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Abstract

Five macrobenthic assemblages of the infralittoral and circalittoral zones located in the Gulf of
Kavala, North Aegean, are described: (i) the assemblage of gravely sand with Parvicardium roseum and
Clausinella brogniartii, (ii) the assemblage of sandy silt with Loripes lacteus and Nephthys hombergii,
(iii) the clayey silt assemblage with Terebellides stroemi and Sternaspis scutata, (iv) the sandy silt
assemblage with Amphiura chiajei and (v) the assemblage of silt with Labioleanira yhleni, the latter
being described for the first time. Their composition is statistically tested, discussed in relation to abio-
tic factors, and compared with that of the corresponding assemblages from the Aegean and other Medi-
terranean and Atlantic areas.

1. Introduction

The Mediterranean Sea is known to represent a separate section of the Atlanto-Mediter-
ranean zoogeographical subregion, supporting a considerable number of endemic species. In
the Mediterranean basin, the composition of the fauna, and especially the benthic fauna,
varies getting impoverished from the west to the east (e.g. EkKMAN, 1967; Por and DIMENT-
MaN, 1989; KOUKOURAS et al., 1995). This qualitative differentiation of the benthic fauna is
reflected by the qualitative and quantitative composition of the benthic assemblages (e.g.
GILAT, 1964; GALIL and LEWINSOHN, 1981; Koukouras and Russo, 1991). Consequently,
the knowledge of the diversity in the composition of the various benthic assemblages of the
eastern Mediterranean, supplies with information of local as well as of more general inter-
est, when this information is compared with that existing from the western basin of the
Mediterranean and the adjacent area of the Atlantic coast.

The bulk of the research on the benthic asemblages of the soft substrate has, undoubtly,
been carried out in the western Mediterranean (e.g. PICARD, 1965; GUILLE, 1970; DEes-
BRUYERES et al., 1973; Ros et al., 1985).

The information on the qualitative and quantitative composition of the macrobenthic
infralittoral and circalittoral soft substrate assemblages in the Eastern Mediterranean
(Levantine Sea and Aegean Sea) is still very limited (e.g. PERES and PicarD, 1958;
TCHUKHTCHIN, 1963; GILAT, 1964; VaAMVAKAS, 1970, 1971; GALIL and LEWINSOHN, 1981).
More specially, regarding the South Aegean, there is very little but recent information,
inciuded in the publications by KARAKASSIS (1991), KARAKASSIS and ELEFTHERIOU (1997).

On the assemblages of the North Aegean Sea, which are considered similar with those
of the corresponding areas of the NW Mediterranean (PERES, 1967), the scarse available
information is included in the older publications by KISSELEVA (1961, 1963, 1983), MaK-
KAVIEVA (1963), KISSELEVA and TCHUKHTCHIN (1965) and GELDIAY and KocATtas (1972)
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and the more recent ones by ZARKANELLAS (1977), ZARKANELLAS and KATTOULAS (1982),
BogDANOS and SaTsmabiis (1983), DiapouLls and BoGpanos (1983), KoUuKOURAS and
Russo (1991), Dounas and KoukoURAs (1992), Gouvis and KoUKOURAS (1993) and Sim-
BOURA et al. (1995).

In order to estimate the composition of macrobenthic infralittoral and circalittoral soft
substrate assemblages in the North Aegean Sea, as well as the possible impact of pollu-
tion on it, samplings were carried out, since 1976, in the Thermaikos, Strymonikos and
Kavala Gulf (KATTOULAS et al., 1980). Thermaikos Gulf receives larger amounts of indus-
trial effluents and domestic sewage than the two others do; information on the composi-
tion of its assemblages and the impact of pollution on them have been given by Kou-
KOURAS et al. (1982) and ZARKANELLAS and KATTOULAS (1982). Strymonikos Gulf is the
least polluted area of the three; information on the corresponding assemblages has been
given by DouNas (1986) and DouNas and Koukouras (1992). Kavala Gulf receives a
moderate load of pollutants, and up to now, only preliminary data on the corresponding
assemblages have been published by KOUKOURAS et al. (1982). In the present paper, the
results of this research, as far as the Kavala Gulf is concerned are given.

