.5 um.

Crocus speciosus M. Bieb. subsp. speciosus (Iridaceae)

Crocus speciosus subsp. speciosus has a wide distribution from Caucasus and Crimea
to N Iran and N & C Turkey, extending westwards to the Balkan peninsula.

In Greece, the typical subspecies of Crocus speciosus was initially found by Phitos &
Kamari (1983) in the Prefecture of loannina, near the village Monodendri. Recently, it was
also found on the island of Lefkada (Fig. 1B) by the second author. It should be noted that
the presence of Crocus speciosus subsp. speciosus in Lefkada is, to date, unique for the
Ionian Islands and constitutes the westernmost finding, regarding its distribution. In par-
ticular, two subpopulations of the taxon, located on the mountain range Stavrotas of
Lefkada island, were studied here. One subpopulation exists at the top of Mt. Elati, at ca.
980 m a.s.l. and the other at the place Ammocampos close to the summit area of Mt.
Profitis Ilias, ca. 950 m a.s.1.

Significant information on the presence of Crocus speciosus in Greece is also provided
by Karamblianis & Constantinidis (2009). According to them, subsp. speciosus has been
found on Akarnanika Ori (Karamblianis 2007), as well as near the Monastery of
Varnakovis of Prefecture Fokida (Karamplianis & Constantinidis 2009).

So far, Crocus speciosus subsp. speciosus appears in Greece only in few (four) small
populations. A typical example is the island of Lefkada, where each of the two subpopula-
tions found there does not exceed 20 individuals. According to Karamblianis &
Constantinidis (2009), subpopulations on Akarnanika Ori, close to Romvou Monastery,
amount to no more than 100 individuals, while only one individual was found at Varnakovis
Monastery (Prefecture of Fokida)! Based on the up-to-date data on the state of the known
subpopulations of subsp. speciosus and agreeing with Karamplianis & Constantinidis



90 Bareka & al.: Karyosystematic study of some taxa from the Ionian floristic ...

Fig. 2. Studied taxa from Lefkada island: A, flowering stems of Teucrium halacyanum from the cliffs
close to the village Apolpaena; B, & C, flowers and leaves of Viola alba subsp. thessala from the
gorge of Melissa.
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(2009) the taxon should be classified at least as Vulnerable (VU), according to the [UCN
(2016) criteria [C2a(i); D1+2], even though the recorded sporadic appearance of the sub-
species does not exclude its existence in other regions of Greece, possibly in the form of
small populations. In any case, we think that this taxon needs immediate protection.

Karyology

The chromosome number of Crocus speciosus subsp. speciosus, in plants from Lefkada
island was found to be 2r = 18 (Fig. 3C).

The same chromosome number 2n = 18 has also been reported by Phitos & Kamari
(1983) for plants from the Prefecture of Ioannina, close to the village Monodendri. This
number corresponds to one of the various chromosome numbers 2n = 8, 10, 12, 14, 18
given for C. speciosus by Brighton & al. (1973), as well as by Mathew (1982).

The karyotype of Crocus speciosus subsp. speciosus is asymmetrical concerning the
morphology of the chromosomes, with most chromosomes being submetacentric (sm) to
acrocentric (st), varying in size between 8.5 to 19.6 pm long.

Moraea mediterranea Goldblatt (Iridaceae)
Syn. Gynandriris monophylla Klatt

Moraea Mill., is mainly a South African genus, comprising ca. 130 species, including
the 9 species of the well-known, small genus Gynandriris Parl. (Goldblatt 1998).

Moraea mediterranea is distributed in the Mediterranean area including the coastal
areas of Libya and Egypt up to Sinai, as well as of Greece (Crete, some Cyclades islands,
Rodos, Peloponnisos, Attiki etc.). As for the lonian Islands, which are of particular interest
here, M. mediterranea is not rare, especially in the coasts areas of Zakynthos, Cephalonia
Lefkada and Kerkyra, where it sporadically forms small populations. Specifically on the
island of Lefkada, its presence is known only from two small localities (Gyrapetra and
Myloi) at the northern, sandy places of the island (Fig. 1C).

Moraea mediterranea usually grows on sandy or gravelly places or in open phrygana,
at sea level, with the exception of Kriti, where it occasionally grows at up to 700 m a.s.1.

Karyology

Polyploidy is a common phenomenon in the genus Moraea, according to Goldblatt &
Manning (2013), leading to disploidy and subsequently to recent speciation events.
Goldblatt (1980), also referring to the cytology of the two Moraea species found in Greece
under their old names Gynandriris sisyrinchium Parl. and G. monophylla Klatt (the present
names of these species are respectively Moraea sisyrinchium Ker Gawl. and M. mediter-
ranea), notes that the karyotypes of the Greek populations from Attiki, were tetraploids (2n
= 4x = 24), since the basic chromosomal number of the genus, is x = 6.

Indeed, the karyotype formula of the examined material here from Lefkada island
appears also to be tetraploid, included 2n = 4x = 4m + 16sm + 4st = 24 chromosomes, medi-
um in size, ranging in size between 6.8 and 15 pum (Fig. 3E). It is noteworthy that in one or
two pairs of submetacentric (sm) chromosomes, secondary constrictions close to the cen-
tromere were visible, which, due to the applied squash technique during chromosome
preparation, very often, got separated and look like B-chromosomes or very large satellites.
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Fig. 3. Microphotographs of mitotic metaphase plates of the taxa studied from Lefkada island: A,
Centaurea subciliaris subsp. subciliaris from Mt. Mega Oros, close to the vill. Eglouvi, 2n = 18 and
B, close to the village Chortata, at the place named Paraspori, 2n = 4x = 36; C, Crocus speciosus
subsp. speciosus from Mt. Elati, 2n = 18; D, Viola alba subsp. thessala from the gorge of Melissa, 2n
=20; E, Moraea mediterranea from the northern sandy place named Gyrapetra, 2n = 4x = 24. — Scale
bars = 10 um.

E
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Teucrium halacsyanum Heldr. (Lamiaceae)

Teucrium halacsyanum (Fig. 2A), an endemic species of Flora Hellenica, can be consid-
ered as an important element of the lonian floristic region, since its main distribution area
includes all major Ionian Islands (Zakynthos, Cephalonia, Lefkada, Kerkyra) and some of the
western and southern coasts of Sterea Hellas (Prefecture of Aetolia-Akarnania). The only
locality of the species which is a bit distant from the Ionian Sea, is located in Vouraikos gorge
(NW Peloponnisos), over Diakopto town (Heldreich, collection year 1899).

Teucrium halacsyanum has been described by Heldreich (1879) from the two neigh-
bouring, relatively short mountains (locus classicus), i.e. Mt. Varasova and Mt.
Klokova (Prefecture of Aetolia-Akarnania), the southern edges of which fall into the
Patraikos Gulf, just across the city of Patras. The highest of these is Mt. Klokova or
Paliovouna (known also Tafiassos in ancient times) with an altitude of 1037 m a.s.l.,
while Mt. Varasova is 914 m tall. Evinos River flows next to Varasova, merging with
Patraikos Gulf, at the area where the ancient city of Chalkis was located. The name
Chalkis is sometimes also used for Mt. Varasova.

Teucrium halacsyanum is a characteristic obligate chasmophyte found mostly on lime-
stone cliffs. On Mt. Varasova it grows together with another endemic chasmophyte,
Centaurea heldreichii Halacsy. An interesting and attractive divergence of Teucrium halac-
syanum from its usual ecological habitat is its appearance (close to the city of Lefkada) on
the walls of an abandoned old olive press about 100 m in length, on which more than 120
robust individuals of the species were counted.

Karyology

The somatic number of 2 = 32 has already been given for Teucrium halacsyanum mate-
rial from Kerkyra island (Quezel & Contandriopoulos 1966) and from Cephalonia island
(Damboldt 1976). In the present study, plants from the locus classicus, as well as from
Lefkada island (close to the village Apolpaena and the suburban area of the city of
Lefkada) were examined, showing the same chromosome number (2n = 32) with very
small (less than 0.5 pm) chromosomes with indistinct centromeres. For this reason, the
karyotype morphology was not possible to be determined.

Viola alba Besser s. 1. (Violaceae)

Viola alba is a very variable, widespread and common species distributed in southern
Europe and the adjacent parts of North Africa and West Asia.

The material of Viola alba s. 1. studied here comes from the island of Lefkada, specifi-
cally from Melissa gorge, at 330 m a.s.l. Due to the period of their collection (June 9,
2017), the collected plants from Lefkada, were in fruit. However, the morphology of the
leaves and their hair, some mature capsules, as well as flower photos (kindly provided by
Mr. B. Lazaris), constituted morphological features, capable to identify beyond doubt the
plants in question (Figs. 2B & 2C).

Marcussen (2003), after a thorough study of the Viola alba complex, using allozymes
and morphometry, distinguished this species into three subspecies: V. alba subsp. alba, V.
alba subsp. dehnhardtii (Ten.) W. Becker and V. alba subsp. cretica (Boiss. & Heldr.)
Marcussen, including the species V. scotophylla Jord. and V. thessala Boiss. & Spruner as
synonymes under the typical subspecies.
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We adopt in this work the classification of V. alba s. 1., reported by Livaniou-Tiniakou
(1991), in her comprehensive PhD Thesis, based on a large number of specimens from the
entire distribution area of those taxa in Greece. Livaniou-Tiniakou (1991) classifies Viola
dehnhardtii and V. thessala as subspecies of V. alba, both very widespread in Greece,
whereas the typical form of V. alba itself does not grow in Greece. In addition, the author
preserves V. cretica, endemic to Crete, at species level due to its clear distinctive features
from V. alba, but also by its isolated geographical distribution.

The taxonomic distinction of the two subspecies of V. alba occurring in Greece accord-
ing to Livaniou-Tiniakou (1991) is as follows:

V. alba subsp. dehnhardtii

Leaves ovate-cordate, +obtuse with convex margins, usually light green to green.
Flowers lilac with long, slender, acuminate, usually lilac spur. Capsule purplish, pubescent
to glabrous.

V. alba subsp. thessala

Leaves long triangular-cordate, +acute with straight margins, usually deep green to
green. Flowers lilac with short, stout, not acuminate, usually bluish-white spur. Capsule
usually green, hairy.

We give a short description of the Viola alba s. 1. material from Lefkada (Figs 2B & 2C):
Leaves long triangular-cordate, +acute, (2.5-)4 x 5-7 cm, with straight margins, deep green;
trichome very sparce; leaf blade glabrate with sparce hair mostly at the veins of the bottom
surface of the leaves, 0.2-0.5 mm long. Flowers light blue to lilac with short spur antrose,
bluish-white, rotund and not acuminate. Capsule light green, sparcely lanulose to hairy.

Therefore, the plants from Lefkada island, according to their morphological features,
certainly belong to V. alba subsp. thessala, which is reported here for the first time from
the island of Lefkada. Livaniou-Tiniakou (1991) mentioned that the widely distributed
subsp. thessala in Greece, is also present on some other Ionian Islands (Cephalonia, Paxoi,
Kerkyra), as well as on Akarnanika Ori (Mt. Boumistos).

Karyology

The karyotype of the studied population consists of 2n = 20 chromosomes. The same
chromosome number, as well as a respective karyotype drawing, was previously given by
several authors for all the subspecies of Viola alba s. 1. from Greece (but not from Lefkada
island) and other countries (Schofer 1954; Schmidt 1961; Uhrikova & Majovsky 1978;
Vachova & Mijovsky 1978; Fernandez Casado 1984; Gonzalez Zapatero & al. 1986;
Montmollin 1986; Livaniou-Tiniakou 1991; Tiniakou 1991 & 1992).

A microphotograph of the karyotype of Viola alba subsp. thessala is given here for the
first time (Fig. 3D). Its karyotype is symmetrical, consisting of very small, mostly meta-
centric chromosomes, + 1.5 pm in size.
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Baliousis, E.: The flora of Mt Imittos (Sterea Ellas, Greece): checklist, new records, analysis
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The floristic investigation of the area of Mt Imittos in Sterea Ellas, Greece, resulted in the addi-
tion of 95 specific and infraspecific vascular plant taxa. As a result the flora of the mountain
now comprises 869 taxa. For each newly recorded taxon local distribution and habitat types are
presented. A significant part of the new records concern adventive taxa a fact that reflects the
present day dynamics of the flora of human influenced and heavily urbanized areas of Greece.
Old records of the Greek endemics Anthemis tomentosa subsp. heracleotica and Centaurea
orphanidea are also confirmed. A detailed checklist of the total vascular flora is also presented.
The results of floristic analysis and phytogeographical aspects demonstrate the pronounced
Mediterranean character of the mountain's flora. Floristic similarities to other mountains of
Sterea Ellas and Peloponnisos are discussed.

Key words: biodiversity, phytogeography, adventive taxa, Attiki, Mediterranean.

Introduction

Mt Imittos occupies a significant part of Attiki, a historical region of Greece directly associ-
ated with the creation of the Greek civilization. It belongs to the phytogeographical region of
Sterea Ellas as defined in the Flora Hellenica project (Strid & Tan 1997). More specifically it
lies E of the basin of Athens demarcating the eastern boundaries of the Athens urban area.

The mountain has a longitudinal shape. It can be subdivided in two geographical units,
which are separated by a pass called Stavros at 454 m. Northern Imittos is bigger and high-
er with a NNE-SSW orientation. It encompasses the main ridge of the mountain and its
higher peak Evzonas (1026 m a.s.l.). The inclination of the ground is often high and a con-
siderable number of impressive cliffs are formed especially in its eastern slopes. These for-
mations host a significant number of interesting plant taxa. Southern Imittos has a N-S ori-
entation, is drier and has in general a lower and gentler relief which ends progressively to
the Saronic gulf. Thus the southern part of the mountain is much influenced by the sea. Its
main peak is Mavrovouni (774 m a.s.l.).
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The main substrates of the mountain are marbles and dolomites followed by schists
and limestones. Its peripheral zone is covered mainly by old and new talus cones and
scree and terrestrial and fluvial-terrestrial deposits (IGME 2003). The maximum
boundaries of the investigated area are defined by the coordinates 37°48°00” to
38°00°40”N and 23°45°18” to 23°51°44”E. However, as a major portion of its lower
parts are heavily urbanized, these boundaries are nowadays obscured and often diffi-
cult to be distinguished in the field.

Climatic data are available from the nearby meteorological stations of Spata,
Elliniko, Tatoi and Anavrita all situated in an altitudinal range of 43-310 m. According
to the climatic diagram by Emberger (1955, 1959) and Sauvage (1963), the bioclimate
of the area is semi-arid with mild winter. The dry period, according to the ombrother-
mic diagram by Bagnouls & Gaussen (1957), lasts five (Anavrita) to six and a half
(Spata) months. Internal variation also exists, depending on altitude and topography,
i.e. the upper altitudinal zone, north-facing slopes and northern Imittos receive consid-
erable higher amounts of precipitation.

Human interferences have been acting since antiquity in the investigated area owing
to its proximity to the city of Athens one of the predominant centers of the ancient
world. The physiognomy of the western margins has dramatically altered in 1920s
with the foundation of settlements for the Greek refugees of Minor Asia and mainly
after the 1950s when waves of migrants from rural Greece concentrated in the basin of
Athens following changes that occurred in social and economic structure of the coun-
try. Its eastern margins remained rural until 1990s when a rapid expansion of the local
towns (Glika Nera, Peania, Koropi, Vari) took place in the last decades owing to their
proximity to the city of Athens. These towns and villages are now transformed to satel-
lite cities that are economically connected to the Athens urban area. As a result the
mountain is nowadays enclosed by urban areas all over its peripheral zone. A signifi-
cant part of its natural and agricultural ecosystems have been taken over by concrete.
A serious human impact was the construction of a huge telecommunication facilities
center and military camp that cover a significant part of the extensive ridge of northern
Imittos. That caused severe visual pollution and aesthetic degradation of its upper
parts visible from a long distance from the inhabitants of the city of Athens.
Abandoned marble quarries have a smaller impact in the physiognomy of the mountain
especially when compared to the profound impact that this activity has had in the near-
by Mt Pendelikon. The quality of the marbles of Imittos is inferior when compared to
the ones of Mt Pendelikon. Thus, their exploitation was restricted. Other worth men-
tioned human interferences comprise deforestation caused by extensive logging that
took place mainly in the difficult period of Second World War, wildfires and grazing.
The latter is on decline nowadays.

The investigated area has a rich history of botanical exploration due to its proximity
to the city of Athens. John Sibthorp visited Mt Imittos in June 1787, and collected sev-
eral species, some of which were subsequently illustrated in Flora Graeca (Sibthorp &
Smith 1806, 1813, 1824, 1825a, 1825b, 1825c¢, 1835) among them Cerastium tomen-
tosum (now C. candidissimum), Delphinium tenuissimum (now Consolida tenuissima),
Dianthus serratifolius, Gypsophila ochroleuca (now Petrorhagia ochroleuca), Salvia
calycina (now S. pomifera subsp. calycina), Silene rigidula (now S. corinthiaca),
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Trigonella foenum-graecum (now T. cariensis), Valantia muralis and Veronica glauca.
Collectors in the period 1830-1860 include Zuccarini, Friedrichsthal, Sartori, Aucher-
Eloy, Spruner, Boissier, Mill, Clementi, Guicciardi and, most importantly, Heldreich
and Orphanides, the two leading botanists in Athens in the mid-19™ century. In the late
19% century botanical collections were made by Haldcsy, Haussknecht, Leonis,
Barbey, Pichler, Tuntas and others. Among the most important contributions were the
extensive collections made by Haussknecht in the spring and summer of 1885, partly
together with Heldreich (Strid, pers. comm.). The first published records concerning
its flora are to be found in Heldreich (1877) and Haussknecht (1893-1900). All these
old reliable records were summarized in the great work of Halacsy (1900-04, 1908,
1912). Important contributions to the flora of the mountain in the 20 century include
Maire & Petitmengin (1908), Rikli & Riibel (1923), Rechinger (1929, 1936), Zerlentis
(1965), Strid (1986), Strid & Tan (1991), Sarlis (1994). New records are to be found
in the phytosociological tables of doctoral thesis concerning the vegetation of the
mountain (Gouvas 2001) and the vegetation of Attiki (Hermjakob 1977). Regel (1938)
discussed also the forest vegetation of Mt Imittos. Fragmentary floristic information
can be found in other publications irrelevant with the flora of the mountain mostly tax-
onomic revisions of a genus (Dahlstedt 1926; Lowe 1953; Snogerup 1962; Stork 1972;
Scholz 1985; Frey 1997; Brullo & al. 1998; Pedersen & Faurholdt 2007; Karamplianis
& al. 2013) or dealing with a specific family (Hermjakob 1969; Krimer & Kriamer
1983) or with various parts of Greece (Sfikas 2001). Recent florist reports of one or
few taxa include Pearce (2006), Jordan (2007), Bazos (2007), Polymenakos & Tan
(2012a, 2012b, 2013, 2014a, 2014b, 2015), Alexiou (2014) and Sfikas (2015) while a
new taxon has been described recently from the mountain (Zografidis & al. 2014). The
present study aims to reveal the floristic diversity of a mountain of a historical region
of Greece which has suffered greatly from human interferences and to assess present
day dynamics.

Material and methods

The study is based on collections and field observations made mainly from 2015 to 2017.
Collections were conducted in various localities and habitats of the mountain in all the seasons
of the year in order to obtain a precise idea of the character of its flora. All specimens are tem-
porarily kept in my personal herbarium and will be deposited in the Herbarium of the
Agricultural University of Athens (ACA). Species identification and/or nomenclature were
based mostly on Davis (1965-1985), Tutin & al. (1968, 1972, 1976, 1980, 1993), Greuter & al.
(1984, 1986, 1989), Strid & Tan (1997, 2002), Greuter & Raab-Straube (2008) and Dimopoulos
& al. (2013). The life-form and chorological categories used in the relevant classifications fol-
low Dimopoulos & al. (2013). The complete plant list including spontaneous and subsponta-
neous taxa reports the new findings and literature records, most of which have been confirmed
by the author and is included in the Electronic Supplementary File 1. Families, genera, species
and subspecies are listed within the major taxonomic groups in alphabetical order.
Transliteration of localities is in accordance with “Flora Hellenica” (Strid & Tan 1997, 2002).
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Localities (Fig. 1)

1. Summit Evzonas, 1026 m a.s.l. 37°56’47”°N 23°48°51”E

2. N of the summit Evzonas, 850-980 m a.s.l., 27.2.2016, 13.4.2015. 37°57°18”"N
23°49°15”E

3. ¢c. 0.5 Km N of Peanias cave, 400-700 m a.s.l., 13.4.2015, 22.4.2015. 37°57°27”°N
23°49°39”E

4. Southeastern slopes of Korakovouni summit, 500-550 m a.s.1., 30.4.2015. 37°58°19”N
23°49°26”E

5. Municipality of Glika Nera, 200-270 m a.s.l., 22.9.2015, 27.10.2015, 1.9.2017.
37°59°19”N 23°50°44”E

6. Between Glika Nera and Peania, 200-300 m a.s.l., 1.9.2017. 37°58°23”N 23°50’33”E

7. Prosilio, 280-400 m a.s.l., 30.4.2015. 37°58°14”N 23°49°50”E

8. Municipality of Peania, 160-210 m a.s.l., 13.4.2015, 22.4.2015, 2.6.2015, 1.9.2017.
37°57°13”N 23°51°02”E

9. Between Peania and Peanias cave, 210-300 m a.s.l., 13.4.2015, 22.4.2015, 12.5.2015,
2.6.2015. 37°56’56”N 23°50°10”E

10. Peanias cave, 520 m a.s.l., 22.4.2015. 37°56’46”N 23°49°43”E

11. Agios Nikolaos and Chalidou, 160-240 m a.s.l, 12.5.2015, 1.9.2017. 37°56’11”N
23°50’06”E

12. Doukas stream, 320 m a.s.1., 8.4.2016. 37°54°28”N 23°48°30”E

13. Locality Kalivia, 170-200 m a.s.l., 8.4.2016. 37°52’17”N 23°49°29”E

14. Galini settlement, 100-130 m a.s.l., 8.4.2016. 37°51°18”N 23°49°05”E

15.c. 1.5 Km W of Galini settlement, 160-180 m a.s.1., 11.3.2016. 37°51°18”N 23°47°58”E

16. Municipality of Vari, between the locality Cheroma and the military training camp, 40-
50 ma.s.l., 11.3.2016, 24.3.2017. 37°50°27”N 23°48’08”E

17. Terpsithea athletic facilities, 170-190 m a.s.l., 16.5.2015. 37°54°01”N 23°46°34”E

18. Stavros pass, 454 m a.s.l., 16.5.2015. 37°54°42”N 23°48’10”E

19. Between Terpsithea athletic facilities and Stavros pass, 200-450 m a.s.l., 16.5.2015.
37°54°44”N 23°47°26”E

20. Profitis Ilias chapel, 500-520 m a.s.l., 16.5.2015. 37°54°58”N 23°48°52”E

21. Between Stavros pass and Profitis Ilias chapel, 450-500 m a.s.l., 16.5.2015.
37°54°42”N 23°48°37”E

22. Monastery of Kesarianis, 350-370 m a.s.l., 27.2.2016. 37°57°38”N 23°47°52”E

Habitats

a. Quercus coccifera scrub, marbles.

b. Open Pinus halepensis wood, marbles.

¢. Open scrub with Olea europaea subsp. europaea and Juniperus phoenicea, schists.

d. Disturbed places (street margins, crevices and edges of pavements, disturbed ground).

f. Fallow and abandoned fields.

g. Genista acanthoclada subsp. acanthoclada-Thymbra capitata dominated phrygana,
dolomites.
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h. Stony slopes with Olea europaea subsp. europaea, Pistacia lentiscus and phrygana,
dolomites.

0. Olive groves.

r. Road margins.

s. Forest roadsides.

v. Vineyards.

Athens %

100

Saronic Gulf

Fig. 1. Geographical position of Mt Imittos in Greece and a map of the investigated area.
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Floristic analysis - Discussion

The present study raises the total number of vascular plant taxa that have been reported
from Mt Imittos to 869. This number does not include dubious records, mainly for phyto-
geographical reasons, not substantiated by herbarium specimens. The 869 taxa belong to
97 families and 414 genera (Table 1). The 5 richest in number of taxa families are
Fabaceae (100), Asteraceae (95), Poaceae (74), Brassicaceae (47), Orchidaceae (47).

The diversity of the flora of Imittos can be attributed to the diversity the mountain
exhibits in geology, topography and climate and to the range of the human impacts.
Consequently to the diversity of its habitats many of which are of anthropogenic origin.
Many of the new records presented in this paper concern taxa characteristic of the latter
habitat category. This fact reflects the contemporary dynamics of the flora of heavily
urbanized areas of Greece and particularly in Attiki (Baliousis & Yannitsaros 2011).

