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Research Article

Abstract

The populations usually attributed to Solenopsis bivonae (Tineo) M.B.Crespo, Serra & 
A.Juan are investigated from a taxonomical and morphological viewpoint. Within this 
species complex, four new subspecies occurring in Sicily and Calabria are recognized, 
such as subsp. bivonae, subsp. madoniarum, subsp. peloritana and subsp. brutia. In ad-
dition, a new species from Cyprus described as S. meikleana and S. bacchettae from 

testa morphology, chorology, ecology, illustrations, conservation status, and examined 
specimens for each taxon are provided. Besides, the analytical keys, distribution maps, 
and phytosociological arrangement regarding these taxa are given too.
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Introduction

Solenopsis C.Presl is a very peculiar genus of Campanulaceae, belonging to 
subfam. Lobelioideae, distributed in the Mediterranean and Macaronesian ter-
ritories. Within this genus, two well-distinct groups can be recognized, which 

slightly divaricated at the top. Conversely, the second one shows a stemless 

by lobes markedly patent at the top. The only exception is represented by a 
species showing intermediate characters between the two groups since it 

Solenopsis 
laurentia C.Presl, widespread in the Mediterranean area and the Canary Is-

to which  C.Brullo, Brullo & Giusso, showing a punctiform distri-
bution in Sicily (Isola Grande dello Stagnone), must be added. According to 
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S. bivonae (Tineo) M.B. Crespo et al. from Sicily and South Italy, and recorded 
also from Cyprus, S. bacchettae Brullo et al. from Sardinia, S. minuta C.Presl 
from Crete, S. balearica (E.Wimm.) Aldasoro et al. from Majorca, S. corsica 
(Meikle) M.B.Crespo et al. from Corse and N. Sardinia and S. antiphonitis Had-
jik. & Hand from N. Cyprus. Recently, S. minuta has been observed in Cyprus by 

S. bicolor (Batt.) Greuter & Burdet must 
be mentioned, occurring in Tunisia and Algeria, which is characterized by in-

of taxonomic research on this genus, the populations currently attributed to S. 
bivonae (Tineo) M.B.Crespo, Serra & Juan are here investigated. In particular, 
this study of living material from several Mediterranean localities (Sicily, South 
Italy, Sardinia and Cyprus), and cultivated plants in the Botanical Garden of Cat-
ania emphasized the close morphological relationships among them. These 
investigations show that S. bivonae must be considered a species–complex, 

-
der to verify the realistic distribution of these taxa, several herbarium mate-
rials were examined from all localities where the populations of this species 
were previously recorded. In particular, according to literature data (Pignatti 

S. bi-
vonae s.l. occurs in a scattered way in various Mediterranean territories, such 
as Sicily, South Italy, Sardinia, and Cyprus. As concerns the Sardinian popula-
tions, previously attributed to S. bivonae

S. bacchettae, species well differentiated 
from the populations growing in Sicily, where occur S. bivonae s.s., described by 

Laurentia bivonae on material collected along the Oreto River 
near Palermo, which represents its locus classicus. In particular,  
differs from S. bivonae s.s. apart from some relevant features (hairy leaves, 

testa seed), also from the ecological point of view. In fact, S. bacchettae occurs 
S. bivonae s.s. is 

localized on dripping walls or peat bogs. As regards the other populations of S. 
bivonae
occurring in Sicily, South Italy and Cyprus, which allow for them to be treated 
as distinct taxa. Based on literature and herbarium data, S. bivonae in Sicily 
was recorded in many more stands than where it occurs today. Effectively, the 
populations of this species are linked to wet and very specialized natural hab-
itats (dripping walls), many of which have now completely disappeared due to 
anthropic pressure. Currently, as proved by personal surveys, this species is 
still present in the locus classicus, where it has now become extremely rare 
due to pollution factors, as well as in other Sicilian stands. Other small popula-
tions of this species occur also along the Sosio river (Chiusa Sclafani), Ficuzza 

Pirtuso (Peloritani Mountains), as well as at Monte Canalotto near Piazza Ar-
merina (unpublished record). As concerns the Sicilian populations, three taxa 

features allow to differentiate these taxa, which show a well circumscribed dis-



79PhytoKeys 229: 77–111 (2023), DOI: 10.3897/phytokeys.229.104324

Salvatore Brullo et al.: Solenopsis bivonae

tribution and peculiar ecological requirements. In particular, the populations of 
type subspecies (subsp. bivonae) occur at low altitudes, from sea level up to 

-
sp. madoniarum) is widespread in the Madonie massif and in a small isolated 

Finally, the third new subspecies (subsp. peloritana) is localized in a punctiform 

The only continental populations of S. bivonae s.l. occur in North Calabria (S 

-
corded it always along the Lao River, but below the village of Papasidero. From 
the taxonomical point of view, the Calabrian plants are clearly distinct from 
the other subspecies occurring in Sicily. Therefore, they are treated as a new 
subspecies of S. bivonae (subsp. brutia). Regarding the Cyprus populations, 

