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Both floristic and geobotanic characteristics of the benthic macroalgal flora of Italy are dis-
cussed. The flora, obtained from literature records since 1950, consists of 869 (510
Rhodophyta, 205 Phaeophyta and 154 Chlorophyta) taxa accepted under current taxonomy.
Ceramiales, Fucophyceae and Chlorophyceae of such a flora were separately compared with
corresponding taxonomic lists of the following Mediterranean regions: Spain; France; Greece
and Turkey; Libya, Egypt and Levant States (Syria, Lebanon and Israel); Morocco, Algeria and
Tunisia. From that comparison it appears that the benthic macroalgal flora of the Italian coast
is the richest in species, probably because it was the most studied especially in the last years.
Hierarchical clustering of the above lists based on both floristic and phytogeographic charac-
teristics were carried out and the results were expressed in dendrograms from which a notice-
able floristic similarity among the lists can be drawn since the lists are linked above the 50%
level of importance excepting those of the Libya, Egypt and Levant States (30 to 50%), which
could represent a floristic discontinuity. However, such a discontinuity, due to the low number
of species recorded in that area, could depend besides on the insufficient floristic knowledge,
on both geomorphologic characteristics of coast and paleoclimatic events like sapropel crises.
But, from dendrograms based on chorological spectra, it results a more marked degree of sim-
ilarity among the lists that are linked above the 75% level of importance.

The first floristic knowledge of the benthic marine macroalgae of Italy is mainly due to
papers published in the second half of the XIX century by C. Agardh (1822-23; 1828), J.
Agardh (1842, 1851-1863), Ardissone (1883, 1886-87), Kiitzing (1849, 1854-69),
Meneghini (1842-46).

Some more authors report , in their papers, algae from limited and/or particular areas:
for example De Toni & Levi (1885-88), Hauck (1882-85), Naccari (1828), Schiffner
(1914-26), Zanardini (1841, 1843, 1847,1858, 1860-71), report algae only from the
Adriatic Sea; Solms-Laubach (1881), Delle Chiaje (1829), Reinke (1878), Berthold
(1884), Valiante (1883), Falkenberg (1879, 1901), Mazza (1902), from the Gulf of Naples;
others like Tornabene (1846), Philippi (1837), Langenbach (1873), Borzi (1886), Piccone
(1889), Spinelli (1905), only from Sicilian coast.

Species quoted in the above papers, almost all reported in the huge Sylloge algarum by
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De Toni (1889-1924), form the “historical” benthic macroalgal flora of the Italian coast.
De Toni’s Sylloge, which represents the compendium of the algal floristic knowledge to
that date, marks the conclusion of the first season of algological studies of Italian coast.
Then, one must wait the sixties for the beginning of a second season of algological stud-
ies dealing with Italian coast that has had and has still as main actors the present genera-
tion of Italian phycologists.

In fact, from 1925 to 1964, only few papers were published: by Schiffner & Vatova
(1937) on algae from the Lagoon of Venice; by Levring (1942) on some algae from the
Adriatic Sea, Sicily and the Gulf of Naples; by Funk (1927 and 1955) on the marine veg-
etation and on the benthic algal flora of the Gulf of Naples, respectively; by Molinier &
Picard (1953) on some vegetational observations of the Sicilian coast; by Cavaliere (1957,
1959, 1960) on some algae from the Straits of Messina. Conversely, from 1962 to date very
numerous algological papers were produced. Except for the paper by Pignatti (1962) on
the Lagoon of Venice, such papers first dealt only with both northern and southern coast
of Sicily: the Gulf of Palermo (Giaccone & De Leo 1966), the Island of Femmine
(Palermo) (Giaccone & Sortino 1964), cape Zafferano (Palermo) (Giaccone 1965), Palma
di Montechiaro (Agrigento) (Sortino 1967), the harbour of Licata (Agrigento) (Sortino
1968). Then, from 1970 to date, they dealt with eastern coast of Sicily (Furnari &
Scammacca 1970a,b; 1971,1973; Cormaci & al. 1976, 1978; Cormaci & Furnari G.
1979a,b; Battiato & Ponte 1975,1978; Battiato & al. 1978), the Straits of Messina
(Codomier & Giaccone 1972; Giaccone & Rizzi Longo 1976), the Straits of Sicily
(Giaccone & al. 1972), the Island of Ustica and the Aeolian Islands (Giaccone 1971;
Giaccone & al., 1985), the Island of Pantelleria (Giaccone & al. 1973), the Egadi Islands
(Giaccone & Sortino 1974), the Island of Linosa (Cinelli & al. 1976), the Tuscanian coast
(Tyrrhenian Sea) (Cinelli 1969,1971a; Papi & al. 1992; Pignatti & Rizzi 1972), the south-
ern Tyrrhenian Sea (the Aeolian Islands and the Island of Ustica included) (Boudouresque
& Cinelli 1971; Cinelli 1971b; Gargiulo & al 1985; Alongi & al. 1993; Cormaci & al.
1992), the Sardinia (Cossu & al. 1992; Solazzi 1969), the Liguran Sea (Benedetti-Cecchi
& Cinelli 1992), the Adriatic Sea (the Tremiti Island included) (Giaccone 1978; Furnari &
al. 1999; Solazzi 1965,1967; 1976), the high Ionian Sea (Cecere & al. 1991, 1996) and the
Island of Lampedusa (Scammacca & al. 1993).