The life-form spectrum shows that therophytes dominate (48.9 %) followed by
hemicryptophytes (21.3 %) while the other life forms are represented by smaller percent-
ages (Table 2). The high proportion of therophytes can be attributed to the xerothermic bio-
climatic conditions that prevail in this part of Attiki, to the intensity of human influences
and to the low altitude of Mt Imittos.

The analysis of the chorological spectrum (Table 3) shows that Mediterranean floristic
elements are dominant (62.2 %). Greek endemics comprise 60 taxa (6.9 % of the total
flora) a proportion that is expected for a mountain of Attiki (Constantinidis 1997; Baliousis
2011). Balkan endemics (19 taxa, 2.2 %) are weakly represented in the flora of Mt Imittos.
Its phytogeographical position (eastern Sterea Ellas) and its lower altitude compare to
higher massifs of the Pindhos mountain range explains the relatively small number of this
chorological group which is more prominent in the Greek mountain flora (19.9 %). The
latter includes mainly taxa found above an altitude of 1500-1800 m (Strid 1993). The flora
of Mt Imittos has been enriched significantly with adventive taxa (38) mainly of American
origin. The same phenomenon has been observed in the nearby Mt Pendelikon (Baliousis

Table 1. Distribution of vascular plant taxa (species and subspecies) of the flora of Mt Imittos in the
major systematic units.

Systematic unit Families Genera Taxa %

Pteridophyta 4 5 5 0.6
Gymnospermae 3 3 5 0.6
Angiospermae 71 321 666 76.6
Dicotyledones

Angiospermae 19 85 193 22.2
Monocotyledones

Total 97 414 869 100
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Table 2. Life-form spectrum of the vascular flora of Mt Imittos.

Life-forms Number of % Vascular flora of

taxa Greece (%)
(Dimopoulos & al. 2013)

Therophytes (T) 425 48.9 25

Hemicryptophytes 185 21.3 44

(H)

Geophytes (G) 130 15 13

Chamaephytes (C) 67 7.7 10

Phanerophytes (P) 61 7 6

Aquatics (A) 1 0.1 2

Total 869 100 100

& Yannitsaros 2011; Baliousis 2011). Many of them are reported here for the first time.
Newly recorded alien species such as Euphorbia prostrata, Euphorbia maculata,
Chenopodium giganteum, Symphyotrichum squamatum and Solanum elaeagnifolium
expand rapidly their distribution range in the investigated area and generally in Attiki,
especially in anthropogenic habitats.

Floristic affinities were examined with mountains of the closely related phytogeograph-
ical regions of Sterea Ellas and Peloponnisos. Comparisons were made with other medium
sized mountains with altitude below 1500 m and more specifically with the well studied
mountains of Attiki such as Gerania, Pateras, Kitheron (Constantinidis 1997), Pendelikon
(Baliousis 2011) and the mountains of Peloponnisos, Likeo (Baliousis 2013) and
Aphrodisio (Baliousis 2016) (Table 4). The floristic affinities to these mountains were esti-
mated using the Serensen similarity coefficient or index (Serensen 1948). As it was expect-
ed Imittos has the strongest floristic similarity with the nearby Mt Pendelikon followed by
the mountains of western Attiki Pateras and Gerania. The floristic similarity index is lower
with the mountains Aphrodisio and Likeo. These two mountains of Peloponnisos comprise
habitats such as Quercus frainetto Ten. forests which have been shaped by a combination of
ecological factors that does not exist in Mt Imittos, i.e. more humid bioclimatic conditions
and flysch as geological substrate. On the contrary floristic affinities are enhanced by floris-
tic elements found in man-made habitats. It seems that human interference tends to homog-
enize the flora of the examined mountains although this factor does not affect these areas to
the same degree. The examined mountains of Peoponnisos are sparsely populated nowa-
days. On the contrary the physiognomy of Mt Imittos has changed dramatically in recent
decades and especially its lower parts have been transformed to an urban environment. As
a result its flora has a more dynamic character, e.g. it comprises more adventive taxa. It is
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Table 3. Chorological spectrum of the flora of Mt Imittos.
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Chorological group Number of % % of all taxa in Greece
taxa (Dimopoulos & al.
2013)
1. Widespread taxa 185 21.3 24.5
European (Eu) 3 0.3 4.3
European-SW Asian (EA) 95 11 9.9
Euro-Siberian (ES) 8 0.9 3.5
Paleotemperate (Pt) 34 3.9 2.0
Circumtemperate (Ct) 7 0.8 1.0
Irano-Turanian (IT) 1 0.1 0.2
Saharo-Sindian (SS) 0 0 0.2
Subtropical-Tropical (ST) 7 0.8 0.6
(Circum-)Boreal (Bo) 0 0.8
Arctic-Alpine (AA) 0 0 0.4
Cosmopolitan (Co) 30 3.5 1.5
2. Mediterranean taxa 541 62.2 33.1
E Mediterranean (EM) 87 10.0 9.2
Mediterranean (Me) 310 35.7 14.3
Mediterranean-Atlantic 9 1.0 1.0
(MA)
Mediterranean-European 60 6.9 5.1
(ME)
Mediterranean-SW Asian 75 8.6 3.5
(MS)
3. Balkan taxa 45 52 16.4
Balkan (Bk) 19 2.2 9.8
Balkan-Italian (BI) 6 0.7 1.8
Balkan-C European (BC) 0 0 1.3
Balkan-Anatolian (BA) 20 2.3 3.5
4. Endemic taxa 60 6.9 22.2
5. Alien taxa 38 4.4 3.8
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Table 4. Floristic affinities of Mt Imittos to other mountains.

Mountain Total taxa Shared taxa Serensen index
Pendelikon 1090 757 773
Pateras 791 555 66.9
Gerania 945 590 65.0
Kitheron 835 391 459
Aphrodisio 650 361 47.5
Likeo 701 375 47.8

evident that the factors shaping the floristic similarity index with these two mountains of
Peloponnisos are related to phytogeography and ecology.

An important issue studying the flora of Mt Imittos is to assess the status of the indige-
nous taxa. It seems from the results of this investigation, that though the mountain has suf-
fered from numerous human interferences, its main mass still acts as a refugee for the
diverse and spectacular flora of Attiki which includes many rare and/or endangered taxa.
Monitoring of their populations in the years to come will continue thus enabling us to make
definite conclusions.
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Apparition de Senecio angulatus (Asteraceae) en Algérie

Abstract

Miara, M. D., Boutabia, L., Telailia, S. & Vela, E.: Apparition de Senecio angulatus
(Asteraceae) en Algérie. — Fl1. Medit. 28: 111-118. 2018. — ISSN: 1120-4052 printed, 2240-
4538 online.

Arrival of Senecio angulatus (Asteraceae) in Algeria. — In this contribution, the authors report
for the first time the presence of Senecio angulatus L. (Asteraceae) in Algeria. Field observations
have shown the presence of this taxon in five localities in the center of the country. The identifi-
cation was checked with particular regard to closely related taxa (e.g. Senecio mikanioides Harv.).
This report indicates a recent arrival of this taxon in Algeria. The ecological and economic con-
sequences of this finding are mentioned while a careful oversight of the spread of this invasive
plant in the country is needed.

Key words: Delairea odorata, invasive species, Senecio mikanioides, North Africa.

Introduction

L’Algérie de par sa position géographique présente une grande diversité de biotopes
occupée par une importante richesse floristique (Médail & Quézel 1997; Véla &
Benhouhou 2007).

Cette flore comportant 3139 espéces totalisant 3744 taxons d’aprés Quézel & Santa
(1962-63) in Véla & Benhouhou (2007), est désormais évaluée a 4449 taxons dont 3951
natifs de 1’ Afrique du Nord (Dobignard & Chatelain 2010-13).

D’apres Sekkal & al (2018), cet accroissement taxinomique est la conséquence de plu-
sieurs facteurs a savoir: la découverte chorologique d’espéces nouvelles, la prise en consi-
dération des taxons autrefois négligés (synonymes) ou cryptiques (non décrits) suite aux
révisions taxinomiques et I’apparition de xénophytes nouvelles sur le territoire.

Ce dernier facteur avait constitué 1’une des principales sources d’enrichissement de
cette flore avec un apport considérable en espéces souvent a caracteres invasif ayant une
large valence écologique, leur permettant de s’installer au niveau de diverses situations
écologiques. Aussi, avec I’embellissement des villes et le développement du tourisme dans
la deuxieme moitié du XXe siécle, le nombre des espéces exotiques introduites dans les
pays d’Afrique du Nord a été considérablement augmenté (Véla & al. 2013).
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Ces plantes envahissantes se définissent comme étant des espéces exotiques naturalisées
dans un territoire qui modifient la composition, la structure et le fonctionnement des éco-
systémes naturels ou semi-naturels dans lequel elles se propagent (Cronk & Fuller 1995).
D’apres Lisan (2014), ces plantes représentent souvent un réel danger pour la biodiversité
et d’autres problémes notamment: la disparition des plantes locales, la diminution de la
biodiversité, perturbation des activités humaines : péche, chasse, navigation, problémes
d’allergie, brilures et coupures, etc. Par contre, certaines espéces invasives naturalisées
présentent parfois des intéréts pour les populations des pays colonisés notamment dans les
domaines thérapeutiques et médicinaux (El Mokni & El Aouni 2011).

Parmi ces taxons connus mondialement par leurs caractéres invasif, Senecio angulatus L. £.,
est une Asteraceae qui a été d’abord signalée en Lybie et aux iles canaries par Dobignard &
Chatelain (2010-13). Son existence en Algérie n’a jamais été indiquée alors qu’une éventuelle
confusion avec 1’espéce Delairea odorata Lem. (= Senecio mikanioides Walp.) est fortement
suspectée, car ce fut parfois le cas ailleurs au cours du 20° siécle (Delucchi & al. 2016).

Dans cette étude nous abordons dans un premier temps ’existence du taxon S. angula-
tus proprement dit en Algérie. Par la suite nous discutons quelques problémes taxono-
miques et chorologiques que présente ce taxon notamment la confusion avec certains
taxons proches et semblables a savoir S. mikanoides. Nous essayerons a 1’occasion de tes-
ter I’hypothése d’une éventuelle confusion entre ces deux taxons d’origine et d’apparence
semblables. Enfin, nous essayerons d’évaluer les éventuelles conséquences écologiques et
économiques liées a I’apparition de cette plante invasive en Algérie.

Ecologie et reproduction

S. angulatus habite les matorrals, particuliérement prés de la mer comprenant des dunes
de sable (Blanca & al. 2009). Elle peut se retrouver également a proximité des habitations,
dans les friches mais aussi en lisiére de maquis et sur les rochers du littoral (Fried 2012).

C’est une plante qui ne présente pas d’exigences particuliéres en terme de substrat et
pouvant occuper un terrain quelconque. Elle présente une croissance trés rapide, pouvant
étre cultivée en pot profond, mais ne se développera correctement qu’en pleine terre. Elle
résiste au froid jusqu’a -6°C. Elle gé¢le a des températures plus basses, mais repart par ses
racines trés vite, alors que sa résistance a la chaleur est excellente. En Corse, cette plante
ne se développe que trés rarement a des altitudes supérieures a 200 m (Andreani 2014).

Elle pousse généralement dans des sites secs et ouverts. C’est une plante qui se propage
rapidement, grimpant sur les arbustes et le sol, formant souvent de grands fourrés denses
qui empéchent les autres especes de s’établir. Elle peut se propager rapidement en produi-
sant de nombreux drageons. De petits fragments peuvent germer et pousser facilement
(Bergin 2006).

Chorologie et biogéographie

Senecio angulatus est une plante native d’ Afrique du Sud (NGRP 2013), qui a été intro-
duite dans de nombreuses régions du monde comme ornementale (Csurhes & Edwards
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1998; Rossini-Oliva & al. 2003; Groves & al. 2005). Elle a été repérée en plusieurs pays
aux quatre points du monde notamment en Albanie et en Chilie (Barina & al. 2011; Ugarte
& al. 2011) et a été considérée comme naturalisée en Albanie, Italie, France, Espagne et au
Portugal (Jeanmonod & Schliissel 2006; Romero Bujan 2007; Pyke 2008; Barina & al.
2011; NGRP 2013; Celesti & al. 2016; Galasso & al. 2018). Elle existe également en
Nouvelle Zélande et Australie (Bergin 2006; Muyt 2001 ; Murray & Phillips 2012),
Argentine et Chili (Ugarte & al. 2011; Dellucchi & al. 2016), et aux Etats-Unis
d’Amérique (USDA 2013).

En Afrique du Nord, cette plante est signalée en Lybie (Alavi 1983; Dobignard &
Chatelain 2010-2013). Elle n’avait encore jamais été citée pour le Maroc, 1’Algérie
ou la Tunisie.

Premiéres observations de S. angulatus en Algérie

A la suite de nos recherches, plusieurs observations de terrain de S. angulatus ont été
effectuées dans plusieurs régions dans le centre et I’est du Nord algérien. Les premiéres obs-
ervations ont été réalisées en Kabylie (Sidi Aich) dans la wilaya de Bejaia a I’est d’Alger
ainsi qu’a Nador (Chenoua) dans la wilaya de Tipaza. Ensuite, cette plante a été repérée pres
d’Ouled Fayet aux environs d’Alger. Plus récemment, elle a été également observée dans la
région d’Annaba ainsi que dans la région de Tarf (commune de Berrihane sur cordon dunaire,
vers El Kala) (Fig.1). En plus des photographie de la plante qui ont été prises sur terrain a
ces occasions (Fig. 2-3), un spécimen de cette plante a été déposé au niveau de I’herbier de
I’école nationale supérieure agronomique (ENSA). La plante se présente souvent en popula-
tion relativement importante dans des biotopes plus ou moins anthropisés notamment au bord
de la route, en limite de propriétés privées ou en lisiére des exploitations agricoles (Fig. 3).

Confusions taxonomiques autour de S. angulatus

Le genre Senecio dans son sens large historique est représenté dans la flore d’Algérie
(Quézel & Santa 1962-63) par 18 espéces dont 5 endémiques. Toutefois, Dobignard &
Chatelain (2010-13) ont restreint le genre et réduit ce nombre & 13 espéces dont 2 taxons
qui sont endémiques.

Parmi ces espéces signalées pour I’ Algérie, Delairea odorata Lem. (=Senecio mikanioi-
des Walp.) qui est une espéce qui ressemble a S. angulatus mais bien différente.

En effet, Delairea odorata a de petits capitules jaunes brillants sans “pétales” évidents
(i.e. fleurons ligulés). Or, Senecio angulatus posséde une inflorescence jaune vif modéré-
ment grande avec plusieurs “pétales” (i.e. fleurons) de 6-9 mm de long.

En Argentine, Dellucchi & al. (2016) ont observés une certaine confusion entre S. angu-
latus et quelques taxons d’apparence similaires et d’origine sud-africaine notamment
Delairea odorata Lem., Senecio macroglossus DC. et S. tamoides DC.

Afin de tester une éventuelle confusion pareille dans notre pays, nous avons consulté
plusieurs planches de spécimens d’herbier anciens provenant de 1’herbier du Musée de
Paris, herbier de Montpellier. Le travail a consisté a vérifier les spécimens de S. mikanoi-
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Fig. 1. Les stations d'observation de Senecio angulatus en Algérie du Nord (carte de base extraite de
map.com, modifiée).

des récoltés en Algérie pendant 1’époque coloniale. Les planches d’herbier suivantes ont
été examinés a cette fin: P04116555: Alger, broussailles sur les falaises calcaires au-des-
sous d’El Biar, 100-200m (1923); P02685470: Alger, broussailles (1924); MPU350996:
Alger, naturalisé dans les broussailles de nos ravins, complétement naturalisé (1923);
P02817859: Alger, jardin d’essai, trés cultivé a Alger pour couvrir les tonnelles (1855);
P02685471: Alger, El Biar, naturalisé (1934).

L’examen attentif de ces planches permet d’avancer que la présence de S. angulatus
en Algérie est plutdt récente car les spécimens anciens de S. mikanoides sont corrects.
Par ailleurs, d’autres spécimens observés pour la France et I’Espagne montrent parfois
des erreurs d’identification issue de la confusion entre ces deux taxons (S. mikanoides
et S. angulatus).

Au niveau des pays voisins (Maroc, Tunisie), S. angulatus qui n’a pas été encore signa-
1ée semble toutefois exister dans en Tunisie (R. El Mokni, comm. pers.). Pour le Maroc,
cette plante qui a été signalée a Gibraltar prés du littoral Marocain est fortement suscepti-
ble d’exister dans ce pays.

Conséquences de la découverte de S. angulatus en Algérie

La découverte de ce taxon en Algérie pourra avoir de multiples conséquences qui sont
essentiellement d’ordre économique et écologique.
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Fig. 2. Capitules de Senecio angulatus (Annaba-Algérie).

Sur le plan économique notamment celui pastoral, cette plante ne présente pas de valeur
nutritive ou fourragére pouvant lui attribuer un intérét agro-pastoral. En effet, les espéces de
Senecio sont en général connues pour étre toxiques pour le bétail (Burrows & Tyrl 2001,
Riet-Correa & al. 2017. Néanmoins, 1’étude d’ Andreani (2014) montre que cette plante est
riche en huiles essentielles et possédant des propriétés antioxydantes ce qui indique un
éventuel intérét économique et médicinal.

D’autre part, et malgré que certaines études avancent que cette espéce ne semble pas
menacer les zones agricoles (Burrows & Tyrl 2001), son caractére invasif pourra constituer
une éventuelle menace pour les systémes agropastoraux locaux qui sont déja fortement fra-
gilisé par les contraintes écologiques et anthropiques (MATE 2014).

Sur le plan écologique, cette plante qui est généralement reconnu comme mauvaise herbe
des systémes naturels et perturbés par I’homme (Groves & al. 2005; Randall 2007), posséde un
caracteére invasif qui impose une grande méfiance vis avis de sa propagation en Algérie.

En effet, cette plante est considérée comme envahissante et dangereuse dans plu-
sieurs pays et particuliérement en Australie et en Nouvelle Zélande (Muyt 2001) et en
France métropolitaine (Jeanmonod & Schliissel 2006). Elle envahit et constitue une
menace pour les zones cotiéres, rocheuses, les falaises, les lisiéres de brousse, les
foréts sclérophylles séches et régénération des foréts de plaine (Healy 1959; Csurhes
& Edwards 1998; WMC 2013).

Parmi les conséquences de 1’établissement de cette plante dans les milieux naturelles: la
modification de la structure des communautés et de la composition des espéces, la réduc-
tion de la régénération des espéces indigénes ainsi qu’un réel risque de menace pour les
espéces rares (Newton 1996; Weber 2003; Williams & Hayes 2007; WMC 2013).
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Fig. 3. Biotope de Senecio angulatus (Nador, Tipaza — Algérie).

Conclusion

Cette étude rapporte les premicres observations de S. angulatus en Algérie. Cette plante
qui fait partie désormais de la flore du pays semble d’une apparition récente malgré la
confusion fréquente avec des taxons proche comme S. mikanoides qui en revanche ne sem-
ble pas y avoir été revu.

Il semble également que cette plante est apparue suite a des plantation ornementa-
les, mais qu’elle est en train de s’échapper des haies et des propriétés privés pour colo-
niser les espaces natureles.

Par ailleurs, cette premiére signalisation n’exclut pas son existence dans d’autres régions du
pays alors que sa présence dans les pays voisins est soupgonnée (Maroc) voire indiquée.

Cette découverte qui enrichit d’une part la liste floristique du pays, pourrait d’autre part
avoir plusieurs conséquences écologiques et économiques parfois préoccupantes.

C’est ainsi que nous insistons sur la nécessité de la surveillance de la propagation au
niveau national de cette plante envahissante, car elle est susceptible de constituer une réelle
menace sur les écosystémes naturels dans le pays.
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Abstract
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Recent field work by the authors in Gran Canaria (Canary Islands, Spain) yielded records of
non-native vascular plants that were not previously reported in the wild. Acokanthera oblongi-
folia, Alstroemeria ligtu, Capsicum annuum, Chasmanthe bicolor, Cotyledon orbiculata var.
spuria, Digitaria setigera, Phlomis purpurea, Setaria pumila subsp. pallide-fusca, Solanum
betaceum, S. seaforthianum, Syzygium cumini, Tecoma x smithii, and Tradescantia spathacea
are newly recorded for the Canary Islands whereas Bauhinia variegata, Chasmanthe floribun-
da, Crassula multicava, Cupressus sempervirens, Ficus rubiginosa, Galinsoga quadriradiata,
Jacaranda mimosifolia, Kalanchoe *houghtonii, Merremia tuberosa, Nerium oleander,
Passiflora morifolia, Phytolacca dioica and Salvia hispanica are new records for the flora of
Gran Canaria. Although several of these taxa are considered mere ephemerals at present, nearly
all of them have the potential to naturalize and/or become invasive.

Key words: chorology, new records, vascular plants, xenophytes.

Introduction

Despite the long tradition of studies on the flora of the Canary Islands (native as
well as introduced) there is a constant and almost uninterrupted amount of new taxo-
nomic and distributional data. Particularly the non-native flora is still imperfectly
known and the number of new introductions (deliberate as well as accidental) still
seems to increase, also in Gran Canaria (see for instance Verloove 2013; Verloove
2017; Verloove & al. 2017). In this paper new records are presented for species and
hybrids that are either new to the Canary Islands (and even Macaronesia as a whole)
or new to the island of Gran Canaria.

The estimated degree of naturalization of the taxa here presented varies from mere
casuals, over locally naturalized to highly invasive aliens. Even those taxa that are
reported here as ephemerals have — in most cases — the potential to naturalize or
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become invasive in the near future since such behavior has been observed in climato-
logically similar areas elsewhere in their secondary distribution range.

Several of the taxa treated occur spontaneously in the Botanical Garden ‘Viera y
Clavijo’ in Tafira, Las Palmas de Gran Canaria where they had not been planted in the
past. This applies to species such as Chasmanthe floribunda (Salisb.) N.E. Br.,
Crassula multicava Lem., Kalanchoe X houghtonii D.B. Ward, Passiflora morifolia
Mast., Phytolacca dioica L. or Solanum seaforthianum L. (all treated in this paper),
but also to others that were already previously reported from Gran Canaria, e.g.
Caesalpinia spinosa (Molina) Kuntze (syn.: Tara spinosa (Molina) Britton & Rose),
Eucalyptus camaldulensis Dehnh., Lablab purpureus Sweet, Ligustrum lucidum W.T.
Aiton, Pelargonium inquinans (L.) L’Hér., etc. In other cases, such as Ficus rubigi-
nosa Vent., Grevillea robusta R. Br., Jacaranda mimosifolia or Pittosporum undula-
tum Vent., regeneration has been observed lately from individuals cultivated in the
Botanical Garden, as well as in many gardens in peri-urban or rural areas of the island.
Environmental conditions as created in the Botanical Garden (arboretum, ponds,
waterfalls) are ideal for many frugivorous birds as pigeons, blackbirds, etc. The
Botanical Garden doubtlessly perfectly illustrates what is happening in similar habitats
elsewhere in Gran Canaria. While within the limits of the Botanical Garden control is
permanent and relatively easy, in other areas (e.g. protected natural areas, or private
gardens), the situation can be very different, even if the arrival of particular species
can be a welcome surprise, for instance the spontaneous occurrence of Syzygium cumi-
ni, in a private garden.

Material and methods

The new distributional records presented in this paper are mainly the result of field work
by the first author in March, April and December 2017. Additional records were provided
by the other two authors.

For each record either herbarium specimens or photos were made. Vouchers were
deposited either in the herbarium of the Botanic Garden of Meise, Belgium (BR) or the
herbarium of the Botanical Garden ‘Viera y Clavijo’ in Las Palmas de Gran Canaria, Spain
(LPA). Relevant herbarium specimens from the latter herbarium were critically revised by
the third author.

Each entry includes the name of the taxon (if useful with one or more synonyms), the
place and date of the new record and additional information about the geographic distribu-
tion (native and introduced area), the behavior in its secondary area, etc. For most taxa
photos are also presented.

Taxa are arranged in two parts. The first part includes taxa that were either found in the
wild or as weeds in gardens, whereas in the second part taxa are treated that were exclu-
sively observed (as escapes) within the limits of public or private gardens where they are
also grown as ornamentals.
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Results

Part one: taxa observed either in the wild or as weeds in gardens.

Acokanthera oblongifolia (Hochts.) Codd. (Apocynaceae) (Fig. 1a)
Syn.: 4. spectabilis (Sond.) Hook. f.

GRAN CANARIA: Telde, Las Piletillas, Lomo Los Mudos, small barranco in residential
area, 04.04.2017, F. Verloove 12857 (BR). — casual.

A species native to southern Africa, Acokanthera oblongifolia is widely cultivated as an
evergreen ornamental shrub in many warm-temperate and subtropical regions of the world,
also in the Canary Islands and elsewhere in Spain (e.g. Sanchez de Lorenzo Céaceres 2010).
A single young shrub was found in a shallow barranco in a residential area in Telde (Las
Piletillas). Interestingly, this species is already known to escape from cultivation in the
Canary Islands since many decades. Kunkel (1972) reported about sexual reproduction in
Arucas and La Calzada, also in Gran Canaria. It is still considered an ephemeral alien
although a future naturalization is not unlikely, the species probably being dispersed by birds.

