
BIHAREAN BIOLOGIST  15 (1): 21-24                                                                                                  ©Biharean Biologist, Oradea, Romania, 2021 

Article No.: e211201                                                                                                                                          http://biozoojournals.ro/bihbiol/index.html 

 

Species composition of shell accumulation at Amvrakikos Gulf lagoons sand strips  

(Ionian Sea, Western Greece) 
 

Konstantinos TSOLAKOS*,  John A. THEODOROU  and  George KATSELIS 

 
Department of Animal Production, Fisheries and Aquaculture, School of Agricultural Sciences,  

Patras University, 30200 Mesolongi, Greece. 

* Corresponding author, K. Tsolakos, Email: k.tsolakos@upatras.gr 
 

 

Received: 19. August 2020 /  Accepted: 09. February 2021  /  Available online: 18. February 2021  /  Printed: June 2021 
 

 

Abstract. An analysis of shells accumulation at the sand strips of the coastal line of north Amvrakikos Gulf carried out. Five stations 

were studied which were further grouped in two (2) groups according to the weight proportion of the deposited materials. The first 

group (stations S1 and S5) revealed a higher proportion of bivalve shells and gastropods while the group II (stations S2, S3 and S4) 

showed higher proportion of inorganic and sieved material (biogenetic and/or inorganic <2mm). Shells of 41 bivalve species were 

recorded in total (group I and II). The proportion of shell weight per bivalve species differed between the group stations. The 

deposited materials as well as the bivalve species showed a statistically significant difference between the two groups. The 

dominant species were Cerastoderma glaucum, Polititapes aureus and Loripes orbiculatus.  
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Introduction 

 

Coastal lagoons have been classified as priority habitat types 

as per Habitats Directive (European Directive 92/43/EEC) 

not only due to their importance of biodiversity support eco-

systems but also for being threatened by environmental 

changes and human activities. Coastal lagoons are character-

ized as shallow water areas separated from the sea by sand 

strips acting as natural barriers to which they owe their ex-

istence therefore, their preservation is a prerequisite for their 

management (Avramidis et al. 2014). The preservation status 

of the sand strips is primary attributed to the renewal of the 

deposited materials by means of proper management and 

conservation measures (Gracia et al. 2018). As coastal la-

goons play a crucial role for the supply of many ecosystem 

services and goods, it is essential to adapt an ecosystem-

based management (Newton et al. 2014). Several studies in-

dicate that the deposition of bivalve molluscs, whether dead 

or alive, is the cornerstone for both the formation and stabi-

lization of dunes which also consist the only natural barrier 

for protecting the lagoons from extinction (Kowalewski et al. 

1994, Harper 1997, Piazza et al. 2005, Walles et al. 2016, 

Gracia et al. 2018, Smaal et al. 2019). Furthermore, 

assemplages of molluscs is representative for the 

biodiversity of the regional living fauna according to War-

wick & Light (2002). 

The Amvrakikos Gulf is a hydrological regime (400 km2) 

situated in Ionian Sea-Western Greece (Fig. 1a) which in-

cludes 14 enclosed lagoons that cover an area of about 86 

km2 (about the 20% of the total area of the Greek lagoon sur-

face) (Katselis et al. 2013). Tsoukalio (28.3 km2) and Logarou 

(35.0 km2) are the largest lagoons located in the northern 

coast of gulf. Historically, the lagoons were of semi-open 

type but through the years turned into closed type. The la-

goons were separated from the gulf by a natural spit of land, 

dotted with natural outlets (mainly) through the movement 

of water entered from the gulf to the lagoons. In the 1980’s, 

the strips have already been reinforced and covered with a 

gravel road and the outlets have been restructured and 

transformed into fixed channels (Spyratos 2008).  

The biodiversity of 89 bivalve species at Amvrakikos  

Gulf has been referred by Zenetos (1997) by reviewing pre-

vious studies from 1832 to 1994, which referred both to liv-

ing bivalve forms as well to subfossil and fossil forms re-

spectively. Furthermore, Fischer (2005) collected and identi-

fied 89 mollusc species at Amvrakikos Gulf coastline (45 

species of gastropods, one species of scaphopods and 43 spe-

cies of bivalves).  