The main goals of this study are (i) to give a detailed description of the infralittoral and
circalittoral macrobenthic assemblages of the Kavala Gulf, (ii) to investigate their rela-
tionships with the environmental characteristics of the area, including pollution, (iii) to
provide information on their distribution, and (iv) to compare them with the correspond-
ing assemblages of other Atlanto-Mediterranean areas.

2. Material and Methods

Forty-three sampling stations were selected in Kavala Gulf (Fig. 1). The number of the sampling sta-
tions was selected in order to cover sufficiently the various sediment types that had been estimated in
a preliminary survey, and the main areas of pollutant discharge, namely the industrial outfall (N. Kar-
vali) and the sewage outfall (Kavala); the number of the stations is sufficient in relation to the area of
the Gulf, not exceeding the 220 km®. At the stations marked with a triangle on the transects, sampling
was repeated seasonally in two successive years. In addition to the faunal samples, sediment and bot-
tom water samples were taken at each station. Sediment temperature, at a depth of 1 cm, and water sa-
linity near the bottom were measured. Sediment particle size analysis and estimation of organic carbon
were made according to the methods described by BUCHANAN (1984).

For faunal analyses, 2 replicate samples of the substrate were collected at each station in September
1976, using a van Veen grab (total sampling area 0.2 m? and sediment volume 40 dm® approximately).
Samples were sieved on a | mm mesh size. After being removed from the sediment, the fauna of the
two replicate samples was mixed in order to have a more representative sample from each station.

Cluster analysis was performed to determine the similarity among samples (Q-analysis). The Bray-
Curtis similarity coefficient was used on log-transformed data [log (a + 1)] (SANTOS and BLooM, 1983).
Hierarchical clustering of samples was achieved using the group-average sorting strategy (LANCE and
WILLIAMS, 1967). The biological indices technique was used to classify the species for each of the dif-
ferent macrobenthic assemblages established (GuiLLE, 1970; VouLTSIADOU-KOUKOURA et al., 1987;
etc.). According to these methods, the biological index value of a species in an assemblage is the total
of the ranges it occupies in all the samples taken from the assemblage. The range of a species in a
sample is a result of its value of dominance in relation to the values of dominance of the remaining spe-
cies of the assemblage. Species diversity (H") was calculated by Shannon’s formula (SANDERS, 1968;
PiELOU, 1969). Species richness (D) was computed by the formula s —1/In N (MARGALEF, 1957) and
evenness (J) was measured by the formula H7log, S (PieLou, 1969). Additionally, detrended corre-
spondence analysis was performed using the programme DECORANA (HiLL, 1979). Correlation co-
efficient, one-way analysis of variance and least-significant difference method (L.S.D) were performed
on log transformed data (x = In x).
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3. Results

3.1. Environmental Parameters

Measurements of water depth, temperature, median particle diameter (Md), percentage of
the silt-clay fraction (<63 wm), organic carbon content of the sediment, and water salinity
near the bottom are presented in Table 1. The depth varied between 6 and 49 m, tempera-
ture between 16 and 22.5 °C, Md was 4-1741 um, silt-clay fraction 3.0-98.3%, organic car-
bon 0.15-2.79% and salinity 36.0—37.9%e.

3.2. The Fauna

A total of 15,350 individuals belonging to 301 macrobenthic species were examined,
coming from the 43 sampling stations. Polychaetes predominated with 100 species (33.2%).
Crustaceans was the second dominant taxon with 92 species (30.6%), 54 of which were
amphipods (17.9%), 32 decapods (10.6%), and 6 (2.1%) belonged to other crustacean
groups. Molluscs were represented by 62 species (20.6%): 45 bivalves (14.9%), 12 gastro-
pods (4.0%) and 5 other species (1.7%). Echinoderms were represented by 24 species (8.0%)
and all the other groups, namely Cnidaria, Turbellaria, Nemertea, Bryozoa, Phoronida,
Sipuncula, Echiura and Chordata by 23 species (7.6%). Table 1 shows the total number of
species, abundance, diversity, richness and evenness for each station.