Acokanthera oblongifolia is considered a naturalized weed or escape in climatolog-
ically suitable areas, for instance in Australia (Randall 2007). In New South Wales it
is naturalizing in subtropical rainforest undergoing regeneration and in coastal dunes
(Hosking & al. 2011).

Alstroemeria ligtu L. (incl. hybrids) (Liliaceae) (Fig. 1b)

GRAN CANARIA: Santa Maria de Guia, Cruce Sta. Cristina, road GC-70 at km 13, road-
side, among Pteridium, 07.04.2017, F. Verloove 12824 (BR). — naturalized.

Alstroemeria ligtu is a taxon native to Chile but widely grown as an ornamental else-
where in the world. In the Canary Islands a single species of this genus has been reported
as an escape from cultivation, 4. pulchella L. f. (Hansen 1975, Acebes Ginovés & al.
2010). The latter is distinguished from A. /igfu in having all perianth segments spotted (vs.
only inner perianth segments spotted). Both species are often confused in the horticultural
trade and many claims of A. pulchella turn out to be 4. ligtu (Matthews 1986). These days
cultivated (and escaped) plants rarely represent wild species but rather complex hybrids.

In Guia a small, apparently established population was seen in a roadside, on the verge
of woodland. Identical plants have also been recorded recently in La Palma (Otto &
Verloove, in press).

Species of Alstroemeria grow often very vigorously, as a result of strong rootstocks with
clusters of tubers or rhizomes. They are sometimes classified as invasive environmental
weeds, e.g. A. aurea Graham (Weber 2017).
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Capsicum annuum L. (Solanaceae)

GRAN CANARIA: San Bartolomé de Tirajana, Maspalomas (San Fernando), Av.
Alejandro del Castillo, street side in urban area, a single individual, 31.03.2017, F.
Verloove 12798 (BR). — casual.

A taxon native to southern North America, this species is commonly grown as a veg-
etable (pepper, paprika). It easily germinates from seed and can be seen wherever its seeds
are deposited, e.g. near sewage works. A single individual was seen in an urban area in
Maspalomas, doubtlessly as a mere casual alien.

This genus and species had not yet been recorded in the wild from the Canary Islands.

Chasmanthe bicolor (Gasp.) N.E. Br. (Iridaceae) (Fig. 1¢)

GRAN CANARIA: Valleseco, road GC-21, p.k 20.45, La Laguna — Valleseco, 950-1000
m s.m., roadside and slopes, 28R DS 437 030, 17.03.2018, A. Marrero, LPA: 35205-
35206; Ibidem, road GC-21, p.k 20, La Laguna - Valleseco 930-945 m s.m., 28R DS 440
032, 18.03.2018, A Marrero, LPA: 35207-35208; Teror, Mayorazgo, Finca de Osorio,
670 m s.m., 28R DS 462 053, anthropized hillsides along the road and lower edge of
the cork oak woodland, scarce, in fruiting stage, M. Salas, F. Verloove & A. Marrero,
24.04.2018, LPA: 35529-35530; Ibidem, in fruiting and flowering stage, A. Marrero &
C. Santiago, 29.04.2018, LPA: 35531-35533. — naturalized.

Chasmanthe bicolor is endemic to the Western Cape Province of South Africa where it
occurs in sheltered ravines and in open woodland near streams. It is highly vulnerable and
faces a risk of extinction in the wild. It is, however, widely cultivated as an ornamental beyond
its native range. In Gran Canaria it is locally naturalized forming dense hillside stands below
Valleseco. This species had not yet been recorded in the wild from the Canary Islands, nor are
there records for it from the Euro+Med area (http://www.emplantbase.org/home.html). Its
presence was recently reported from Italy (Grandis 2016).

Compared with Chasmanthe floribunda flower are smaller but more striking. The upper
tepals are orange-scarlet, whereas the lower tepals are dark green with a yellow tube. The
latter are short and triangular.

Chasmanthe bicolor is considered an environmental weed in Australia (Randall 2007).

Chasmanthe floribunda (Salisb.) N.E. Br. (Iridaceae) (Fig. 1d)

GRAN CANARIA: Galdar, Juncalillo, road GC-223, roadside ditch, 07.04.2017, F.
Verloove 12810 (BR); Las Palmas de Gran Canaria, Botanical Garden, 15.05.1971, E.R.
Sventenius, LPA: 15665; Ibidem, Barranquillo de Siete Puertas, below Llanos de Maria
Rivera, 360 m s.m., 28R DS 527 037, fonolitic rocky outcrops, 02.02.2012, A. Marrero,
LPA: 30585-30586; Firgas, Lomo San Pedro, La Caldera, 450 m s.m., 28R DS 464 090,
07.01.2018, A. Marrero, s.c.; Teror, Cruz de los Caideros, 640 m s.m. 28R DS 496 028,
10.03.2018, A. Marrero, LPA: 35189; Ibidem, Caldera de Pino Santo, 835 m s.m., 28R
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DS 475 018, 10.03.2018, A. Marrero, LPA: 35190; Ibidem, Osorio, 640 m s.m., 28R DS

467 051, 10.03.2018, A Marrero, s.c.; Las Tres Acequias, 610 m s.m., 28R DS 470 056,

10.03.2018, 4. Marrero, s.c.; Valleseco, Carpinteras, Puerta de La Montafia,

18.03.2018, A. Marrero, LPA: 35209; Ibidem, Barranco de La Virgen, 700 m s.m., 28R

DS 422 042, 28.10.2017, A. Marrero, s.c. — naturalized.

This member of the southern African genus Chasmanthe is commonly grown as an
ornamental in climatologically suitable areas in the world. It has long been confused with
the similar-looking C. aethiopica (L.) N.E. Brown, not only in the Canary Islands (see Otto
& Verloove 2016 for details about their separation) but also elsewhere in Europe, for
instance in Italy (Grandis 2016). It was shown that most Canarian populations are in fact
referable to C. floribunda, not to C. aethiopica. The latter is a much less attractive species
with shorter stems (it barely reaches half the size of the other two species: up to about 60
cm in C. aethiopica, compared to 120 -150 cm in C. floribunda and C. bicolor) and smaller
flowers. At least in Gran Canaria claims of it need confirmation. The presence of C. flori-
bunda in Gran Canaria as a naturalized species is here confirmed. It is in fact commonly
naturalized in the entire North and Northeast of the island, ranging in altitude between 300-
1000 m s.m.

Cotyledon orbiculata var. spuria (L.) Toelken (Crassulaceae)
Syn.: Cotyledon spuria L.

GRAN CANARIA: Teror, road of Tamaraceite, La Molineta, 365 m s.m., 28RDS 490 060,
24.03.2018, A. Marrero s.c. — naturalized.

This taxon is native of the southern Little Karoo and south of this region from the vicin-
ity of Albertinia to Worcester. Occasionally, it also occurs on the west coast near Cape
Town, as well as along the eastern slopes of the western Cape mountains as far north as the
Hantams Mountains (Toelken 1979). Elsewhere in the world it is widely cultivated as an
ornamental.

It was recently discovered in an anthropized area in La Molineta (Teror), where it has
escaped from gardens and occurs on slopes. It reproduces both sexually and vegetatively.
This taxon had not yet been recorded in the wild from the Canary Islands.

Cotyledon macrantha A. Berger is a related species that has been reported from
Tenerife (Acebes Ginovés & al. 2010). Its leaves are shiny green, not farinose-glau-
cous as in C. orbiculata.

Cotyledon orbiculata is a significant environmental weed in parts of Australia
(Randall 2007).

Crassula multicava Lem. (Crassulaceae) (Fig. le)

GRAN CANARIA: Valleseco, El Molinete, 21.03.2013, M. Salas Pascual s.c.; Las Palmas
de Gran Canaria, Solana de la Angostura, alongside track, near houses, 09.04.2017, F.
Verloove & M. Salas Pascual 12826 (BR); Ibidem, Botanical Garden ‘Viera y Clavijo’,
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255 m s.m., 28R DS 546 044, in small groups, 19.03.2018, A Marrero s.c.; Firgas, La
Caldera, 480-490 m s.m., 28R DS 462 090, on rocky slopes along with Crassula argen-
tea L. f., very abundant, A. Marrero s.c.; Teror, Cruz de los Caideros, 640 m s.m., 28R
DS 496 028, growing over ridges, 4. Marrero s.c. — naturalized. Crassula multicava — a
taxon native to South Africa but commonly cultivated as a garden ornamental world-
wide — is known as a naturalized invasive species in Tenerife and La Gomera (Acebes
Ginovés & al. 2010), as well as in El Hierro and La Palma (Santos-Guerra et. al. 2014).
It had not been recorded before in the wild in Gran Canaria where it can also be classi-
fied as locally invasive. It is in fact relatively common in the Middle windward side of
the island where it grows over ridges and slopes, forming very dense groups.

Cupressus sempervirens L. (Cupressaceae)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira, slope N of Calle Lomo de
Enmedio, a single individual, 07.12.2017, F. Verloove s.c. — casual.

This conifer from the Mediterranean area and adjacent parts of Asia and southwestern
Europe is commonly planted as an ornamental tree, also in the Canary Islands. As an
escape it has been observed before in El Hierro and La Gomera (Acebes Ginovés & al.
2010). It is here reported for the first time from Gran Canaria.

Digitaria setigera Roth (Poaceae)

GRAN CANARIA: Agaete, at Noni Sports Padel, plantation weed, 13.12.2017, F
Verloove 13106 (BR). — casual.

Digitaria setigera, native to southeastern Asia, is now widely naturalized in the New
World tropics and subtropics. It is very similar to D. ciliaris but easily distinguished: a
lower glume is absent and the upper glume is very short, much less than 2 spikelet length.
These species and others related to D. sanguinalis are all much alike and some seem to
intergrade in some areas. Molecular phylogenetic studies may shed new light on species
boundaries in this group.

Digitaria setigera is here reported for the first time from the Canary Islands, although
it may have been overlooked so far. Interestingly, in Agaete it grows close to another
Digitaria species from southeastern Asia, D. radicosa (J. Presl) Miq. (Verloove 2017). The
latter is still present as a weed in the Huerto de las Flores.

Ficus rubiginosa Vent. (Moraceae) (Fig. 11)

GRAN CANARIA: Las Palmas de Gran Canaria, Avenida de Escaleritas - Plaza
Placido Alvarez Buylla, 105 m s.m., 28R DS 569 102 and 570 103, spontaneous
regeneration in cracks and fissures along walls of gardens or as epiphyte on Phoenix
spp., 11.11.2012, A. Marrero, LPA: 35222; Ibidem, Botanical Garden ‘Viera y
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Fig. 1. a. Acokanthera oblongifolia, Telde, dry riverbed, April 2017, F. Verloove; b. Alstroemeria
ligtu, Guia, roadside, April 2017, F. Verloove; ¢. Chasmanthe bicolor. Flower details, Valleseco,
March 2018, A. Marrero; d. Chasmanthe floribunda, Valleseco, February 2006, M. Salas Pascual; e.
Crassula multicava, Valleseco, March 2013, M. Salas Pascual; f. Ficus rubiginosa. Las Palmas de
Gran Canaria (Escaleritas), foot of wall, November 2012, A. Marrero.
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Clavijo’, 250 m s.m., 28R DS 545 046, spontaneous in cracks in rock garden, 4.
Marrero, LPA: 35215-35216. — casual.

This ornamental tree from Australia is commonly planted as an ornamental in the
Canary Islands. It produces numerous figs that birds feed on. As a result the species
increasingly escapes from cultivation, although mostly in the vicinity of planted individu-
als. In the Canary Islands escaped plants had been reported before from Tenerife (Verloove
& Reyes-Betancort 2011) and La Palma (Otto & Verloove, in press). In similar circum-
stances (i.e., epiphytic on palm trees, cracks in concrete, walls, etc.) it is here reported for
the first time from Gran Canaria as well.

Galinsoga quadriradiata Ruiz & Pav. (Asteraceae) (Fig. 2a)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira, side of the road El Dragonal-La
Calzada, 02.02.2013, M. Salas Pascual s.c.; Firgas, El Cortijo, cruce a Los Rosales, 295
m s.m., 28R DS 457 106, roadside and adjacent degraded thermophilous shrubland,
05.05.2013, A. Marrero LPA: 30944-30946. — naturalized.

A taxon native to Central Mexico, Galinsoga quadriradiata has become a nearly
cosmopolitan weed. In the Canary Islands it was previously recorded from La
Gomera and Tenerife (Acebes Ginovés & al. 2010), as well as from La Palma
(Brandes 2005). Since 2013 it has been observed as a plantation weed in and near the
Botanical Garden ‘Viera y Clavijo’ in Tafira Baja and in Firgas, apparently for the
first time in Gran Canaria.

Jacaranda mimosifolia D. Don (Bignoniaceae)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira, Calle de Rafael Rafaeli, cracks in
pavement, ca. 5 young individuals (self-sown), 03.12.2017, F. Verloove s.c. (photo); Las
Palmas de Gran Canaria, Tafira, Carretera General del Centro (Villa Leonor), gravel,
numerous saplings under planted tree, 03.12.2017, F. Verloove s.c. — casual.

This is a widely planted ornamental tree from south-central South America. It pro-
duces large capsules which eventually split open and release numerous flat, winged
seeds. In recent years it increasingly reproduces from seed in areas where it was for-
merly introduced, also in the Canary Islands. In the wild it was observed before, for
instance, in Tenerife (Verloove & Reyes-Betancort 2011) and La Palma (Santos-
Guerra & al. 2014). It is here reported for the first time from Gran Canaria. In addition
to the records cited above, this species is also known to reproduce from seed in the
Botanical Garden ‘Viera y Clavijo’ in Tafira Baja. A future naturalization, especially
in the northern parts of the island, in places with sufficient water supply such as bar-
rancos, is not unlikely.
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J. mimosifolia invades savanna, wooded kloofs, rocky ridges and river banks in
South Africa where it competes with and replaces indigenous species (Invasive
Species South Africa 2018). It is also considered an invasive species in Florida and
eastern Australia (Weber 2017).

Kalanchoe xhoughtonii D.B. Ward (Crassulaceae)
K. daigremontiana Raym.-Hamet & H. Perrier x K. delagoensis Eckl. & Zeyh.

GRAN CANARIA: Mogan, Arguineguin, close to Avenida Mencey, dry riverbed, two
individuals, 10.11.2011, F Verloove s.c.; Ingenio, barranco de Ingenio at Calle Antonio
Rodriguez Medina, dry riverbed, 21.12.2017, F. Verloove s.c.; Las Palmas de Gran
Canaria, road from Siete Puertas to El Zardo, 395 m s.m., 28R DS 532 044, 10.03-2018,
A. Marrero s.c.; Ibidem, Botanical Garden “Viera y Clavijo’, 275 m s.m., 28R DS 547
046, 22.03.2018, A. Marrero s.c.; Artenara, La Portada, Tirma, 675 m s.m., 28R DS 266
012, 17.03.2018, 4. Marrero s.c. — naturalized.

This species is morphologically similar to K. daigremontiana but distinguishable by the
leaf base that is neither auriculate nor cordate (Ward 2006; Wang & al. 2016; Mesquida &
al. 2017). Both have been widely confused and K. Xhoughtonii is in fact much more fre-
quent than the latter these days, in gardens as well as in the wild (as an escape). It is con-
sidered a troublesome invasive weed in many warm-temperate regions worldwide (Wang
& al. 2016; Mesquida & al. 2017).

In the Canary Islands its presence was noted so far in La Palma (Otto & Verloove 2016)
and Tenerife (Verloove, unpublished records). It is here reported for the first time from
Gran Canaria where it doubtlessly is relatively frequent but confused with K. daigremon-
tiana. The presence of genuine K. daigremontiana in the wild in Gran Canaria requires
confirmation.

Merremia tuberosa (L.) Rendle (Convolvulaceae) (Fig. 2b)

GRAN CANARIA: Las Palmas de Gran Canaria, Almatriche, Lugar Lomo el Diviso,
rough ground, large patch, probably from discarded garden waste, 06.04.2017, F.
Verloove 12803 (BR, LPA: 34254). — naturalized (?)

This very vigorous vine, native to Mexico and parts of Central America, is fre-
quently grown as an ornamental in Spain (Sénchez de Lorenzo Caceres 2010). In the
Canary Islands it has been recorded as an escape in various parts of Tenerife
(Verloove & Reyes-Betancort 2011; pers. obs. F.V. 01.2017). It is here reported for
the first time from Gran Canaria as well. It is obviously distributed by humans from
discarded cuttings.

Merremia tuberosa is an invasive species in a number of islands in the Pacific and
Indian Ocean.
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Nerium oleander L. (Apocynaceae)

GRAN CANARIA: San Bartolomé de Tirajana, Cercados de Espinos, barranco de
Arguineguin, dry riverbed, 03.04.2017, F. Verloove 12853 (BR). — casual.

Nerium oleander, a species native to the Mediterranean region, Iran, the Indian subcon-
tinent and southern China, is widely cultivated as an ornamental, also in the Canary
Islands. It rarely reproduces from seed which may explain why it has rarely been reported
as an escape of cultivation there. It has been known from La Palma since 2013 and since
2014 from Tenerife (Otto & Verloove 2016; Verloove 2017).

It is here reported for the first time from Gran Canaria. In Cercados de Espinos it grows
in a dry river bed, probably from washed-up rhizomes.

Passiflora morifolia Mast. (Passifloraceae) (Fig. 2¢)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira Baja, Botanical Garden ‘Viera y
Clavijo’, garden weed, frequent, 09.04.2017, M. Salas Pascual & F. Verloove 12795
(BR). — naturalized.

A species native to parts of Central and South America, Passiflora morifolia is sometimes
grown as an ornamental and subsequently naturalizes from seed. It is, however, rarely report-
ed as troublesome. In the Mediterranean area it is known as a naturalized weed from Israel
(Joel & Liston, 1986) and it is a rather frequent and undesirable weed in the Botanic Garden
and its surroundings in Puerto de la Cruz in Tenerife (Verloove & Reyes-Betancort 2011).

At least since 2014 Passiflora morifolia grows in identical circumstances in the
Botanical Garden ‘Viera y Clavijo’ in Tafira in Gran Canaria, along with P. suberosa L.
Both are probably dispersed by birds.

Phlomis purpurea L. (Lamiaceae)

GRAN CANARIA : Las Palmas de Gran Canaria, Llanos de Maria Rivera, rocky slope,
09.04.2017, M. Salas Pascual & F. Verloove 12854 (BR, LPA: 34258). — naturalized.

Phlomis purpurea is native to Spain, Portugal and Morocco but widely grown as an orna-
mental elsewhere. A small population of this species was discovered in 2013 on a rocky,
sun-exposed slope in Llanos de Maria Rivera. It was doubtlessly introduced on purpose,
along with other exotics like Cistus ladanifer L. and Crassula argentea (Mill.) Druce. It has
now established itself in a habitat that closely matches that in its area of origin.

Phytolacca dioica L. (Phytolaccaceae)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira Baja, barranco de Guiniguada
close to Palmeral, dry riverbed, two individuals (self-sown), 09.04.2017, M. Salas
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Pascual & F. Verloove 12808 (BR); Las Palmas de Gran Canaria, Tafira Baja road,
access to the Botanical Garden ‘Viera y Clavijo’, 325-330 m s.m., 28R DS 549 045,
12.04.2018, 4. Marrero s.c. — casual.

This ornamental tree is native to the Pampa of South America and is much grown in the
Canary Islands and other climatologically suitable areas. It has been known as an escape
in the Canary Islands since about 2010 when it was recorded as abundantly escaping in
Barranco Martianez in Puerto de la Cruz in Tenerife (Verloove & Reyes-Betancort 2011).

In similar circumstances self-sown trees were discovered recently in Tafira Baja in Gran
Canaria, for instance in the dry riverbed of Guiniguada river and other places near to the
Botanical Garden ‘Viera y Clavijo’. To our knowledge this species was never planted in
the Botanical Garden in the past. The young subspontaneous trees most likely originate
from planted individuals in nearby private gardens from where they were dispersed by
berry-eating birds.

In order to prevent a future naturalization of Phytolacca dioica in this area, attempts to
control or eradicate the plants are developed, just as for Passiflora sp. pl.

Salvia hispanica L. (Lamiaceae)

GRAN CANARIA: Telde, La Mareta, near road GC-116, drain, from sewage water, three
individuals with Cucurbita sp., Solanum Ilycopersicum, etc., 09.04.2017, M. Salas
Pascual & F. Verloove 12796 (BR, LPA: 34261). — casual.

A species native to central and southern Mexico and Guatemala, Salvia hispanica is
now widely grown for its edible seeds (‘chia’). As a result, these days it is regularly seen
on sewage sludge, on exposed river banks, etc., also in the Canary Islands. It has been
reported on various occasions from Tenerife (Verloove 2017). In 2017 it was also seen in
Gran Canaria, apparently for the first time. It often grows along with typical sewage plants
such as Cucurbita spec. and Solanum lycopersicum L.

Salvia hispanica will probably be recorded again in the Canary Islands but at least at
present there are no signs of an incipient naturalization process.

Setaria pumila subsp. pallide-fusca (Schumach.) B.K. Simon (Poaceae)
Syn.: Setaria pallide-fusca (Schumach.) Stapf & C.E. Hubb.

GRAN CANARIA: Arucas, Santidad, Camino La Guitarrilla, by track, close to houses,
small population, 10.04.2017, F. Verloove 12811 (BR). — casual.

This taxon, a (sub-) tropical variant of the more temperate nominal species, has a debat-
ed taxonomic value. It is sometimes accepted as a distinct species (e.g. Meredith 1955,
Gibbs Russell & al. 1991) while other authors merely subsume it under S. pumila (e.g.
Morrone & al. 2014).
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The small population discovered in 2017 in Gran Canaria is characterized by having
very narrow inflorescences (resembling those of S. parviflora (Poir.) Kerguélen but plants
are clearly annuals) with small spikelets ca. 2 mm long. These features are characteristic
of subsp. pallide-fusca (see, for instance, Rominger 2003), a taxon that apparently had not
been recorded before in the Canary Islands.

Setaria pumila subsp. pallide-fusca is a common weed throughout the subtropics. It is par-
ticularly noxious in Africa, in Senegal, Sudan, Uganda and Zambia (Holm & al. 1979).

Solanum betaceum Cav. (Solanaceae) (Fig. 2d)
Syn.: Cyphomandra betacea (Cav.) Sendtn.

GRAN CANARIA: Firgas, Casa Blanca, barranco near sewage work, dry riverbed, four
small spontaneous trees, 10.04.2017, F. Verloove 12814 (BR, LPA: 34262). — casual.

Solanum betaceum, the tree tomato or tamarillo, is native to Andean South America. It is
widely grown as a minor fruit crop in the subtropical and warm-temperate regions of the world.
Like other fruits and vegetables, it sometimes can be observed near sewage works.

Four young trees were found spontaneously growing in the depth of a barranco near
Firgas, along with other sewage plants like Cucurbita sp. and Solanum lycopersicum
L. This record probably represents the first record of this species in the wild in the
Canary Islands.

This species is naturalizing in areas where it has been introduced, for instance in
Australia, New Zealand and parts of Asia and Africa (e.g. Symon 1981). It is probably
nowhere considered an invasive species yet although it is increasingly observed in (near-)
natural areas.

Tree tomato was segregated from the genus Solanum L. for quite a long time and then
accommodated in the genus Cyphomandra Mart. ex Sendtn. Based on chloroplast DNA
sequence data, however, it has been shown to be a well-supported major group in Solanum
(Bohs 2007).

Solanum seaforthianum L. (Solanaceae)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira Baja, Botanical Garden ‘Viera y
Clavijo’, near the Research Center, 315 m s.m., 28R DS 548 045, 01.07.2011, A
Marrero, LPA: 27356. — casual.

Of somewhat uncertain origin, Solanum seaforthianum is probably native to the islands
of the West Indies and coastal northern South America in Colombia and Venezuela, per-
haps also on the Caribbean slope of Central America and Mexico (Knapp 2013). It is cul-
tivated as an ornamental vine and naturalized in many tropical and subtropical areas, often
as an aggressive environmental weed, for instance in South Africa and Australia (e.g.
Foxcroft & al. 2003; Randall 2007). It is a very vigorous liana and plants are known to pro-
duce large numbers of seeds which can be easily dispersed by birds.
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It has been recorded in the Botanical Garden ‘Viera y Clavijo’ as a subspontaneous
weed of unknown provenance. It had not been recorded before in the Canary Islands and
apparently is a very exceptional alien in the entire E+M Plantbase area where it is only
known to be naturalized in Sicily (Galasso & al. 2018).