Shell accumulated depositions at Amvrakikos Gulf la-

goon sand strips have not been studied until recently. The 

current available knowledge is based on a preliminary anal-

ysis on the biological aspects of shell accumulation (Tsolakos 

et al. 2019) and a taphonomic analysis regarding the domi-

nant bivalve species at the accumulated depositions of 

Amvrakikos Gulf (Tsolakos et al. 2020) which are also the 

latest studies. 

The aim of this study is to record the diversity of the bi-

valve species and the composition of deposited materials at 

the sand strips shells-accumulation of the two shallow 

coastal lagoons (Tsoukalio and Logarou) in the northern part 

of the Amvrakikos Gulf. 
 

 

Materials and Methods 

 

Samples were collected in the summer of 2016 from five stations lo-

cated along the sand strips of the coastal lagoons Tsoukalio (stations 

S1, S2, S5) and Logarou (stations S3, S4) which are situated in the 

northern part of Amvrakikos Gulf (Fig. 1a). The massive shell accu-

mulations were spotted at different distances from the coastal wave 

line and in a different type of dune. More specifically, the accumula-

tions at Tsoukalio lagoon were observed in the beginning of the 

dune near the end of the «incipient foredune», while at Logarou la-

goon the accumulations were observed at the «beach berm / swash 

zone» where waves break at the shore. The depth zone of 0-10m in 

front of study region extends from 1 up to 3km, covering about the 

20% of the gulf surface. 

A frame of a square meter (m2) was used to collect the samples 

at the sand strips in a depth of 10 cm (Fig. 1b). Three (3) representa-

tive sub-samples were randomly collected from each sampling sta-

tion (fifteen in total) by means of an equivalent metric tube so as 

each sample to be individually evaluated. The samples were dried 

and then sieved with a 2 mm sieve. The remaining material (>2mm) 

was separated into bivalves, gastropods and inorganic material 

(sand, stones etc.: thereafter called various), all of which separately  
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Figure 1. (a) Sampling stations at Amvrakikos lagoons sand strips: 

S2, S5 & S1 at Tsoukalio lagoon, and S3, S4 at Logarou lagoon (b) 

shell accumulation at sampling station S4. (redraw from Tsolakos 

et al. 2019). 
 

 

weighed. Sieved material less than 2 mm (<2mm) consisted of inor-

ganic and biogenetic material respectively. Overall, the composition 

of the deposited materials (bivalves, gastropods, <2mm and various) 

was analyzed. The dominant bivalve species at the deposited shell 

accumulations were examined. The bivalve shells were separated in 

fragments valves and complete ones. The identification of bivalve 

species was based on morphological characteristics (i.e. adductor 

scar, hinge plate, ligament, pallial line, umbo, ventral margin, etc.) 

(Poutiers 1987).  

A hierarchical cluster analysis (Ward method, squared Euclide-

an distance,) based on the species composition in weight per station, 

was applied in order to investigate the similarity/dissimilarity be-

tween the stations (Hair et al. 1998). The variation in species compo-

sition among the groups by a chi-square test (χ2, P=0.05) was tested 

(Zar 1999). 

 

 

Results 

 

A total of 10112,83 gr wet samples weight was analyzed. Bi-

valves represent the largest part of organic accumulation 

materials at the sand strips (whole shells plus bivalve’s 

fragment shells) (62.59%), followed by gastropods (13.07%), 

while the rest of the deposit consists of sieved material less 

than 2 mm (21.68%) and various (2.66%).  

Overall, 33837 bivalve shells were counted. On the sub-

sample, which includes the identified species/taxa, 41 bi-

valve species and a group of gastropods were recorded. The 

gastropods consist of 22.21% of the mollusc shells while 

eight bivalve species appeared to be in a relative higher 

abundance of more than 1% (Cerastoderma glaucum (38.29%),  

 
 

Figure 2. Relative abundance (% weight) of species/taxa on subsam-

ple of identified species.  
 

 

Polititapes aureus (19.39%), Loripes orbiculatus (4.39%), Mytilus 

galloprovincialis (2.99%), Peronidia albicans (2.88%), Chamelea 

gallina (1.94%), Modiolus barbatus (1.11%) and Parvicardium 

exiguum (1.08%) (Fig. 2).  

Cluster analysis showed that the higher similarity of 

deposition materials composition was concentrated in two 

groups (group I: S1 and S5, group II: S2, S3 and S4) (Fig. 3a). 