3.3. Benthic Assemblages

The hierarchical classification of the sampling stations on the basis of similarity in faunal
composition is shown in the dendrogram of Fig. 2. At a similarity level of approximately
30%, 5 station groups were distinguished, corresponding to 5 distinct assemblages; their dis-
tribution in the area of the gulf is given in Fig. 3. The mean benthic ecosystem parameters
for the five station groups are given in Table 2, while Table 3 includes the mean dominan-
ces and mean abundances of the most dominant species in each station group (assemblage).
Table 4 ranks the top ten species of each station group (assemblage), according to their bio-
logical index, and indicates their ranking in the remaining station groups (group I does not
appear since it consists of only 2 stations).

Group I, as mentioned above, includes only 2 stations (Fig. 1, 2); those stations are char-
acterized by very coarse sediment (Tables 1, 2), consisting of gravels and coarse biogenic
detritus, by low values of organic carbon in the sediment, high H", J and D and the domi-
nance of the bivalves Parvicardium roseum and Clausinella brongniartii (Table 3).

Group II accounts for 4 stations located either in the port of Kavala (st. 148) or near the
phosphate industry of Nea Karvali (Fig. 1). Their depth range is 6-17 m and the sediment
varies from silt to very fine sand (Tables 1, 2). This assemblage is characterized by a low
number of species and low values of H”, J and D (Table 2). Most dominant species are the
sipunculan Aspidosiphon muelleri (= A. kovaleskii), the bivalves Loripes lacteus and Tellina
nitida and the polychaete Nephtys hombergii (Table 3), but the top ranked species are
N. hombergii and L. lacteus (Table 4).

Group Il accounts for 4 stations located at the deepest (43—-49 m) area of the gulf
(Fig. 1, 3; Table 1). Sediment is very fine to medium silt, and the silt-clay fraction is
96.7-98.3%. As normally expected, in these stations, the lowest temperature and the high-
est organic carbon values were measured (Tables 1, 2). The assemblage found is character-
ized by low macrobenthic abundance (Tables 1, 2) and the dominance of 5 polychaete spe-
cies (Table 3); the species Terebellides stiroemi was top ranked (Table 4).
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Table 1. Major environmental parameters, number of species (NS), abundance and diver-

sity indices (H’, J, D) at the sampling stations.

Sta- Depth  Water Sediment NS Abun- H™ ] D
tions (m)  salinity (/0.2 m* dance
(%)  Tem- Organic Md  Silt & (/0.2 m?)

pera- carbon (um) clay frac-

ture (%) tion (%)