However, in spite of the publication of the above mentioned papers, the floristic knowl-
edge of the benthic marine macroalgae of Italian coast is still irregular and not complete.
In fact, while some areas resulted well studied (e.g. the Gulf of Naples, Sicily and adjacent
islands, the high Adriatic Sea, the Tremiti Islands, the Gulf of Taranto), some others are
still insufficiently studied (e.g. the Ligurian Sea, Sardinia, the coast of Latium, the coast of
Calabria, etc.).

With a grant of the Italian Ministry of the Environment, Furnari & al. (2003) have com-
piled a check-list of the benthic macroalgal Italian flora. In order to give a picture as much
corresponding as possible to the present composition, only references published since 1950
have been used. Over 600 papers were considered, in which a total of 1120 taxa at specif-
ic and infraspecific level were reported. Following a critical taxonomic and nomenclatur-
al revision, apart from 56 Cyanophyta, 79 taxa inquirenda (the taxonomic value of which
remains uncertain without a revision of herbarium specimens) and 31 taxa excludenda (the
records of which are probably due to misidentifications since refer to species not present
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in the Mediterranean Sea) not considered in this paper, the Italian flora resulted of 509
Rhodophyta, 208 Phaeophyta and 154 Chlorophyta for a total of 871 accepted taxa (Table
1). However, it should be noted that most species of the Laurencia complex and of non-
geniculate Coralline algae were only tentatively included in the accepted taxa. In fact,
because the taxonomy of such groups has recently undergone substantial reassessments, in
absence of the study of herbarium specimens, the occurrence of most of such species
should be confirmed.

Since the Italian coasts fall within the FAO fishering sectors 3 (Tyrrhenian Sea and adja-
cent basins), 4 (Adriatic Sea) and 5 (Ionian Sea), the floristic consistency of each sector
was calculated. The flora of the sector 3 is the richest with 769 taxa (470 Rhodophyta, 169
Phaeophyta and 130 Chlorophyta), followed by that of the sector 5 with 702 taxa (444
Rhodophyta, 148 Phaeophyta and 110 Chlorophyta) and by that of the sector 4 that result-
ed the poorest with 577 taxa (340 Rhodophyta, 124 Phaeophyta and 113 Chlorophyta). The
three sectors share 491 taxa (equal to 56.4%), while 90 taxa (10.3%) are present only in
the sector 3, 39 taxa (4.5%) in the sector 4 and 52 taxa (6.0%) in the sector 5 (Table 1). In
order to understand the phytogeographic characteristics of the Italian flora, a specific
investigation of the areals of every species has been conducted. Following that study, each
species was assigned to a distribution-group named according to Cormaci & al. (1982).
Chorological spectra (Table 2 and Fig. 1) of the Italian flora and of floras of sectors 3 and
5 are characterised by a dominance of the Atlantic element, followed by the Mediterranean,
Cosmopolitan, Indo-Pacific, Circumtropical and Circumboreal; only that of the sector 4
shows a different sequence of distribution groups with the dominance of the Atlantic ele-
ment, followed by the Cosmopolitan, Mediterranean, Circumtropical, Indo-Pacific and
Circumboreal.

