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ABSTRACT: The species diversity of Syllidae (Annelida: Polychaeta) on different coastlines within 
the M editerranean Basin w as analysed, including along the Salento Peninsula (Italy), which is 
thought to play a crucial role as a crossroads betw een different biogeographic areas. Analysis of bio
geography, the assignm ent of species into 6 bioclimatic categories, a novel m ethod to assess in ter
matrix correlation significance and the correlation betw een species distribution, and some environ
m ental variables provided relevant tools to investigate the influence of a suite of ecological and 
historical factors on syllid distribution. Data showed that Syllidae could be considered a useful taxon 
for biogeographic speculations, even though bioclimatic and environm ental analyses appeared  sig
nificantly more informative. The Salento Peninsula revealed an affinity w ith some eastern  M editer
ranean  coastlines. Syllid distribution suggested the existence of an 'Atlantism ' gradient, decreasing 
eastw ards and possibly corresponding to a tem perature gradient w hen bioclimatic categories w ere 
analysed. In contrast to previous results, the Eastern and W estern Basins did not show great differ
ences in species diversity. The observed differences could, in part, be due to an 'author effect', due to 
the differing taxonomic updating of the available faunistic lists. Syllidae w ere found to be effective 
faunistic and ecological indicators, able to characterize different areas inside the M editerranean Sea; 
thus, the present results could be used to stimulate further research on different aspects of the family.
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INTRODUCTION 

The Mediterranean Basin

The M editerranean Sea is one of the w idest marine 
w arm -tem perate regions in the world, forming a sort of 
climatic and biogeographic crossroads betw een tropi
cal and tem perate seas. This area is characterized by 
high biodiversity, which has probably been  caused by 
its complex evolutionary history through the Tertiary 
and the post-Pliocene diversity pum p from the Atlantic 
(Bianchi & Morri 2000, Bouillon et al. 2004). As a result, 
the present m arine inventory is composed of species 
belonging to several biogeographic categories, with 
dom inance of the A tlanto-M editerranean (Pérès 1985). 
Inside the whole basin it is possible to distinguish 3 
large ecologically and historically different areas (the

W estern and Eastern Basins, and the Adriatic Sea). A 
further subdivision of these areas recognises a total of 
10 different biogeographic zones. The most 'typical' 
endem ic fauna occurs in the central part of the basin 
(Bianchi & Morri 2000). Most of the past changes (e.g. 
the arrival of new  species) occurred throughout the 
G ibraltar Channel, influencing the W estern Basin 
more than  the Eastern one. The Alboran Sea exhibits a 
stronger Atlantic influence, while the Levant Sea 
experiences influx from the Red Sea via the Suez 
Canal (Lessepsian migration) (Por 1978, 1989) and, 
therefore, shows a more sub-tropical character. Histor
ical reasons are, however, just one side of the 'evolu
tionary laboratory'; the other side is strictly ecological: 
seasonality is one of the potential key characters for 
the coexistence of a high num ber of species (Coma et 
al. 2000). Surface tem peratures range betw een 11 and
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13°C (with extrem es of 4 to 5°C in the Gulf of Trieste) 
in w inter and 25 to 30°C in summer, determ ining cold- 
tem perature to w arm -tem perature conditions in the 
cold season and tropical conditions in the w arm  season 
(Bouillon et al. 2004). The complex M editerranean 
geography amplifies the ecological differences of its 
major divisions: the W estern Basin is more influenced 
by Atlantic w ater features; the Eastern Basin has a 
more southern location and is more confined, w ith a 
higher evaporation rate. Moreover, w ithin this area, 
the A egean Sea shows some differences due to shal
lower water, low salinity and tem perature values, and 
furtherm ore an influence of w ater from the Black Sea 
(Arvanitidis et al. 2002). The Apulian Ionian Basin, 
geographically included in the Eastern Basin, is char
acterized by high w ater tem perature and dom inance of 
deep w ater habitats. On the other hand, the South 
Apulian Adriatic coast shares similar ecological fea
tures w ith the Ionian Basin, thus differing from the 
North Adriatic coast. There, the large input of freshw a
ter from the land, the shallow w aters and the absence 
of 'tropicality' indicate a typical North Atlantic ecolog
ical regime. This is the reason why some authors prefer 
not to consider the Adriatic Sea as a single biogeo
graphic unit (Bianchi & Morri 2000).

The M editerranean Basin, although representing 
only 0.82 % in surface area and 0.32 % in volume of the 
world's oceans, hosts a large num ber of worldwide 
macroscopic m arine organism s (from 4 to 18% of ben- 
thic species and about 9% of polychaetes) (Bianchi & 
Morri 2000, Arvanitidis et al. 2002). This richness is 
surely linked to the deep-rooted M editerranean fau
nistic tradition, but also to the peculiar ecological fea
tures and the geological history of the basin. Up to 
now, about 8000 macroscopic m arine invertebrates 
have been  described for the whole M editerranean 
Basin, 87 % of which w ere found in the W estern Basin, 
48.9% in the Adriatic and 43.1 % in the Eastern Basin 
(Morri et al. 1999). The W estern Basin also includes 
77 % of the endem ic species, but this high percentage 
could be influenced by the fact that it has been  studied 
longer and more thoroughly (Bouillon et al. 2004).