(§(®)
139 25.5 19.0 0.38 716 3.0 31 284 4.64 094 538
140 25.5 19.0 2.31 22 83.2 35 343 3,08 0.60 5.82
141 16 22.0 0.15 16 93.1 42 844 294 055 6.10
142 35 17.0 2.54 7 88.8 27 66 429 090 621
143 30 20.0 1.00 1741 20.3 63 213 524 087 11.82
144 16 21.5 2.16 25 75.3 51 360 3.66 0.64 848
145 27 18.5 1.99 39 60.9 48 313 425 0.76 8.17
146 29 19.0 2.79 18 74.7 37 284 3.02 058 6.35
147 24 37.6 205 1.08 33 65.8 87 928 4.48 0.70 12.54
148 11 36.0 19.5 2.28 48 55.6 9 127 1.69 053 1.65
149 22 372 18.5 1.69 70 41.8 69 780 393 0.64 10.38
150 29.5 36.6 17.0 1.72 29 89.6 38 265 3.53 0.67 6.86
151 32 375 17.0 2.37 19 95.2 28 138 2,77 057 5.67
152 38 373 16.5 2.52 4 97.6 24 60 3.67 084 499
153 38.5 16.5 2.28 43 55.6 38 493 3.04 0.58 596
154 44 16.0 245 15 98.1 16 43 372 093 401
155 43 16.0 2.21 4 96.9 13 23 3.50 095 394
156 49 16.0 2.10 5 98.3 11 28 321 089 334
157 48 16.5 2.36 4 96.7 12 24 333 093 3.56
158 395 37.6 16.5 1.59 4 91.1 17 65 3.58 0.88 396
159 38.5 37.9 16.5 1.41 5 94.7 18 51 3.55 0.85 437
160 34 377 17.0 1.46 5 90.5 13 47 3.15 085 3.13
161 29.5 37.3 17.0 1.63 15 67.1 18 115 1.80 043 13.57
162 36 16.5 243 41 84.6 31 216 324 0.65 5359
163 38 16.5 2.40 5 97.4 6 10 250 097 240
164 32 17.0 248 5 96.4 27 94 422 0.89 572
165 17 22.5 1.89 66 44.8 57 4183 247 042 754
166 16.5 22.0 0.66 129 19.7 62 1371 3.42 0.57 845
167 25 374 20.0 2.29 29 92.4 18 113 2,66 0.64 3.60
168 6 36.7 21.0 1.29 100 7.4 15 50 3.14 0.80 3.58
169 11.5 36.9 21.0 0.99 69 434 4 19 187 094 1.02
170 17 36.4 21.0 2.04 19 90.7 19 128 1.97 046 375
171 17.5 22.0 [.10 25 86.1 103 1247 5.04 0.76 14.26
172 16.5 220 2.16 27 93.7 20 57 3.3 072 464
173 23 21.0 2.42 8 97.3 28 459 277 0.57 4.69
174 21 21.0 1.86 15 85.7 41 206 4.47 0.83 7.56
175 30 18.0 2.10 4 92.5 30 90 3.75 079 5.78
176 27 19.5 2.16 6 95.1 52 490 427 0.75 823
177 34 17.0 1.33 5 96.5 26 54 439 093 6.06
178 22 20.0 2.37 5 97.2 4?2 437 3.67 0.68 6.79
179 27 19.0 1.93 12 834 28 90 3.79 0.79 594
180 22.5 21.0 2.35 42 58.8 54 442 4.10 0.71 8.68
181 35.5 16.0 2.15 8 80.2 37 138 398 076 1730
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Table 2. Benthic ecosystem parameters for Kavala Gulf station groups (mean + S.E.).

station group

I II III v \%
Nr. stations 2 4 4 19 14
Nr. species/

02 m? 470+ 16.0 11.8+£33 130+ 1.1 49246 226+2.1
Nr. individuals/

0.2 m? 248.5+35.5 81.0+27.6 295+4.6 722 +208.6 80.8+99
H’ 4.94 +0.30 2.17+0.33 3.44 +0.11 3.61+0.16 3.44 £0.20
J 0.91 £0.04 0.68 x0.11 0.93+0.01 0.65 £0.02 0.79 £ 0.04
D 8.60 +3.22 2.50 £0.69 371 £0.16 7.74 £0.57 491 +038
Depth (m) 278+23 11.4+£23 46+ 1.5 23.5+15 33412
Sediment tem-

perature (°C) 19.5+0.5 206 +0.4 16.1 £0.1 200+04 17.2+0.3
Sediment

organic C (%)  0.69 = 0.31 1.65 £0.31 2.28 +0.08 1.87 £0.16 201 %0.12
Grain size Md

(um) 982.0 + 266.0 59.0 £17.1 7027 34.7+6.7 9.1+19
Sediment type coarse to very  silt to very fine  very fine to very fine silt to  very fine to

coarse sand sand medium silt very fine sand medium silt
Description coarse biogenic  polluted area deepest area costal area  greatest area
detritus