Laurentia tenella DC., while 
Lau-

rentia minuta
Solenopsis bivonae

in his revision of Lebelioideae, recognized three sections within the genus Lau-
rentia Adans., and in particular he included the taxa previously attributed to the 
genus Solenopsis in the sect. Solenopsis (C.Presl) Hendl. Besides, this author 
referred the Cyprus populations to Laurentia minuta (L.) DC. f. nobilis, quoting 
this taxon also from Palermo in Sicily, without the indication of the nomen-

this taxon to the genus Solenopsis and treating it as a subspecies, proposing 
the new combination S. minuta subsp. nobilis (F.E.Wimmer) Meikle, designating 

-
ing, however, that the Sicilian populations are quite variable, while its presence 
in Sardinia remains doubtful. Based on our morphological investigations, the 
populations of Cyprus are clearly differentiated from those present in Sicily and 
Calabria and can be attributed to a distinct species, described as S. meikleana, 
which is usually linked to dripping wet walls or river banks.

Material and methods

The morphological investigations were conducted on wild plants collected in 
several Mediterranean territories (Sicily, South Italy, Sardinia, and Cyprus) and 
cultivated in the Botanical Garden of Catania (Italy). The morphological features 
were analyzed based on at least twenty individuals for each examined popula-
tion, with well-developed vegetative and reproductive structures. The living ma-

stubs with double adhesive tape and coated with gold prior to observation. The 
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Phytosociological investigations were carried out using the method of the Sig-

calculated with GeoCAT (Geospatial Conservation Assessment Tool) software 

Taxonomic treatment

1. Solenopsis bivonae (Tineo) M.B.Crespo, Serra & A.Juan, Pl. Syst. Evol. 
210(3–4): 219. 1998.

 Lobelia bivonae
Laurentia bivonae
 Lobelia tenella
 Laurentia tenella
 Solenopsis laurentia subsp. tenella

Laurentia gasparrinii (Tineo) Strobl subsp. tenella

 Solenopsis bivonaeana

Type. Lobelia 33* tenella -
ti, Bivona Bernardi

Description. -

bluish–lilac and irregularly white in the central part until the base, covered by 
-

two lower anthers are smaller, each appendiculate at the top with a tuft of hairs, 

1.1. Solenopsis bivonae (Tineo) M.B.Crespo, Serra & A.Juan, Pl. Syst. Evol. 
210(3–4): 219. 1998. subsp. bivonae

Description.
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Figure 1. Solenopsis bivonae subsp. bivonae A habit B leaf C bracts D E bud F open corolla G open 
calyx H calyx and capsule I anther in lateral view J anther in lateral view with exerted stigma K unicellular papillae occur-
ring in the ventral face of the corolla L seeds. Drawn by Salvatore Brullo.
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-

mm long, with a small greenish–yellow macula at the base, slightly bordered of 
-

Iconography. Lobelia tenella
Rapunculus aquaticus, minimus, repens, alpi-

nus, bellidis folio, 
Etymology. It is dedicated to Antonino Bivona Bernardi, Sicilian botanist 

Phenology. Flowering late April to September, fruiting May to September.
Distribution and ecology. According to herbarium investigations and our 

-
ings of Palermo, especially along the banks of the Oreto River, where it is today 
very rare, while it is very widespread along the Sosio river near Chiusa Sclafani. 
Previously, it was reported from Alcamo, where unfortunately it is extinct. As 

-

can be referred to the phytosociological class Adiantatea capilli–veneris Br.-Bl. 
-

tically differentiated by a moss carpet where grow also Adiantum capillus–ven-
eris L. and Samolus valerandi L.

Conservation status.

and quite spread in the second one. Overall, this plant results in it being serious-
ly threatened since it is linked to wetlands potentially subject to anthropic pres-
sure, which tends to alter the water regime, prejudicing its survival. Therefore, 

S. minuta subsp. nobilis, 

Additional specimens examined. , . Palermo in herbosis uligino-
H. Ross s.n.

M. Tineo s.n. M. Alb. de 
Franqueville s.n. M. Alb. de 
Franqueville s.n. Tineo s.n.
Tineo s.n. Parlatore s.n.

N. Guzzino 3068 (
D. Lanza s.n. (

May, A. Todaro s.n.
H. Ross 42

G. Gussone s.n. H. Ross 
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s.n. A. Todaro 463 
A. Toda-

ro s.n. -
M. Lojacono s.n.

Ad muros madidos, Palermo, July, M. Lojacono s.n. (
A. Todaro s.n.

E. & A. Huet du Pavillon
A. Mazza s.n. -

F. Parlatore s.n.
Biondi s.n.

F. Parlatore s.n. F. Par-
latore s.n. A. Todaro s.n.
Tineo s.n.

S. Cambria s.n. Citar-
da 241 G. Certa 
s.n. (

G. Certa s.n. ( G. 
Spampinato s.n. (

S. Cambria & G. Di Gregorio 
s.n. (CAT).

1.2. Solenopsis bivonae (Tineo) M.B.Crespo, Serra & A.Juan subsp. 
madoniarum Brullo, C. Brullo, Cambria, Tomaselli, Minissale & Giusso del 
Galdo, subsp. nov.