Table 1. The macroalgal italian flora: composition of the whole flora, of floras of each FAO sector
(sector 3: Tyrrhenian Sea and adjacent basins; sector 4: Adriatic Sea; sector 5: Ionian Sea), of com-
mon species to all sectors as well as of sole species of each sector.
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Rhodophyta 509 470 340 444 314 44 4 32

58.4% 61.1% 58.9% 63.2%
Phaeophyta 208 169 124 148 93 26 21 15

23.9% 22.0% 21.5% 21.1%
Chlorophyta 154 130 113 110 84 20 14 5
17.7% 16.9% 19.6% 15.7%
Total 871 769 577 702 491 90 39 52
88.3% 66.2% 80.6% 56.4% 10.3% 4.5% 6.0%
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Table 2. Chorological spectra of the whole macroalgal italian flora and of floras of each FAO sector.
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Atlantic 390 342 253 302
44.8% 44.5% 43.8% 43.0%

Mediterranean 238 204 132 180
27.3% 26.5% 22.9% 25.6%

Cosmopolitan 156 147 137 145
17.9% 19.1% 23.7% 20.7%

Indo-Pacific 40 33 20 32
4.6% 4.3% 3.5% 4.6%

Circumtropical 33 31 24 29
3.8% 4.0% 42% 4.1%

Circumboreal 14 12 11 14
1.6% 1.6% 1.9% 2.0%

Total 871 769 577 702
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Fig. 1. Hystogram showing the percentages of species of the Italian flora and of floras of each FAO
sector belonging to each distribution group.

The floras of the three sectors have been compared so as to establish the degree of both
floristic and phytogeographic similarities among them, as expressed by Jaccard’s (1932)
and Kulczynski’s (1927) similarity indices, respectively. A hierarchical clustering was then
carried out with an agglomerative centroid method (Sokal & Sneath 1963). The results are
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expressed in the dendrograms of Figs 2-3. The dendrogram of Fig. 2 shows a remarkable
similarity between the floras of the Tyrrhenian Sea and the Ionian Sea being linked to a
level of importance near to 80%, while that of the Adriatic Sea is linked to the previous
group to a level of importance of about 65%. The same pattern of similarity, but with link-
ages at higher level of importance, is shown by the dendrogram based on chorological
spectra (Fig. 3). In both cases the Adriatic flora could represent a discontinuity probably
due to the lowest total number of species and to the lowest per cent value of the
Mediterranean element, from a floristic and a phytogeographic point of view, respective-
ly. The relatively low per cent value of the Mediterranean element in the Adriatic flora is
probably due to the limited extension of the rocky circalittoral zone where Mediterranean
element is generally dominant (Boudouresque 1973).

In the last years, three check-lists of Mediterranean Fucophyceae, Chlorophyceae and
Ceramiales, based on references since 1950, were compiled by Ribera & al. (1992),
Gallardo & al. (1993) and Goémez Garreta & al. (2001), respectively. From such papers we
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Fig. 2. Dendrogram depicting mutual floristic similarities of floras of the three FAO sectors.
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Fig. 3. Dendrogram depicting mutual chorological similarities of floras of the three FAO sectors.




230 Furnari & al.: The benthic macroalgal flora of Italy...

drew lists of Fucophyceae, Chlorophyceae and Ceramiales of five Mediterranean areas
delimited as follows: (SPA) Spain, (FRA) France, (GTR) Greece and Turkey, (LEL) Libya,
Egypt and Levant States (Syria, Lebanon and Israel), (MAT) Morocco, Algeria and
Tunisia. Then, the above lists were compared with the corresponding systematic lists of the
Italian coast (ITA). From this comparison it resulted that the number of specific and infra-
specific taxa accepted for the Mediterranean Sea is 243 Fucophyceae, 178 Chlorophyceae
and 260 Ceramiales (Table 3). Italy and France resulted the richest in species areas with
215 (82.7%) and 214 Ceramiales (82.3%), 205 (84.3%) and 157 (64.6%) Fucophyceae,
154 (86.5%) and 122 (68.5%) Chlorophyceae, respectively. Conversely, the LEL area
resulted the poorest in species with only 128 (49.2%) Ceramiales, 74 (30.4%)
Fucophyceae and 72 (40.4%) Chlorophyceae (Table 3). Species common to all areas are
90 Ceramiales (34.6%), 54 Fucophyceae (22.2%) and 48 Chlorophyceae (29.9%) while
very few resulted the sole ones: 12 (4.6%), 30 (12.3%), 21 (11.7%) at Italy; 3 (1.1%), 4
(1.6%) and 2 (1.1%) at Spain; 5 (1.9%), 11 (4.5%) and 6 (3.3%) at France; 2 (0.7%), 2
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Fig. 4. Dendrogram depicting mutual floristic similarities of Ceramiales of the six floras investigated.