Group 1V includes 19 stations located on a strip running along almost the entire coast of
the gulf, at depths from 16 to 29.5 m, with the exception of 2 stations (162, 153) located in
the middle of the gulf, at depths of 36 and 38.5 m respectively (Fig. 1, 3). Sediment was
very fine silt to very fine sand and the silt-clay fraction varied from 41.8 to 97.3%, with the
exception of station 166 (Tables 1, 2). The corresponding assemblage is characterized by a
high mean number of species and individuals, and the dominance of the sipunculan Aspi-
dosiphon muelleri and the ophiuroid Amphiura chiajei (Table 3), being the top ranked spe-
cies (Table 4). The large number of stations in this group permitted the correlation of total
abundance, number of species and abundance of the dominant species with the Md and the
organic carbon of the sediment. Only A. muelleri was significantly positively correlated with
Md (r=0485, df = 5, p<0.05) and A. chigjei with organic carbon (r=0.518, df = 18,
p < 0.05).

Group V accounting for 14 stations, covered the greatest part of the surveyed area, with
a depth range of 25-39.5 m (Fig. 1, 3; Table 1). The substrate varied from very fine to me-
dium silt and the silt-clay fraction from 67.1 to 97.6% (Tables 1, 2). The assemblage is char-
acterized by the dominance of the sipunculan A. muelleri, the gastropod Turritella commu-
nis and the polychaete Labioleanira yhleni (Table 3), the latter being the second top ranked
species (Table 4). In this station group, only A. muelleri was significantly positively corre-
lated with Md (r = 0.676, df = 12, p < 0.001).

Table 4 rankes the top ten species of each station group (II-IV) according to their biolog-
ical index value, and indicates their rank in the remaining station groups. As it can be seen
in this table, group II (assemblage with Loripes lacteus) is characterized by the polychaete
Nephtys hombergii, which had a mean dominance of 1.1% in group IV as well (Tables 3, 4),
and the bivalve L. lacteus, Nemertea-1 and the polychaete Owenia fusiformis, which were
not ranked in the remaining groups. From the total of the species ranked in the four assem-
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Table 4. Top ten ranked species per station group (Bold numbers), according to their
biological index value, with their rank in the other station groups.

Species station group

m \4 v II
Terebellides stroemi M. SARs 1835 1 9 7 -
Sthenolepis yhleni (MALMGREN, 1867) 2 2 5 11
Sternaspis scutata (RENIER, 1807) 3 14 14 -
Chaetozone setosa MALMGREN, 1867 4 12 28 19
Lumbrineris latreilli (AUDOUIN & MILNE EDWARDS, 1834) 5 4 13 -
Corbula gibba (OLivi, 1792) 6 13 10 17
Nucula sulcata BrRonN, 1831 7 11 8 -
Cirratulus cirratus (0. F. MULLER, 1776) 8 10 - -
Turritella communis Risso, 1826 9 3 3 -
Abra alba (Woop, 1802) 10 34 - 9
Aspidosiphon muelleri DIESING, 1851 - 1 1 6
Melinna palmata GRUBE, 1870 - 5 9 -
Amphiura chiajei FORBES, 1843 - 6 2
Amphiura filiformis (O. F. MULLER, 1776) 19 7 12 -
Labidoplax digitata (MONTAGU, 1815) - 8 20 -
Maldane glebifex GRUBE, 1860 - 16 4 -
Nepthys hystricis McINTOSH, 1900 16 - 6 10
Nephthys hombergii SAVIGNY, 1818 - - 15 1
Loripes lacteus (LINNAEUS, 1758) - - - 2
Nemertea-1 - - - 3
Tellina nitida PoLL, 1791 17 33 - 4
Glycera unicornis SAVIGNY, 1818 20 24 25 5
Owenia fusiformis DELLE CHIAJE, 1842 i - - - 7
Processa nouveli AL-ADHUB & WILLIAMSON, 1975 - - 23 8
Total number of ranked species: 14 18 18 13