Type. 
S. Cambria s.n. (holotype CAT).

Diagnosis. It differs from the type in having leaves arranged in a smaller ro-

glabrous or with few apical hairs and 1–2 basal sessile glands, corolla smaller 
with upper lip lobes without glands in the ventral face and lower lip lobes short-
er, obtuse, provided with dense and shorter papillae, with anther tube papillose 
at the basis and longer capsule. Conversely, the type is characterized by leaves 

glands, corolla larger with upper lip lobes with glands in the ventral face and 
lower lip lobes longer, acute, provided with lax and longer papillae, anther tube 
without papillae at the basis and shorter capsule.

Description.
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Figure 2. Solenopsis bivonae subsp. madoniarum A habit B leaf C bracts D E
F G open calyx H calyx and capsule I anther in lateral view J anther in lateral view with exerted stigma K -
cellular papillae occurring in the ventral face of the corolla L seeds M bract detail. Drawn by Salvatore Brullo.
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-

the base by a brown band, lobes ovate and obtuse or slightly mucronate at the 

Etymology. The epithet derives from Madonie, a massif of North Sicily, where 
this taxon is rather spread.

Phenology. Flowering late May to October, fruiting June to October.
Distribution and ecology.

this taxon is distributed in the Madonie massif, where it is localized in many 

dominated by Sphagnum sp. pl., Aulacomnium palustre (Hedw.) Schwägr. and 
Polytrichum commune Hedw. Here, it characterized an orophilous plant com-
munity belonging to Scheuchzerio palustris–Caricetea fuscae

-
prana or Piazza Armerina, it occurs also on calcareous vertical wet rocky plac-
es affected by permanent dripping, where it is a member of vegetation of the 
class Adiantetea capilli–veneris, dominated by Adiantum capillus–veneris and 
several bryophytes.

Conservation status. This taxon shows a scattered distribution, occurring 
mainly in some localities within the Madonie Regional Park. Besides, it is a spe-
cies closely linked to small wet stands fed by water springs, whose collecting 
leads to the destruction of the habitat and the disappearance of the vegetation 

2 2. There-
fore, according to B criterion, we propose to consider this taxon as Endangered 

Additional specimens examined (paratypes). . Madonië, van 

J. Mennema 2962 -
De Heldreich 

s.n.
-

A. Charpin, M. Dittrich & D. Jeanmonod 96449 
G. Strobl s.n. 

M. Lojacono 319 F. 
Cavara s.n.

F. Parlatore s.n. Schouw s.n. 
R. Gale-

si s.n. ( Bartolo, Brullo, 
Pulvirenti, Scelsi, Spampinato s.n. (

S. Cambria s.n.

Cambria s.n.

S. Cambria & D. Azzaro s.n. (CAT).
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1.3. Solenopsis bivonae (Tineo) M.B.Crespo, Serra & A.Juan subsp. 
peloritana Brullo, C.Brullo, Cambria, Tomaselli, Crisafulli, Minissale & Giusso 
del Galdo, subsp. nov.

Type.  Monti Peloritani, Vallone Passo Pirtuso, S. Lucia del Mela, 
S. Cambria, A. Crisafulli & F. Anania 

s.n. (holotype CAT).
Diagnosis. It differs from the type in having longer bracteoles, glabrous, pro-

vided with apical gland, longer calyx with longer lobes, larger corolla with dens-
er and spread glands in the ventral face, larger upper lip lobes and lower lip 
lobes, within the lower lip a yellow macula at the base, slightly bordered of red–
brown, longer style and larger capsule. Conversely, the type is characterized by 
shorter bracteoles, hairy apex without gland, shorter calyx with shorter lobes, 
smaller corolla with more scattered glands in the ventral face, smaller upper lip 
lobes and lower lip lobes, within the lower lip a greenish-yellow macula at the 
base, slightly bordered of brown, shorter style and smaller capsule.

Description.

macula at the base, slightly bordered of red-brown at base in the upper part or 

Etymology. The epithet derives from Peloritani, a chain of North–eastern Sic-
ily, where this taxon is localized.

Phenology. Flowering June to August, fruiting July to August.
Distribution and ecology. It grows on metamorphic vertical wet rocky stands 

affected by permanent dripping. It is a member of a plant community of the class 
Adiantetea capilli–veneris, dominated by Adiantum capillus–veneris, associated 
with Samolus valerandi L., Lysimachia nemorum L., Hypericum hircinum L. subsp. 
majus (Aiton) N. Robson and several bryophytes. In this stand, it is localized exclu-
sively along a short watercourse of the Mela valley (Peloritani chain) at an eleva-

Conservation status. This taxon is known for one stand of the Peloritani 
chain, along a short wet wall, where about one hundred well-developed individu-
als were observed. This population is very isolated and inaccessible and it does 

2 and an AOO 
2
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Figure 3. Solenopsis bivonae subsp. peloritana A habit B leaves C bracts D open corolla E F
in dorsal view G bud. H open calyx I calyx and capsule J seeds K unicellular papillae occurring in the ventral face of the 
corolla L anther in lateral view M anther in ventral view. Drawn by Salvatore Brullo.
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1.4 Solenopsis bivonae (Tineo) M.B.Crespo, Serra & A.Juan subsp. brutia 
Brullo, C.Brullo, Cambria, Tomaselli, Minissale & Giusso, subsp. nov.

