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Introduction  
The Mollusca fauna of the Mediterranean Sea consists 
of 2113 species (nine Caudofoveata, 29 Solenogastres, 
31 Polyplacophora, one Monoplacophora, 1564 
Gastropoda, 400 Bivalvia, 14 Scaphopoda and 65 
Cephalopoda) (Coll et al. 2010). ozturk, Cevik 
(2000) compiled the data on 745 Mollusca species 
distributed in the Turkish Seas. The Canakkale Strait 
is one of the most poorly studied areas regarding the 
Mollusca fauna in the Mediterranean Sea. According 
to ozturk, Cevik (2000), 148 mollusc species were 
reported from the Canakkale Strait based on the 
literature of Colombo (1885), marion (1898) and 
Pallary (1917). Following them, 12 new Mollusca 
species were reported by Palaz, berber (2005), and 
3 by Palaz, Colakoglu (2009) in the same area. 

The Canakkale Strait, one of the two straits in 
the Turkish Straits System, constitutes a pathway 

between the Aegean basin of the Mediterranean Sea 
and the Marmara Sea that further communicates 
with the Black Sea through the Istanbul Strait at its 
other extremity. The Straits also play an important 
role as a biological corridor and barrier between 
the Mediterranean Sea and the Black Sea (ozturk, 
ozturk 1996). 

The objectives of the present study were: 1) to 
investigate the biodiversity of the benthic Mollusca 
communities, and 2) to characterize the seasonal dy-
namics of the Mollusca fauna in the Canakkale Strait.

Materials and Methods
Study area

Fieldwork was carried out along the southern 
part of the Canakkale Strait, connecting the Sea of 
Marmara to the Aegean Sea (Turkey) (Fig. 1). It 
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has an approximate length of 70 km and an average 
width and depth of 3.5 km and 55 m respectively. 
The Strait has a well-defined two-layer stratifica-
tion associated with a two-layer pattern of water 
exchange. The brackish Black Sea waters flow 
southward through the Canakkale Strait at the sur-
face layer, while the more saline and dense waters 
of the Aegean Sea flow deeper in the opposite direc-
tion (Oğuz, Sur 1989, StaShchuk, hutter 2001). 
The surface water outflow and bottom water inflow 
fluxes vary seasonally, as they depend upon wind 
stress and density differences above and below the 
pycnocline (POulOS et al. 1997).

Sampling
Bottom samples were obtained seasonally dur-

ing 2006 by means of a 0.1 m2 van Veen grab at 11 
stations; six of them were located along the European 
shelf and the remaining five stations were in the 
Asian shelf. Samples were collected from depths be-
tween 7 and 26 m utilizing R/V Bilim 1 (Fig. 1a). 
At each station, three replicates were taken for ben-
thic analysis. During the study, it was impossible to 
take grab samples at station CB in autumn due to 
the presence of Mytilus galloprovincialis facies. In 
addition, seven more stations located in the middle 
line of the Canakkale Strait were sampled by means 
of the van Veen grab, dredge and box-corer stationed 
on R/V K. Piri Reis from depths between 40-83 m 
on 22.06.2007 (Fig. 1b). Because of the high water 
hydrodynamism, the sampling gear’s capacity was 
very low. Moreover, maritime traffic did not permit a 
long stay at each station. Therefore, a total of twelve 
samples were taken, but they cannot be considered 
as replicates and have been used in this study only 
for qualitative analyses. However, it must be noted 

that the present study was the first attempt to obtain 
benthic samples from this area. Coordinates, depth, 
sampling gear used, as well as sediment types are 
given in Table 1.

All benthic samples were sieved through a 0.5 
mm mesh size sieve and then the retained fauna was 
fixed with a 4% formaldehyde-seawater solution. In 
the laboratory, the molluscs were separated under a 
stereomicroscope and preserved in 70% ethanol. The 
specimens were identified at the highest taxonomic 
level and counted as live and dead. The taxonomy 
used is that of Clemam (2011).

Data analysis
Univariate analyses were applied to character-

ise the community in terms of relative abundance 
and diversity. Margalef richness index (d), Pielou’s 
evenness index (J’) and Shannon-Wiener’s diversity 
index (log2 base) (H’) were calculated at each station 
for each season. The frequency of species occurrence 
(Ci) was calculated to identify the most representa-
tive species; accordingly, each species was evaluated 
either as constant (1 ≥Ci ≥ 0.5), or common (0.5 > Ci 
≥ 0.25), or rare (Ci < 0.25) (SOYER, 1970). 