Solanum seaforthianum is a liana with showy violet corollas and pinnatifid to deeply
pinnatifid leaves with up to four pairs of leaflets (Knapp 2013). It cannot be confused with
other members of the genus in the Canary Islands, native as well as introduced.

Tecoma *smithii W. Watson (Bignoniaceae) (Fig. 2e)
Putative parentage: Tecoma capensis (Thunb.) Lindl. x 7. stans (L.) Kunth

GRAN CANARIA: Agiliimes, Llano Blanco, Av. de la Banda, roadside and adjacent fallow
field, ca. 25 self-sown individuals (planted nearby), 21.12.2017, F. Verloove 13121
(BR). — naturalized (?).

A small population with about 25 individuals of 7. xsmithii was discovered by a road-
side and in the adjacent fallow field in Agiiimes (Llano Blanco) in December 2017. It evi-
dently escaped from a nearby plantation.

This shrub is thought to be a hybrid between the central Mexican Tecoma stans (var.
velutina DC.) and the South African Tecoma [Tecomaria] capensis (Watson 1893). It
indeed combines features of what was formerly called Tecomaria and Tecoma s.str.: the
leaf rachis is distinctly winged, leaflets are numerous (up to 15) and leathery and the corol-
la is orange, not yellow (Zecomaria); anther thecae, however, are divaricate (7ecoma).
Some authors suggest an alternative parentage for 7. xsmithii, T. arequipensis (Sprague)
Sandwith x 7. stans (Sanchez de Lorenzo Caceres 2018), which seems — on morphological
grounds — less likely.

T xsmithii freely reproduces from seed (its hybrid nature therefore has been questioned)
(Watson 1893). This is quite obvious in the locality where it was discovered in Gran Canaria.

Tradescantia spathacea Sw. (Commelinaceae)
Syn. Rhoeo spathacea (Sw.) Stearn

GRAN CANARIA: Teror, road of Tamaraceite, La Molineta, 360 m s.m., 28RDS 489 059,
24.03.2018, A. Marrero s.c. — naturalized (?).

Tradescantia spathacea is native to Mexico and Central America (Hunt 1994). It is
grown as an ornamental and naturalized in Florida, Texas, Hawaii, Cuba and other oceanic
islands (Govaerts 2004). It invades and disrupts native plant communities creating a dense
groundcover on the forest floor which prevents native plants from germinating. As a result,
it locally is declared a noxious environmental weed (e.g. Randall 2007).

It was recently discovered in an anthropized area in La Molineta (Teror), where it has
escaped from gardens and occurs on slopes. It reproduces solely vegetatively. This taxon
had not yet been recorded in the wild from the Canary Islands.
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Fig. 2. a. Galinsoga quadriradiata, Tafira, roadside close to the Botanic Garden, February 2013, M.
Salas Pascual.; b. Merremia tuberosa, Las Palmas de Gran Canaria, rough ground, April 2017, F.
Verloove; ¢. Passiflora morifolia, Las Palmas de Gran Canaria, Botanic Garden, September 2014, M.
Salas Pascual; d. Solanum betaceum, Firgas, dry riverbed, April 2017, F. Verloove; e. Tecoma
x smithii, Agliimes, fallow field, December 2017, F. Verloove; f. Bauhinia variegata, Agaete, under-
story of Huerto de las Flores, December 2017, F. Verloove.
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Part two: taxa exclusively observed within the limits of public or private gardens where
they are grown for ornament.

Bauhinia variegata L. (Caesalpiniaceae) (Fig. 29)

GRAN CANARIA: Agaete, Huerto de las Flores, numerous saplings under planted tree,

12.12.2017, E Verloove s.c. (photo) — casual.

Bauhinia variegata — a species native to southeastern Asia (China, India, Nepal,
Thailand and Vietnam) — is widely cultivated as an ornamental tree in the tropics and sub-
tropics, also in the Canary Islands. It is increasingly reproducing from seed in areas where
it was formerly introduced. It now has become a troublesome invasive weed in, for
instance, the southern United States, South Africa and eastern Australia (Weber 2017).

In the Canary Islands its escape was recently noticed in La Palma (Otto & Verloove, in
press) and it is here reported for the first time from Gran Canaria. Numerous saplings were
recorded in the Huerto de las Flores in Agaete. A future naturalization in the Canary Islands
is likely, especially in areas with sufficient water supply.

Syzygium cumini (L.) Skeels (Myrtaceae)

GRAN CANARIA: Las Palmas de Gran Canaria, Tafira Alta, 370 m s.m., 28R DS 546
037, spontaneous in gardens at the foot of the parental tree, 11.03.2018, A. Marrero s.c.;
Firgas, La Caldera, 445 m s.m., 28R DS 463 092 and 464 092, next to the parental plant
in anthropic environments, 07.01.2018, 4. Marrero, LPA: 35210-35211. — casual.

Native to southeastern Asia, this species is widely grown as an ornamental tree (less fre-
quently for its edible fruit or timber), also in the Canary Islands. It has the ability to form a dense
cover, excluding all other species which allowed Syzygium cumini to become invasive in
Hawaii, the Cook Islands and French Polynesia (Global Invasive Species Database 2018). In
Gran Canaria it was only found so far in the vicinity of planted individuals. In micro-habitats
or under the canopy of the adult plants it reproduces normally, sometimes even explosively.

The congeneric Syzygium jambos (L.) Alston is known to reproduce from seed in La
Palma (Otto & Verloove, in press) and Gran Canaria, but on this island no naturalization
process has been observed so far.
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The genus Tamarix (Tamaricaceae) in Apulia (southern Italy)

Abstract

Gargano M. L.: The genus Tamarix (Tamaricaceae) in Apulia (southern Italy). — F1. Medit. 28:
137-143. 2018. — ISSN: 1120-4052 printed, 2240-4538 online.

This survey is part of the floristic exploration activities on the Italian territory related to the
identification of spontaneous and cultivated plants of the genus 7amarix L. A list of tamarisks
from Apulia (southern Italy) is here reported together with ecological and distributive data. On
the whole, 7 species and 1 variety were recorded in the Apulian region. 7. arborea var. arborea
is the species with the widest distribution in the Apulian territory. The presence of 7. canarien-
sis, T. dalmatica and T. gallica, previously indicated for Apulia by other authors, is currently
not confirmed.

Key words: Tamarisks, Ecology, Distribution, Mediterranean Area.

Introduction

An intensive floristic exploration has been carried out in Italy aimed at the characteri-
zation of the genus Tamarix L., notoriously a critical genus of the Italian vascular flora
(Venturella & al. 2007; Alaimo & al. 2013; Tuttolomondo & al. 2014; Grisafi & al. 2016).

Until a few years ago, knowledge of this genus for the region was very limited. In fact,
“An annotated checklist of the Italian vascular flora” (Conti & al. 2005) reports only 3 taxa
for Apulia: Tamarix afiicana Poir., T. canariensis Willd., and T. gallica L.

T. africana Poir. and T. gallica L. were also cited by Mele & al. (2006) in the annotated
checklist of the flora of Salento Peninsula.

The recent exploration of the territory aimed at knowledge of this genus brought to the
report of new species: 7. macrocarpa (Ehrenb.) Bunge, collected in the Gargano National
Park, has been reported as a new species for Europe (Mandracchia & al. 2017).

In 2017, the author of this paper, together with Prof. G. Venturella, provided (in verbis)
some data on the distribution, nomenclature and taxonomy about Zamarix species in
Apulia for the updated checklist of the Flora of Italy. These data have been included in
Bartolucci & al. (2018) that reports for Apulia six native species: T. africana, T. arborea
(Ehrenb.) Bunge, T. canariensis, T. dalmatica Baum, T. gallica, T. hampeana Boiss. &
Heldr. and in Galasso & al. (2018) that adds two more naturalized species: 7. macrocarpa
and 7. meyeri Boiss.
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The aim of this paper is to characterize the tamarisk flora of Apulia providing new
and/or additional notes on the ecology and distribution of each taxa and to contribute to the
knowledge of this still under investigated genus of vascular plants.

Materials and Methods

On the basis of the methodology proposed by Venturella & al. (2007), a several number
of branches and racemes taken from wild, naturalized, and cultivated tamarisks growing
on the Apulian territory were analyzed.

The exsiccata are kept in the Herbarium of the Department of Agricultural, Food and
Forest Sciences (SAF). The geographic coordinates of the localities of collection have
been obtained from Google Maps finder.

List of collected species, distribution and ecological notes

Tamarix africana Poir. var. africana

San Pietro in Bevagna, Manduria, province of Taranto, wild plant, on the beach, 3 m, 15
Apr 2011, 40°18"25.329"N, 17°40'20.89"E, M.L. Gargano & G. Venturella; SAF 0lap.

Lido La Baia, Marina di Pulsano, province of Taranto, wild plant, on the beach, 0 m, 15
Apr2011,40°21'11.149"N, 17°21'49.878"E, M.L. Gargano & G. Venturella; SAF 02ap.

Tamarix africana Poir. var. fluminensis (Maire) Baum
Saturo, Marina di Leporano, province of Taranto, cultivated, seafront, 8 m, 15 Apr 2011,
40°22'26.004N, 17°18"22.599E, M.L. Gargano & G. Venturella; SAF 03ap.

Tamarix arborea (Ehrenb.) Bunge var. arborea

Castrignano del Capo, Santa Maria di Leuca, province of Lecce, wild plant, on the cliff,
123 m, 15 Apr 2011, 39°49'53.72N, 18°21"7.242E, M.L. Gargano & G. Venturella, SAF
04ap.

Torre Colimella, Manduria, province of Taranto, at the entrance of the Natural Reserve
“Salina dei Monaci e dune di Torre Colimena”, wild plant, on dune, 1 m, 15 Apr 2011,
40°17'44.864N, 17°45'6.144E, M L. Gargano & G. Venturella; SAF 05ap.

Punta Prosciutto, Porto Cesareo, province of Lecce, wild plant, on the beach, 1 m, 15 Apr
2011, 40°17'42.063"N, 17°46'16.445"E, M.L. Gargano & G. Venturella; SAF 06ap.
Porto Cesareo, province of Lecce, Oriented Regional Natural Reserve “Palude del Conte e
Duna Costiera” cultivated, 4 m, 15 Apr 2011, 40°18°02.126"N 17°45°30.902"E, M.L.

Gargano & G. Venturella; SAF 07ap.

Torre Lapillo, province of Lecce, naturalized, on sand, 2 m, 15 Apr 2011, 40°17°19.222"N,
17°51°8.061"E, M.L. Gargano & G. Venturella; SAF 08ap.

Porto Cesasero, province of Lecce, naturalized, seafront, on sand, 4 m, 15 Apr 2011,
40°15'37.346N, 17°53'35.128E, M.L. Gargano & G. Venturella; SAF 09ap.

Sant’Isidoro, Nardo, province of Lecce, cultivated, seafront, 0 m, 15 Apr 2011,
40°13'4.431N, 17°55'38.338E, M.L. Gargano & G. Venturella; SAF 10ap.
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Marina di Leporano, Baia d’ Argento-Porto Saguerra, province of Taranto, cultivated, close
to the dock, 3 m, 15 Apr 2011, 40°21'22.209N, 17°21'10.794E, M.L. Gargano & G.
Venturella; SAF 11ap.

Marina di Leporano, crossroads Lungovivo road, Km. 3,800, road 122, province of
Taranto, wild plant, 7 m, 15 Apr 2011, 40°18'0.026N, 17°32'42.097E, M.L. Gargano &
G. Venturella; SAF 12ap.

Lido Onda Blu, Torretta, province of Taranto, wild plant, on dunes, 0 m, 15 Apr 2011,
40°19'58.894N, 17°25'5.615E, M.L. Gargano & G. Venturella; SAF 13ap.

Le Conche, Lizzano, province of Taranto, naturalized, 1 m, 15 Apr 2011, 40°19'10.011N,
17°2723.695E, M.L. Gargano & G. Venturella; SAF 14ap.

Campomarino di Maruggio, province of Taranto, naturalized, 1 m, 15 Apr 2011,
40°18'14.462N, 17°41'54.191E, M.L. Gargano & G. Venturella; SAF 15ap.

Torre Ovo, province of Taranto, cultivated in a seaside villa, 13 m, 15 Apr 2011,
40°18'10.913N, 17°30'19.438E, M.L. Gargano & G. Venturella; SAF 16ap.

San Pietro in Bevagna, Manduria, province of Taranto, naturalized, on the beach, 3 m, 15
Apr 2011, 40°18"25.329"N, 17°4020.89"E, M.L. Gargano & G. Venturella; SAF 17ap.

Gallipoli, province of Lecce, cultivated, 14 m, 15 Apr 2011, 40°03'21.063N,
17°591'33.409E, M.L. Gargano & G. Venturella; SAF 18ap.

Santa Cesarea Terme, province of Lecce, cultivated, 23 m, 15 Apr 2011, 40°02'6.786N,
18°2721.217E, M.L. Gargano & G. Venturella; SAF 19ap.

La Fraula, Santa Cesarea Terme, province of Lecce, cultivated, 40 m, 15 Apr 2011,
40°04'28.867N, 18°28'46.27E, M.L. Gargano & G. Venturella; SAF 20ap.

Polignano a Mare, province of Bari, naturalized, on the cliff, 23 m, 16 Apr 2011,
40°59'41.639N, 17°13'21.14E, M.L. Gargano & G. Venturella; SAF 21ap.

Cozze, province of Bari, naturalized, on the cliff, 4 m, 16 Apr 2011, 41°02'18.803N,
17°0820.157E, M.L. Gargano & G. Venturella; SAF 22ap.

Torre a Mare, Bari, cultivated, 4 m, 16 Apr 2011, 41°05'6.824N, 16°59'56.228E, M.L.
Gargano & G. Venturella; SAF 23ap.

San Giorgio, Bari, cultivated, 7 m, 16 Apr 2011, 41°05'36.556N, 16°58'18.445E, M.L.
Gargano & G. Venturella; SAF 24ap.

Bari, cultivated, seafront, 9 m, 16 Apr 2011, 41°07'1.716N, 16°52'18.737E, M.L. Gargano
& G. Venturella; SAF 25ap.

Molfetta, province of Bari, naturalized, on the beach, 0 m, 16 Apr 2011, 41°12'9.996N,
16°35'55.387E, M.L. Gargano & G. Venturella; SAF 26ap.

Bisceglie, province of Barletta, cultivated, along the road, 9 m, 16 Apr 2011,
41°14'33.814N, 16°30"7.434E, M.L. Gargano & G. Venturella; SAF 27ap.

Barletta, cultivated, along the road, 15 m, 16 Apr 2011, 41°19'10.789N, 16°17'1.754E,
M.L. Gargano & G. Venturella; SAF 28ap.

Gattarella Resort, Lama le Canne, Vieste, province of Foggia, cultivated, 14 m, 16 Apr
2011, 41°50"18.564N, 16°11'6.64E, M.L. Gargano & G. Venturella; SAF 29ap.

Lido Cristalda Beach, Vieste, province of Foggia, cultivated, 0 m, 16 Apr 2011,
41°53'9.395N, 16°10'16.435E, M.L. Gargano & G. Venturella; SAF 30ap.

Mattinata, province of Foggia, along the road, cultivated, 85 m, 16 Apr 2011,
41°42'38.229N, 16°02'56.717E, M.L. Gargano & G. Venturella; SAF 31ap.
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Tamarix hampeana Boiss. & Heldr.
Gallipoli, province of Lecce, cultivated, 14 m, 15 Apr 2011, 40°03'21.063N,
17°591'33.409E, M.L. Gargano & G. Venturella; SAF 32ap.

Tamarix macrocarpa Bunge

Manacore, Peschici (province of Foggia), county road n°® 52, km 13, along the road, group
of small trees, 8 m, 41°56'14,19", 16°04'14, 913", 16 April 2016, M.L. Gargano & G.
Venturella, SAF 075 (Mandracchia et al. 2017).

Tamarix meyeri Boiss.

Porto Tricase, Tricase, province of Lecce, wild plant, close to the beach, 0 m, 15 Apr 2011,
39°56"2.829N, 18°23'46.227E, M.L. Gargano & G. Venturella; SAF 33ap.

Porto Cesasero, province of Lecce, naturalized, seafront, on sand, 4 m, 15 Apr 2011,
40°15'37.346N, 17°53'35.128E, M.L. Gargano & G. Venturella; SAF 34ap.

Santa Cesarea Terme, province of Lecce, cultivated, 23 m, 15 Apr 2011, 40°02'6.786N,
18°2721.217E, M.L. Gargano & G. Venturella; SAF 35ap.

Polignano a Mare, province of Bari, cultivated, close to Arco Marchesale, 23 m, 16 Apr
2011, 40°59'41.639N, 17°13'21.14E, M.L. Gargano & G. Venturella; SAF 36ap.

Cozze, province of Bari, naturalized, on the cliff, 4 m, 16 Apr 2011, 41°02'18.803N,
17°08"20.157E, M.L. Gargano & G. Venturella; SAF 37ap.

Tamarix parviflora DC.

Lido La Baia, Marina di Pulsano, province of Taranto, cultivated, seafront, 0 m, 15 Apr
2011, 40°21'11.149"N, 17°21'49.878"E, M.L. Gargano & G. Venturella; SAF 38ap.
Gallipoli, province of Lecce, cultivated, 14 m, 15 Apr 2011, 40°03'21.063N,

17°591'33.409E, M.L. Gargano & G. Venturella; SAF 39ap.

Castrignano del Capo, Santa Maria di Leuca, province of Lecce, naturalized, along the
road, 23 m, 15 Apr 2011, 39°49'53.72N, 18°21'7.242E, M.L. Gargano & G. Venturella;
SAF 40ap.

Marina Serra, Tricase, province of Lecce, naturalized, along the road, 66 m, 15 Apr 2011,
39°54'51.868N, 18°2326.214E, M.L. Gargano & G. Venturella; SAF 41ap.

Polignano a Mare, province of Bari, cultivated, close to Arco Marchesale, 23 m, 16 Apr
2011, 40°59'41.639N, 17°13"21.14E, M.L. Gargano & G. Venturella; SAF 42ap.

Polignano a Mare, province of Bari, naturalized, on the cliff, 23 m, 16 Apr 2011,
40°59'41.639N, 17°13"21.14E, M.L. Gargano & G. Venturella; SAF 43ap.

Cozze, province of Bari, naturalized, on the cliff, 4 m, 16 Apr 2011, 41°02'18.803N,
17°0820.157E, M.L. Gargano & G. Venturella; SAF 44ap.

Bisceglie, province of Barletta, cultivated, along the road, 9 m, 16 Apr 2011,
41°14'33.814N, 16°30"7.434E, M.L. Gargano & G. Venturella; SAF 45ap.

Tamarix rosea Bunge

Campomarino di Maruggio, province of Taranto, cultivated along the road, 1 m, 15 Apr
2011, 40°18'14.462N, 17°41'54.191E, M.L. Gargano & G. Venturella; SAF 46ap.

San Pietro in Bevagna, Manduria, province of Taranto, naturalized, on the beach, 3 m, 15
Apr 2011, 40°18'25.329"N, 17°40'20.89"E, M.L. Gargano & G. Venturella; SAF 47ap.
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Bisceglie, province of Barletta, cultivated, along the road, 9 m, 16 Apr 2011,
41°14'33.814N, 16°30"7.434E, M.L. Gargano & G. Venturella; SAF 48ap.

Conclusions

Currently, 7 species and 1 variety characterize the tamarisk flora of Apulia. As shown
in Figs. 1-2, the population of Tamarix africana var. africana and T. africana var. flumi-
nensis, the latter is a cultivated plant in the seafront, are concentrated in the province of
Taranto. T. arborea var. arborea is the species with the widest distribution in the Apulian
territory. The plant is used as an ornamental mainly in coastal cities, along the promenades,
the roads, and the public and private gardens. As wild plant, T. arborea var. arborea, col-
onize cliffs, dunes, beaches and, road margins. Some plants, growing on sand, observed in
different localities of the provinces of Taranto and Bari are naturalized. Also 7. parviflora
has a wide distribution in Apulia as cultivated plant along the roads and the seafronts. As
naturalized plant, T. parviflora can be observed along the roads in the province of Lecce
and on the cliffs of Polignano a Mare (Fig. 1) and Cozze. T. hampeana is an uncommon
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Fig. 1. Distribution of: a) Tamarix afiicana var. africana; b) T. africana var. fluminensis; ¢) T. arbo-
rea var. arborea and, d) T. hampeana.
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Fig. 2. Distribution of: a) Tamarix macrocarpa; b) T. meyeri; ¢) T. parviflora and, d) T. rosea.

species currently observed in the Apulian territory only as cultivated, while in Calabria
(Venturella & al. 2008) and Sicily (Venturella & al. 2007) it was also found as a wild
species. T. rosea, a species cultivated in some Italian regions, is reported for the first time
as a wild plant on the beach of San Pietro in Bevagna in the province of Taranto. 7. meyeri,
previously recorded from Sicily, Calabria, Marche, Abruzzo, Veneto and Piemonte
(Venturella & al. 2012) has been collected as wild, naturalized and cultivated plant in dif-
ferent localities in the provinces of Lecce and Bari.

The presence in the region of 7. canariensis, T. dalmatica and T. gallica included in
Bartolucci & al. (2018), is currently not confirmed.
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Abstract

El Mokni, R. & Iamonico, D.: A new record for the non-native flora of Tunisia, Eclipta pros-
trata (Asteraceae), and a note on the national status of Erigeron bonariensis, Symphyotrichum
squamatum (Asteraceae), and Lepidium didymum (Brassicaceae). — F1. Medit. 28: 145-153.
2018. — ISSN: 1120-4052 printed, 2240-4538 online.

Floristic and phytosociological surveys in NE-Tunisia allowed to discover Eclipta prostrata
(Asteraceae) which represents the first record at national level. A description of the species,
notes on its ecology and phytosociological remarks are provided. We also stated, for the first
time in Tunisia, the status of naturalization of three species (Erigeron bonariensis,
Symphyotrichum squamatum, and Lepidium didymum) which does not appear still published
until now.

Key words: Alien species, Naturalization, North Africa.

Introduction

Invasions by non-indigenous plant species has become an important component of glob-
al environmental change (e.g., Mack & al. 2000). Ruderal environments as well as coastal
and riverine habitats have often been reported to harbor many neophytes (Sobrino & al.
2002; Bruno & al. 2004; Dark 2004; Von Holle & Motzkin 2007; Chytry & al. 2007).
Several studies of the coastal region of the Mediterranean Basin have shown a high degree
of naturalization of introduced species (see e.g., Badano & Pugnaire 2004; Campos & al.
2004). Tunisia is no exception and several aliens have been recorded in the last decade
along the coasts (El Mokni & al. 2013, 2016; Iamonico & El Mokni 2017).

Eclipta L. is a small genus of 4-5 species native to North America (Chen & Hind 2011).
Some Eclipta species occur outside of their natural range (Greuter 2006+; Chen & Hind
2011; SANBI 2012; Atlas Living of Australia 2016) and, in some cases, they have spread
causing ecological and economic impacts (e.g., Holm & al. 1977; Moody 1989; Das &
Duarah 2013).
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During botanical field surveys carried out along coastal territories of North-eastern
Tunisia (Bizerta city), aimed at improving knowledge on the vascular flora of Tunisia, we
found a population which can be ascribed to Eclipta prostrata (L.) L., a species that was
not previously recorded in the country. At the same time, we observed the populations of
other three species [Erigeron bonariensis L., Lepidium didymum L., and Symphyotrichum
squamatum (Spreng.) G. L. Nesom] that participate to the vegetation communities in
which E. prostata occurs. We here clarify their status at national level for the first time.

Materials and methods

The present work is based on field surveys (since 2011 to today), analysis of relevant lit-
erature (e.g. Pottier-Alapetite 1981; Greuter 2006+; Le Floc’h & al. 2010; Dobignard &
Chatelain 2011; SANBI 2012) and examination of specimens preserved at K, P, PAL, RO,
and WU (acronyms according to Thiers 2018+) and the personal collection of R. E1 Mokni
deposited in the herbarium of the Faculty of Pharmacy of Monastir (University of Monastir),
herbarium of the Faculty of Sciences of Bizerta (University of Carthage).

The description of the species is based on Tunisian specimens, while the status of nat-
uralization and/or degree of invasion of plants was assessed according to the criteria pro-
posed by Richardson & al. (2000) and Pysek & al. (2002, 2004).

Results and discussion

Eclipta prostrata (L.) L., Mant. Pl. Alt.: 286. 1771 = Verbesina prostata L., Sp. P1. 2: 902.
1753 = Cotula prostrata (L.) L., Syst. Nat., Ed. 12, 2: 564. 1767 = Eclipta alba var. pro-
strata (L.) Miq., Fl. Ned. Ind. 2: 66. 1856.