Type. 
S. Brullo, D. Puntillo & D. 

Uzunov s.n. (holotype CAT).
Diagnosis. It differs from the type in having leaves arranged in a smaller ro-

sette, shorter leaves, with oblanceolate to oblanceolate-spathulate blade, short-

corolla in the lower lip with a green macula at the base and provided with three 

glabrous anther tube, longer style, slightly tuberculate capsule, reddish–brown 
and larger seeds. Conversely, the type is characterized by leaves arranged in a 

stipulated lateral glands, corolla in the lower lip with a greenish-yellow macula 
at the base, without spots, lobes papillose for more than the lower half, shorter 

brownish and smaller seeds.
Description.

-

the throat, surmounted by three distinct dark blue spots, slightly bordered of 

Phenology. Flowering June to September, fruiting June to September.
Etymology.

territory where this taxon grows.
Distribution and ecology. This taxon was surveyed in the lower reaches of 

dense moss carpet, associated mainly to Adiantum capillus–veneris. As for the 
other subspecies previously examined, it is linked to hygrophilous communities 
of the Adiantetea capilli–veneris too. From a phytogeographical point of view, 
it should be noted that this taxon is the only Solenopsis with a perennial habit, 
localized in a continental territory since all the others occur exclusively in big 
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Figure 4. Solenopsis bivonae subsp. brutia A habit B leaves C bracts D E open corolla F open calyces 
G calyx and capsule H anther in lateral view I anther in lateral view with stigma. J seeds K unicellular papillae occurring 
in the ventral face of the corolla. Drawn by Salvatore Brullo.
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Conservation status. The populations of this subspecies are rare and all cir-
cumscribed to the banks of Lao river in North–West Calabria. Based on recent 

-

km2 2. Therefore, in addition to its rarity and the consid-

Additional specimens examined (paratypes). . Valle del Lao 
(sopra le rocce e in altri luoghi umidi lungo il f. Lao ai piedi lo Borgo-Laino-Cas-

B. Longo s.n.
B. Longo s.n.

B. Longo s.n. (RO).

2. Solenopsis meikleana Brullo, C.Brullo, Cambria, Tomaselli, Minissale & 
Giusso, sp. nov.

Laurentia tenella
Laurentia minuta
Laurentia minuta (L.) DC. f. nobilis

Solenopsis minuta (L.) C. Presl subsp. nobilis

Solenopsis bivonae

Solenopsis bivonae

Type. 
S. Cambria s.n. (holotype CAT).

Diagnosis. It differs from Solenopsis bivonae in having glabrous and longer 
bracteoles, provided with apical sessile glands and 1––2 glands per side, pale 
blue or pale violet corolla, with upper lip lobes without papillae, lower lip lobes 
oblong, smaller, provided with shorter glands, anther tube shorter and papillose 
at the base, shorter style and longer capsule. Conversely, S. bivonae is charac-

bluish-lilac corolla, with upper lip lobes with papillae in the ventral face, lower lip 
lobes linear-lanceolate, larger, provided with longer glands, anther tube longer, 
without basal papillae, longer style and shorter capsule.

Description.
long, oblanceolate–spathulate, with blade glabrous or covered by scattered 
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Figure 5. Solenopsis meikleana sp. nov. A habit B leaves C bracts D E open corolla F bud G open 
calyx H anther in lateral view I anther in ventral view J anther in lateral view with stigma K calyx and capsule L seeds 
M
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Figure 6. Open corolla (1) and detail of corolla papillae (2) of Solenopsis bivonae subsp. bivonae (A), S. bivonae subsp. 
peloritana (B), S. bivonae subsp. brutia (C), S. bivonae subsp. madoniarum (D), S. meikleana (E) and S. bacchettae (F). 
Drawn by Salvatore Brullo.
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Figure 7. Flowers in frontal view in natural habitat of Solenopsis bivonae subsp. bivonae (A), S. bivonae subsp. madon-
iarum (B), S. bivonae subsp. peloritana (C), S. bivonae subsp. brutia (D), S. bacchettae (E) and S. meikleana (F). Photo-
graphed by Salvatore Cambria (A–C, E, F) and Lorenzo Peruzzi (D).
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Figure 8. Natural habitat along the Sosio river (Sicily) colonized by Solenopsis bivonae subsp. bivonae (A). Natural hab-
itat in Madonie massif (Sicily) colonized by S. bivonae subsp. madoniarum (B). Habit of S. bivonae subsp. bivonae from 
Sosio River (C). Habit of S. bivonae subsp. madoniarum from Madonie massif (D). Habit of S. bivonae subsp. peloritana 
from Mela River, Sicily (E). Habit of S. bivonae subsp. brutia from Lao River, Calabria (F). Habit of S. meikleana from Cedar 
Valley, Cyprus (G). Habit of S. bacchettae from Seui, Sardinia (H). Photographed by Salvatore Cambria (A–E, G, H) and 
Lorenzo Peruzzi (F).
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Figure 9. Habit of living plants of Solenopsis bivonae subsp. bivonae from Sosio river (A), S. bivonae subsp. madoniarum 
from Madonie massif (B). S. bivonae subsp. peloritana from Mela River (C). Habit of S. bivonae subsp. brutia from Lao 
River (D). S. meikleana from Cedar Valley, Cyprus (E). S. bacchettae from Seui, Sardinia (F).