Mediterranean syllids

Syllidae is one of the most diverse families within 
Polychaeta (Annelida), num bering about 667 taxa, dis
tributed in a large array of habitats, especially in the 
littoral fringe. Syllidae has already been successfully 
utilized in biogeographic analysis w ithin the M editer
ranean  Sea (San M artin 1984), revealing that the basin 
could be divided into 2 zones based  on the presence or 
absence of syllid tropical forms: a northern zone 
(France, Gulf of Naples, Ionian and Adriatic Seas) and

a southern zone (Spain, North Africa, Sicily and Israel). 
Since the 1990s, a great deal of work has been devoted 
to M editerranean syllids, readdressing part of the lack 
of knowledge that was underlined as one of the main 
problem s in understanding patterns of their distribu
tion (Castelli et al. 1995, Ergen & Çinar 1997, Simboura 
& Nicolaidou 2001, Çinar & Ergen 2002, 2003, Çinar et 
al. 2003). However, increasing taxonomic knowledge 
would require frequent faunistic updating of syllid 
inventories; this would be particularly desirable in 
some well-known, but presently poorly studied, areas 
(e.g. northern Adriatic Sea and Israeli coastline). Fur
therm ore, some areas, such as the French M editer
ranean  and northern African coastlines, need to be 
investigated in more detail, because syllid inventories 
in these areas are presently very poor, especially if 
com pared to the know ledge on other polychaete fam i
lies.

Recent research  on syllid diversity along the Ionian 
and Adriatic coasts of the Salento Peninsula (Apulia, 
southern Italy) has increased the num ber of recorded 
species in the area by 90%, and added 1 species new  
to the science (Sphaerosyllis boeroi), another species 
new  to the M editerranean area (Syllis alosae), 3 spe
cies new  to the Eastern Basin, 9 species new  to the Ital
ian coast and 40 species new  to the Adriatic Sea (Gher- 
ardi et al. 2001, Fraschetti et al. 2002, G iangrande et al. 
2003, 2004, Corriero et al. 2004, Musco et al. 2004, 
2005). The polychaetes of the Sabellidae family also 
revealed the peculiarity of this coastline, with the d is
covery of some species distributed only in the Eastern 
M editerranean (Giangrande & M ontinaro 1989). This 
area  is, in fact, considered a biogeographical cross
roads betw een the W estern and Eastern Basins. Its 
Ionian coast shows subtropical-like features, in p a r
ticular around Porto Cesáreo, w hich is an area charac
terized by a unique faunistic composition. A similar 
pattern  has been observed along the South Adriatic 
coast (Sarà 1967, Parenzan 1983).

According to Fauchald (1984) polychaete species 
distribution is more influenced by ecological features 
than  historical (biogeographic) ones. Some recent 
work has also showed that species diversity, abun
dance and distribution of Syllidae are particularly 
influenced by several environm ental features 
(Fraschetti et al. 2002, G iangrande et al. 2003, 2004, 
Musco et al. 2004).

In the present paper, a review  of the diversity of syl
lids in the M editerranean area is attem pted, w ith a 
comparison of species inventories reported  from differ
ent coastlines from: (1) faunistic, (2) biogeographic and 
(3) bioclimatic points of view. A correlation betw een 
the present syllid distribution and (4) taxonomic upd a t
ing and some environm ental param eters is also p ro 
posed.



M usco & G iangrande: M e d ite rran e a n  syllids: faun istic  a n d  ecological considerations 145

Fig. 1. M ap  of th e  s tu d y  area . Dots show  
th e  a n a ly sed  coasts (SP: Spanish; NWI: 
N o rth  W este rn  Italian; TU: T urkish  
A egean ; CY: Cypriot; GR: G reek
A egean ; IS: Israeli; ES: E as te rn  Sicilian; 
SI: Ion ian  Salento; SA: A dria tic  Salento; 
NA: N o rth  A driatic) a n d  re p re se n t th e  
g eo -re fe ren ced  po in ts w h e re  en v iro n 
m en ta l p a ram ete rs  h a v e  b e e n  calcu 
la te d  u s in g  th e  GDEM  (1998) h istorical 
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MATERIALS AND METHODS