Lectotype (designated by Wijnands 1983: 74): [Icon]| Chrysanthemum maderaspatanum,
Menthae arvensis folio & facie, floribus bigemellis, ad foliorum alas, pediculis curtis in
Plukenet (1691: t. 118, f. 5); image of the lectotype available
http://bibdigital.rjb.csic.es/ing/Libro.php?Libro=4826&Pagina=73.

— Eclipta alba var. prostrata (L.) Kuntze, Revis. Gen. Pl. 1: 334. 1891, isonym (Art. 6.3
Note 2).

Description (Fig. 1)

Annual, biannual or perennial herb; stem 10-30 cm tall, erect or prostrate, weak,
scabrous, ribbed, branched; adventitious roots develop when plants are prostrate or
submerged. Leaves opposite, sessile, oblong to lanceolate (4-13 x 0.8-2.0 cm), mar-
gins entire to shortly and irregularly dentate, apex acute-acuminate, cuneate at base,
pubescent on both surfaces (hairs adpressed). Flowers arranged in terminal and axil-
lary capitula, each one hemispherical, up to 1 cm in diameter, heterogamous; pedun-
cles up to 7 cm long. Involucral bracts 8—10, herbaceous, ovate (6 mm long), acute,
pubescent; receptacular scales setaceous, ciliate at apex; ray-florets 30-50, the pistil-
late one with corolla 4-5-fida; ligules 2—6 mm long, white, entire or bifid, disc-florets
perfect; anthers apically blunt, basally slightly sagittate. Fruits of ray-florets (achenes)
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Fig. 1. Eclipta prostrata. A) habitus, B) leaves, C) capitulum, D) different stages of flowers with
black and glabrous mature achenes in the older flower (photos by R. El Mokni). Tunisia, Bizerta city,
22 December 2015.
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3-angled in transversal section with two short cartilaginous margins, those of disc-flo-
rets 4-angled; all fruits strongly tuberculate, black, glabrous, except for a few apical
hairs, depressed-truncal; seeds with neiloid to conic shape (2.0-2.2 x 0.8—1.0 mm),
scarce hairs at apex; pappus is represented by some scattered hairs or a minute cup of
2 or 3 short tooth-like awns.

Habitat and ecological notes

Eclipta prostrata grows in Tunisia along roadsides at altitudes of about 10 m a.s.l. In
2011, the Tunisian population of E. prostrata found in Bizerta consisted of approximately
20 individuals forming small scattered sub-populations distributed over an area of 60x100
m (approximately 6.000 m?), whereas since 2015 to present, the population comprised
approximately 30 individuals mostly in small scattered tufts distributed over an area of
100100 m (approximately 10.000 m?). We suspect that this species was accidently intro-
duced with ornamental plants or by commercial seeds used as food for domestic birds.
According to Pysek & al. (2002) criteria and categorisation, E. prostrata can be considered
as a naturalized alien species in Tunisia (not invasive).

Phenology
Flowering and fruiting times in Tunisia, June—January.

Native and introduced range

Eclipta prostrata is native to the Americas (Chen & Hind 2011) but some authors
(e.g., Stone 1970) suggest an Asiatic origin, while it is considered as an alien species
(sometimes naturalized or invasive) in the other continents [see e.g., Greuter (2006+),
Domina & al. (2018), Galasso & al. (2018) for Europe, Chen & Hind (2011) for China,
Atlas Living of Australia (2016) for Australia]. In Africa, this species has been reported
from Egypt, and Morocco as naturalized alien (Fennane & Ibn Tattou 1998; Boulos
2002; Greuter 2006+; APD 2017), it was also recorded from Angola, Cote d’Ivoire,
Ghana, Nigeria, South Africa, and Sudan (see http://www.cabi.org/isc/datasheet/20395).
In Tunisia, our first observation of E. prostrata was in October 2011 along the coast in
Bizerta city (north-east of Tunisia). E. prostrata was recorded again at the same site
some years later (December 2015, November 2016, June 2017, July 2018), and its pop-
ulation appeared to be increased.

Notes on vegetation

Eclipta prostrata was found in open and herbaceous communities which are character-
ized mainly by medium-sized therophytes, both native and aliens (see Table 1).

These plant communities develop from autumn to spring in ruderalized soils, main-
ly on road margins (typically between the pavement slabs of streets) and in irrigated
gardens with fertile soils. From the phytosociological point of view, the communities
belong to the alliance of the Sclerochloo durae-Coronopodion squamati Rivas-
Martinez 1975 and the association Poo annuae-Coronopodetum didymi Carretero &
Aguilella 1995 (see Ninot & al. (2010-2011) where Poa annua subsp. annua, and
Lepidium didymum are the characteristic species.
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Table 1. Floristic composition of the Tunisian communities in which Eclipta prostrata was found.
The alien status (3™ column) follow the Greuter (2006+) and Le Floc’h & al. (2010).
Abbreviations. 2" column: G = geophyte, H = hemicryptophyte, T = therophyte; 3'¢ column: NAT =
naturalized, INV = invasive. Asterisks (*, 1%t column) indicate the species for which the status of nat-
uralization is defined for the first time in the present paper.

Plants name Life- Status
form
Amaranthus deflexus L. T Alien (NAT)
Amaranthus viridis L. T Alien (NAT)
Brassica nigra (L.) Koch T Native ?
Catapodium rigidum (L.) C.E. Hubb. s. str. T Native
Chenopodiastrum murale (L.) S. Fuentes et al. T Native
Chenopodium album L. s. lat. T Native
Convolvulus arvensis L. G Native
Cymbalaria muralis P. Gaertn., B. Mey. & Scherb. C Native
Cynodon dactylon (L.) Pers. G Native
Cyperus longus L. G Native
Cyperus rotundus L. subsp. rotundus G Native
Dittrichia graveolens (L.) Greuter T Native
Echinochloa colonum (L.) Link. T Native (Le Floc’h & al 2010)
*Erigeron bonariensis L. T Alien (NAT)
Lepidium coronopus (L.) Al-Shehbaz T Native
*Lepidium didymum L. T Alien (INV)
Malva parviflora L. T Native
Oxalis corniculata L. H Native
Parietaria judaica L. H Native
Poa annua L. subsp. annua T Native
Polygonum aviculare L. s. str. T Native (Le Floc’h & al 2010)
Polygonum rurivagum Boreau T Native (Le Floc’h & al 2010)
Portulaca oleracea L. s.1at. T Native
Senecio leucanthemifolius Poir. s. str. T Native
Setaria adhaerens (Forssk.) Chiov. T Native
Sonchus oleraceus L. T Native
Sonchus tenerrimus L. T Native
Stellaria pallida (Dumort.) Piré T Native
*Symphyotrichum squamatum (Spreng.) G.L. Nesom T Alien (NAT)
Urtica urens L. T Native
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Note on status of naturalization of Erigeron bonariensis, Symphyotrichum squama-
tum, and Lepidium didymum

The status of naturalization of these three species has not previously been defined in Tunisia.
Erigeron bonariensis and Symphyotrichum squamatum were indicated by Greuter (2006+) as
“Alien (status unknown)”, while Le Floc’h & al. (2010) did not indicate any status for these
two taxa. The populations of E. bonariensis and S. squamatum found by us appear to be well
established, since we observed them during the last six years. However, these populations do
not seem to increase their areas, so we here consider both species as naturalized for Tunisia. As
regards Lepidium didymum, Marhold (2011) reports “Cultivated, doubtfully escaping”, while
Le Floc’h & al. (2010: 141) indicated this species as both casual and naturalized based on pre-
vious published works and avoided a conclusion about its status in Tunisia. The population of
this species at Bizerta is not only well established, but it also tends to expand itself, and, as a
consequence, we here assess the status of alien invasive for L. didymum.

Notes on nomenclature

D’Arcy (1975: 1102) indicated the specimens nos. 1020.4 or 1020.5 (at LINN) as the type
of Verbesina prostrata L., presumably in error as both are associated with the name “Eclipta
latifolia”. Neither these two Linnaean specimens, nor the LINN-1020.7, which is a post-1753
Browne’s collection treated as the lectotype by Kupicha (1975: 46), are original material for the
name. Grierson (1980: 212) treated the material preserved in the Herb. Plukenet (BM-SL) as
“type” but this would not have been seen by Linnacus and is not original material either.
Wijnands’ (1983) choice of Plukenet’s illustration as lectotype is correct.

Taxonomic notes

Some achenes of disc-florets appear to be similar to those characterizing Eclipta platy-
glossa F. Muell s. str. especially concerning the fruit shape and seed surface. However, E.
platyglossa can be easily distinguished from E. prostrata by the color of the ligules (yellow
vs. white or whitish in E. prostrata), and the number of ray flowers (10 vs. 50 in E. pros-
trata) (see Orchard & Cross 2013).

Selected specimens examined

TUNISIA, Bizerta, South-Bizerta, Bridge, 37°16'15.12" N, 09°52'33.97" E, ruderalized
soils, mainly in path and road margins, and typically between the pavement slabs of streets,
in irrigated gardens, 7 m a.s.l., 03/10/2011, R. El Mokni s.n. (Herb. El Mokni!); ibidem
18/09/2012, R. EI Mokni s.n. (Herb. El Mokni!); ibidem, 11/10/2013, R. El Mokni s.n.
(Herb. El Mokni!); ibidem, 06/11/2014, R. El Mokni s.n. (Herb. El Mokni!); ibidem
07/01/2016, R. El Mokni s.n. (Herb. El Mokni, PAL, and RO); ibidem 27/09/2016, R. El
Mokni s.n. (Herb. E1 Mokni!).
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Découverte de Gamochaeta antillana (Asteraceae) en Numidie orientale
(El Tarf-Algérie)

Abstract

Hamel, T. & Azzouz, Z.: Découverte de Gamochaeta antillana (Asteraceae) en Numidie orien-
tale (El Tarf-Algérie). — F1. Medit. 28: 155-164. 2018. — ISSN: 1120-4052 printed, 2240-4538
online.

Discovery of Gamochaeta antillana (Asteraceae) in eastern Numidia (EI Tarf-Algeria) — The
new presence of Gamochaeta antillana (Urb.) Anderb. in Algeria is discussed. Its presence in
Garaat Dakhla pond in eastern Numidia (North-East Algeria) is considered in perspective with
the diversity and wetlands conservation.

Key words: xenophytes, conservation, Compositae, North Africa.

Introduction

Les zones humides du pourtour méditerranéen, qui abritent un patrimoine naturel
remarquable, représentent un élément majeur des ‘points chauds’ de biodiversité de la
région (Myers 1988, 1990; Mittermeier & al. 2004; Véla & Benhouhou 2007). Elles
sont classées parmi les écosystémes les plus riches de la planéte (Quézel 1998; Médail
& Quézel 1999).

L’Algérie, et plus particulierement la Numidie (K3 au sens des divisions biogéo-
graphiques proposées par Quézel & Santa 1962-1963), est riche en zones humides
répondant aux critéres Ramsar (Stevenson & al. 1988; Samraoui & al. 1998; De
Bélair & Samraoui 2000; De Bélair 2005; Haou & al. 2011; Bouldjedri & al. 2011;
Belouahem & al. 2011). Aussi, leur protection représente un enjeu majeur pour la pré-
servation de la diversité végétale terrestre et aquatique. La conservation de ces zones
humides remarquables de Numidie nécessite avant tout une valorisation effective par
la réalisation d'inventaires et la localisation précise de ces milieux afin de décrire
leurs caractéristiques écologiques et biogéographiques et leur valeur patrimoniale et
les enjeux associés.

C’est au niveau de I’une de ces zones humides qu’en mai 2018, nous avons fortuitement
récolt¢ Gamochaeta antillana (Urb.) Anderb., espéce inconnue jusqu’alors dans les
contrées algériennes. Cette nouvelle observation est 1’objectif de ce travail.
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Description de la station d’observation

Coordonnées: 036°50'40.03"N; 007°59'15.02"E. Altitude 7m. Surface approximative:
12h. Profondeur : 3,5m. Sol : sable (Fig. 1).

Description botanique et distribution géographique

Le genre Gamochaeta (Gnaphalieae, Asteraceae) se compose de 60 espéces principa-
lement distribuées en Amérique tropicale et subtropicale. Au sein de la tribu Graphalieae,
le genre se caractérise par des €pis ou des amas en forme de téte, quelques fleurons cen-
traux hermaphrodites et des soies pappées a la base dans un anneau (Urtubey & al. 2016).

Un effectif total de 120 individus de Gamochaeta antillana (Urb.) Anderb (=
Gnaphalium antillanum Urb.) a été dénombré sur la rive de la mare Garaat Dakhla et cela
sur une surface de 350m?. La plante observée est une annuelle a couleur grise-blanche ou
tomenteuse-blanche (Fig. 2). Tiges érigées ou ascendantes, généralement simple. Feuilles
alternes, sessiles, les basales sont oblongues-spatulées et généralement dépérissantes avant
la floraison; les supérieures sont oblongues-linéaires. Les fleurs flosculeuses, ferrugineu-

0 30 60 km N
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Algérie ¢ Station d'observation

Fig. 1. Cartes de localisation de la station d’observation.
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ses principalement a l'apex. Akénes miirs de moins de 0,7 mm de long; floraison entre
mars-mai, mais parfois jusqu’au juin en présence d’assez d’humidité (Blanca & al. 2009).
Ce taxon est étroitement similaire a Gamochaeta stagnalis (.M. Johnst.) Anderb. avec une
taille de 6-40 cm et de 2,5-20 cm pour G. stagnalis. Bien qu’aussi, les feuilles basales et
caulinaires chez cette derniére sont oblancéolées, ainsi G. antillana se rencontre dans les
climats et les habitats humides, tandis que G. stagnalis est une espéce de climat et d’habitat
arides. Une étude plus approfondie de la distinction entre ces deux taxons est nécessaire
(Nesom 2004).

La gnaphale américaine (Gamochaeta antillana) est une herbe originaire de I’Amérique,
décrite par Urbainb aux Etats-Unis en 1905, sur des champs agricoles dans les vallées de
Sacramento et de San Joaquin en Californie (Hickman 1993). L’espéce est naturalisée
jusqu’en Amérique du Sud (notamment a Cuba et en Argentine) et également naturalisée a
Nouvelle-Zélande et I’ Australie (Otto & Verloove 2016). Elle est en méme temps introduite
en Europe avec des status différents: France, Porutgal, Espagne et sur les iles de Corse, Sicile
et les Canaries (Greuter 2006+; Domina & al. 2018; Galasso & al. 2018).

En Algérie, la plante n’est pas citée dans ’index de Dobignard & Chatelain (2010-
2013). De méme, aucune flore ou catalogue d’Algérie (Battandier 1888-1890; Battandier
& Trabut 1905; Maire 1952-1987; Quézel & Santa 1962-1963), ni méme en Tunisie
(Pottier-Alapetite 1979-1981; Le Floc’h & al. 2010) ont signalé ce taxon. Au Maroc, la
plante est considérée comme une adventice des cultures (Ibn Tattou & Fennane 2008). Par
ailleurs, I’index de Dobignard & Chatelain (2011) attribue le statut naturalisé pour la plan-
te. Cependant, la flore xénophyte en Algérie est dominée par la famille des Amaranthaceae
et Asteraceae (Meddour & El Mokni 2016).

Selon la flore de 1’ Algérie (Quézel & Santa 1963), le genre Graphalium (Hilliard & B.
L. Burtt) Tzvelev comprenait deux especes G. luteo-album L. et G. uliginosum L. Plus
récemment, Dobignard & Chatelain (2011), limitent la présence en Algérie d’un seul taxon
(G. uliginosum L.), le premier taxon est enregistré sous Laphangium luteoalbum (L.)
Tzvelez.

Discussion

La découverte de cette plante a Garaat Dakhla enrichit davantage la flore vasculaire algé-
rienne d’origine naturalisée. En se basant sur la littérature et nos prospections périodiques des
zones humides de la Numidie orientale, il est fort probable que cette espéce commence a s’ins-
taller dans ce site a partir de I’année 2018 et qu’elle provient éventuellement de graines intro-
duites accidentellement au niveau des champs de cultures avec les semences (tomate, pastéque
et haricot). Ces activités socioéconomiques sont généralement les moteurs de I’invasion au-dela
des frontiéres nationales et internationales (PySek & al. 2012).

Cependant, la biologie de I’espéce laisse présager dans un avenir plus ou moins proche
une possibilité d’installation au niveau des champs de culture et des zones humides. A cette
nouvelle plante, nous ajoutons deux autres taxons d’origine américaine sont notés dans la
station d’observation (Erigeron bonariensis L. et E. canadensis L.). En effet, les champs
de culture et les zones humides demeurent des milieux trés favorables a de nombreuses
especes xénophytes (Meddour & El Mokni 2016).
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Fig. 2. a. Aspect et port de la plante dans son milieu; b. Spécimen prélevé; c. Habitat de la plante
(Garaat Dakhla); d. la végétation accompagnatrice du taxon trouvé.
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Bien entendu, la naturalisation des especes xénophytes sur le territoire algérien est un
processus continu, car de nombreuses espéces sont déja notées (Véla & al. 2013).

En revanche, cette découverte confirme également le fait que 1’extréme Nord-Est algé-
rien (El Tarf) est un carrefour biogéographique pour sa flore comme pour sa faune (De
Bélair 2005). Cette zone était historiquement mal prospectée (Quézel & Bounaga 1975).
Cela nous encourage a une recherche encore plus méticuleuse des taxons qui pourraient
avoir échappé aux investigations, comme ce fut le cas de Sixalix farinosa (Coss.) Greuter et
Burdet et de Galium verrucosum subsp. halophilum (Ponzo) Lambinon découverts en 2004
sur les falaises maritimes de Cap Sigleb (Véla & al. 2012; Véla & De Bélair 2013) et
d’Allium commutatum Guss. en 2008, sur le littoral de Medjez Echair (De Bélair & al. 2012).
Ainsi le cas de redécouverte de Limonium narbonense Mill. en 2016 dans une mare distante
de 1,5 Km de notre station d’observation (Boulemtafes & al. 2017).

Néanmoins, étant donné la grande étendue des zones humides numidiennes dans nom-
breux points d’investigation (El Tarf, Annaba et Skikda) (Allem & al. 2017), il est fort pro-
bable que d’autres stations de Gnaphale américaine puissent étre découvertes, sur les rives
des lacs comme sur les terrains agricoles, et dans toutes les plaines numidiennes, ou
Oenothera rosea Aiton a été récemment découverte sur les champs de culture de Annaba
(Hamel 2016).

Observations complémentaires

Une végétation des dunes littorales a base de Juniperus oxycedrus subsp. macrocarpa
(Sm.) Neilr. et Retama raetam subsp. bovei (Spach) Talavera & Gibbs a été enregistrée sur
la rive de la mare Garaat Dakhla conjointement avec la végétation hydro-hygrophile a base
de Salix pedicellata Desf. et Iris pseudacorus L.

Une vingtaine de plantes, en fleurs et/ou en fruits, ont été observées avec la gnaphale
américaine (Tab. 1). Les especes ont ét¢ identifiées selon la flore de Quézel & Santa (1962-
1963) et Maire (1952-1987). La nomenclature a été actualisée selon 1’index de Dobignard
& Chatelain (2010-2013), et le site web de la base de données des plantes d’Afrique
[http://www.ville ge.ch/musinfo/bd/cjb/africa/recherche.php?langue=fr.]. Les types biolo-
giques sont donnés selon Blanca & al. (2009), Pignatti (1982) et Raunkiaer (1934).

Ce cortége floristique montre que 1’espéce observée est trés associée a deux com-
munautés: une premiére association avec la communauté terrestre thérophytique
(Bellis annua, Erigeron canadensis, E. bonariensis, Raphanus raphanistrum subsp.
raphanistrum, Trifolium campestre et Xanthium strumarium), une deuxiéme associa-
tion est moins répondue sur le terrain avec la communauté amphibie (Isoetes histrix,
Hypericum afrum, Juncus bufonius subsp. bufonius, Mentha pulegium et Poa trivia-
lis). Ces groupements végétaux ont une distribution spatiale variable, d’une année a
I’autre (Rhazi & al. 20006).

Néanmoins, les zones humides abritent des communautés biologiques remarquables,
qui leur sont en grande partie inféodées et sont caractérisées par de nombreuses especes
rares, menacées et a forte valeur patrimoniale (Médail & al. 1998; Quézel 1998).

Bien que, I’endémisme soit limité en Algérie (11,6%) (Véla & Benhouhou 2007), les
endémiques se développant dans la mare Garaat Dakhla sont relativement peu nombreux
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Taxon Type de végétation Type Association avec
biologique | le taxon trouvé
Hydrophytique | Amphibie Terrestre
Arundo donax L. X X G.th /
Bellis annua L. X Th Haut
Bellis prostrata Pomel X Th /
Callitriche obtusangula Le Gall X Hyd /
Calystegia sepium (L.) R. Br. X G.th /
Cladium mariscus (L.) Pohl X G.rh /
Cotula coronopifolia L. X Th /
Cyclamen africanum Boiss. & Reut. X G.tu /
Cynodon dactylon (L.) Pers. X G.rh Moyenne
Ecballium elaterium (L.) A. Rich. X Th /
Echium sabulicolum Pomel X Th /
Erigeron bonariensis L. X Th Haut
Erigeron canadensis L. X Th Haut
Euphorbia biumbellata Poir. X Ch /
Galactites mutabilis Durieu X Hém Moyenne
Galium elongatum C. Presl X Hém /
Geranium dissectum L. X Th /
Isoetes histrix Bory X Hém Haut
Juncus bufonius L. subsp. bufonius X Th Haut
Hypericum afrum Lam. X Ch Haut
Lemna minor L. X Hyd /
Linaria pinifolia (Poir.) Thell. X Th /
Ludwigia palustris (L.) Elliott X Hyd /
Lysimachia tyrrhenia U. Manns & X Hém /
Anderb.
Lythrum junceum Banks & Sol. X G.th Moyenne
Lythrum salicaria L. X G.th /
Mentha pulegium L. X Hém Haut
Myriophyllum alterniflorum DC. X Hyd /
Nymphaea alba L. X Hyd /
Oenanthe virgata Poir. X Hyd /
Osmunda regalis L. X Hém /
Oxalis pes-caprae L. X G.bu Moyenne
Panicum repens L. X X Hém /
Persicaria  senegalensis (Meisn.) X Hém /
Sojak
Phragmites australis (Cav.) Steud. X X G.rth /
Poa trivialis L. X Hém Haut
Pteridium aquilinum (L.) Kuhn. X G.rh Moyenne
Raphanus raphanistrum L. subsp. X Th Haut
raphanistrum
Ranunculus aquatilis L. X Hyd /
Ranunculus sardous Crantz X Th /
Rubus ulmifolius Schott X Ph /
Salvinia natans (L.) All. X Hyd /
Schoenoplectus lacustris (L.) Palla X G.rh /
Sonchus oleraceus L. X Th Moyenne
Tamarix gallica L. X Ph /
Trifolium campestre Schreb. Th Haut
Trifolium repens L. X Hém Moyenne
Verbena officinalis L. X Hém /
Xanthium strumarium L. X Th Haut

G.rh: Géophyte a rhizome, G.tu: Géophyte a tubercule, G.bu: Géophyte a bulbe, Th: Thérophyte, Hyd: Hydrophyte,
Hém: Hémicryptophyte, Ph: Phanérophyte.
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Tab. 2. Liste des especes patrimoniales observées au Garaat Dakhla [Type biogéographique selon
Blanca & al. 2009 et pour les endémiques Dobignard & Chatelain (2010-2013); rareté selon Quézel
& Santa 1962-1963].

Taxon Type biogéographique Raret¢ | JORA UICN 2017
2012

Bellis prostrata Tropical RR NT
Cladium mariscus Subcosmopolite RR LC
Cyclamen africanum Endémique du Maghreb C P
Euphorbia biumbellata Méditerranéen R
Galactites mutabilis Endémique algéro-tunisien AC
Geranium dissectum Eurasien R
Hypericum afrum Endémique algéro-tunisien R NT
Linaria pinifolia Endémique algéro-tunisien R
Ludwigia palustris Holartique RR P LC
Lysimachia tyrrhenia Endémique tyrrhénien R
Myriophyllum alterniflorum | Méditerranéen atlantique R
Nymphaea alba Eurasien RR LC
Oenanthe virgata Endémique du Maghreb C
Persicaria senegalensis Tropical RR LC
Salvinia natans Paléotempéré RR P LC

AR: assez rare; R: rare; RR: trés rare; C: commun; LC: préoccupation mineure; NT: Quasi menacé;
P: Protégé

par rapport a ce qui a été observé dans les mares d’Annaba, 18 taxons (Tab. 2) (Allem &
al. 2017). Sept taxons sont évalués sur la liste rouge de 'UICN (2017) et trois sont proté-
gés par le décret exécutif de 2012 de la République Algérienne.

Si, pour des raisons orographiques, les taxons endémiques sont trés peu représentés
dans le peuplement végétal numidien (Quézel 1964), les taxons d’origine septentrionale
semblent constituer par contre une de ses composantes principales (Quézel 1956; Véla &
Benhouhou 2007; Hamel & al. 2013).