Table 3. Composition of the six Mediterranean macroalgal floras investigated. ITA (Italy), SPA
(Spain), FRA (France), GTR (Greece and Turkey) LEL (Libya, Egypt and Levant States), MAT
(Morocco, Algeria and Tunisia). In brackets the total number of species recorded from the
Mediterranean Sea.

ITA SPA  FRA GTR LEL MAT

Ceramiales (260) 215 205 214 175 128 174
82.7% 78.8% 823% 67.3% 49.2% 66.9%

Fucophyceae (243) 205 134 157 120 74 119
84.4% 551% 64.6% 49.4% 30.5% 49.0%

Chlorophyceae (178) 154 120 122 95 72 90
86.5% 67.4% 685% 53.4% 40.4% 50.6%
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Table 4. Number of common species to all Mediterranean floras investigated as well as of sole species
of each flora. In the second line per cent values.

RS
3 2 Sole species per flora
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g 2 ITA SPA FRA GTR LEL MAT
o
Ceramiales 90 12 3 ) 2 4 1

34.6% 4.6% 1.1% 1.9% 0.7% 1.5% 0.3%

Fucophyceae 54 30 4 11 2 3 3
22.2% 12.3% 1.6% 4.5% 0.8% 1.2% 1.2%

Chlorophyceae 48 21 2 6 2 5 2
29.9% 11.7% 1.1% 3.3% 1.1% 2.8% 1.1%
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Fig. 5. Dendrogram depicting mutual floristic similarities of Chlorophyceae of the six floras investigated.
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Fig. 6. Dendrogram depicting mutual floristic similarities of Fucophyceae of the six floras investigated.

(0.8%) and 2 (1.1%) at GTR; 4 (1.5%), 3 (1.2%) and 5 (2.8%) at LEL; 1 (0.3%), 3 (1.2%)
and 2 (1.1%) at MAT of Ceramiales, Fucophyceae and Chlorophyceae, respectively (Table
4). The lists of each systematic group (Ceramiales, Fucophyceae and Chlorophyceae) of
the above areas have been compared so as to establish the degree of floristic similarity
between each pair of the six areas, using the same methodology as for comparisons with-
in the Italian flora. The results dealing with the Ceramiales are expressed in the dendro-
gram of Fig. 4. The following groups can be identified: that including SPA and FRA to

- which ITA is linked at a level of importance higher than 70% and that including GTR and
MAT, linked to the previous one at a level slightly higher than 60%, to which LEL is linked
at a level of 50%. From the dendrogram, the following conclusions can be drawn: the
floristic similarity among areas is remarkable being all linked to a level of importance
higher than 60%, except the LEL one (50%).

A rather similar dendrogram is that of Chlorophyceae (Fig. 5) in which the following
groups can be identified: that including SPA and FRA to which ITA is linked at a level
higher than 70% and that including GTR and MAT linked to the previous one at a level
slightly superior to 50%. Also in this dendrogram LEL seems rather isolated being linked
to the last group at a level of about 40%.

The dendrogram of Fucophyceae (Fig. 6) shows a lower floristic similarity among areas
since only the group SPA and FRA can be identified linked at a level lower than 70%. To
this group is linked ITA at a level lower than 60%. As in previous dendrograms LEL is the
area with the lowest value of linkage (about 30%). The discontinuity showed in the above
three dendrograms by LEL area, due to the low number of species in each systematic group,
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Table 5. Chorological spectra of Ceramiales of the Mediterranean Sea and of each Mediterranean flora
investigated.