Study area and faunistic data. Literature data re le 
vant to the family Syllidae w ere review ed in order to in
fer the syllid distribution along those M editerranean 
coastlines for w hich a check-list or, alternatively, ex
haustive, updated  faunistic inventories are available 
(Fig. 1). In the W estern M editerranean area (extending 
from G ibraltar C hannel to Sicily Channel) we consid
ered: (1) the Spanish M editerranean (guideline check
list: San M artin 2003; additional records: Sardà 1991, 
Tena et al. 2000) and (2) North W estern Italian coasts 
(guideline check-list: Castelli et al. 1995; additional 
records: Somaschini & San M artin 1994, 1997, Badala- 
m enti et al. 1999, Licher 1999). In the Eastern M editer
ranean  area (from Sicily C hannel eastwards) the areas 
studied were: (3) the Turkish A egean (faunistic inven
tories: Ergen & Çinar 1997, Çinar & Ergen 2002), (4) the 
Cypriot area (faunistic inventories: Çinar & Ergen 2003, 
Çinar et al. 2003, Musco et al. 2005), (5) the G reek 
A egean (guideline check-list: Simboura & Nicolaidou 
2001; additional records: Arvanitidis 2000), (6) the 
Israeli M editerranean (faunistic inventories: Fauvel 
1955, 1957, Ben-Ehliau 1977a,b, 1995, Goren 1979, 
Fishelson & H aran 1986, Ben-Ehliau & Fiege 1995), (7) 
Eastern Sicilian coasts (faunistic inventories: Cantone 
1971, 2001, Cantone & Fassari 1980, Cantone et al. 
1979, 2003) and (8) the Ionian coast of Salento (faunistic 
inventories: G herardi et al. 1993, 2001, Corriero et al. 
2004, Musco et al. 2005). Finally, in the Adriatic Sea 
(from Otranto C hannel northwards), we considered:
(9) the Adriatic coast of Salento (faunistic inventories: 
Fraschetti et al. 2002, G iangrande et al. 2003, 2004) and
(10) the North Adriatic (guideline check-list: Pozar- 
Domac 1978; additional records: M arenzeller 1874, 
Banse 1959, Katzmann 1972, Castelli et al. 1995).

In addition, other records from non-analysed areas 
w ere included in order to obtain a faunistic comparison 
betw een the Eastern and W estern Basins and the com 
plete syllid inventories of the whole M editerranean 
Basin (Fauvel 1923, 1937, Pérès 1954, Laubier 1966,

Bellan 1991, Licher 1999, N ogueira & San M artin 2002, 
Ç inar & Ergen 2003, Çinar et al. 2003).

Environmental data. Since faunistic data w ere re p 
resen ted  by a several-year study stratification (at least 
since the 19th century), environm ental param eters re l
ative to the study areas w ere necessarily based  on 
long-time averages. M onthly w ater tem perature and 
salinity values w ere calculated using the M editer
ranean  historical database of the generalized digital 
environm ental model (GDEM) of the US Naval O cean
ographic Office (NAVOCEANO 1998) (available from 
https://128.160.23.42/gdem v/gdem v.htm l). Using a co
ordinated system grid (pass 0.5°) the M editerranean 
Basin was divided into polygons. For each polygon (the 
ones closer to the coastlines analysed) 1 single point 
w as random ly chosen and geo-referenced; resulting 
latitude/longitude coordinates w ere used to extract 
tem perature and salinity values from the GDEM d a ta 
base. Available data from the sea surface to 30 m depth 
(usual bathym etric syllid hom e-range; San M artin 
2003) w ere averaged in order to obtain monthly m ean 
values per each random  point of an area; hence, 
monthly m ean values per analysed coastline w ere cal
culated (Table 1).

T ab le  1. A n n u a l m in im um  (min.) a n d  m ax im um  (max.) m ea n  
tem p e ra tu re  a n d  salin ity  (GDEM 1998), a n d  taxonom ic 
u p d a tin g  in d ex  (T.U.I.) for th e  an a ly sed  M e d ite rran e a n  coast

lines. For ab b rev iatio n s see  Fig. 1

C oastline T em p era tu re  (°C) 
m in. m ax.

Salinity  (% o )  

m in. m ax.
T.U.I.

SP 13.69 22.44 37.35 37.65 0.994
NWI 13.38 21.97 37.88 38.07 0.931
TU 15.17 22.01 37.73 38.89 0.977
CY 16.66 24.76 38.94 39.20 0.996
GR 14.33 23.35 37.65 38.58 0.994
IS 16.86 27.36 38.91 39.17 0.747
ES 14.38 23.95 37.94 38.18 0.758
SI 13.77 24.25 38.14 38.35 0.975
SA 13.01 23.06 38.25 38.25 0.994
NA 9.99 21.72 36.97 37.19 0.687

https://128.160.23.42/gdemv/gdemv.html
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Taxonomic updating. As already m entioned, the 
presently analysed inventories of species w ere d e 
rived from different datasets developed in different 
years. Due to increasing know ledge (e.g. new  species 
are described almost every year) the faunistic dataset 
is continuously changing. In order to w eight the 
inventories' taxonomic updating, the whole set of 176 
syllid species recorded up to now in the M editer
ranean  Sea was chronologically ordered, considering 
the year of species discovery from the earliest (Syllis 
armillaris) to the most recently described (Sphaerosyl
lis boeroi). Then, the percentage of known species at 
the time of publication of the analysed guideline 
check-lists was determ ined, and this relative value 
(ranging from 0 to 1) was the 'Taxonomic Updating 
Index' (T.U.I.) of the analysed coastline inventory. For 
those analysed coastlines lacking a guideline check
list, the m ean T.U.I. value of the available faunistic 
inventories was calculated (Table 1).