-
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Iconography.
Phenology. Flowering March to October, fruiting April to October.
Etymology.

Solenopsis.
Distribution and ecology. This species occurs in western Cyprus, where it is 

localized in very moist environments such as river banks, springs, waterfalls, and 
-

ferns, particularly Adiantum capillus–veneris. This vegetation can be referred to 
the Adiantetea capilli–veneris

Conservation status. This species, endemic to Cyprus, shows a scattered 
distribution in the western part of the island. It is a perennial hygrophyte, usually 
occurring in the wet rocky stands, which are always subject to dripping waters. 
Regarding conservation, the habitat characterized by this species is subject to 
synanthropic threats, represented mainly by the uptake of springs or the waters 

2 
2

Additional specimens examined (paratypes). . Iter Cyprium, Mont 
M. Haradjian s.n.

T. Kotschy 576 

J.J. Wieringa 3330 and 
M.I.D. Janzen Sintenis 
et Rigo 742

M. Aucher-Eloy s.n.
s.d., M. Aucher-Eloy 3854

M. Aucher (Eloy) s.n.
Sintenis et Rigo 742

R.D. Meikle 2874
-

Hand 5739
J. Holmboe 292

J. Holmboe 1075

S. Cambria s.n. (CAT).

3. Solenopsis bacchettae Brullo, C.Brullo, Tavilla, Siracusa & Cambria, Nord. 
J. Bot. 40 (12): 2, e03773.

Laurentia tenella
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Figure 10. Geographical distribution of Solenopsis bivonae subsp. bivonae S. bivonae subsp. madoniarum 
S. bivonae subsp. peloritana S. bivonae subsp. brutia S. meikleana (purple 

S. bacchettae (green dots).

Solenopsis bivonae auct. Flora Sarda, non M. B. Crespo, Serra & A. Juan, Pl. 

Solenopsis minuta (L.) C.Presl subsp. minuta

Type.  Montarbu di Seui, lungo la strada sterrata ad est di Brun-
S. 

Cambria s.n. (holotype: CAT, isotypes: CAT, CAG).
Description. It differs from S. bivonae

the lobes by a triangular brown macula, with two thin white strips in the central 

Iconography.
Phenology. Flowering May to August, fruiting June to September.
Etymology. This species is dedicated to Gianluigi Bacchetta, an active bota-
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Distribution and ecology. Solenopsis bac-
chettae is distributed in central–east Sardinia, where it is localized on carbon-

community rich in endemic hygrophilous species.
Conservation status. This species shows a scattered distribution, currently 

-
posed to treat it as an endangered species (EN).

Additional specimens examined.

Seed micromorphology

-
-

tations of the seed coat in the Lobelioideae, subfamily of Campanulaceae, show 
a relevant taxonomical value and phylogenetic importance. Overall, the testa 

-
stant ornamentations in every taxon. The seed coat sculptures are character-

From the SEM observations, the seeds of Solenopsis bivonae subsp. bivonae 
(Fig. 11A1) have an ellipsoid–fusiform shape, narrowing towards the basal and 

deeply grooved (Fig. 11B1–C1). The seeds of S. bivonae subsp. madoniarum 
(Fig. 11A2, A3) show an obovoid–ellipsoid shape, rounded at the apical end, 

grooved (Fig. 11B2–C2, B3–C3). The seeds of S. bivonae subsp. peloritana 

 subsp. brutia -

of S. meikleana

-

S. bacchettae

-
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Figure 11. SEM images of seed shape (A B C 1. Solenopsis 
bivonae subsp. bivonae from Sosio river, Sicily. 2. S. bivonae subsp. madoniarum from Madonie massif, Sicily. 3. -
vonae subsp. madoniarum from Piazza Armerina, Sicily. 4. S. bivonae subsp. peloritana from Mela river, Sicily. 5. S. bi-
vonae subsp. brutia from Lao river, S. Italy. 6. S. meikleana from Cedar Valley, Cyprus. 7. S. bacchettae from Seui, Sardinia. 
Images made by Giuseppe Siracusa.
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Phytosociological remarks

to the Solenopsis bivonae group, it was possible to verify that they were always 
localized in very specialized humid habitats, limited to very circumscribed sur-
faces. As previously highlighted, three main habitats can be recognized, where 
usually the examined populations of Solenopsis occur. In particular, they are rep-
resented by dripping rocky walls, peat bogs, and edges of streams or springs. 
As concerns the wet rocky environments, the surface is usually covered by a 
bryophytic layer, where individuals of Adiantum capillus–veneris more or less 

conservative environments that remain very stable in time and space, unaffect-
ed by climate change in neither geological nor current climatic variation in the 
Mediterranean area. Besides, these wet stands host several vicarious taxa hav-