Diitebutngrons - ed“;:’:‘“ea" ITA SPA FRA GTR LEL MAT
Atlantic 125 105 101 103 94 69 86
48.1% 48.8% 49.2% 48.1% 53.7% 53.9% 49.4%
Cosmopolitan 31 26 27 29 25 24 25
11.9% 12.0% 13.1% 13.5% 142% 18.7% 143%
Circumboreal 1 1 0 1 1 0 1
0.3% 0.4% 0% 04%  0.5% 0% 0.5%
Indo-Pacific 15 12 8 12 8 T 7
5.7% 55% 39% 5.6% 45% 5.4% 4.0%
Mediterranean 80 65 61 61 39 21 49
30.7% 302% 29.7% 28.5% 22.2% 164%  28.1%
Circumtropical 8 6 8 8 8 7 6
3.0% 27% 39% 3.7% 45% 5.4% 3.4%
60 7 [] Atlantic
50 4 _ . _ I (] - [J Mediterranean
§ 40 4 Cosmop().litan
o [ Indo-Pacific
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g M Circumboreal
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Fig. 7. Hystogram showing the percentages of Ceramiales of the six floras investigated belonging to
each distribution group.
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Table 6. Chorological spectra of Fucophyceae of the Mediterranean Sea and of each Mediterranean flora
investigated: ’

Distribution groups Med“;gra 4% ITA SPA FRA GTR LEL  MAT
Atlantic 102 79 53 57 42 20 48
41.9% 385% 39.5% 363% 35.0% 27.0% 40.3%
Cosmopolitan 35 35 33 31 30 26 30
14.4% 17.0% 24.6% 19.7% 25.0% 35.1% 252%
Circumboreal 5 4 4 5 3 1 2
2.0% 1.9% 29% 3.1% 25% 13% 1.6%
Indo-Pacific 13 8 4 9 4 s 5
5.3% 39% 29% 57% 33% 6.7% 4.2%
Mediterranean 83 74 37 52 38 18 31
34.1% 36.0% 27.6% 33.1% 31.6% 243% 26.0%
Circumtropical 5 5 3 3 3 4 3
2.0% 24%  22% 19% 2.5% 5.4% 2.5%
& 5 [J Atlantic
50 + [0 Mediterranean
§ E Cosmopolitan
'§ B Indo-Pacific
:E B Circumtropical
5 B Circumboreal
o
%
é\@&

Fig. 8. Hystogram showing the percentages of Fucophyceae of the six floras investigated belonging
to each distribution group.
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Table 7. Chorological spectra of Chlorophyceae of the Mediterranean Sea and of each Mediterranean
flora investigated.

Distribution groups Med't;: ;a“ea“ ITA SPA FRA GTR LEL MAT
Atlantic 79 68 53 52 40 25 36
44.3% 44.1% 44.1% 42.6% 42.1% 34.7%  40.0%
Cosmopolitan 42 42 33 35 32 22 29
23.5% 272% 27.5% 28.6% 33.6% 30.5% 32.2%
Circumboreal 2 1 1 2 2 1 1
1.1% 06% 0.8% 1.6% 21% 13% 1.1%
Indo-Pacific 12 7 74 4 4 8 S
6.7% 45% 58% 32% 42% 11.1% 5.5%
Mediterranean 29 24 17 20 9 7 9
16.2% 15.5% 14.1% 163% 9.4% 9.7% 10.0%
Circumtropical 14 12 9 9 8 9 10
7.8% 77% 15% 13% 84% 12.5% 11.1%
60 4 [ Atlantic