The numerical abundance data were analyzed by 
means of cluster and multidimensional scaling (MDS) 
techniques based on the Bray Curtis similarity using 
the PRIMER package ver. 5.0 (Clarke, WarWiCk, 
2001). The cluster analyses were based on log10(x+1) 
transformation. The one-way ANOSIM permutation 
test was used to assess the significant differences be-
tween pre-defined groups of sample sites in the cluster 
analyses. SIMPER analysis was performed to iden-
tify the percentage contribution of each species to the 
overall similarity/dissimilarity within each species to 
the groups identified from the cluster analysis.

Fig. 1. Map of sites sampled in Canakkale Strait, a) coastal sites (seasonal samplings), b) mid-line area (sampled in 
June 2007). (from Aslan-Cihangir & Pancucci-Papadopolou 2011a).
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Results 
A total of 283 Mollusca species were obtained from 
the entire study area. Gastropoda are the domi-
nating species in number (191 species), followed 
by Bivalvia (80 species) and Polyplacophora and 
Scaphopoda (6 species). Krachia cylindrata was 
newly recorded in the East of the Mediterranean 
Sea, while Cerithiopsis scalaris, Melanella monte-
rosatoi, Bela fuscata, Mangelia melitensis, and 
Cylichnina laevisculpta were newly recorded in the 
Turkish Seas. Furthermore, 37 mollusc species were 
newly recorded in the Turkish Strait System and 140 
more species were recorded for the first time in the 
Canakkale Strait (Table 2).

The total number of species that were obtained 
from the middle line was 50 and 14 of them (C. jus-
sei, K. cylindrata, C. tubercularis, A. lactea, A. cf. 
punctura, N. lima, M olivoidea, E. ventricosa, O.cf. 
lukisi, A. tetragona, P. cf. scabrum, D. exolata, G. ef-
fosa and D. politus) were identified only in the mid-
dle line (Fig. 1b). J. exasperatus, B. lacteum, M. ad-
versa, O. cf. lukisi, R. utriculus and D. politus were 
not obtained as live specimens from the middle line. 
The maximum number of species was identified at 
station number 12 (30 species), while the minimum 
number of species was obtained from stations 15 and 
18 (two species) (Fig. 2).

The remaining 269 species were identified in 
the shallow water. Examination of the collected liv-

ing material unveils a total of 37027 ind./m2  belong-
ing to 236 mollusc species in the Canakkale Strait 
(Fig. 1a). The most important and characteristic 
species in the taxocoenosis were B. reticulatum and 
M. galloprovincialis representing 52% of the total 
number of specimens. The analysis of the frequen-
cy index revealed five common species (0.50 > Ci ≥ 
0.25) (B. reticulatum, C. gibba, B. latreillii, A. cimex 
and P. rudis) for the studied area while no constant 
species (≥ 0.50) was found. The other 231 species 
were rare species (Ci < 0.25).

Number of species based on temporal variation 
of living mollusc species (S), abundance (N), richness 
(d), diversity (H’) and evenness (J) values at all sta-
tions are presented in Fig. 3. The highest number of 
total living species was found in winter (148 species), 
followed by spring (133 species) and then summer 
(123 species), while the lowest number of species (100 
species) was found in autumn. Station KY showed the 
highest total number of live species (58) in the win-
ter. The maximum abundance of living molluscs was 
obtained in winter (11997 ind./m2), and it gradually 
decreased to 11837 ind./m2 in spring, to 11119 ind./
m2 in summer and to 2074 ind./m2 in autumn. Station 
KY showed the highest abundance of 15934 ind./m2 
(8137 ind./m2 of it due to B. reticulatum). The highest 
diversity (H’) and richness (d) values were observed 
in spring at station AB (1.4 and 7.6 respectively). The 
highest evenness (J) values (1) were observed at sta-
tions KL and KF in winter, at station GK in summer 

Table 1. General characteristics of the study sites (from Aslan-Cihangir & Pancucci-Papadopolou 2011).

Station Lat. (°N) Long. (°E) Depth
(m) Gear used Sediment type

AK 40 13 605 26 25 735 19 van Veen Grab sandy+muddy+stone
KY 40 12 094 26 22 005 12 van Veen Grab sandy + detritus (shell)
CB 40 10 395 26 22 082 15 van Veen Grab Mytilus galloprovincialis+sand
KB 40 08 296 2622 436 10 van Veen Grab sandy + detritus (shell)
SD 40 05 923 26 19 004 15 van Veen Grab sandy + Posidonia oceanica
AB 40 02 960 26 12 544 13 van Veen Grab sandy + Posidonia oceanica
KL 40 00 252 26 14 884 22 van Veen Grab muddy + Caulerpa racemosa
GK 40 02 409 26 20 011 20 van Veen Grab muddy
KF 40 04 988 26 21 490 18 van Veen Grab muddy
DC 40 07 783 26 23 786 19 van Veen Grab sandy
HS 40 09 500 26 24 000 21 van Veen Grab sandy + stone
12 40 11 603 26 23 366 60 van Veen Grab, dredge stone
13 40 10 026 26 23 548 83 van Veen Grab gravel
14 40 07 663 26 23 145 81 van Veen Grab sandy
15 40 06 065 26 20 000 40 Box corer, dredge sandy
16 40 04 333 26 18 668 60 Box corer muddy
17 40 03 593 26 16 614 69 Box corer muddy
18 40 01 749 26 13 342 83 Box corer muddy
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and at stations AK and KB in autumn due to their pau-
city in abundance and species number.  