Analyses. To obtain faunistic, biogeographic and 
bioclimatic comparisons betw een the analysed waste, 
a p resence-absence  matrix (176 species by 10 coast
lines) was perform ed (Appendix 1; see www.int- 
res.com/articles/suppl/m304pl43_app.pdf). Differences 
in species composition am ong coasts w ere represented  
in a similarity matrix based on the Bray-Curtis similar
ity index and analysed by Cluster Analysis (PRIMER, 
Plymouth M arine Laboratory) (Clarke 1993).

Species w ere also arranged  in categories according 
to their worldwide biogeographic distributions (e.g. 
San M artin 1984, Arvanitidis et al. 2002): (1) cosmo
politan; (2) species presenting a disjunct distribution; 
(3) circum-tropical; (4) Indo-Atlantic-M editerranean 
(species not included in the cosmopolitan category in

order to avoid a loss of biogeographic information); 
(5) Indo-M editerranean (probably Lessepsian m i
grants); (6) amphi-Atlantic; (7) A tlantic-M editerra
nean; and (8) endem ic M editerranean.

Another literature-based classification of the spe
cies was m ade according to their worldwide distribu
tion in or betw een  the different climatic zones outside 
the M editerranean area (bioclimatic distribution): 
(1) Cold = species distributed in cold w aters (Arctic, 
sub-Arctic, Antarctic, sub-Antarctic species), (2) Tem 
perate-cold = species distributed in tem perate cold 
w aters (mainly European North Atlantic species), 
(3) Tem perate = species distributed in tem perate w a
ters (mainly Iberian Atlantic species), (4) Tem perate- 
warm  = species distributed in tem perate warm  w aters 
(subtropical species or those widely distributed b e 
tw een tropical and tem perate zones), (5) Warm = 
species distributed in w arm  w aters (inter-tropical spe
cies) and (6) Eurythermie = eurytherm ie species (see 
Appendix 1 for references). The null hypothesis 
assumes that the above-m entioned categories (both 
bioclimatic and biogeographic) w ere arranged b e 
tw een analysed M editerranean coasts w ithout any 
recognisable distributional pattern. In this context, in 
order to avoid any a priori statem ent about the 'b io
climatic features' of the different analysed zones, the 
endem ic M editerranean forms w ere included in the 
tem perate category. Relative frequency of the above- 
m entioned groups was calculated for each coast 
(Table 2), obtaining both a biogeographic matrix 
(8 variables by 10 samples) and a bioclimatic matrix 
(6 variables by 10 samples). Factors mainly contribut
ing to dissimilarity betw een pairs of coasts w ere iden
tified by SIMPER routine; in both cases affinities

T able  2. P e rcen tag es  of th e  spec ies b io g eo g rap h ic  (BG) g ro u p in g s (c: cosm opolitan; d: d isjunct distribution; ct: c ircum -tropical; 
iam : In d o -A tlan tic-M ed ite rranean ; im: Indo -M ed ite rran ean ; aa: am phi-A tlan tic  ; am: A tlan tic -M ed ite rran ean ; m: endem ic  M ed i
te rra n ea n ) an d  of th e  species bioclim atic  (BC) g ro u p in g s (C: cold; TC: tem pera te-co ld ; T: tem p era te ; TW: tem p era te-w arm ; 

W: w arm ; E: eu ry therm ie) on  th e  an a ly sed  coasts (for ab b rev iatio n s see  Fig. 1)

SP NWI TU CY GR IS ES SI SA NA

BG
c 0.170 0.186 0.256 0.250 0.229 0.436 0.400 0.236 0.256 0.317
d 0.178 0.161 0.209 0.179 0.135 0.154 0.160 0.139 0.128 0.117
ct 0.044 0.025 0.047 0.048 0.052 0.103 0.060 0.042 0.051 0.017
iam 0.044 0.059 0.047 0.060 0.052 0.051 0.080 0.069 0.051 0.050
im 0.022 0 0 0 0 0 0 0 0 0
aa 0.141 0.119 0.151 0.119 0.104 0.103 0.100 0.139 0.179 0.100
am 0.244 0.314 0.221 0.250 0.365 0.128 0.180 0.278 0.256 0.350
m 0.156 0.136 0.070 0.095 0.062 0.026 0.020 0.097 0.077 0.050
BC
C 0 0.008 0 0 0.010 0 0 0 0 0.017
TC 0.104 0.118 0.047 0.071 0.167 0.128 0.120 0.083 0.077 0.233
T 0.348 0.356 0.291 0.298 0.281 0.077 0.120 0.333 0.295 0.200
TW 0.289 0.254 0.337 0.345 0.260 0.410 0.340 0.333 0.372 0.183
W 0.044 0.008 0.012 0.036 0.021 0.051 0.020 0.014 0.026 0
E 0.215 0.254 0.314 0.250 0.260 0.333 0.400 0.236 0.231 0.367
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am ong coasts w ere represen ted  by a similarity matrix 
based on the Bray-Curtis similarity index and 
analysed using Cluster Analysis (PRIMER, Plymouth 
M arine Laboratory) (Clarke 1993).