Primula, 
Hypericum sect. Adenosepalum, Pinguicola, and relictual tropical ferns, such as 
Woodwardia radicans (L.) Sm., Pteris vittata L., P. cretica L. and Osmunda regalis 

-
munities results from evolutionary processes within the single taxa rather than 
recent changes in the environmental and ecological conditions. Therefore, the 
plant communities within which these species now grow must be considered 
the impoverished remains of those dating back to the Tertiary. Due to the cli-
matic changes during the Quaternary and the recent Holocene, these phytoco-
enoses generally occupy much smaller areas than in the past, remaining almost 

-

linked to the same ecological context and maintaining their phytosociological 
-

quirements, must be referred to the phytosociological class Adiantetea capilli–
veneris

-
ferentiated mainly by the occurrence of Adiantum capillus–veneris L., Samolus 
valerandi L., which grow together with several bryophytes, among them Eucladi-
um verticillatum (With.) Bruch & Schimp., Conocephalum conicum (L.) Dumort., 
Pellia endiviifolia (Dicks.) Dumort., P. epiphylla (L.) Corda, Scorpiurum circinatum 
Fleischer & Loeske, Rhynchostegiella tenella (Dicks.) Limpr. and Eurhynchium 
praelongum (Hedw.) Schimp. As concerns the Solenopsis species treated by us 
in this paper, most of them are closely related to these environments belonging 
to the Adiantetea capillis–veneris, which is here represented by the order Adian-
tetalia capillis–veneris Adiantion capil-
lis veneris
Solenopsis species occurring in these wet environments can be considered lo-

Adianto cap-
illi–veneris–Solenopsietum bivonae, (B) Adianto capilli–veneris–Solenopsietum 
madoniari, (C) Adianto capilli–veneris–Solenopsietum peloritanae, (D) Adianto 
capilli–veneris–Solenopsietum brutiae, (E) Adianto capilli–veneris–Solenopsi-
etum meikleanae
are examined for each of them, and their nomenclatural type is provided.
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A– Adianto capilli–veneris–Solenopsietum bivonae ass. nov. hoc loco 
(Table 1, association A)

Characteristic species: Solenopsis bivonae subsp. bivonae.

a.s.l. in the calcareous rocky walls subject to dripping by groundwater, partially 
covered by a bryophytic carpet mainly represented by Eucladium verticillatum, 
Pellia endiviifolia, Rhynchostegiella tenella, and Scorpiurum circinatum. It is dif-
ferentiated physiognomically by the dominance of Solenopsis bivonae subsp. 
bivonae, which with its leaf rosettes covers most of these small surfaces, usu-
ally mixing with Adiantum capillus–veneris and Samolus valerandi. The stands 
colonized by this vegetation are localized especially along water–courses in 
the cooler and shadier places.

Distribution: The association was surveyed along the Sosio river near Chiusa 
Sclafani, where it is quite frequent, and the Oreto River near Palermo, where, 
however, it is currently very rare.

B– Adianto capilli–veneris–Solenopsietum madoniari ass. nov. hoc 
loco (Table 1, association B)

Characteristic species: Solenopsis bivonae subsp. madoniarum.
Structure and ecology: This association is localized in a habitat very similar 

to those colonized by the previous one but linked to stands with higher eleva-
Adiantum 

capillus–veneris and a more developed bryophytic layer, characterized by Eucla-
dium verticillatum and Pellia endiviifolia. This habitat is represented by vertical 
rocky walls with dripping waters coming from small springs.

Distribution: This association is quite rare, and was observed in a few moun-
tain localities, like near Piazza Armerian and Petralia Soprana.

C– Adianto capilli–veneris–Solenopsietum peloritanae ass. nov. hoc 
loco (Table 1, association C)

Characteristic species: Solenopsis bivonae subsp. peloritana.
Structure and ecology: It is a sub-mountain association closely linked to 

metamorphic vertical rocky walls with dripping groundwaters at an elevation of 
Pellia epiphylla and Con-

ocephalum conicum, where Adiantum capillus–veneris, Solenopsis bivonae sub-
sp. peloritana and Samolus valerandi grow, often with high values of coverage.

Distribution: This association is exclusive of a small stand in the Tyrrhenian 
slope of the Peloritani range.