blages, the smallest number of species (13) was ranked in the assemblage of group II
(Table 4). In group HI (assemblage of Sternaspis scutata), which was settled in the greatest
depths of the gulf, characteristic species were the polychaetes Terebellides stroemi, Labio-
leanira yhleni and Sternaspis scutata (Table 4); the last species is ranked in lower positions
in the other assemblages. Group IV (assemblage of Amphiura chiajei) is characterized by
the sipunculan Aspidosiphon muelleri, the ophiuroid Amphiura chiajei, the gastropod Turri-
tella communis and the polychaete Maldane glebifex, but only A. chiajei and M. glebifex are
ranked in lower position in the other assemblages. Group V (assemblage of Amphiura fili-
Sformis) is characterized by the ophiuroid A. filiformis and the holothurioid Labidoplax digi-
tata, since the top ranked species in this assemblage are also top ranked in other groups.

Comparisons between two and all station groups, concerning benthic ecosystem parame-
ters are presented in Table 5. The compared parameters were significantly different among
all groups of stations and in most cases between couples of station groups.

Ordination of stations and species based on the detrended correspondence analysis (Fig. 4)
produced three axes having Eigen values of 0.668, 0.439 and 0.250 respectively. Axis I
seems to reflect pollution, since the three stations and the species included in the groups with
high values belong to polluted areas. Axis II seems to reflect the particle size composition
of the substrate. The two stations with the highest Md values belonging to a distinguished
assemblage of the gulf, have much higher values on axis II; furthermore, the most of the
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Figure 4. Samples (stations) and species distribution according to the correspondences analysis
method.

species of these two stations, together with certain species from other stations (the most
euryoecious) constitute a separate group. Axis III possibly reflects the combined action of
the depth and organic carbon of the sediment on the fauna.

4. Discussion

The classification of the infralittoral and circalittoral zones of Kavala Gulf revealed five
recognizable assemblages: (1) a gravelly sand assemblage with Parvicardium roseum and
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Clausinella brongniartii (Group I); (2) a sandy-silt assemblage in the polluted area, with
Loripes lacteus and Nephtys hombergii (Group II}; (3) a clayey silt assemblage with Tere-
bellides stroemi and Sternaspis scutata (Group I1I); (4) a sandy silt assemblage with Amphi-
ura chiajei (Group IV); and (5) a silt assemblage with Labioleanira yhleni (Group V).

PERES and PicarD (1964) and PEREs (1967a, 1982) described the assemblage of the
“upper mudy-sand in sheltered areas” which seems to correspond to the sandy silt assem-
blage with Loripes lacteus found in the polluted area of Kavala Gulf; these authors included
the bivalve L. lacteus in the characteristic species of this assemblage. In Kavala Gulf, the
bivalve L. lacteus was found in high abundance only in the station located in the port of
Kavala. At the other, less sheltered stations of the same assemblage, its abundance was low.
However, only a few species of the other groups reported by the above authors were pre-
sent in Kavala assemblage. The areas in Kavala Gulf, where the three stations of this
assemblage are located, receives domestic sewage or industrial effluents (KOUKOURAS et al.,
1982). This could possibly be the reason for the observed low diversity in the sandy-silt
assemblage with Loripes lacteus and Nephtys hombergii and consequently the absence of
most of the species reported by PERES and PicArD (1964) and PERES (1967a, 1982) for the
assemblage of “upper mudy-sand in sheltered areas”; moreover, among the species of the
assemblage of Kavala are included the bivalve Parvicardium exiguum, considered as a pol-
lution indicator (PICARD, 1965) the polychaetes Glycera unicornis, Nepthys hombergii and
certain polychaetes of the family Capitellidae, considered as common inhabitants of pol-
luted areas (PICARD, 1965; BELLAN-SANTINI, 1968; CoGNETTI, 1970).