Relating different matrices derived from the same 
dataset. In order to test the concordance betw een  the 
faunistic pattern  and the bioclimatic and biogeo
graphic grouping of the same dataset, frequency 
matrices w ere separately com pared to the presence- 
absence species matrix, calculating the respective 
Spearm an rho-values (RELATE routine, PRIMER, Ply
m outh M arine Laboratory) (Clarke 1993). However, in 
this case, we did not really use the significance of the 
RELATE test, as m uch as the actual relative values of 
the rho- coefficient. The rho-value has been consid
ered  a useful m easure of the concordance betw een the 
information held in these groupings of the same data. 
Due to the absence of a significance test convin
cingly stressing differences betw een the rho-values for 
the 2 comparisons, we used a random  re-arrangem ent 
of the original species matrix, in w hich the samples 
w ere kept as they were. The species w ere pooled into 
8 groups (in the biogeographic case), w ith the same 
num ber of species falling into each group as for the 
real biogeographic divisions, but the species selected 
to go into these groups was chosen at random  from the 
set of 176 species recorded. In other words, the rows of 
the original matrix w ere random ly re-arranged  while 
keeping the biogeographic labels (BG in A ppendix 1) 
fixed. We calculated Spearm an's rho for the resulting 
random ly aggregated  frequency matrix (Bray-Curtis 
similarities) according to the original 176 species 
(Bray-Curtis similarities), then we repeated  the proce
dure 50 times, obtaining a rho-value for each time. The 
same routine was applied w ith the bioclimatic g roup
ings (Clarke pers. comm.).

To obtain statistical evidence on w hether the biogeo
graphic and bioclimatic groupings w ere just by chance 
(or not), w e tested the significance of the actual rho 
versus the m ean of the 50 randomly calculated rho- 
values (rhomd) by a f-test: = (rho - r h o md) {sqrt [var
( n + l j i r 1]}-1.

BIOENV analysis. In order to detect possible re a 
sons for the distributional pattern  of M editerranean 
syllids, a comparison betw een the similarity matrix 
based on the original 176 species (Bray-Curtis similar
ities) and the norm alized matrix of environm ental 
param eters (annual minimum and maximum w ater 
tem perature and annual minimum and maximum 
salinity) and the percentage values representing  the 
taxonomic updating of species inventories was p er
formed and tested by the standard BIOENV routine; 
correlations betw een  param eters w ere analysed by a 
Draftsman plot routine (PRIMER, Plymouth M arine 
Laboratory) (Clarke 1993).

RESULTS 

Species diversity and biogeography of 
Mediterranean syllids

A total of 176 syllid species w as listed for the whole 
M editerranean Sea (Appendix 1; www.int-res.com / 
articles/suppl/m304pl43_app.pdf); 161 species were 
reported  to be present in the W estern Basin (91%), 
144 in the Eastern Basin (81 %) and 100 in the whole 
Adriatic Sea (56%). Considering these 3 geographic 
areas, the A tlantic-M editerranean species w ere more 
abundant, while the Indo-M editerranean elem ents 
w ere present only in the W estern Basin, w here the 
largest num ber of endem ic forms was also observed. 
Relatively, the num ber of cosmopolitan species was 
higher in the Adriatic (Fig. 2a). The bioclimatic com 
position was similar in the 3 areas, with a decrease of 
the tem perate category in the Adriatic Sea, coupled 
with an increase in eurytherm ie species (Fig. 2c).

Fig. 3 shows the distribution of biogeographic 
(Fig. 3a) and bioclimatic (Fig. 3b) categories on the 
coastlines under analysis. The Indo-M editerranean 
forms w ere recorded only along the Spanish M editer
ranean  coast; this coast together w ith the North W est
ern  Italian showed the highest percentages of endemic 
forms and the lowest percentages of cosmopolitan 
forms. These latter w ere found to be very abundant in 
the North Adriatic and predom inant on Israeli and 
Eastern Sicilian coasts, w here, in contrast, endemic 
and A tlantic-M editerranean forms w ere scarce. This 
last category was predom inant on the G reek Aegean, 
North W estern Italian and North Adriatic coasts. As far 
as the bioclimatic categories w ere concerned, Israeli, 
Eastern Sicilian and North Adriatic coasts w ere the 
ones that differentiated most from the rest, being char
acterized by the highest percentage of eurytherm ie 
species; moreover, the Israeli coast showed the highest 
percentages of w arm er categories (tem perate-warm  
and warm), while the North Adriatic coast was charac
terized by the highest percentage of colder categories 
(tem perate-cold and cold), followed by the G reek 
A egean coast. Finally, both the coasts of Salento, 
together w ith the Turkish A egean and Cyprus, showed 
high percentages of tem perate-w arm , the lowest p e r
centages of tem perate-cold and the com plete absence 
of species belonging to the cold category.

Cluster analysis

The analysis of the species composition is shown in 
Fig. 4a. Two main clusters w ere recognisable: one con
sisting of the North Adriatic coast, together w ith Israeli 
and Eastern Sicilian coasts, and a second one consist-

http://www.int-res.com/
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(Spanish and North W estern Italian) coasts. The main 
differences betw een the 3 models involved the posi
tions of the G reek and North Adriatic coasts. In partic
ular, in the biogeographic model, these 2 coasts clus
tered  together close to the main cluster containing the 
2 coasts of Salento, the Turkish Aegean, Cyprus and 
the Spanish and North W estern Italian coasts, while, in 
the bioclimatic model, the North Adriatic showed the 
lowest similarity w ith the other coasts and G reece clus
tered  close to the w estern coasts.