D– Adianto capilli–veneris–Solenopsietum brutiae ass. nov. hoc loco 
(Table 1, association D)
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Characteristic species: Solenopsis bivonae subsp. brutia.
Structure and ecology: This association was surveyed on metamorphic wet 

rocky outcrops along the banks of perennial water–courses at an elevation of 
Adiantum 

capillus–veneris and Solenopsis bivonae subsp. brutia, which grow on a well-de-
veloped bryophytic layer, characterized by Pellia epiphylla, Eucladium verticilla-
tum, Conocephalum conicum, and Eurhynchium praelongum.

Distribution: This association was observed in North Calabria, along the 
banks of the lower reaches of the Lao river.

E– Adianto capilli–veneris–Solenopsietum meikleanae ass. nov. hoc 
loco (Table 1, association E)

Holotypus: rel 22, hoc loco.
Characteristic species: Solenopsis meikleana and Carex troodi Turril.
Structure and ecology: This association usually is linked to wetlands repre-

sented mainly by waterfalls and dripping walls, often near the spring, where it 
-

tation is localized prevalently in the stands not directly affected by the water 
-

cies are Eucladium verticillatum, Pellia epiphylla, Eurhynchium praelongum, and 
Scorpiurum circinatum, while among the vascular plants, the endemic Solenop-
sis meikleana and Carex troodi are dominant, growing together with Adiantum 
capillus–veneris.

Distribution: This association is endemic to the western part of the island of 
Cyprus, which is localized in very specialized damp habitats.

As concerns Solenopsis bivonae subsp. madoniarum, in Sicily it is more wide-
spread in the peatlands, an uncommon and peculiar habitat, currently exclusive 

In this area, the bog mosses dominated by Sphagnum sp. pl. are circumscribed 
to small surfaces with groundwater emerging or fed by springs, limitedly to 
highly acidic substrates with siliceous origin. These stands, locally known as 
tremulous lands, host a very specialized vegetation dominated by a thick and 
deep layer of Sphagnum species, which is here represented mainly by S. au-
riculatum Schimp. and S. inundatum Russow [= S. obesum
which are associated with Aulacomnium palustre (Hedw.) Swaegr., Polytrichum 
commune Hedw., Bryum pseudotriquetrum (Hedw.) P. Gaertn. et al., Philonotis 
fontana (Hedw.) Brid., Callirgoniella cuspidata (Hedw.) Loeske, etc. (Raimondo 

by some of the authors, always on the Madonie massif (Table 2), agree quite 

Solenopsis bivonae subsp. madon-
iarum grows together with the bryophytes mentioned above, was attributed by 

Sphagno auricula-
ti–Caricetum echinatae and arranged in the Caricion fuscae -
liance of the Scheuchzerio palustris–Caricetea fuscae
is distributed in the Euro–Siberian territory, reaching the Mediterranean region, 
limited to restricted mountain stands, which assume a relict meaning.
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Table 2. Sphagno auriculati-Caricetum echinatae.

Relevè number 1 2 3 4 5 6 7 8 9 10

Elevation (dam) 138 138 138 138 138 138 140 140 140 140

Surface (mq) 5 5 2 4 4 4 5 2 2 4

Coverage (%) 100 100 100 100 100 100 100 100 100 100

Char. Association

Solenonpsis bivonae subsp. madoniarum 1 2 3 3 2 1 2 1 3 1

Carex paniculata L. . . + . 1 1 + + + .

Char. All. (Caricion nigrae) and Ord. (Caricetalia nigrae)

Aulacomnium palustre (Hedw.) Swaegr. 1 2 + + 2 1 1 3 2 2

Carex punctata Gaudin + + . 1 1 1 1 . . +

Char. Cl. (Scheuchzerio-Caricetea nigrae)

Sphagnum inundatum Russow 3 3 2 2 3 3 3 3

Carex echinata Murray 2 3 3 1 3 1 2 2 2

Carex demissa Hornem. + . 1 + + . + . + .

Polytrichum commune Hedw. 2 1 . . 2 . . 1 1 .

Deschampsia caespitosa (L.) P.Beauv. . . . 1 1 . . . . .

Other species

Juncus fontanesii J. Gay 3 3 2 3 3

Poa trivialis L. 1 1 + 1 + 1 1 1 + 1

Mentha aquatica L. + 1 + 2 1 1 2 3 2 1

Holcus lanatus L. 2 2 1 2 1 2 2 2 1 1

Juncus conglomeratus L. 1 2 3 2 2 1 3 2 2 1

Festuca circumediterranea Patzke 2 2 2 1 1 2 + . + 1

Juncus striatus Schousb. ex E.Mey. . 1 1 + + 2 1 1 2 1

Bryum pseudotriquetrum (Hedw.) P. Gaertn. et al. 1 . 1 1 1 1 1 1 1 +

Hypericum tetrapterum Fr. . . . 2 1 + 1 2 2 1

Dactylorhiza maculata (L.) Soó subsp. saccifera 1 2 2 2 2 2 . . . .

Carex remota L. . + . + . 1 . + . +

Carex ovalis Gooden . . . . . 1 1 + + +

Bellis hybrida Ten. . 1 1 1 1 + . . . .