Avec un cortege floristique assez riche, cette mare et le maquis qui les accompagne sont
en grand péril en raison des diverses pressions exercées sur ce secteur de la Numidie: déca-
page du maquis sur les dunes pour I’agriculture, envahissement de Xanthium strumarium
et d’Oxalis pes-caprae dans les parties défrichées pour la culture puis abandonnées, surex-
ploitation de la nappe hydrique dunaire (Stevenson & al. 1988; Belouahem & al. 2011;
Zouaidia & al. 2015).

Conclusion

La découverte de Gamochaeta antillana dans la zone humide « Garadat Dakhla » en
Numidie orientale ajoute une nouvelle espeéce naturalisée pour la flore algérienne. Taxon
qui a été fort probablement introduit involontairement a partir des semences importées des
Etats-Unis, depuis cette année.
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The research was conducted in six areas of the Maritime Alps Natural Park to examine the
bryophyte flora of this territory and to identify priority areas for conservation, with particular
reference to those where livestock graze and that are marked by evident disturbance. The data
on the ecological factors of humidity, light, nitrogen/fertility, and pH were elaborated to address
ecological state of the studied sites. Detrended Correspondence Analysis (DCA) was used in
order to highlight the role of these factors on the impact of anthropic activity and of grazing.
Analysis of the sensitivity of the species to anthropic impact reveals that, on one side, there is
a prevalence of species preferring moderate anthropic impact, but on the other hand, many are
the species adapted to living in conditions strong anthropic impact.

Key words: Bryophyta, DCA, Conservation, Peat-bogs, Italy.

Introduction

In the course of recent years, several studies have been carried out in the frame of the Cross-
border Project between the Maritime Alps Natural Park (Italy) and the Mercantour National
Park (France). The objective of these studies was to gain knowledge on the natural patrimony
and the biodiversity of the Maritime Alps territory (SIC IT1160056 Alpi Marittime). To this
end, between the summer of 2013 and autumn of 2015, a series of explorations was conducted
in some areas of the Maritime Alps Natural Park, in particular those characterized by lakes,
wet environments and peat-bogs. Based on a large species list, it was possible to develop a
series of elaborations and statistical, chorological and ecological considerations; in addition,
the bryophytes of these environments can be used as bioindicators of impacts caused by
anthropic activities such as grazing of domestic livestock and tourists flow (Diekmann 2003;
Kollmann & Fischer 2003; Wamelink & van Dobben 2003; Holt & Miller 2011).

The ecological factors analyzed have a crucial influence on the biological forms of
growth of the colonizing species (ephemeral or pioneer) and stress tolerant perennials,
that indicate the influence that altitude and the impact of grazing by wild and domestic
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animals can have on the forms of growth and thus on the selection of species that devel-
op in the six areas studied.

Study Area

The Site of Community Interest (IT1160056 Alpi Marittime) covers a vast portion of the
Alpi Marittime Park. It ranges between 700 m a.s.1,. at the valley bottom, to 3297 m a.s.l. at the
South Peak of Argentera, the highest peak in the Maritime Alps. The rocky substrata influence
the scenery noticeably. Most of the territory outstands by the presence of crystalline rocks that
create a harsh, rugged, high-mountain environment, with deep, steep-sided valleys, vast areas
with little vegetation and deep avalanche gullies. Elsewhere sedimentary rocks predominate on
limestone cliffs and vast scree slopes, open grassland and karst features dominate the scenery.
Lower down on the south-facing slopes, we find areas of “sub-Mediterranean” vegetation. The
perennial snowfields and remaining relict glaciers are of particular interest. The alpine lakes and
the high-altitude hygrophilous marshland environments around them are also of glacial origin.
Among the numerous wet environments in the Park, the explorations have focused on some
areas in which problems linked to grazing and anthropic impact are more evident. A study of
the bryophyte flora was conducted (Fig. 1) in the following six areas:

1. Piano del Valasco (1764 m a.s.l.; Exp. NE; 44°11°55” N — 7°13°58” E)

2. Piano della Casa (1850 m a.s.l.; Exp. N; 44°09°3” N — 7°16’34” E)

3. Lagarot di Laroussa (1971 m a.s.l.; Exp. N; 44°11’°59” N — 7°17°36” E)

4. Lago del Vei del Bouc (2049 m a.s.l.; Exp. NE; 44°08°28” N — 7°25°37” E)
5. Lago della Vacca (2266 m a.s.l.; Exp. NW; 44°07°52” N — 7°27°57” E)

6. Lago Villazzo (1838 m a.s.l.; Exp. N; 44°10°04” N — 7°29°52” E)

Materials and methods

In order to characterize the sampling areas, ecological variables were estimated for each
species. Humidity (F), light (L), reaction (R) and nitrogen/fertility (N), were successively
attributed and elaborated, according to Hill & al. (2007).

The values attributed to each species are based on Ellenberg & al. (1991) adapted by Diill
(1991) for the bryophytes, and are elaborated with the INDEXT program (Hill & al. 2000), start-
ing with the ecological values of vascular plants, grouped in quadrants, calculating the average
values of each quadrant and using the regressions in order to elaborate new values for the
bryophytes. The observations on the ecology of each species were derived from Dierfen (2001).

The data on the ecological parameters were elaborated according to the species reported
in the six areas and according to the environmental characteristics of the territories studied
using Detrended Correspondence Analysis, in which the scatters of the relevés were sepa-
rate from those of the species, concentrating in particular on the parameters of humidity,
light, nitrogen/fertility, and reaction, in order to highlight the role that these factors have
on the impact of anthropic activity and of grazing.

Nomenclature follows Ros & al. (2007) for liverworts and Ros & al. (2013) for mosses.
The species distribution refers to Aleffi & al. (2008). The samples are kept at the
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Fig. 1. The map of the Maritime Alps Natural Park with the location of the six study areas.

Herbarium of the Maritime Alps Natural Park and at the Herbarium of the University
of Camerino (CAME).

Results and discussion

A total of 199 bryophyte taxa were identified (31 liverworts and 168 mosses). Of these,
8 taxa (1 liverwort and 7 mosses) were new for the Piedmont Region: Blepharostoma tri-
chophyllum subsp. brevirete, Brachythecium tommasinii, Bryum intermedium, Bryum
moravicum, Bryum sauteri, Cratoneuron curvicaule, Schistidium crassipilum, and
Schistidium platyphyllum. Also, 12 taxa (3 liverworts and 9 mosses) were reported before
1950: this is a group of species whose first and only report was in the late 1800s to early
1900s, and were found on the occasion of that research. Finally, 43 species (8 liverworts
and 35 mosses) can be considered rare and chorologically interesting.

Table 1 summarizes the results of the explorations conducted in the six research sites. In par-
ticular are listed the species that develop in wet environments and in peat bogs and which have
been used for the study. Next to each species (preceded by the abbreviation used in the phase
of elaboration of the ecological data), values for the ecological parameters are attributed.
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Table 1. List of taxa found in the wet environments of the six study areas, indicating for each of them
the ecological parameters of humidity (F), light (L), reaction (R) and nitrogen/fertility (N).

Code Taxa
Aneu_ping Aneura pinguis (L.) Dumort.
Anoe_aest Anoectangium aestivum (Hedw.) Mitt.
Atri_undu Atrichum undulatum (Hedw.) P. Beauv.
Aula_andr Aulacomnium androgynum (Hedw.) Schwigr.
Aula_palu Aulacomnium palustre (Hedw.) Schwigr.

Barb_hatc Barbilophozia hatcheri (A. Evans) Loeske
Barb_lyco Barbilophozia lycopodioides (Wallr.) Loeske

Barbu_bi Barbula bicolor (Bruch & Schimp.) Lindb.

Bart_ithy Bartramia ithyphylla Brid.

Bart_pomi Bartramia pomiformis Hedw.

Blep_tric Blepharostoma trichophyllum subsp. brevirete (Bryhn & Kaal.) R.M.Schust.
Blin_acut Blindia acuta (Hedw.) Bruch & Schimp.

Brac_rivu Brachythecium rivulare Bruch & Schimp.

Brac_ruta Brachythecium rutabulum (Hedw.) Bruch & Schimp.

Brac_sale Brachythecium salebrosum (Hoffm. ex F. Weber & D. Mohr) Schimp.

Brac_tomm Brachythecium tommasinii (Sendtn. ex Boulay) Ignatov & Huttunen
Bryo_ferr Bryoerytrophyllum ferruginascens (Stirt.) Giacom.
Bryu_blin Bryum blindii Bruch & Schimp.

Bryu_dich Bryum dichotomum Hedw.

Bryu_eleg Bryum elegans Nees

Bryu_inte Bryum intermedium (Brid.) Blandow

Bryu_mora Bryum moravicum Podp.

Bryu_mueh Bryum muehlenbeckii Bruch & Schimp.
Bryu_saut Bryum sauteri Bruch & Schimp.

Bryu_schl Bryum schleicheri DC.

Bryu_torq Bryum torquescens Bruch & Schimp.
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Bryu_weig Bryum weigelii Spreng.
Call_cord Calliergon cordifolium (Hedw.) Kindb.

S

Call_cusp Calliergonella cuspidata (Hedw.) Loeske
Call_rich Calliergon richardsonii (Mitt.) Kindb.
Caly_fiss Calypogeia fissa (L.) Raddi

Camp_chry Campyliadelphus chrysophyllus (Brid.) R.S. Chopra

Camp_stell Campylium stellatum (Hedw.) Lange & C.E.O.Jensen

Ceph_grim Cephaloziella grimsulana (J.B. Jack ex Gottsche & Rabenh.) Lacout.
Ceph_leuc Cephalozia leucantha Spruce

Cera_purp Ceratodon purpureus (Hedw.) Brid.

Chil_poly Chiloscyphus polyanthos (L.) Corda

Cinc_font Cinclidotus fontinaloides (Hedw.) P. Beauv.
Clim_dend Climacium dendroides (Hedw.) F.Weber & D.Mohr
Crat_curv Cratoneuron curvicaule (Jur.) G. Roth

Crat_fili Cratoneuron filicinum (Hedw.) Spruce

Cten_moll Ctenidium molluscum (Hedw.) Mitt.

Cyno_grac Cynodontium gracilescens (F. Weber & D. Mohr) Schimp.
Dich_palu Dichodontium palustre (Dicks.) M. Stech

Dich_pell Dichodontium pellucidum (Hedw.) Schimp.
Dicr_cris Dicranoweisia crispula (Hedw.) Milde
Dicr_denu Dicranodontium denudatum (Brid.) E. Britton
Dicr_maju Dicranum majus Sm.

Dicr_scop Dicranum scoparium Hedw.

Dicr_spad Dicranum spadiceum J.E. Zetterst.

Dicr_subu Dicranella subulata (Hedw.) Schimp.
Dicr_taur Dicranum tauricum Sapjegin

Dicr_var Dicranella varia (Hedw.) Schimp.

Didy_fall Didymodon fallax (Hedw.) R.H. Zander

Didy_insu Didymodon insulanus (De Not.) M.O. Hill
Didy_sinu Didymodon sinuosus (Mitt.) Delogne
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Dist_capi Distichium capillaceum (Hedw.) Bruch & Schimp.
Drep_adun Drepanocladus aduncus (Hedw.) Warnst. 10
Enca_cili Encalypta ciliata Hedw. 5




Flora Mediterranea 28 — 2018

Table 1. continued.

Fiss_adia
Fiss_bryo
Fiss_osmu
Fiss_rivu
Font_anti
Font_grac
Grim_alpe
Grim_anom
Grim_caes
Grim_funa
Grim_hart
Grim_incu
Grim_mont
Grim_ramo
Grim_tric
Gymn_aeru
Hedw_cili
Hedw_leuc
Hete_dimo
Hygr coch
Hygr_duri
Hyegr luri
Hygr smit
Hylo_pyre
Hylo_sple
Hyme_recu
Hypn_cupr
Isot_alop
Isot_myos
Jung_atro
Jung_hyal
Jung_obov
Jung_pum
Lesc_saxi
Lesk_poly
Loph_bide
Loph_hete
Loph_vent
Marc_poly
Mees_triq
Metz_furc
Mniu_spin
Mniu_thom
Nard_geos
Orth_cupu
Orth_pall
Oxys_tenu
Palu_comm
Palu_deci
Palu_falc
Pell_endi
Pell_epip
Pell_nees
Phil_arne
Phil_calc
Phil_font
Phil_marc
Phil_seri
Phil_tome
Plag_cavi

Fissidens adianthoides Hedw.

Fissidens bryoides Hedw.

Fissidens osmundoides Hedw.

Fissidens rivularis (Spruce) Bruch & al.

Fontinalis antipyretica (Hedw.) subsp. antipyretica
Fontinalis antipyretica subsp. gracilis (Lindb.) Schimp.
Grimmia alpestris (F. Weber & D. Mohr) Schleich.
Grimmia anomala Schimp.

Grimmia caespiticia (Brid.) Jur.

Grimmia funalis (Schwagr.) Bruch & Schimp.
Grimmia hartmanii Schimp.

Grimmia incurva Schwagr.

Grimmia montana Bruch & Schimp.

Grimmia ramondii (Lam. & DC.) Margad.
Grimmia trichophylla Grev.

Gymnostomum aeruginosum Sm.

Hedwigia ciliata (Hedw.) P. Beauv.

Hedwigia ciliata var. leucophaea Bruch & Schimp.
Heterocladium dimorphum (Brid.) Schimp.
Hygrohypnum cochlearifolium (Venturi) Broth.
Hygrohypnum duriusculum (De Not.) D. W. Jamieson
Hygrohypnum luridum (Hedw.) Jenn.
Hygrohypnum smithii (Sw.) Broth.
Hylocomiastrum pyrenaicum (Spruce) M. Fleisch.
Hylocomium splendens (Hedw.) Bruch et al.

| Hymenostylium recurvirostrum (Hedw.) Dixon
Hypnum cupressiforme var. subjulaceum Molendo
Isothecium alopecuroides (Dubois) Isov.
Isothecium myosuroides Brid.

Jungermannia atrovirens Dumort.

Jungermannia hyalina Lyell

[ Jungermannia obovata Nees

[Jungermannia pumila With.

Lescuraea saxicola (Schimp.) Molendo

Leskea polycarpa Hedw.

Lophocolea bidentata (L.) Dumort.

Lophocolea heterophylla (Schrad.) Dumort.
Lophozia ventricosa (Dicks.) Dumort.

\Marchantia polymorpha subsp. montivagans Bischl. et Boisselier
Meesia triquetra (L. ex Jolich.) Angstr.

\Metzgeria furcata (L.) Dumort.

Mnium spinosum (Voit) Schwagr.

\Mnium thomsonii Schimp.

Nardia geoscyphus (De Not.) Lindb.

Orthotrichum cupulatum Hoffm. ex Brid.
Orthotrichum pallens Bruch ex Brid.

Oxystegus tenuirostris (Hook. & Taylor) A.J.E. Sm.
Palustriella commutata (Hedw.) Ochyra
Palustriella decipiens (De Not.) Ochyra
Palustriella falcata (Brid.) Hedenids

Pellia endiviifolia (Dicks.) Dumort.

Pellia epiphylla (L.) Corda

Pellia neesiana (Gottsche) Limpr.

Philonotis arnellii Husn.

Philonotis calcarea (Bruch & Schimp.) Schimp.
Philonotis fontana (Hedw.) Brid.

Philonotis marchica (Hedw.) Brid.

Philonotis seriata Mitt.

Philonotis tomentella Molendo

Plagiothecium cavifolium (Brid.) Z. Twats
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Table 1. continued.

Plag_dent Plagiothecium denticulatum (Hedw.) Schimp. var. denticulatum 6
Plag_elli Plagiomnium ellipticum (Brid.) T.J. Kop. 8
Plag_oede Plagiopus oederianus (Sw.) Crum & Anderson var. oederianus 5
Plag_pore Plagiochila porelloides (Torrey ex Nees) Lindenb. 6
Plag_succ Plagiothecium succulentum (Wilson) Lindb. 6
Plat_ripa Platyhypnidium riparioides (Hedw.) Dixon 10
Pogo_urni Pogonatum urnigerum P. Beauv.

Pohl_crud Pohlia cruda (Hedw.) Lindb.

Pohl_drum Pohlia drummondii (Miill. Hal.) A.L.Andrews

Pohl_nuta Pohlia nutans (Hedw.) Lindb.

Pohl_wahl Pohlia wahlenbergii (F. Weber & D. Mohr) A.l. Andrews var. wahlenbergii
Poly_alpi Polytrichastrum alpinum (Hedw.) G.L. Sm.

Poly comm  |Polytrichum commune Hedw.

Poly_juni Polytrichum juniperinum Hedw.

Poly pili Polytrichum piliferum Hedw.

Pore_plat Porella platyphylla (L.) Pfeiff.

Pseu_incu Pseudoleskea incurvata (Hedw.) Loeske

Pseu_nerv Pseudoleskeella nervosa (Brid.) Nyholm

Pseu_pate Pseudoleskea patens (Lindb.) Kindb.

Pseu_tect Pseudoleskeella tectorum (Funck ex Brid.) Kindb. ex Broth.
Pter_fili Pterigynandrum filiforme Hedw.

Pter_grac Pterogonium gracile (Hedw.) Sm.

Ptyc_bimu Ptychostomum pseudotriquetrum var. bimum (Schreb.) Dm.T.Holyoak & N.Pedersen
Ptyc_comp Ptychostomum compactum Hornsch.

Ptyc_imbr Ptychostomum imbricatulum (Miill. Hal.) Holyoak & Pedersen
Ptyc_pall Ptychostomum pallens (Sw.) J.R. Spence

Ptyc_palsc Ptychostomum pallescens (Schleich. ex Schwigr.) J.R. Spence
Ptyc_plic Ptychodium plicatum (Schleich. ex F.Weber & D.Mohr) Schimp.
Ptyc_pseu Ptychostomum pseudotriquetrum (Hedw.) J.R.Spence & H.P.Ramsay var. pseudotriquetrum
Raco_cane Racomitrium canescens (Hedw.) Brid.

Raco_elon Racomitrium elongatum Ehrh. ex Friswoll

Raco_eric Racomitrium ericoides (Weber ex Brid.) Brid.

Raco_micr Racomitrium microcarpon (Hedw.) Brid.

Raco_sude Racomitrium sudeticum (Funck) Bruch & Schimp.

Raco-obtu Racomitrium obtusum (Brid.) Brid.

Radu_lind Radula lindenbergiana Gottsche ex C. Hartm.
Rhiz_magn Rhizomnium magnifolium (Horik.) T.J.Kop.
Rhiz_punc Rhizomnium punctatum (Hedw.) T.J.Kop.
Rhyt_squar Rhytidiadelphus squarrosus (Hedw.) Warnst.
Rhyt_triq Rhytidiadelphus triquetrus (Hedw.) Warnst.
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Sani_unci Sanionia uncinata (Hedw.) Loeske

Scap_aequ Scapania aequiloba (Schwaegr.) Dumort.

Scap_curt Scapania curta (Mart.) Dumort.

Scap_helv Scapania helvetica Gottsche

Scap_irri Scapania irrigua (Nees) Nees

Scap_nemo Scapania nemorea (L.) Grolle

Scap_suba Scapania subalpina (Nees ex Lindenb.) Dumort.

Scap_uligi Scapania uliginosa (Sw. ex Lindenb.) Dumort.

Scap_undu Scapania undulata (L.) Dumort. 10
Schi_apoc Schistidium apocarpum (Hedw.) Bruch & Schimp. 2
Schi_cras Schistidium crassipilum Blom 1
Schi_platy Schistidium platyphyllum (Mitt.) H.Perss. subsp. platyphyllum 8
Schi_rivu Schistidium rivulare (Brid.) Podp. subsp. rivulare 8
Sc-hy_plum  |Sciuro-hypnum plumosum (Hedw.) Ignatov & Huttunen 8
Sc-hy_star Sciuro-hypnum starkei (Brid.) Ignatov & Huttunen 7
Scor_coss Scorpidium cossonii (Schimp.) Hedends 8
Scor_scor Scorpidium scorpioides (Hedw.) Limpr. 10
Spha_capi Sphagnum capillifolium (Ehrh.) Hedw. 7
Spha_cent Sphagnum centrale C.E.O. Jensen ex Arn. & C.E.O. Jensen 8
Spha_cont Sphagnum contortum Schultz 9



Flora Mediterranea 28 — 2018 171

Table 1. continued.

Spha_fall Sphagnum fallax (H.Klinggr.) H.Klinggr.
Spha_mage Sphagnum magellanicum Brid.

Spha_palu Sphagnum palustre L.

Spha_plat Sphagnum platyphyllum (Lindb. ex Braithw.) Warnst.

Spha_russ Sphagnum russowii Warnst.
Spha_squa Sphagnum squarrosum Crome
Spha_subs Sphagnum subsecundum Nees ex Sturm

Spha_tene Sphagnum capillifolium var. tenerum (Sull. & Lesq. ex Sull.) H. A. Crum
Spha_tenel Sphagnum tenellum (Brid.) Bory
Spha_tere Sphagnum teres (Schimp.) Angstr.

Stra_stram Straminergon stramineum (Dicks. ex Brid.) Hedends
Synt_calc Syntrichia calcicola 1.J. Amann

Synt_norv Syntrichia norvegica F. Weber

Synt_rura Syntrichia ruralis (Hedw.) F. Weber & D. Mohr var. ruralis
Tetr_pell Tetraphis pellucida Hedw.

Tort_hopp Tortula hoppeana (Hedw.) Limpr.

Tort_mura Tortula muralis Hedw.

Tort_tort Tortella tortuosa (Hedw.) Limpr. var. tortuosa

Warn_exan Warnstorfia exannulata (Schimp.) Loeske
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Warn_sarm Warnstorfia sarmentosa (Wahlenb.) Hedends

Humidity

The hygrophytes (30.89%) and the mesophytes (36.62%) represent the dominant group.
Conversely, the xerophytes (11.52%) represent a smaller group that grow prevalently on
the rocky substratum directly exposed to sunlight.

The first axis of the DCA graph (Fig. 2) distinguishes various degrees of humidity of
the individual relevés. There is a distinction between the various points of relevés of the
Lago del Vej del Bouc (white circles) and Valasco (white squares), and the points that are
dryer (GPS 68, grey squares of the dry, rocky grazing lands near the Lago della Vacca and
GPS 54, dry grazing lands of the Lago del Vej del Bouc).

Some relevés of the Lago Villazzo (grey rhombuses), of the Piano del Valasco and the
Lago del Vej del Bouc, which are grazed humid areas or near-grazing areas, tend to be in
intermediate positions on the graph. This is probably due to the presence of species more
adapted to situations of dehydration, and whose growth can be favored by these conditions
of disturbance. These species (e.g. Brachythecium tommasinii, Climacium dendroides,
Phylonotis tomentella, Pseudoleskea patens) are well remarked by the grey square in the
DCA species ordination (Fig. 3).

Light

The bryophytes that predominate in the environments studied are species adapted to liv-
ing in environments that are moderately to strongly illuminated, conditions linked to the
strong exposition to sunlight of these habitats, above all during the summer. Also in this
case, these are species typical of peat-bogs that adapt to conditions of extreme climatic and
environmental variability.

The DCA for the parameter of light (Fig. 4) does not seem to show any particular
differences. Rather, it seems to reflect the divisions of the parameter of humidity.
However, it should be noted that about half of the species identified are very adaptable
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Fig. 2. The DCA humidity graph of the relevés. Fig. 3. The DCA humidity ordination of the
species.

regarding this ecological parameter, inasmuch as they can live in conditions of shade
and those of full sunlight.

However, we can note a certain division along the second axis, above all if it is
compared with the axis of the species (Fig. 5) where at the base there are species that
are distinguished from the others because they traditionally live in conditions more
typical of underbrush.

Nitrogen/fertility

Analyzing the graph for the values of nitrogen/fertility of the substratum (Fig. 6), the
most nitrophilous species are located on the right (white rectangle) while the least
nitrophilous ones are on the left (grey rectangle).

According to Hill & Preston (1998) and Dierflen (2001), the species that are more
eutrophic/nitrophilic are Tortula hoppeana, Ceratodon purpureus, Leskea polycarpa and
Brachythecium rutabulum. All of them are found on the right in Fig. 6.
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Fig. 4. The DCA for the parameter of light of Fig. 5. The DCA light graph of the species.
the relevés.
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The species classified by Dierfen (2001) as typical of a substratum with an average content
of nutrients (m nitrophyt) are Aulacomnium androgynum, Bryum dichotomum, Calliergon cordi-
folium, Calliergonella cuspidata, Lophocolea heterophylla, Marchantia polymorpha subsp.
montivagans, Orthotrichum pallens, Ptychostomum imbricatulum, Ptychostomum pallescens,
Rhytidiadelphus squarrosus, Rhytidiadelphus triquetrus, Scapania irrigua, Sciuro-hypnum
starkei and Sphagnum squarrosum. These species are distributed prevalently in the right part of
Fig. 6. Instead, the indicator species of a low nutrients content (oligotrophic) are Hygrohypnum
cochlearifolium, Hygrohypnum smithii, Jungermannia obovata, Scapania undulata, and Blindia
acuta. These species, as shown by the grey rectangle, are located in the left part of Fig. 6.