ELEFTHERIOU et al. (1986) have described a similar assemblage from the poliuted area of
Irvine Bay on the coasts of Scotland. However, out of the 20 species listed by them, only
two polychaetes have been found in Kavala assemblage. These are the cosmopolitan species
Nephtys hombergii and Chaetozone setosa which are among the most dominant in both
assemblages. The remaining species of Kavala asssemblage seem to be replaced in the
Irvine Bay assemblage by different species of the same genus in most of the cases. This
should be attributed to the fact the two areas are zoogeographically quite different.

The gravelly sand assemblage with Parvicardium roseum and Clausinella brongniartii
found in Kavala Gulf, should be considered as a separate facies of the broader “assemblage
of the coastal biogenic detritus” originally described by PERES and PicarD (1964), PICARD
(1965), PErEs (1967, 1982). In both cases, the sediment consists of coarse biogenic detritus
with an admixture of sand. The restricted number of stations corresponding to this assem-
blage in Kavala Gulf is the reason for the few species in common with the assemblage
described by the above authors. Among the co-occurring species are the echinoids Psam-
mechinus microtuberculatus and Echinocyamus pusillus (O. F. MULLER, 1776), the ophiu-
roids Ophiura albida (FORBES, 1839) and O. grubei HELLER, 1863, the bivalves Psammobia
fervensis (GMELIN, 1791) and Abra prismatica (MONTAGU, 1808), and the decapods Parthe-
nope massena (Roux, 1830) and Paguristes eremita (LINNAEUS, 1767). The most dominant
bivalve in the Kavala assemblage is Clausinella brongniartii which, according to PERES and
PicARD (1964), usually occurs in the “assemblage of the self-edge detritus”; the latter has a
lot of elements in common with the former. C. brogniartii, in the adjacent area of Strymo-
nikos Gulf was characterized as an accessory species of the assemblage of the transitional
zone with Nephtys hombergii settled in similar depths: 10-30 m (Dounas, 1986; DouNAs
and KOUKOURAS, 1992).

The review of the relevant literature did not reveal any description of a similar assem-
blage in the North Atlantic; not even an assemblage similar to the broader “assemblage of
the coastal detritus” described by PERES and PICARD (1964) and PERES (1967 a, b, 1982). This
may be due to the pecularities of the Mediterranean, and moreover to the fact that the
assemblages established on soft bottoms are unstable and show a less stable organization.
Ros et al. (1985) attribute this to the reduced species richness and the increased communi-
ties diversification, and moreover to the fact that the large number of different communities
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from soft bottoms results from the more fluctuating nature of the substrates which produces
communities almost as variable as the planktonic ones.

The other three assemblages described in Kavala Gulf, as it results from their faunal com-
position, undoubtedly belong to THORSON’s {1957) “North-Mediterranean community of
Amphiura filiformis-Amphiura chiajei”, or the community of silty bottoms with Amphiura
filiformis reported by GuILLE (1970) and DESBRUYERES et al. (1973) from the French and
Spanish Catalan coasts respectively. The above broad community, mainly due to local dif-
ferentiations of the sediment composition, can appear as different sub-communities or facies,
or even transitional zones (e.g. BUCHANAN, 1963; PERES and PICARD, 1964; GLEMAREC, 1969;
KEEGAN et al., 1976; PErES, 1982; Dounas and KOUKOURAS, 1992) reflecting qualitative and
quantitative differences in the composition of species and individuals of this community. For
each of these three assemblages found in Kavala Gulf, we can make the following com-
ments:

The silt assemblage with Labioleanira yhieni (= Sthenolepis yhleni), as it is obvious from
the review of the literature, is described for the first time; nevertheless, it should be consi-
dered as a local variation of the A. filiformis-A. chiajei community and especially of the
sub-community with A. filiformis (BUCHANAN, 1963; KEEGAN et al., 1976). The more
closely related assemblages to the silt assemblage with L. yhleni seems to be the station
group IV mentioned by Karakasis and ELEFTHERIOU (1997) from the continental shelf of
Crete and the Melinna Association described by KEEGAN et al. (1976) from the Galway Bay,
on the West coast of Ireland. Among the co-occurring species in these three assemblages,
the polychaete Melina palmaia is included, being a characteristic species in the assemblage
of Galway Bay.