Considerable differences in the biogeographic 
(Fig. 2b) and bioclimatic (Fig. 2d) patterns betw een the 
2 Adriatic coasts w ere also observed. They showed the 
lowest similarity w ithin the analysed coasts (Bray- 
Curtis similarity 69.10) from a bioclimatic point of view 
(SIMPER analysis revealed that tem perate-w arm , tem 
perate-cold and eurytherm ie species accounted for 
77.80% of the dissimilarity), while, in the biogeo- 
graphic grouping, although the same sectors showed a 
higher similarity (Bray-Curtis similarity 84.61), the 
Adriatic Salento was more similar to the Ionian
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Fig. 2. (a, c) C a teg o ry  com position  affinities in  th e  m ain  g e o 
grap h ic  b asin s (M: w ho le  M e d ite rran e a n  Basin; WM: W estern  
Basin; EM: E as te rn  Basin; A: A dria tic  Sea), (b, d) F iner su b d i
v ision  of th e  A dria tic  B asin coastlines (SA: Sou th  A driatic; 
NA: N o rth  A driatic), (a, b) B iogeographic  categories (m: e n 
dem ic; am: A tlan tic -M ed ite rran ean ; aa: am phi-A tlan tic  ; im: 
Ind o -M ed ite rran ean ; iam : In d o -A tlan tic-M ed ite rranean ; ct: 
circum -tropical; d: d isjunct distribution; c: cosm opolitan), 
(c, d) B ioclim atic categories (E: eury therm ie; W: w arm ; TW: 
tem p era te -w arm ; T: tem p era te ; TC: tem pera te-co ld ; C: cold)
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ing of the rem aining coasts. Within this second cluster 
a first separation occurred betw een the G reek A egean 
and the other coasts, and a second, betw een the cluster 
represen ted  by the w estern coasts (Spanish and North 
W estern Italian) and the rem aining ones (the 2 coasts 
of Salento, Turkish A egean and Cyprus). Similar p a t
terns w ere obtained w hen coasts w ere analysed utiliz
ing both biogeographic (Fig. 4b) and bioclimatic 
(Fig. 4c) categories. In both analyses the Israeli and 
Eastern Sicilian coasts clustered apart from the 2 main 
clusters containing the first (Ionian and Adriatic 
Salento, Turkish A egean and Cyprus) and second

obûo
'S
U

40

20

Fig. 3. C om parison  b e tw e e n  ca tegory  com position  am o n g  th e  
a n a ly sed  coasts (for ab b rev ia tio n s see  Fig. 1). (a) B iogeo
g rap h ic  categories (for abb rev ia tio n s see  T able  2). (b) Biocli

m atic  categories (for ab b rev ia tio n s see  T ab le  2)
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Fig. 4. C luster analyses of th e  ex am in ed  coastlines (for a b b re 
viations see  Fig. 1) b a se d  on: (a) spec ies, (b) b io g eo g rap h ic  

a n d  (c) bioclim atic  sim ilarity  m atrices

Salento, Greece, Cyprus, Turkey and Spain (Bray-Cur
tis similarity ranging from 84.95 to 92.9) than the North 
Adriatic coast (SIMPER analysis revealed that Atlantic- 
M editerranean, amphi-Atlantic and cosmopolitan ca t
egories accounted for 75.83% of the dissimilarity).

Relating different matrices derived from the same 
dataset

Spearm an's rho was obviously high for both analy
ses, representing comparisons betw een different 
matrices derived from the same dataset (rho = 0.813 for 
the correlation betw een p resence-absence  matrix and 
biogeographic categories and rho = 0.885 for biocli
matic categories). However f-test analyses (random 
rho versus actual rho-values) revealed the significance 
of the correlation betw een the species matrix and the 
bioclimatic categories matrix (f(49| = 2.2904; p < 0.01), 
on the one hand, and the non-significance of the corre
lation betw een the species matrix and the biogeo
graphic categories matrix (f(49| = 1.3956; p > 0.05), on 
the other hand.

BIOENV analysis

The correlation betw een  species matrix and p a ra 
m eters (environmental da ta  and T.U.I.; Table 1) was 
significantly high (rho = 0.806; significance level of 
sample statistic: 0.5%). Spearm an's rank correlation 
coefficients indicated that the combination of param e
ters providing the highest value w ere the maximum 
annual w ater tem perature and taxonomic updating 
(Table 3). High rho-values w ere also obtained in the 
com bination of these 2 same param eters w ith m ini
mum annual w ater tem perature (second best result; 
rho = 0.739) and with maximum annual salinity (third 
best result; rho = 0.733). However, the relative position 
of environm ental param eters in the best results' 
sequence was of secondary importance. Results from 
the Draftsman plot routine showed, in fact, low corre
lation betw een environm ental param eters and taxo
nomic updating (rho-values ranging from -0.22 to 
0.29), but high correlation w ithin environm ental p a ra 
m eters (rho-values ranging from 0.67 to 0.92).