[1Mediterranean
Cosmopolitan
@ Indo-Pacific

B Circumtropical
B Circumboreal

per cent values

Fig. 9. Hystogram showing the percentages of Chlorophyceae of the six floras investigated belong-
ing to each distribution group.
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Fig. 10. Dendrogram depicting mutual chorological similarities of Ceramiales of the six floras
investigated.
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Fig. 11. Dendrogram depicting mutual chorological similarities of Fucophyceae of the six floras
investigated.
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could depend besides on the insufficient floristic knowledge of that area, also on both geo-
morphologic characteristics of its coast (with rather reduced traits of rocky shores) and pale-
oclimatic events like sapropel crises (Giaccone & al. 1997). In order to understand the phy-
togeographic characteristics of different areas, following a specific investigation of the are-
als of every species, the chorological spectrum of Ceramiales (Table 5 and Fig. 7),
Fucophyceae (Table 6 and Fig. 8) and Chlorophyceae (Table 7 and Fig. 9) of each area was
calculated. On this basis, the phytogeographic similarity among different areas has been
established and a hierarchical clustering has been carried out using the same methodology
as for phytogeographic comparisons within the Italian flora. In the dendrogram of
Ceramiales (Fig. 10), the following groups can be identified: SPA-MAT and ITA-FRA
linked at a level higher than 90% and GTR-LEL linked to the first two groups at a value
higher than 80%. Such a dendrogram is very similar to that of Fucophyceae (Fig. 11) in
which the following groups can be detected: SPA-MAT at a level of importance of about
95% to which GTR is linked at a level of about 93% and ITA-FRA at a level of about 93%
linked to the previous group at about 90%. The LEL area is linked to both the previous
groups at a level of about 75%. In the dendrogram of Chlorophyceae (Fig. 12) areas are
always linked at high level of importance (the lowest value is higher than 80%), but the
resulting groups (ITA and SPA with FRA linked at a level of importance higher than 95%;
GTR and MAT linked to the previous group at a level of about 90% and LEL linked to the
previous groups at a level of about 85%) are different from those identifiable in the previ-
ous dendrogram.

From the above comparisons it resulted that from a phytogeographic point of view the
Mediterranean areas here considered have a higher degree of similarity than that shown from
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Fig. 12. Dendrogram depicting mutual chorological similarities of Chlorophyceae of the six floras
investigated.
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a floristic point of view. No marked discontinuities, at least at large scale, resulted even
though in limited areas chorological spectra can show peculiar characteristics [e.g. the Straits
of Messina with marked Atlantic characteristics (Giaccone & Rizzi Longo 1976); the banks
of the Straits of Sicily with marked Mediterranean characteristics (Cinelli 1981), etc.].

In conclusion, from this study it resulted a noticeable similarity among the six
Mediterranean areas here considered from both floristic and phytogeographic point of
views with the only exception, as above mentioned, of the LEL area. Moreover, it should
be pointed out that the benthic macroalgal flora of Italy is the richest in species. That is
due, besides the high number of phycological studies carried out along its coasts (espe-
cially in the last years), also because Italy has a noticeable extension of rocky shores that
are, moreover, washed by three seas: Tyrrhenian, lonian and Adriatic.

Finally, it should be pointed out that, even though algal lists taken into consideration are
based on references since 1950 in order to represent as well as possible the present com-
position, for some areas they can be already considered as “historical”. In fact, very recent
studies have shown noticeable changes in the floristic composition in some areas occurred
in the last decades: for example, at the Tremiti Islands (Adriatic Sea, Italy), from a floris-
tic study carried out in the year 1997 and published in 2000 (Cormaci & al. 2000) it result-
ed that of 275 species reported in literature between the late ‘60s and early ‘70s, 108
species (about 40% of that flora) were not found. Conversely, 153 species (about 47% of
the present flora) were newly reported.

At Maddalena Peninsula (near Syracuse, Italy), from a study by Marino & al. (1999) it
resulted that of 305 macroalgal species reported in literature up to 1980, 70 species (about
23% of that flora) were not found. Conversely, 164 species (about 41% of the present flora)
were newly reported.

At the Ciclopi Islands (near Catania, Italy), from an unpublished study carried out in the
year 2000 (Serio, personal communication), it resulted that of 364 species reported in lit-
erature between 1969 and 1989, 135 species (37% of that flora) were not found while 46
species (about 17% of the present flora) were newly reported. It is probable that similar
changes, that are verifying in different areas of the Mediterranean Sea, are due to different
factors like the increasing of the average temperature of the seawater, the increasing of dis-
charge of both chemical pollutant and/or of inert material causing a noticeable increasing
of water turbidity, etc.

Therefore, the drawing of check-lists, like those of Fucophyceae, Chlorophyceae,
Ceramiales of the Mediterranean Sea, and/or floras, like that of Italy here discussed,
assume, in our opinion, a particular value. In fact, on one hand they testify which species
were present in a certain historical period in different areas of the Mediterranean Sea, on
the other they represent a starting point letting to check possible changes as they happen.
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