Dactylis glomerata L. . . . . . . 2 2 2 1

Isolepis setacea (L.) R.Br. . . . . . . 1 2 1 1

Trifolium repens L. . . . . . . + 1 + +

Philonotis fontana (Hedw.) Brid. . . . . . . 2 2 2 1

Ranunculus fontanus C.Presl. . . . . . . + + 1 .

Cirsium creticum triumfettii . + . + + . . . . .

Pulicaria dysenterica (L.) Bernh. . . . 2 1 1 . . . .

Jungermannia gracillima Sm. 1 . + . . 1 . . . .

Lycopus europaeus L. . . . . . . + 2 1 .

Utricularia australis R.Br. 1 . + . . 1 . . . .

Cynosurus cristatus L. . . . . . . 1 1 1 .

Galium palustre L. subsp. elongatum (C.Presl) 
Arcang.

. . . . . . + . + .

Bechnum spicant (L.) Sm. + . . . . + . . . .

Lysimachia nemorum L. . . . . 2 1 . . . .
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Table 3. Diagnostic characters of taxa belonging to Solenopsis bivonae group.

Taxa
S. bivonae subsp. 

bivonae
S. bivonae subsp. 

madoniarum
S. bivonae subsp. 

peloritana
S. bivonae subsp. 

brutia
S. meikleana S. bacchettae

Characters

Leaf rosula diameter (cm)

Occurence of stolons no no no no yes no

Leaf indumentum glabrous glabrous glabrous glabrous glabrous to hairy hairy

Leaf shape spathulate oblanceolate–
spathulate

spathulate oblanceolate–
spathulate

oblanceolate–
spathulate

oblanceolate–
spathulate

Leaf length (mm)

Leaf petiole length (mm)

Leaf blade size (mm)

Floral pedicel lenght (mm) 2–12

Bracteole number 1(2) 1 2 2 1–2 1–2

Bracteole size (mm)

Bracteole apex hairy few hairs glabrous with one 
gland

glabrous with one 
gland

glabrous with one 
gland

hairy

Bracteole lateral glands 1–2 1–2 1–3 1–2

Calyx lenght (mm)

Calyx lobes lenght (mm) 2–3 2–3

Corolla lenght (mm) 11–12

Corolla tube lenght (mm)

Corolla tube diameter (mm) ca. 1 1–1.2 1.1–1.3

Corolla tube colour lilac lilac green white–lilac green–violet blue–lilac

Corolla upper lip shape linear–lanceolate linear–lanceolate linear–lanceolate linear–lanceolate linear–lanceolate ovate–lanceolate

Corolla upper lip size (mm)

Corolla upper lip papillae yes no yes yes no no

Corolla upper lip colour bluish–lilac bluish–lilac dark lilac bluish–lilac pale blue to pale 
violet

dark blue–lilac

Corolla upper lip apex acute obtuse acute subobtuse acute obtuse

Corolla lower lip lenght (mm)

Corolla lower lip colour bluish–lilac, white 
in central part

bluish–lilac, white 
in central part

bluish–lilac, white 
in central part

bluish–lilac, white 
in central part

pale blue to pale 
violet, white in 

central part

uniformely dark 
blue–lilac, rarely with 
a basal white alone

Corolla lower lip macula greenish–yellow 
bordered of 

brown at base

yellowish, 
bordered of 

brown at base

yellow, bordered of 
red–brown above, 
with a central red–

brown spot

greenish, with 
three distinct 

dark blue spots, 
bordered of brown

greenish–yellow
bordered of brown

Lobes of lower lip shape ovate and 
mucronate

ovate and obtuse obovate and 
mucronate

ovate and 
mucronate

oblong–obtuse, 
mucronate

widely ovate, 
mucronate

Lobes of lower lip size (mm)

Papillae of lower lip lobes covering more 
than lower half

covering the 
lower half

covering almost 
until the apex

covering almost 
until the apex

covering more 
than lower half

covering only the 
throat

Papillae density not very dense very dense very dense not very dense not very dense very dense

Papillae lenght

Staminal filament lenght (mm)

Anther tube lenght (mm)

Anther tube basal papillae no yes no no yes no

Anther tube dorsal hairiness yes yes yes yes yes yes

Style lenght (mm)

Capsule lenght (mm) 2–3.3 3–3.2

Capsule surface smooth smooth tubercolate tubercolate smooth tuberculate

Seeds size (mm)
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Key to the taxa belonging to the Solenopsis bivonae group

Basing on the morphological diacritical characters listed in Table 3, the follow-
ing analytical key has been performed.

 .....
 ................................................................................................... S. bacchettae

-
lac with lower lip white in the basal part, with upper lip linear–lanceolate, 

 ...............................................2

 ........
 ...................................................................................... S. meikleana sp. nov.

-

 ........3

 .........................
 .......................................................................... S. bivonae subsp. peloritana

 .......................4
-

..........
 ...................................................................... S. bivonae subsp. madoniarum

without basal papillae ...................................................................................5

 ...................
 ................................................................................. S. bivonae subsp. brutia

 .................. S. bivonae subsp. bivonae
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