The deposited materials composition showed statistically 

significant difference between the two groups (χ2 = 1777.43, 

Df = 3, P = 0.000).  

The bivalves were the dominant taxa in group I (65.1%) 

followed by the gastropods (18.0%) while in group II the 

common material parts were the sieved material of less than 

2 mm (34.0%), the bivalves (32.9%) and the various (23.4%) 

(Fig. 3b). Both groups presented almost the same number of 

bivalve species. Out of a total of 41 species 37 were recorded 

in group I and 39 in group II, respectively. In particular, 35 

species were recorded in both groups, with two (2) addition-

al species (Cuspidaria cuspidata and Lembulus pella) being 

found only in group I and four (4) species (Atlantella pulchel-

la, Calista chione, Hiatella arctica and Ruditapes decussatus) in 

group II. The bivalve’s species composition showed statisti-

cally significant difference (χ2 = 674.16, Df = 40, P = 0.000) 

amongst the two groups. 

Figure 4 shows the bivalve species in a participation 

higher than 1%. Ten species (Cerastoderma glaucum, Polititapes 

aureus, Loripes orbiculatus, Mytilus galloprovincialis, Peronidia 

albicans, Chamelea gallina, Modiolus barbatus, Parvicardium 
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(a)  

(b)  
 

Figure 3. Cluster analysis of the deposition materials among sam-

pling stations (a) and composition of deposition materials per 

group (b). 
 

 

 
 

Figure 4. Bivalves species composition according to the groups. 
 

 

exiguum, Ostrea edulis, Solen marginatus) represented the 

94.66% and 93.79% of the total weight bivalve’s species com-

position for group I and group II, respectively. The group I is 

characterized by the dominant C. glaucum (64.08%) followed 

by the P.aureus (16.25%) while the group II by the P. aureus 

(34.45%), C. glaucum (32.95%) and L. orbiculatus (9.70%). 

 

 

Discussion 

 

Out of the total 41 bivalve species recorded at Amvrakikos 

Gulf sand strips 46% referred by Zenetos (1997) and 95.35% 

by Fischer (2005). This is due to the fact that the bivalve shell 

species recorded in the present study were found to be dis-

tributed mainly in shallow depth zone (0-20m) (Galinou-

Mitsoudi et al. 2007).  

The deposited materials at Amvrakikos gulf sand strips 

show a different distribution between the lagoons coastal 

line. In contrast to the western stations (Tsoukalio lagoon), 

the eastern stations (Logarou lagoon) contain greater propor-

tions of minerals (sand, stones, etc.) and shell fragments 

(Figure 3b: various and parts<2mm) due to the different re-

gime of water and wind dynamic affect (Stamou et al. 2012). 

The stations S2, S3 and S4 (group II) show geomorphological 

features of incipient dunes which support vegetation (Figure 

1b) with low effect from wave and wind, while the stations 

S1 and S5 (group I) show features of beach berm dune with 

higher effect of waves and wind (Kidd 2001). Therefore, the 

composition of the deposited materials between the two 

groups can be attributed to the higher rate of transportation 

of lighter parts (i.e., sand, fragments) by wind and water in 

station S1 and S2 in relation to the others that are more pro-

tected from the wave effect, while the vegetation amplifies 

the restrain of lighter parts (Kidd 2001). 

Bivalve shells dominate at the shell accumulations of the 

sand strips and thus, contribute to the differentiation of the 

depositions. The abundant bivalve shells (C. glaucum and P. 

aureus) are disproportionally distributed in the two groups 

(Figure 4). This could be attributed to the specific morpho-

metric features of species as C. glaucum shell is more curved 

and heavier than P. aureus shell. It could also be related to 

the different water and wind dynamic (force prevailing) in 

the two station groups, as well as on the different distribu-

tion of various species in front of the coastal zone of gulf 

(Schneider-Storz et al. 2008). Taking into account that the 

coastal line shows heterogeneous effect by fresh water (the 

outflows of Arachthos -NE part of Gulf -is four time greater 

than Louros outflows -NW part of Gulf: Katselis et al. 2013), 

a difference on shell species spatial composition is expected. 

Finally, as the recorded bivalve shells’ biotope is in shallow 

depth in front of the sand strips, it appears to be that shell-

fauna of this zone supports the shell accumulations in the 

north costal line of the gulf.  
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