The clayey silt assemblage with Terebellides stroemi and Sternaspis scutata seems to be
very similar with the sub-community of silt with Nucula sulcata described by GUILLE (1970)
from the Mediterranean coast of France, with the difference that in the latter, 7. stroemi is
second after N. sulcata concerning its biological index value and mean dominance. This
assemblage is also similar to the sandy silt assemblage with Sternaspis scutata described
in the adjacent Strymonikos Gulf (DouUNAs and KOUKOURAS, 1992). In the NE Atlantic, the
most relative assemblage seems to be the “Typical” Association of A. filiformis sub-
community described by KEEGAN et al. (1976) in Galway Bay. Among the dominant species
of the two assemblages, however, only 10 are co-occurring, including the ophiuroid A. fili-
formis and the holothuroid Labidoplax digitata.

Finally, the sandy-silt assemblage with Amphiura chiajei seems to be homologous with
the sub-community of silt biogenic detritus with Timoclea ovata described by GUILLE (1970)
from the French Mediterranean coast and by DESBRUYERES et al. (1973) from the Spanish
Mediterranean coast, with the gravelly sand assemblage with T. ovata described in Strymo-
nikos Gulf (DouNas and KoUKOURAS, 1992), but also with the Amphiura chiajei sub-com-
munity of the NE Atlantic, described from off the coast of Northumberland (BUCHANAN,
1963) and the Galway Bay (KEEGAN et al., 1976); in the last two assemblages, however, the
species A. chiajei is absent.

ZARKANELLAS and KATTOULAS (1982) studied the benthic assemblages of soft substrate in
the neighbouring area of upper Thermaikos Gulf; their faunal data show that many of the
species dominating in Kavala Gulf, appear to be dominant in various sites of this area.
However, comparisons cannot be made, since the treatment of the data by the above authors
does not permit the identification of the existing assemblages.

Summarizing, we can note that the results of the research on the benthic assemblages in
Kavala Gulf support the opinion of DOuNAS and KOUKOURAS (1992) that the benthic assem-
blages of the North Aegean show important similarities with the corresponding well-studied
assemblages of the western basin of the Mediterranean, as suggested by French marine bi-
ologists (e.g., PERES, 1967). Furthermore, the corresponding assemblages in the NE Atlan-
tic and the Mediterranean seem to have profound differences in their composition.
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5. Summary

For the description of soft bottom assemblages in Kavala Gulf (North Aegean Sea),
43 sampling stations were selected. The classification method used revealed the presence
of five faunal assemblages: i) a gravelly sand assemblage with Parvicardium roseum and
Clausinella brongniartii, which should be considered as a separate facies of the broad
“assemblage of coastal biogenic detritus™; ii) a sandy silt assemblage with Loripes lacteus
and Nephtys hombergii, found in areas subjected to the influence of domestic sewage or
industrial effluents; iii) a clayey silt assemblage with Terebellides stroemi and Sternaspis
scutata; iv) a sandy silt assemblage with Amphiura chiajei and v) a silt assemblage with
Labioleanira yhleni. The last three assemblages belong to a single community, that of silty
sediments with Amphiura filiformis. Local differentiations of the environmental conditions
(depth, substrate) within this community resulted in three different assemblages (sub-com-
munities). Of these, the silt assemblage with Labioleanira yhleni is reported for the first
time. The comparison of the identified assemblages with other corresponding ones from the
Aegean, the Western Mediterranean and the NE Atlantic shows that there is an increasing
differentiation from the Aegean towards the NE Atlantic.
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