DISCUSSION AND CONCLUSIONS 

Species diversity and biogeographic patterns

Syllids confirm the already stated high invertebrate 
species richness of the M editerranean Basin (Bianchi & 
Morri 2000, Arvanitidis et al. 2002). They represent, in 
fact, 26.5% of the syllid species worldwide, corre
sponding to 68 % of the genera up to now estim ated for 
the entire world (San M artin 2003). N otwithstanding 
the existence of a slightly decreasing w est-eas t gradi-

T ab le  3. Best re su lts  from  BIOENV ro u tin e  (PRIMER, P ly
m o u th  M arine  L aboratory) b a se d  on  S p ea rm an 's  corre lation  
b e tw e e n  sp ec ie s-b ased  re sem b lan ce  m atrix  (B ray-C urtis sim 
ilarity) a n d  no rm alized  p a ram e te r m atrix  (E uclidean  d is
tance). T he va riab les  (a: a n n u a l m in im um  m ea n  tem p era tu re ; 
b: a n n u a l m axim um  m e a n  tem p era tu re ; c: a n n u a l m in im um  
m e a n  salinity; d: a n n u a l m axim um  m e a n  salinity; e: tax o 
nom ic u p d a tin g  index) asso c ia ted  to  S p ea rm an 's  corre lation  

coefficient (rho) a re  re p o rte d

V ariables Rho

b, e 0.806
a, b, e 0.739
c, e 0.733
e 0.726
b, d, e 0.715
a, e 0.710
b, c, e 0.708
d, e 0.684
a ,b ,  c, e 0.680
a, b, d, e 0.659
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ent of species diversity, our data docum ent a richness 
of the Eastern M editerranean species that is higher 
than expected. This phenom enon, already observed 
for the whole class (Arvanitidis et al. 2002), is most 
probably caused by the recent above-m entioned in 
crease in research along the Eastern M editerranean 
coast. Moreover, our da ta  docum ent a richness of Adri
atic species (100) that is slightly higher than the 93 
recently reported  (Cantone 2003) and confirm Syllidae 
to be the most diverse polychaete family in this basin.

The endem ism  rate (15%) of M editerranean syllids 
appears lower than that estim ated for other invertebrate 
groups (Bianchi & Morri 2000), but similar to the 19% 
recently calculated for polychaete taxon (Arvanitidis et 
al. 2002), following the general trend of the class. Similar 
values to those found by Arvanitidis et al. (2002) w ere 
observed for other categories (amphi-Atlantic, Indo- 
M editerranean, Atlantic-M editerranean) and also for 
cosmopolitan syllids. In the present paper the more com
prehensive cosmopolitan category proposed by the 
above-m entioned authors was split into 4 categories 
(cosmopolitan, circum-tropical, Indo-Atlantic-M editer- 
ranean  and species presenting a disjunct distribution) 
and the sum of the 4 categories was very m uch the same 
(39% vs 41 %). As in other M editerranean invertebrate 
benthic groups (Bianchi & Morri 2000, Simboura & Nico- 
laidou 2001, Cantone 2003), most syllid species belong to 
the A tlantic-M editerranean category. W hen the differ
ent coastlines are examined, the latter rem ains clearly 
the most abundant category in Spain, North W estern 
Italy, the North Adriatic and the G reek Aegean, while 
the eastern  coasts, excluding the G reek one, show a 
progressive reversed trend  of dom inance betw een the 
A tlantic-M editerranean and the cosmopolitan forms 
(Ionian Salento), w ith a near equivalence (Cyprus, Adri
atic Salento) or a slight prevalence of this last category 
(Turkish Aegean), w hich becom es higher on the Israeli 
and Eastern Sicilian coasts. This pattern  could be ex
plained by a progressive reduction in the influence of 
waters from the Atlantic Ocean moving from the Strait of 
G ibraltar eastw ards, but the northern Adriatic Sea and 
the G reek A egean do not take part in the general p a t
tern. Therefore, the distribution of syllids suggests the 
existence of an 'Atlantism ' gradient, decreasing east
w ards and corresponding to a tem perature gradient 
w hen bioclimatic categories w ere analysed.

Analysis of the Apulian coast reveals some m arked 
differences in category compositions betw een the 
northern and southern parts of the Adriatic Sea. The 
former confirms its North Atlantic affinity; in contrast 
both the coastlines of Salento show an eastern  affinity 
(particularly w ith Cyprus and the Turkish Aegean).

The high percentages of amphi-Atlantic forms (espe
cially from the C aribbean area) in the eastern  sectors 
must also be taken  into account.

Cluster analysis

The pattern  derived by cluster analysis confirms the 
already observed affinities. Analysis of the similarity 
m atrices shows, in general, the presence of 3 main 
groups that, from a bioclimatic point of view, should, 
respectively, represent w arm  (Israeli, Eastern Sicil
ian), tem perate-w arm  (Ionian and Adriatic Salento, 
Cyprus, Turkish Aegean) and tem perate (Spanish, 
North W estern Italian) areas, separated  from the 
colder areas (North Adriatic, Greek). These similari
ties may be indicative of the im portance of environ
m ental param eters in the distribution of Syllidae. For 
example, Bray-Curtis similarity coefficients indicate 
that the G reek A egean is the most similar coastline to 
that of the North Adriatic, in faunistic (65.38) as well 
as bioclimatic (82.08) and biogeographical (91.25) 
analyses; this could, in part, be explained by the co
occurrence of similar ecological features (Arvanitidis 
et al. 2002). A faunistic affinity betw een these 2 sec
tors has already been  hypothesized on the basis of the 
co-occurrence of some endem ic polychaete species 
(Cantone 2003).