The cluster analysis of species abundance for 
each station and season based on the Bray-Curtis simi-
larity (Fig. 4) showed no clear seasonal patterns among 
stations, except the following: station KY in spring 
and summer (51% similarity level, common species of 
B. reticulatum), station AK in winter and spring (47% 
similarity level, common species of Loripes lacteus), 
autumn samples of stations AK and winter samples of 
stations KL (48% similarity level, common species of 
B. brachystoma), winter CB and summer SD (47% 
similarity level, common species of M. galloprovin-
cialis), summer AB and winter HS (45% similarity 
level, common species of B. reticulatum) 

According to the cluster analyses applied to the 
total abundance of living molluscs, four groups of 
stations were detected in the area (Fig. 5). Similarity 
values higher than 40% were calculated within the 
groups I (45%), II (44%), III (47%) and IV (45%). 
According to the SIMPER analysis, the species that 
contributed most to the similarity of these groups is 
C. gibba for group I (52.63) and II (24.27) and B. 
reticulatum for group III (80.22) and IV (64.04).

According to ANOSIM (Table 3), the rate of 
dissimilarity was not statistically significant among 
the groups (p<0.05).

Discussion
Considering the total number of collected species, 
we can conclude that the Canakkale Strait hosts a 
quite diverse mollusc fauna (283 species). This 
number is higher than that reported from other ar-
eas of the eastern Mediterranean where sampling 
was performed in a soft bottom (e.g. kOutSOubaS 
et al. 1992 (Crete: 233 species); koulouri et al. 
2006 (Crete: 109 species); aSlan-cihangir, Mutlu 

2006 (Bozcaada Island: 127 species); bitliS et al. 
2010 (Sea of Marmara: 100 species); antoniadou 
et al. 2005 (North Aegean Sea: 111 species)). 

The result of the analysis of frequency, while 
showing no constant species, indicates only five com-
mon species (B. reticulatum, B. latreillei, A. cimex, 
C. gibba and P. rudis).  231 species were rare among 
the total of 236 living mollusc species. boero (1994) 

Fig. 2. Number of species from middle line.

Fig. 3. Seasonal qualitative and quantitative distribu-
tion of mollusca fauna per station in Canakkale Strait.(S: 
Number of species, N: Number of individuals m-2 , d: 
Species richness, J: Evenness, H’: Diversity).
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reported that rare species can play a significant role 
in the description of the communities. These species 
can in fact represent an important source of diversity 
within the assemblage itself, thus allowing a certain 
number of adjustments in the assemblage composi-
tion in response to biotic and/or abiotic disturbance 
(aSlan-cihangir, Pancucci- PaPadOPOulOu 2011b).  

The most abundant species were B. reticulatum 
(14197 ind.m-2), M. galloprovincialis (4354 ind.m-2), 
B. latreillei (2152 ind.m-2), P. marginata (2119 
ind.m-2), S. subtruntaca (1244 ind.m-2) and C. gibba 
(1045 ind.m-2). Station KY had the highest abun-
dance with 15934 ind.m-2 and 8137 ind.m-2 of this 
amount belonged only to B. reticulatum out of the 
total living 37024 specimens. Also, high amounts of 
dead shells (B. reticulatum: 1000 ind.m-2, P. margi-

nata: 2100 ind.m-2 and R. ventricosa: 1820 ind.m-2) 
were obtained from the station KY. According to 
aSlan-cihangir, Pancucci-PaPadOPOulOu 2011a, 
station KY is rich in detritus and its gravel content is 
much higher than other studied stations. Also, high 
TOC and TN values in the sediment at this station 
could be caused by its location in a small bay that is 
characterized by low hydrodynamism and high le-
vels of aquacultural activities (M. galloprovincilis, 
trout and sea bass) in the area for about a decade 
(1994-2005). terlizzi et al. 2005 reported that the 
abundance of deposit-feeding gastropod species, 
namely B. reticulatum and B. latreillei, increased due 
to high sedimentation. Also M. galloprovincialis and 
C. gibba were reported as having tolerance to envi-
ronmental disturbances or stress (borja et al. 2000, 

Fig. 4.  Seasonal cluster analysis based on the total species abundance at each coastal  station. A, autumn, Sp, 
spring, S, summer, W, winter.