Along the second axis, the species in a higher position seem to be those that grow where
there is water, while in a lower position are those that grow in drier sites.

Observing the same graph regarding the relevés (Fig. 7), most of the grazed sites, such
as those of the Lago del Vej del Bouc, are located on the right, while those of mires and
humid zones, notoriously poorer in nutrients, are on the left. Some of these, even though
they are in humid zones such as GPS52, GPS53 together with some of Lago Villazzo (grey
rhombuses: GPS82 and 83) and of the Lago della Vacca (grey squares: GPS 70), are found
on the right, near those of grazing sites. This is the same as in Valasco (white squares)
which, except for one, are found prevalently in the central part.

pH

Regarding acidity, a distribution similar to that of the previous graphs is seen along the
first axis also in the two graphs for soil pH (Figs. 8, 9). The presence of species of the
Sphagnum genus (grey square), as shown by the grey rectangle, which are indicators of the
maximum values of acidity, distinguish some survey observations from the others in Fig.
8. It appears clear that the relevés (in wet zones as well) in the area of the Valasco (Fig. 9,
white squares) are almost all located in the central part of the graph, indicating intermedi-
ate values of acidity. In this area, Calliergonella cuspidata was found with greater frequen-
cy (3 relevés). This species typical of basic environments can thus be considered an indi-
cator element for an anomalous increase in pH.
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Fig. 8. The DCA graph for soil pH of the species. Fig. 9. The DCA graph for soil pH of the relevés.

Sensitivity of the species to anthropic impact

Analysis of the sensitivity of the species to anthropic impact reveals that on the one hand,
there is a prevalence of species that prefer moderate anthropic impact, but on the other hand,
on the whole, there are many species adapted to living in conditions of moderate or strong
anthropic impact, an observation that should be related, especially in some sites, to the high
degree of trampling by livestock, which inevitably conditions the species component.

Dierfen (2001) identifies a series of indicator species for the presence of different levels
of anthropic impact. On this basis, it was possible to identify target species that are indi-
cators of natural conditions and/or of moderate anthropization and of deterioration of the
studied areas, and in this way proceed to characterize the study areas, through analysis of
the ecological parameters considered up to this point, and applied to the species identified.
In this way, it was possible to obtain criteria and indications for planning actions of direct
and indirect guardianship, protection and restoration of the habitats.

We list here, on the basis of the degree of anthropic impact, the species that were noted dur-
ing the course of this study that better than others are able to represent the various degrees of
anthropization and that can be used in the future as indicator species for these phenomena.

Indicator species of high/strong anthropic impact (Eu-polyhem)
- Bryum dichotomum Hedw. (Lago del Vej del Bouc, bare soil)

Indicator species of high anthropic impact (Euhem)

- Bryum sauteri Bruch & Schimp. (Lagarot di Laroussa, dripping wall; Lago del Vej del
Bouc, peat-bog)

- Dicranella varia (Hedw.) Schimp. (Lago del Vej del Bouc)

Indicator species of moderate/strong anthropic impact (Meso-polyhem)

- Ceratodon purpureus (Hedw.) Brid. (Piano della Casa, bare soil; Lago del Vej del Bouc,
bare soil; Lago Villazzo, banks of the river)

- Didymodon fallax (Hedw.) R.H. Zander (Lagarot di Laroussa, wet meadow)
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- Pohlia nutans (Hedw.) Lindb. (Piano della Casa; Lago del Vej del Bouc, bare soil; Gias
Prato, wet meadow; Lago Vacca, banks of the river)
- Tortula muralis Hedw. (Piano della Casa, on soil)

Indicator species of moderate/high anthropic impact (Meso-Euhem)

- Brachythecium rutabulum (Hedw.) Bruch & Schimp. (Lago Villazzo, banks of the river)

- Chiloscyphus polyanthos (L.) Corda (Lago del Vej del Bouc, peat-bog)

- Cinclidotus fontinaloides (Hedw.) P. Beauv. (Lagarot di Laroussa, wet meadow)

- Dicranella subulata (Hedw.) Schimp. (Piano del Valasco, bare soil)

- Didymodon insulanus (De Not.) M.O. Hill (Piano del Valasco, banks of the river)

- Lophocolea heterophylla (Schrad.) Dumort. (Lago del Vej del Bouc, bare soil)

- Plagiomnium ellipticum (Brid.) T.J. Kop. (Lago del Vej del Bouc, peat-bog; Piano della
Casa, bare soil)

- Platyhypnidium riparioides (Hedw.) Dixon (Piano del Valasco, banks of the river;
Lagarot di Laroussa, wet meadow)

- Ptychostomum imbricatulum (Miill. Hal.) Holyoak & Pedersen (Piano della Casa, on soil)

- Ptychostomum pallescens (Schleich. ex Schwigr.) J.R. Spence (Lagarot di Laroussa,
wet meadow)

Conclusions

The explorations conducted in the six areas have allowed us to achieve an in depth study
of the bryophyte flora in a territory of the Alps whose bryophytes have received little atten-
tion so far. We offer below a summary of the concluding considerations that can serve as
the foundations for future research to monitor the areas studied and identify opportune
actions to safeguard these environments.

Some areas (Piano del Valasco, Piano della Casa), are more subject to the effects of both
grazing and the influx of tourists, which in some periods of the year, reaches unsustainable
levels for an environment of such extremely fragile equilibrium as that of a mire. The float-
ing marshy peat mats often appear to have been crushed underfoot by tourists. In these
areas, one can observe that alongside the typical flora of peat-bogs represented by
Sphagnum, there is the development of a more banal and ubiquitous ruderal and anthropic
flora; in the part uphill, where the valley closes near the waterfall, the pressure from cattle
grazing appears greater, and the bryophyte flora concentrates in proximity of boulders and
strips of larch groves on the edges of the Piano.

Lago del Vej del Buc, Lago Villazzo and Lago della Vacca appears to be strongly con-
ditioned by the notable impact of livestock grazing. The pet-bog appears to be particularly
damaged by the trampling of animals, while in the places where there is the greatest tram-
pling, the vegetation appears to be characterized by ruderal and ubiquitous species typical
of grazing environments. On the lake shore where there has been no trampling or a lesser
degree of trampling, there are traces of a Sphagnum bog, even though observation of the
state of conservation of the Sphagnum indicates that it suffers from the aridity and the state
of drying of the summer, in all likelihood related to the karstic nature of the subsurface. In
fact, in places where the water reappears, species typical of wet environments are seen. It
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should be noted that the peat-bog is subject to trampling by animals with consequent dam-
age and impoverishment of its species component.

The Lagarot di Laroussa is the only site with the greatest characteristics of naturalness.
In fact, no livestock were seen there. The shores of the small lake, which appear to be in
an excellent state of conservation, attract afternoon visits of chamois who go there to drink.
The influx of tourists seems to be quite orderly and respectful of the environment. In
Lagarot, as in the other sites, Sphagnum were not observed, but unlike the others, the
aquatic and wet environment flora is rich, making this site an environment that is surely
interesting and to be used as a model of conservation, also for the other sites.

The indicator species of anthropic impact identified during this research, could be used
for future monitoring efforts, at least in areas with elevated anthropic impact. Precisely
because of the ecological and natural characteristics described in this work (colonizing
species or those linked to a certain chemism of the waters or substrata), they adapt to living
well in situations where there is a high degree of anthropization.
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Ernst Vitek

Gundelia (Compositae), from one to many species — an ignored diversity*

Abstract

Vitek, E.: Gundelia (Compositae), from one to many species - an ignored diversity. — FL.
Medit. 28: 179-185. 2018. — ISSN: 1120-4052 printed, 2240-4538 online.

For long time in scientific botany the genus Gundelia (Compositae) was treated with only one
polymorphic species Gundelia tournefortii L. When finding new populations in Armenia it was
realized, that several species are hidden in the variety. At the moment 15 species are accepted
as distinct taxa. The genus can be found from Turkey eastwards to Afghanistan, southwards to
Israel and Iraq. The centre of diversity is in Eastern Turkey.

Key Words: Mediterranean Flora, systematics.

Introduction

Linnaeus (1753) described Gundelia tournefortii, all later described species and varieties
have been put back into synonymy by later authors (e.g. Kupicha 1975; Rechinger 1989).
Therefore during the OPTIMA excursion in Armenia in 2002 plants of this genus have been
presented to the participants as “Gundelia tournefortii”. In 2005 two new localities of Gundelia
have been found in Armenia, and comparing these populations it became clear that there is more
than one species in the genus. After finding the important characters to distinguish the species,
step by step all published names of whatever rank have been checked, typified and — as far as
possible — the type localities visited. The plants of the genus Gundelia are called ,,Kenger* in
Turkish, ,,Akub® in Arabic and ,,Kuub* in Farsi language, with some local dialectic variations.
Young shoots are used as vegetables or as food for animals. The latex of the cut shoots can be
dried and used as chewing gum. The roasted fruits can be used to replace coffee beans.

Results

At the moment 15 species are accepted (Vitek & Jarvis 2007; Vitek & al. 2010; Vitek & al.
2014; Nersesyan 2014; Armagan 2016; Firat 2016, 2017a; Vitek & al. 2017a, 2017b; Vitek &
Noroozi 2017a, 2017b; Firat 2017b; Cakilcioglu & al. 2018; Vitek 2018). They can be distin-
guished by size of the plant, colour of flowers (Fig. 1), number of flowers in one partial synflo-
rescence, indumentum, shape and size of fruits, climatic and ecological requirements (Table 1).

*Extended and enriched version of the oral presentation given at the International Symposium
"Botany at the intersection of Nature, Culture, Art and Science", Selinunte, 28-30 June 2018.
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Accepted taxa:

Gundelia L., Sp. Pl. 2: 814 (1753), type species: G. tournefortii.

G. anatolica Firat, Gundelia Spec. Anatolia: 23-24 (2016). — Fig. 1c.
Type: Turkey, B4, Kirikkale, Delice province, Tuzkayasi region, 700 m, 39°5820" N,
34°04'12" E, 2. 5. 2015, M. Firat 32645 [holotype VANF, isotypes ANK, Herb.
Yildirimli, Herb. Firat].

G. armeniaca Nersesyan, Ann. Naturhist. Mus. Wien, B 116: 192 (2014). — Fig. 1f.
Type: AbGomsiHckuil paiioH, okp. c. I'exaaup, 10. 06. 1988, A. Hepcecsn, [Abovian
region, surroundings of Geghadir village, 10. 06. 1988, A. Nersesyan] [holotype ERE
137773, isotypes ERE 137772, ERE 149115, ERE 149116, ERE 149117, W 2006-
0005938, W 2006-0005939].

G. aragatsi Vitek, Fayvush, Tamanyan & Gemeinholzer subsp. aragatsi, Ann. Naturhist.
Mus. Wien, B 111: 92 (2010).
Type: Armenia, Aragatsotn province, Mt. Aragats SW-slope, track between Avtona
water reservoir and Kakavadzor, 1880 m s. m., 40°22'5"N/44°2'49"E, 23. 6. 2007 G.
Fayvush, K. Tamanyan, H. Ter-Voskanyan, E. Vitek 07-1373 [holotype ERE, isotypes
W (four sheets) 2009-18514-2009-18517, B, BC, BM, BRNU, E,MO, MSB, NY, WU].

G. aragatsi subsp. steineri Vitek, Fayvush, Tamanyan & Gemeinholzer, Ann. Naturhist.
Mus. Wien, B 111: 96 (2010).
Type: Armenia, Vayots Dzor province, mainroad to south Armenia, Wof Yeghegnadzor,
SE of crossroad to Erechgnadzor, slope S of river, 1050 m. s. m, dry rocky slope,
39°4421"N/45°15'3"E, 2009-06-01 G. Fayvush, K. Tamanyan, E. Vitek 09-0700 [holo-
type ERE, isotypes W2009-18513, B, BC, E, MO, MSB, NY, WU].

G. asperrima (Trautv.) Firat, Ot Sist. Bot. Dergisi 24(2): 62 (2017) [31 Dec 20177?]
= G. asperrima (Trautv.) Cakilcioglu, Yiice & Vitek, Ann. Naturhist. Mus. Wien, B,
120: 240 (2018). [Jan 2018, isonym]
Type: “In Turciae districtu Erzerum, in montibus Paldnteken, altit. 6300' [1920 m],
Radde” [TB n. v.].

G. colemerikensis Firat, Gundelia Spec. Anatolia: 15-16 (2016). — Fig. 1b.
Type: Turkey, C9, Hakkari Province (Colemerik) from Karadag hill to Bergelan plateau,
2284 m, 37°36'39" N, 43°44'44" E, 11. 6. 2015, M. Firat 32465 [holotype VANF, iso-
types ANK, Herb. Yildirimli, Herb. Firat].

G. dersim Vitek, Yiice & Ergin, Phytotaxa 161: 131 (2014).
Type: Turkey, Province Tunceli (Dersim), Ovacik, c. 11. 7 km WWSW Ovacik, 1. 9 km
ENE Ziyaret (fountains of river Munzur), 1300 m s. m., 39°20'16" N / 39°4'57" E, 12.
06. 2013, E. Vitek, E. Yiice, C. Ergin & H. H. Makal 13-0030 [holotype W 2013-
0006146, isotypes Tunceli University, HUB, ISTE, E, G, US].

G. glabra Mill., Gard. Dict., ed. 8. n. 2 (1768). — Fig. la.
Type: Turkey, province Bayburt, c. 4.4 km SSE Bayburt, road to Glimiigsu, c. 100 m
from main road, 1595 m s.m., 40°13'37"N 40°15'43"E, 14.6.2013 E. Vitek, E. Yiice, C.
Ergin & H. H. Makal 13-0173 [neotype W 2013-0006162, iso-neotypes Tunceli
University, B, E, G, HUB, INU, ISTE, NY, US].

G. komagenensis Firat, Gundelia Spec. Anatolia: 6-7 (2016). — Fig. 1g.
Type: Turkey, C7, Adlyaman: Kahta Province, Nemrut mountain, 1445 m, 31'57'01" N,
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38°45'38" E, 26. 5. 2015, M. Firat 32494 [holotype VANF, isotypes ANK, E, Herb.
Yildirimli, Herb. Firat].

G. mesopotamica Firat, Acta Biol. Turc. 30: 65 (2017).
Type: Turkey. C8 Mardin: 2—3 km from Mardin to Nusaybin (Nisébin), eroded slopes,
aride steppe, 807 m, 37°17'36"N, 40°46'20"E, 8. 5. 2017, M. Frat 33725 [holotype
VANTF, isotypes ANK, Herb. M. Firat].

G. microcephala (Bornm.) Vitek, Ann. Naturhist. Mus. Wien, B, 120: 235 (2018).
Type: Inter Kermandschahan et Bagdad, prope Khanegyn [Chanekin, Chanaqin] ad
fines Persiae, Grenzstation, 3. 4. 1894, Strauss s. n. [JE 00015288].

G. munzuriensis Vitek, Yiice & Ergin, Phytotaxa 161: 135 (2014).
Type: Turkey, Province Tunceli (Dersim), Ovacik, c. 2 km WWSW Ovacik, 1275 m s.
m., 39°21'19" N /39°1129" E’, 12. 6. 2013, E. Vitek, E. Yiice, C. Ergin & H. H. Makal
13-0025 [holotype W 2013-0006270 (inflorescence) and 2013-0006269 (additional
leaf), isotypes Tunceli University, HUB, INU, ISTE, B, E, G, L, US].

G. rosea M. Hossain & Al-Taey, Notes Roy. Bot. Gard. Edinburgh 42 (1): 41 (1984). — Fig.
ld—e.
Type: Iraq, c. 60 km. N. E. of Mosul, 10. 5. 1978, Hossain s. n. [holotype MSUH, iso-
types BAG, E00385310, K000797235]

G. tehranica Vitek & Noroozi, Ann. Naturhist. Mus. Wien, B, 119: 246 (2017).
Type: Iran, Tehran, Tuchal Mt., above Velenjak, 2200-2300 m, 35°49'26"N, 51°23'30"E,
6. 5. 2016, J. Noroozi [holotype W 2016-0011195, isotypes E, G, IRAN, NY, TARL, W
2016-0011196].

G. tournefortii L., Sp. P1. 2: 814 (1753).
Lectotype: [Aleppo,] Rauwolf 1583, t. 74. Epitype: [Aleppo,] Rauwolf, hort. sicc. 81 [L].
= G. cilicica Firat, Gundelia Spec. Anatolia: 19-20 (2016).
Type: Turkey, C5, Mersin, Erdemli province, Tozlu village, 1460 m, 36°48'12" N,
34°07°09" E, 5. 5. 2016, M. Firat 32705 [holotype VANEF, isotypes ANK, Herb.
Yildirimli, Herb. Firat].

G. vitekii Armagan, Ann. Naturhist. Mus. Wien, B, 118: 130 (2016).
Type: Turkey, province Tunceli (Dersim), Tunceli Merkez, c. 8 km N of Tunceli, moun-
tain slope NW of Tiilliik Bucagi, 39°10'32"N 39°32'04"E, 1745 m s. m., 31. 5. 2015, E.
Vitek, M. Armagan & M. Ozel 15-0042 [holotype VANF, isotype W 2015-11168].

Names still needing clarification:

Gundelia tenuisecta Freyn & Sint., Oesterr. Bot. Z. 42: 168 (1892).

G. tournefortii var. [B] araneosa DC., Prodr. Syst. Nat., 5: 88 (1836).

G. tournefortii var. armata Freyn & Sint, Osterr. Bot. Z. 42: 168 (1892).
G. tournefortii var tenuisecta Boiss., Fl. Orient. 3: 421 (1875).

Discussion

It is a surprising fact, that the diversity in the genus has been ignored for long time.
Probably this is partly due to the difficulties in collecting these often rather big, spiny and
badly drying plants. In the herbarium specimens some characters as the flower colour can-
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Fig. 1. Gundelia, synflorescence. a) G. glabra, b) G. colemerikensis, ¢) G. anatolica, d—e) G. rosea,
f) G. armeniaca, g) G. komagenensis. — a, d, e, g © Vitek, b, ¢, f © Armagan.
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not be seen and in most cases there is no information on the habitat. Some authors (e.g.
Bornmiiller 1906; Trautvetter 1876) found the important differencing characters, but
described the taxa as varieties.

All species are clearly differentiated in their characters (Table 1), but also well defined
in their ecological needs. E.g. G. glabra has been found in the province Elazig, near
Sivrice growing on a dry slope (Vitek & al. 14-0189 [W 2014-0014879]; Vitek & al. 2017:
Fig. 4c), and G. dersim in about 30 m distance in a grassy humid ditch (Vitek & al. 14-188
[W 2014-0014881], new record for the province Elazig). No plants could be found in
between showing the strict limitation to the required habitat. In Armenia G. aragatsi subsp.
aragatsi is found in mountain (steppe) meadows (1700-1900 m), G. aragatsi subsp.
steineri on a stony slope with Shibljak vegetation (1000-1100 m) and G. armeniaca in
semi-humid to dry meadows in lower altitude (1300-1600 m).

Gundelia has its centre of diversity in Turkey with 12 (-13) species, reaching
Afghanistan in the East, Israel in the South and Cyprus. Based on photos and information
found in the internet there are still some species to describe. There is insufficient informa-
tion on the variability in Iran and Iraq with 3 (-4) species at the moment. For other coun-
tries from which Gundelia “tournefortii” is reported, e.g. Azerbaijan or Turkmenistan,
there is no reliable information to assign a species, but with high certainty this is not G.
tournefortii. The same is valid for Afghanistan - the photo in Breckle & Rafiqpoor (2010:
271) shows some similarity to G. tehranica, but does not allow a clear assignment.
Anyway the total number of species could go up to 20-25 species in future.
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Abstract
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nivale subsp. nivale (Asteraceae) from North Pirin marbles (SW Bulgaria). — F1. Medit. 28:
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Leontopodium nivale subsp. nivale is a local and disjunct endemic of the central Apennines in
Italy and the Pirin Mountains in Bulgaria. The aim of this study is to investigate in situ micro-
habitat specifics and ex situ ontogenesis regarding the possible future cultivation and to evalu-
ate hazards for wild populations in conditions of human impact and climate change.
Leontopodium nivale subsp. nivale is stenobiont which is difficult to grow ex situ and therefore
particularly vulnerable. Its wild habitats and populations in Pirin Mts. should be efficiently pro-
tected. The results of our study indicate that the stenobiontic plants such as Leontopodium
nivale subsp. nivale are particularly subject to hazard.

Key words: endemic plant, microhabitat specifics, ex sifu ontogenesis, conservation strategy.

Introduction

Leontopodium (Pers.) R. Br. is a genus of approximately 30 species with an Asian—
European disjunct distribution (Bléch & al. 2010). Several molecular clades of
Leontopodium, each with morphological integrity have been identified. A distinct one
contains the European taxa (Leontopodium alpinum Cass., L. nivale (Ten.) Hand.-
Mazz.). These taxa belong to the type section Leontopodium [Alpina Hand.-Mazz.].
They are genetically distinct from all Asian species in the ITS analysis, although perhaps
not as distinctly separated as might be expected from the geographic distance (Bloch &
al. 2010). Leontopodium nivale is the accepted name Euro+Med PlantBase (2011).
Leontopodium nivale subsp. nivale is a local and disjunct endemic of the central
Apennines in Italy and the Pirin Mountains in Bulgaria whereas Leontopodium nivale
subsp. alpinum (Cass.) Greuter or known by the basionym L. alpinum Cass. grows in the
Pyrenees, throughout the Alps, the Carpathians and the Balkan Peninsula, (Meusel &
Jaeger 1992; Euro+Med PlantBase 2011). It is recommend recognising Leontopodium
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alpinum and L. nivale at species rank until more sophisticated population-level analyses
may clarify their status (Bloch & al. 2010). At this stage of AFLP analysis, the popula-
tions of Edelweiss from Bulgarian mountains still remain an unsolved taxonomic and
phylogenetic issue and no conclusion is possible yet on the relationship between them.
AFLP analysis showed that a group containing both European taxa L. nivale subsp.
alpinum and L. nivale subsp. nivale is indeed well separated from all other 14 taxa in the
other groups with a BS of 99%. (Safer & al. 2011, see Fig. 3 Neighbor-net network,
highlighting groups and subgroups among species of Leontopodium: ACH, L. alpinum
[Switzerland]; ABG, L. alpinum and L. nivale [Bulgaria]).

Species delimitation in Leonfopodium seems to be complicated by the possible occur-
rence of apomixis. However this phenomenon is poorly investigated in Leontopodium. The
only species where apomixes, namely diplosporia, has been studied and found is in
Leontopodium nivale subsp. alpinum/L. alpinum (Erhardt 1993; Noyes 2007; Bloch & al.
2010). L. alpinum do have apomictic biotypes but more often it is facultative apomixs and
sexual reproduction dominates (Horandl & al. 2011). Additionally along with hermaphro-
dite plants occur ginomonoecious or andromonoecious ones and in different parts of the
range the ratio varies. The population in the Alps is almost entirely andromonoecious
(Erhardt 1993). L. alpinum in the Tatry mountains is polyploid with 2n= 4x= 52 (Murin &
Paclova 1979; Horandl & al. 2011) but no data are available for the chromosome numbers
of other populations of this taxon as well as for L. nivale subsp. nivale from Pirin Mts or
from the Apennines.

Edelweiss grows in Bulgaria on the marbles of North Pirin Mts. and on the limestone
of the Central Stara Planina Mts. (Fig. 1). Leontopodium nivale subsp. nivale is a perennial
herbaceous plant. Stems (1)5-20(30) cm high, erect, simple. Leaves alternate, entire,
spathulate, 1.5-4 cm long, densely white lanate; the upper subtending the capitula and
equal in length. Capitula subglobose. Involucre 4—6 mm; outer involucral bracts lanceo-
late, lanate, acute, margin brownish at apex. Florets yellowish white. Achenes 0.5 mm
long. L. nivale subsp. nivale is the taxon that occurs on the marbles of Nort Pirin (Fig. 1).
These are plants with patent hairs, stems 1-5 (10) cm and both sides of the leaves lanate.
The leaves beneath anthodia, slightly longer then them, spathulate. Leontopodium nivale
subsp. alpinum grows in Stara Planina Mts. (Fig. 1). These are plants with accumbent
hairs, stems longer than 5 cm and the upper side of the leaves greenish. The leaves beneath
anthodia, much longer then them, oblong-linear (Kuzmanov 2012).