Significance of grouping

Comparisons betw een the 3 m atrices derived from 
the original set of data reveal that the faunistic com po
sition of each analysed M editerranean coastline is not 
random ly organized. In fact, the significance of the 
high correlation betw een faunistic and bioclimatic sim
ilarity matrices (rho = 0.885) supports the hypothesis 
that the syllid distributional pattern  is due to a species- 
assem blage rule linked to the general environm ental 
conditions of a specific area (e.g. species belonging to 
colder categories distribute mainly along colder M edi
terranean  coastlines). Using the same statistical rou 
tine w e similarly dem onstrate the non-significance of 
the high correlation (rho = 0.813) betw een  faunistic 
and biogeographic similarity matrices, thus disproving 
the existence of a biogeographic distributional pattern  
of the M editerranean syllids linked to some 'historical 
constraints'. In other words, the complex M editer
ranean  geological history does not seem  to have influ
enced the present syllid distribution (e.g. Atlantic- 
M editerranean species are not exclusively dom inant 
along w estern  coastlines; Indo-M editerranean species 
have been  recorded along Spanish, but not along 
Levant Sea coastlines). Such observations could be 
explained by the particular biology of these small poly
chaetes. Rapid life cycles and a dispersal capability 
due to the presence of planktonic reproductive stages 
in most of the species (San M artin 2003) may enable 
syllids to reach more suitable habitats.
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BIOENV analysis

Conclusions based  on faunistic information have 
been  confirmed by relating species distribution to sev
eral environm ental param eters in the observed areas. 
Species distribution seems to be directly linked both to 
minimum and maximum m ean annual tem perature 
and salinity. However, an 'author effect' (Giangrande 
& Licciano 2004) in the taxonomic updating of the 
analysed faunistic inventories must also be taken  into 
consideration. The use of a relative param eter (T.U.I.) 
allows a kind of updating standardization of the 
analysed inventories, which, in turn, perm its us to 
relate species distribution to environm ental param e
ters, even in those analysed sectors suffering from a 
lack of recent research.

Final remarks

The Spanish sector is the one w ith the highest num 
bers of species and endem ic forms; this is most p roba
bly due to the presence of the best laboratory for Sylli
dae in the world. Moreover, the unique presence of 
some Indo-M editerranean species does not contradict 
San M artin's (1984) considerations about the faunistic 
affinity of this coastline to the Red Sea.

Furtherm ore, our understanding of the faunistic, 
biogeographic and bioclimatic compositions on the 
presently studied coastlines may change with the 
increase of taxonomic knowledge; m any syllid species 
previously thought to have a worldwide distribution 
are probably complexes of sibling species w ith more 
restricted distributions (Martin et al. 2003).

As proposed by Bianchi (2004) based on the distribu
tion of thermophilic species, our results support a sub
division of the M editerranean Basin into northern and 
southern areas (rather than w estern and eastern), and 
enhance our ability to use syllids, not only in environ
m ental impact studies, but also to describe different 
environm ental conditions (Giangrande et al. 2004, 
Musco et al. 2004).

These results, coupled w ith the rapid life cycles and 
dispersal capability of syllids, support their use as indi
cators in assessing large-scale ecological changes, 
even over relatively short periods. A visual comparison 
betw een analysed inventories showed that more re 
cently recorded M editerranean syllids mainly belong 
to w arm er categories, while some others previously 
recorded and mainly characteristic of tem perate-cold 
areas w ere no longer m entioned in recent works (i.e. 
Exogone fauveli, E. brevipes, Autolytus alexandri, A. 
rubrovittatus, Paratyposyllis peresi, Salvatoria tenui
cirrata). These prelim inary observations could be due 
to the more southern locations of recent work carried

out along M editerranean coastlines, but do not exclude 
the possibility of a general 'tropicalization' trend  of 
M editerranean fauna (Bianchi 1997, Turley 1999, 
Grubelic et al. 2004).

This seems to be a good starting point for further 
investigations. As Syllidae w ere found to be good fau
nistic and ecological indicators of the physical environ
ment, characterizing different areas inside the 
M editerranean Sea, w ith the appropriate experim ental 
design, they could possibly be utilized to describe 
large environm ental changes in time.

Finally, the im portance of taxonomy in the field of 
ecology and taxonomic re-evaluation should also be 
taken  into account (Boero 2001, G iangrande 2003). 
The present results w ere obtained on the basis of good 
taxonomic resolution, as the family w as well known 
from a taxonomic point of view  and has been studied in 
depth  by a great num ber of specialists around the 
world. Probably any group of organism s would be 
indicative if the analyses w ere conducted on a fine tax 
onomic scale.
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