Table 3. Results of ANOSIM and SIMPER on the total data sets. 

Groups
One-way ANOSIM SIMPER

R value P value Average 
Dissimilarity (%) Discriminating species Contribution     

     (%)

I vs II 1.0 0.33 69.65 Corbula gibba
Turitella communis

13.04
7.2

I vs II 1.0 0.33 93.53 Bittium reticulatum
Mytilus galloprovincialis

35.20
27.19

I vs IV 1.0 0.067 91.04 Bittium reticulatum
Mytilus galloprovincialis

37.52
10.51

II vs III 1.0 0.33 88.81 Bittium reticulatum
Mytilus galloprovincialis

30.36
24.75

II vs IV 0.679 0.067 83.65 Bittium reticulatum
Mytilus galloprovincialis

33.3
9.83

III vs IV 0.5 0.133 62.69 Bittium reticulatum
Mytilus galloprovincialis

26.49
24.23
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SiMbOura, zenetOS 2002, chintirOglOu et al. 2004.
Both number and abundance of living mollusc 

species were at a maximum in winter and they gradu-
ally decreased in the following seasons, but abun-
dance had a sharp decrease from summer to autumn. 
This result is a contradiction to most other authors’ 
results (rueda et al. 2001, reiSS, krOncke 2005, 
koulouri et al. 2006, rueda, SalaS 2008, moreira 
et al. 2010). According to rueda et al. (2001) most 
of the mollusc species’ recruitment events happen be-
tween spring and summer. In addition, JenSen (1990) 
reported the second recruitment period in autumn in 
Denmark. rueda, SalaS (2003) argued that inter-an-
nual differences in recruitment of molluscan assem-
blages depict the pressure of some other environmen-
tal factors. While ruSSO et al. (1991) reported that 
the most important factors in mollusc distribution 
are water movement and depth. SancheS-MOyanO 
et al. (2000) reported that the grain size of sediment 
and the percent of organic matter are affecting the 
aspects of mollusc fauna. According to the results of 
other studies about decapods and peracarid crusta-
ceans, which were conducted at the same stations in 
the Canakkale Strait, the highest abundance of deca-
pod crustaceans was recorded during winter (aSlan-
cihangir,Pancucci-PaPadOPOulOu 2011b), while the 
abundance of peracarid crustaceans, which were not 
at the larval stage, was the lowest in winter (aSlan-
cihangir, Pancucci-PaPadOPOulOu 2011a). Not be-
ing able to collect any samples from station CB in 
autumn might have contributed to this result. In ad-
dition, aSlan-cihangir, Pancucci-PaPadOPOulOu 
(2011a) reported that seasonal grain size analyses in 

Fig. 5. Cluster analysis based on the total species abun-
dance at each coastal station. 

the Canakkale Strait showed significant fluctuations 
at each station, with coarser sediments during win-
ter and spring, due to sediment instability caused by 
winter winds, and the finest sediments in summer and 
autumn, as a result of lower wind and lower currents. 
Also they advocated that individual settlement was 
favoured in periods and areas with milder conditions 
and higher abundance in coarser sediment (winter).

Some mollusc species in the reported species list 
were problematic. Buccinulum corneum (Linnaeus, 
1758) was reported from the Mediterranean Sea 
and the Canakkale Strait according to the check-
list, which was prepared by ozturk, Cevik (2000). 
But this species was identified as Euthria cornea in 
the study according to gOfaS 2010. Bela zenetou-
ae and Bela taprurensis were reported by ozturk 
et al. 2008 as Fehria zenetouae van Aartsen, 1988 
and Fehria taprurensis (Pallary, 1904) in response to 
Clemam (2008), but the same species were declared 
as belonging to the Bela genus (Clemam, 2011). The 
species Mangelia coarctata, which was reported by 
ozturk et al. 2008, is evaluated as M. costata in this 
study based on the cleMaM’S taxonomy. Meanwhile 
JJ van Aartsen has been defending the argument that 
the species M. costata is found only in the Atlantic 
Ocean (ozturk et al. 2008)

The present study constitutes the first base-
line approach to the seasonal fluctuations of soft 
bottom molluscs at the Canakkale Strait covering 
the biogeographic area between the Black Sea and 
Mediterranean Sea. The results of this study revea-
led that the composition and distribution of Mollusca 
fauna in the seasonally varying sediment composi-
tion of Canakkale Strait are directly influenced by 
the high hydrodynamism and the two different cur-
rent systems of the area. Further studies are still nee-
ded to understand some other factors such as  recru-
itment, seasonal variations in food supply, predation, 
which established the distribution of molluscs and 
cause the seasonal changes in their abundance.
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