The two species native to Europe, L. alpinum (L. nivale subsp. alpinum known as the
common ‘Edelweiss’) and L. nivale (L. nivale subsp. nivale), are part of the cultural her-
itage of the people living there (Safer & al. 2011). The Alpine Edelweiss (L. nivale subsp.
alpinum) has a long tradition in folk medicine (Safer & al. 2011). References from the year
1582 mentioned the use of Edelweiss for the treatment of diarrhoea and dysentery
(Tabernaemontanus 1582). Several other applications for extracts and plant parts of
Edelweiss have been described throughout the years, and recent phytochemical research
has resulted in the detection of unknown and uncommon secondary metabolites, some with
strong anti-tumour and anti-inflammatory biological activities, and they promote choles-
terol efflux etc. (Comey & al. 1997; Hook & Sheridan 2001; Stuppner & al. 2002; Dobner
& al. 2003a, 2003b, 2004, Dweck 2004; Schwaiger & al. 2004, 2005; Speroni & al. 2006;
Hornick & al. 2008; Reisinger & al. 2009; Tauchen & Kokoska 2016; Wang & al. 2016).
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Fig. 1. Distribution of Leontopodium nivale subsp. nivale in Bulgaria.

The anti-inflammatory activity of the Edelweiss is related to the biosynthesis of
leukotrienes, which are potent inflammatory mediators which may have a role in inflam-
matory diseases such as allergic rhinitis, inflammatory bowel disease and asthma
(O'Donnell 1999; Ganzera & al. 2012). These promising results have increased the interest
in Edelweiss for pharmaceutical research. There is some in vitro cultivation (Hook 1993,
1994; Zapartan 1996; Butiuc-Keul & Deliu 2000; Trejgell & al. 2010; Daniela & al. 2012).

The Alpine Edelweiss (Leontopodium nivale subsp. alpinum/L. alpinum) is an impor-
tant and widely known plant which is now established in cultivation. Edelweiss flowers are
highly prized and were collected from the wild in the past, but collection is now regulated
or banned in many European countries. This plant is threatened in several European coun-
tries and populations declined due to collection in the past; however, it has a large distri-
bution and without information on the extent of population declines, it does not qualify for
a threatened category in Europe or the EU 27. It is therefore listed as Least Concern (Khela
2013). Bulgaria is one of those European countries where populations have declined. The
TUCN status of L. alpinum is Endangered (Bancheva 2011) and the plant is protected by
the Biological Diversity Act. Therefore it is important to maintain an appropriate conser-
vation strategy and develop a cultivation establishment.

The aim of this study is to investigate in situ microhabitat specifics and ex sifu onto-
genesis of the endemic Leontopodium nivale subsp. nivale regarding the possible
future cultivation and to evaluate hazards for wild populations in conditions of human
impact and climate change.
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Materials and methods
Study sites and habitat investigations

The in situ field investigations were conducted in the marbleized karst regions of North
Pirin Mts., namely the main watershed of North Pirin Mts. with its highest peaks and their
slopes build of marble. The study sites are summarized in Table 1 and Fig. 2. They are all
located in marble areas of the mountain since Leontopodium nivale is calciphilous. The
period of investigations of wild populations was during the summers of 1995, 1996, 2001,
2002, 2005, 2014 and 2015. The ex situ experiments and observations were conducted dur-
ing the period 2006-2010. The exact geographic location of all sites was determined in
1995, using a global positioning receiver Garmin GPS 12, Datum WGS 1984, UTM pro-
jection (Fig. 2, numbers marking the study sites correspond to the way points recorded
with GPS receiver for this plant species in the field). Elevation was double checked with
an altimeter (Table 1). Slope and exposure were recorded and described both in the field
and using the global positioning system (GPS) methods. Soil samples (two samples at each
study site) were taken from the rooting zone of study plants. Each sample was taken from
area of 20-30 cm? and 4 cm depth. The soil characters were measured after a standard
methodology at the Newcastle University in January 2002. The volume of 10 cm? of air
dry soil (scoop filled and struck of level without tapping) was weighted on digital scales.
The soil was ground to pass 2 mm mesh sieve. We transferred 5 cm? sieved soil into a bot-
tle and added 100 cm? sodium bicarbonate reagent of pH 8,50 at 20°C to extract the phos-
phorus (Table 2). The concentration of the blue complex produced by the reduction, with
ascorbic acid, of the phosphomolibdate formed when acid ammonium molybdate reacts
with phosphate was measured spectrophotometrically at 880 nm. The number of pg of
phosphorus equivalent to the absorbances of the sample and the blank determinations were
calculated from the standard graph. The difference was multiplied by 100 to obtain the
quantity of extractable phosphorus in the soil [mg P/kg soil]. Soil pH characters were
measured using a pH electrode and meter at about 20°C (between 20,2°C and 20,8°C for
each sample). Phytocenosis was recorded after Braun-Blanquet system. The plants were
identified and named after Jordanov (1963-2011).

Table 1. Study sites and altitude.

Local Topographic name Study sites Altitude
Way point

Above Kasan Shelter 7 2605 m a.s.l
Above Kasan Shelter 8 2605 m a.s.l
Below Kasan Shelter 21 2251 ma.s.l
Zhultite skali, Okadenski 16 2170 m a.s.l
cirque

Zhultite skali, Okadenski 37 2210 ma.s.1
cirque




Flora Mediterranea 28 — 2018 191

P
A PSS
—GPS Map Detail

Fig. 2. Localization of the study sites.

Table 2. Features of the soil samples. Legend (-) absent in the sample, (+) sporadic or small, (++)

plenty of material, (+++) dominates.

Locality Sample Slope Exposure Weight Roots & Sand Pebbles Water pH pH  mgP/kg

number volume  straw absorbtion measured  soil
[g/10cm?] at temp°C

Above
Kasan 8 20° NW 6,3 + - +++  medium 7.69 20.5 21.35
Shelter
Above
Kasan 8 20° NW 6,3 + - +++  medium 7.26 20.5 23.02
Shelter
Below
Kasan 21 35° E 7,8 + ++ + delayed 7.70 20.6 20.65
Shelter
Below
Kasan 21 35° E 8,4 + ++ + delayed 7.42 20.7 23.89
Shelter
szlf‘;ﬁme 16 33° SE 108 +  medium 729 205  20.95
SZE‘;?“‘? 16 33  SE 108 4++ 4+ medium 7.55 207 2072
average 7.49 20.58 21.76
stdev 0.193  0.098 1.361
min 7.26 20.50 20.65

max 7.70  20.70  23.89
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oy

Fig. 3. Ex situ experimental plot in the vicinity of Dobrinishte in the foothill of Pirin Mts. — drainage
layer and stonework with marble peaces.

Ex situ experiments and observations

Some local people in the settlements in the northern foothills of Pirin Mts (Bansko and
Dobrinishte) are interested in growing Edelweiss in their gardens. They tend to transplant
adult plants from the native populations mostly. Therefore our ex situ experiment was in
two steps — transplantation of adult plants and growing seedlings. Firstly we obtained per-
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missions from MOEW - Bulgarian Ministry of Environment and Water No: RD —
744/15.07.1/2005 and No: 67/20.06.2006.

The experimental plot for adult transplants was established in 2005 in the yard of a
house in Dobrinishte village, in the foothill of Pirin Mts. The experimental rock garden for
seedlings was established in 2006 near the village, in a hay meadow of approximately 500
m? near the river, situated at 865 m above sea level, at N 41°48°80,9” and E 23°33767,4”
(WGS84). We chose the steepest part of a hay meadow with an exposure to the north-east.
The place was chosen with consideration for several factors: i) close enough to the river
for watering; ii) away from potential floods; iii) moderately shaded; iv) the snow lies rel-
atively long here, protecting the plants from the spring frosts, and providing a cool micro-
climate in summer (Fig. 3).

Three adult plants were carefully excavated from their native habitats and immediately
transplanted in the experimental plot. We used marble peaces with holes drilled in them to
resemble as much as possible the natural environment. The soil was predominantly from
the native habitat.

Seed was collected in September 2005 and kept cool (4°C, in the fridge, but not frozen).
Several sets of seeds were processed for germination on moisture filter paper at natural light —
dark photoperiod and average temperature 19°C. Once the seeds had germinated, the seedlings
were transferred individually to plastic pots filled with a mix of 30% rough marble sand, 30%
sieved humus, 30% sieved good soil, 10% perlite or with a mix of 60% silty brown soil and
40% rough marble sand. When seedlings were at the 2-6 true leaf stage, they were transported
to the experimental rock garden. They were planted singly into the flower beds with fine marble
gravel top-dressing. We followed the concept of discrete description of plant ontogenesis
(Komarov & al. 2003)

Data analysis

Descriptive statistics was used to analyze the data obtained.

The comparative analysis of the vegetation at the sites was done calculating the Jaccard
coefficient (Muller-Domboa & Ellenberg 1974). The Jaccard coefficient measures the sim-
ilarity of two sample sets (Table 3). It uses the ratio of the intersecting set to the union set
as the measure of similarity. Thus it equals zero if there are no intersecting elements and
equals one if all elements intersect.

T N

."'\‘Ta —|— _'"\'Tb - ."'\‘Tc

Where: Na - number of elements in set A, Nb - number of elements in set B, Nc - num-
ber of elements in intersecting set.

A comparative analysis of the climate parameters both in native habitats and in the
ex situ experimental plot was performed based on data officially available from nation-
al institutions and local meteo-stations (Table 4). The measurements in Vihren hut
(1954-1974) and Bansko (1933-2014) were conducted by the National Institute of
Hydrology and Meteorology of Bulgaria. The measurements at Vihren hut (2010-
2015) were carried out by Grunewald & al., while those at Treeline location close to
the in situ study sites (native habitats) by Panayotov & al. (Grunewald & al. 2016).



194 Kozuharova & al.: Autecology and ex situ growth of Leontopodium nivale ...

Table 3. Jaccard coefficient of similarity between the plant communities of the investigated subpop-

ulations of Leontopodium nivale subsp. nivale (N=5)

Study sites Way point 8 Way point 7 Way point 21 Way point 16
Way point 8
Way point 7 0,32
Way point 21 0,69 0,37
Way point 16 0,26 0,64 0,58
Way point 37 0,47 0,31 0,73 0,78
Results

Autecology of Leontopodium nivale subsp. nivale

Leontopodium nivale subsp. nivale grows in North Pirin Mts in the belt of the subalpine
meadows (study sites 16, 21, 37) and in the alpine belt (7, 8). The altitude of the micro-
habitats ranges in wide diapason 2170-2605 m a. s. 1. (Table 1). The exposure of the micro-
habitats is diverse so the plant is tolerant to this factor.

The granulometric composition of the soils, determined by sieving them (2 mm mesh
sieve) revealed that the soils consisted of rough particles-sand and pebbles (Table 2). Soil
pH in our samples was neutral to slightly alkaline (Table 2) and this confirmed the calci-
philous nature of the Edelweiss. Extractable phosphorus (P) in the soil was between 20.65
g/kg soil (site 21, Table 2) and 23.89 (site 8, Table 2).

In most of our study sites Leontopodium nivale subsp. nivale grows as a calciphilous
chasmophyte together with Potentilla apennina subsp. stojanovii Urum. & Jav. and Dryas
octopetala L. It occupies habitats where the vegetation cover varies between 50% and
80%. In our study sites L. nivale is an element of plant communities dominated by Sesleria
korabensis (Kumm. et Javorka) Deryl, and Carex kitaibeliana Degen ex Bech. Highly
abundant are Potentilla apennina subsp. stojanovii Urum. & Jav., Dryas octopetala L.,
Saxifraga ferdinandii-coburgii Kellerer et Sund, Saxifraga oppositifolia L., Campanula
cochleariifolia Lam., Veronica kellererii Degen & Urum., Linum capitatum Schultes,
Acinos alpinus (L.) Moench, Centaurea achtarovii Urum., Papaver degenii (Urum. & Jav.)
Kuzmanov, Alyssum cuneifolium Ten., Thymus perinicus (Velen.) Jalas, T. thracicus
Velen., Helianthemum nummularium (L.) Miller, Rhodax canus (L.) Fuss., Cerastium
alpinum L., Aster alpinus L., Achillea ageratifolia (Sibth. et Sm.) Boiss., Daphne velen-
ovskyi Halda, Oxytropis urumovii Jav. and O. kozurahovii Pavolova, Dimitrov & Nikolova.
The floristic compostion of the plant communities in our study sites demonstrated more or
less high similarity (Table 3). Interestingly, similarity was higher between sites that were
not in the near vicinity (e. g. way points 7 and 16) and lower between closely situated sites
(e. g. way points 7 and 8).

Ex situ ontogenesis of Leontopodium nivale subsp. nivale

Transplantation of adult plants - All three plants that we transplanted in September
2005 survived the winter and leaf rosettes were developed in April 2006. One of the plants
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bloomed in July 2006 (Fig. 4A). The plant developed one flowering stem and the anthodia
were only three and small but they produced seeds (achenae, Fig. 4B and 4C). The second
winter period was survived by only two individuals and in June 2007 the full bloom was
recorded. One of the plants developed three flowering stems and the other — nine flowering
stems (Fig. 4D). The flowering stems were big with 6-9 large anthodia. Both plants over-
wintered successfully and developed leaf rosettes. The plant that previous year bloomed
lavishly formed a flowering stem (Fig. 4E). By August 2008 both plants dried and vanished
despite the regular moderate watering. In summary, during the first season after transplan-
tation the flowering was depressed. Lavish flowering was achieved the second season but
the plants did not live long enough for a third flowering. The breaking point was the sum-
mer. Our experiments revealed that Pirin Edelweiss adult plants have weaker ability of
adaptation to ex sifu conditions compared to other rare and endemic species which we
transplanted in the same experimental plot such as: Aubrieta gracilis Boiss., Veronica
kellereri Degen & Urum., Hypericum linarioides Bosse, Cerastium decalvans Schloss. &
Vuk., Achillea chrysocoma Friv., Thymus thracicus Velen. All these plants demonstrated

Fig. 4. Adult plants - transplantation and ontogenesis. A: 2006 April, beginning of vegetation; B: and
C: 2006 July full bloom; D: 2007 June full bloom; E: 2008 June beginning of blooming.
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ability for vegetative propagation, enlargement of the biomass and lavish flowering.

Among the possible reasons for the mortality of the transplanted plants were unfavor-
able climate conditions during the experimental years. 2007 especially was characterized
by unusual climate conditions — the winter was generally dry with twice as low a precipi-
tation sum compared to the long-term (1933-2014) average for Bansko station (Table 4),
combined with the third highest winter temperature. Especially warm were January and
February, for which the warmest average temperature was recorded. Additionally the sum-
mer was also unusually warm with the fourth highest June-August temperature for the
record. Despite the fact that the plants were watered during the summer, the combination
of winter draught and high temperatures plus summer high temperatures might have cre-
ated stress conditions that made the plants vulnerable to pathogens.

Seed propagation - Leontopodium nivale subsp. nivale from Pirin Mts. reached a ger-
mination percentage of 85.4 + 7.6% (average = SE) during the first two years after the seed
collection under variable conditions (5-28°C; 13/11 and 14/10 photoperiod; no GA3 addi-
tion, Table 5). Survival of the seedlings in the pots until the moment to be planted in the
rock garden was better when seeds germinated at higher temperature and with a longer
light photoperiod (in May). Germination percentage with GA3 addition was 80% (Table
5). The untreated processed for germination on moisture filter paper at natural light — dark
photoperiod and average temperature 19°C seed of Edelweiss - germinated well (71%-
89%). The seedling developed well at the early stages (1-4 real leaves and size 3-5 mm).
Later on many of the seedlings planted in the experimental rock garden did not survive
(Tables 5 and 6). None of the plants grown by seedling survived for five years i. e. during
the whole experimental period. During the first year after seed collection, 80 % of the
experimental set of seeds germinated (Table 5). For a period of four months (February to
July) seeds kept germinating gradually. Interestingly there was no moulding of the mois-
ture paper around the seeds. All seedlings survived to be planted in the experimental rock
garden, but only half of the seedlings planted ex situ survived till the end of the summer
(Tables 5 and 6). Only one plant grown by seed survived for four years (Table 6). During
the second year after the seed collection germination remained very high. Germination was
similar both for those stimulated with giberellic acid (GA3) and for non-treated seeds
(Table 5). Also survival of the seedling resulting by both regimes of germination was sim-
ilar. However seeds processed for germination later in spring at higher temperature germi-
nated better (Table 5). These seedlings survived better as well (Table 5).

During the forth year after the seed collection germination remained very high as in the
previous years (Table 5). Survival of the seedlings to the stage for planting in the rock gar-
den however was poor (Table 5). The germination experiment set in December revealed
that seeds dormancy is breakable in the autumn-winter period if the temperature regime is
favorable (Table 5). The seedlings did not survive. Consequently four years period reduces
the seeds viability. Percent of germination decreased twice for period of seven years (Table
5). Almost half of the seedlings (42%) grown in the first year after seed collection survived
in the rock garden during the whole summer (Table 6). The survival of seedlings grown
during the second year after the seed collection was less successful (20%). During their
first summer seedlings passed through the stage of juvenile plants, and reached the stages
of immature and virginal plants. The reproductive stage was reached by some plants during
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Table 5. Germination of Edelweiss seeds and survival of the seedlings at their early stages.

Year after Processed for Period for Experimental Temperature Percent of  Survived to be
seed germination germination set of during germination  planted in the
collection seeds germination rock garden
period
2006
I
February Four months 30 5-28°C 80% 24
2007
I March non-treated Three months 22 12-22°C 82% 2
March treated with One month 45 12-22°C 80% 6
GA3 May non-treated One month 85 19-28°C 98% 66
Total 152 12-28°C  Average 87% 74
2009
v
Second half of Aprilto ~ One month 45 16-28°C 82% 1
Second half of May
2009
v December One month 45 22,5°C 71% 71%
2013
VII Second half of January ~ One month 31 22,5°C 35% 35%
to Second half of
February

the second or third summer (Table 6). They developed 1-4 flowering stems. After that,
many of them died (Table 6). Most vulnerable are plants in their juvenile-immature stages.
Most critical for adult plants (virginal and reproductive) is the winter period.

Both adult transplants and plants grown from seed in situ had different habitus com-
pared to wild plants. They were obviously bigger (stems 5-9 cm, leaves of the rosettes
5-6 cm and the rosette of bracts 3-4.5 cm) and this was valid particularly for the plants
grown from seed in situ. However they preserved all other diagnostic features for the
taxon (patent hairs, both sides of the leaves lanate, bract rosette leaves spathulate),
except the size. Ex situ grown plants had patent hairs, and both sides of the leaves had
silvery whitish hairs. The leaves beneath anthodia remained slightly longer compared
to the anthodia, spathulate.

The temperatures at the experimental plot were higher (Table 4) because of its position at a
lower altitude compared to the wild populations. This had an impact on the flowering phenol-
ogy, which was about a month earlier compared to the natural habitats no matter whether these
were transplanted adults or plants grown by seed. For the young seedlings the juvenile and
immature stages were critical and 50% to 68% mortality was recorded during the summer after
their planting in the experimental plot. The winter was Rubicon for all mature seedlings and
regardless of whether they were at the virginal or reproductive stage 50% to 60% did not sur-
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Table 6. Seedlings planted in the experimental rock garden - ontogenesis and survival.

Reading of ontogenesis and survival of plants grown form seed

2006 2007 2009
planting in May planting in April plating in May
2006 First year
24
May juvenile
12
August immature
October . 1(.)
virginal
2007 Second year First year
i 6 74
April virginal juvenile
6 24
May virginal immature
August . 5. . 1‘.‘
virginal virginal
2008 Third year Second year
Ma 1 14
Y reproductive virginal and reproductive
June ! 14
(1 reproductive blooming) (4 reproductive blooming)
1 14
August (1 reproductive fruiting) (4 reproductive fruiting)
September ! 14
P (1 reproductive fruiting) (4 reproductive fruiting)
2009 Forth year Third year First year
7 1
May ! (3 reproductive blooming) juvenile
1 7
June (1 reproductive blooming) (3 reproductive fruiting) immature
7 1
July (1 reproductive fruiting) (3 reproductive fruiting) virginal
2010 Fifth year Third year Second year
Jul 0 4 !
y (reproductive, no blooming) virginal

vive (Table 6). An explanation could be found in the combination of winter warm periods which
cause thinner snow cover that is not permanent the whole winter. The plants unprotected by
snow are exposed to sporadic frosts. Also the summer high temperatures might have created
stress conditions that made the plants vulnerable to pathogens.

Discussion

Leontopodium nivale subsp. nivale population in Pirin Mts. grows as a calciphilous
chasmophyte on neutral to slightly alkaline soil with poor morphology and quality. The
studied populations are localized in the criolithogenic belt. Ninov (1982) has described
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well this extremely poor soil-forming process and scanty soil hidden between the marble
boulders, rock cracks, grooves, and fissures as a result of the high elevation with harsh cli-
mate and marble terrain. The periglacial relief is a result of crionivalic processes with peri-
odical freezing and unfreezing of the soil and the weathering crust. Due to the karst terrain
no ponds are formed because water is drained. Regeneration processes are slow, so that the
average vegetation cover is about 50%. In result the soil is primitive, poorly developed and
its cover is rather loose. The nature of the marble weathering is the reason for the fragment-
ed soil cover, poor development and functioning as well as poor interaction with the veg-
etation. The index of the potential bio-production is 0,1 — the same as in the tundra or in
the desert. Thus most of the soils here have poor morphology and quality. They have a
”cryo” temperature regime and are defined as Cryrendolls. Such soils are rare for Bulgaria.
They occur only here in Pirin and rarely in Slavyanka Mts. (Ninov 1982). Being formed
on hard rock they are defined in details, at a lower taxonomic level as Lithic Cryrendolls
(ST) or Lithic Leptosols — Rendzic Leptosols (F.A.O.).

The calciphilous chasmophyte Leontopodium nivale subsp. nivale in Pirin Mts. grows
together with Potentilla apennina subsp. stojanovii, Dryas octopetala, as well as with
Carex kitaibeliana, Saxifraga ferdinandii-coburgii and Campanula cochleariifolia.
Leontopodio - Potentilletum stojanovii in a plant community described for Pirin Mts
(Mucina & al. 1990) and it is noted as a specific one. The native populations of
Leontopodium nivale subsp. nivale occupy habitats which belong to montane tall-herb,
grassland, fell-field and snow-bed vegetation. These are alpine and subalpine open calci-
colous herbaceous and alpine calcicolous herbaceous communities near melting snow-
patches. Here psychrophytous and cryophytous hecistothermal vegetation is found in the
alpine woodless belt; calciphilous cryophytous grass formations Kobresieta myosuroides,
Cariceta kitaibelianae, Seslerieta korabensis and small shrub formations Dryeta octopeta-
lae, Saliceta reticulatae, etc. (Bondev 1991). Lately Leontopodio nivalis-Elynion
myosuroidis (Blasi & al. 2003) Di Pietro & Mucina (Crytry & al. 2015) is described as a
new alliance of Southern Europaean alpine tundra. This is an important syntaxonomic
description, because if an Apennine-Balkan delimitation of the Leontopodio-Elynion was
accepted, the mountain ranges of Korab, Prokletije, Rila and Pirin would represent the
southernmost limit of the Carici-Kobresietea in south-eastern Europe (Chytry & al. 2015).
Adaptations to habitat specifics might be related to endemism. For example, the main envi-
ronmental variable discriminating sites occupied by two butterworts in the Alps is the ele-
vation. Growth and reproductive performances of the wide spread Pinguicula vulgaris and
the endemic P. arvetii are influenced by the site conditions. The endemic is typically con-
fined to the metamorphic rocks of the Pennidic domain where the “Calcescisti e Pietre
Verdi” complex is largely predominant. From the phytogeographical viewpoint, it belongs
to a floristic contingent centred in the south-western Alps (Zaccara Bertolini & al. 2016).

Leontopodium nivale subsp. nivale occurs in two NATURA 2000 habitats: 6170 Alpine
and subalpine calcareous grasslands and 8120 Calcareuos and calcshist screes of the mon-
tane to alpine levels (Tzonev & al. 2009; Roussakova 2009, 2011).

Our experiments revealed that adult individuals L. nivale subsp. nivale have weak veg-
etative propagation ability and low potential for transplantation ex situ. Consequently the
result after transplantation is gradual extinction. Therefore transplantation of adult individ-
uals for further ex situ propagation is not a prospective approach for cultivation. The local
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people in Bansko and Dobrinishte in the foothill of Pirin Mts. who tend to transplant adult
Edelweiss individuals in their gardens should be discouraged from doing that.

The optimal germination of Leontopodium nivale subsp. nivale from Pirin Mts. was two
years after the seed collection, 85.4 = 7.6% (average = SE) under variable conditions in
spring (5-28°C; 13/11 and 14/10 photoperiod; no GA3 addition). The Edelweiss achenae
germinate well if they are exposed to the sun light and on the surface of the soil. They need
a high air temperature (18-20°C) and longer light photoperiod. Such conditions are
favourable for many members of family 4steraceae (Schlorhaufer, pers. comm.). L. nivale
from the Apenni